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Preface

Project management has evolved into a powerful system, used by virtually 
every enterprise to advance its business and to gain competitive advantage. 
Although project management has been practiced for thousands of years, 
only during the past few decades have we begun to understand what drives 
project performance and what can be done to link the project management 
system with the enterprise and its business strategy. Yet, on the operational 
side, many organizations have reached a maturity level that facilitates pre-
dictable execution of highly complex projects. Success is no longer random. It 
is driven by carefully designed and continuously improved project manage-
ment systems and skill sets that pay attention to both the work process and 
the human side of project management.

This book focuses on technology-intensive business environments. However 
today, technology is everywhere, and it is difficult to find a business not 
affected by technology. Yet, some organizations are more intensely immersed 
in technology, either to produce new products or to use technology to execute 
their projects effectively, such as financial or medical services. Managers in 
these technology-intensive project environments perceive their managerial 
roles more challenging because of higher levels of dynamics, complexities, 
and uncertainties that exist in their projects, in comparison to environments 
less exposed to technology. Many of their technology-based projects require 
innovative solutions, collaboration with partners and contractor organiza-
tions, and expectations by senior management to align the project with the 
business objectives of the enterprise. Of course, all of this must be accom-
plished within the defined schedule, budget, and quality constraints. Lots of 
challenges!

Time after time, managers have told me that the biggest challenge they 
face is not so much in dealing with the technical issues of applying technol-
ogy or working out technical solutions but in dealing with the dynamics and 
uncertainties associated with the complexities of the technology-based work 
environment, plus adding value to the enterprise. This requires specialized 
skills in planning, organizing, and guiding multidisciplinary activities. It 
also requires a great deal of people skills in building cross-functional teams 
and leading them toward desired results. This involves effective motivation, 
power and resource sharing, communications both vertically and horizontally, 
and conflict management. To get results, project managers must be social 
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architects who understand the culture and value system of the enterprise, 
and who can relate socially as well as technically. The days of managers who 
get by with only technical expertise or pure administrative skills are gone.

This book is written from the technology manager’s perspective, for manag-
ers and professionals who must function effectively in complex, technology-
oriented business environments. However, as technology crosses virtually all 
levels and all disciplines of an enterprise, the principles of managing in tech-
nology not only are relevant for science, engineering, and R&D but also apply 
to any organization and business that must effectively deal with the applica-
tion, integration, and transfer of technology. Financial institutions, hospitals, 
law enforcement, government services, and media businesses are just a few 
examples of the vast array of organizations, outside the traditional engineer-
ing-scientific community, that see themselves in a high-technology enterprise.

In addition to serving as a professional reference, this book is designed as a 
text for college courses in project management. In fact, I use it in my own grad-
uate and undergraduate courses at Bentley and Harvard University. It inte-
grates the established body of knowledge in project management (PMBOK) 
with today’s contemporary project management practices and the emerging 
body of knowledge in management of technology (MOT), all linked with the 
contemporary concepts of organizational behavior. The lead-in scenarios for 
each chapter and the questions for discussion and exercises at the end of each 
chapter should provide food for critical thinking in professional group dis-
cussions or academic classroom exercises. Managers and  technology-oriented 
professionals at all levels should find this text useful in gaining an under-
standing of the organizational process, organizational dynamics, and critical 
success factors that drive technology-based project performance. Such insight 
can help in fine-tuning leadership style, resource allocation, and organiza-
tional developments—hence continuously improving enterprise ability to 
compete effectively in today’s complex global markets.

The book includes the latest concepts of project management, plus my 
40 years of field observations and experiences as researcher, and earlier as 
manager in RD&E and technology management with ITT, Westinghouse, 
General Electric, and GTE/Verizon, prior to my current teaching and research 
career at Bentley University.

I would like to express my appreciation to the many colleagues who 
encouraged and nurtured the development of this book. Special thanks go to 
the large number of project professionals, managers, and executives from the 
United States, South America, Europe, Asia, and Australia who contributed 
valuable information during various forms of professional engagement and 
field research, which is now part of the content and professional perspectives 
presented in this book.
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1

Chapter 1

Challenges of Managing Projects in a 
Technology World

APPle iPhone 5

When Apple introduced its newest smart-
phone iPhone 5 at the Yerba Buena Center 
in San Francisco in late 2012, it was posi-
tioned for success. “iPhone 5 is the most 
beautiful consumer device that we’ve ever 
created,” said Philip Schiller, Apple’s senior 
vice president of Worldwide Marketing. 
“We’ve packed an amazing amount of inno-
vation and advanced technology into a thin 
and light, jewel-like device with a stunning 
4-inch retina display, blazing-fast A6 chip, 
ultrafast wireless, even longer battery life; 
and we think customers are going to love it.”

The announcement marked the end of an 18-month product development 
cycle that included intricate collaboration with several software developers, doz-
ens of component manufacturers, partners and the iPhone fabrication at hon hai 
Precision industry (also known as Foxconn in Zhengzhou, China). indeed, the new 
product is state of the art. it is the thinnest and lightest iPhone ever, completely 
redesigned to feature the new display screen, the world’s most advanced mobile 
operating system, and over 200 new features such as new maps, turn-by-turn 
navigation, Facebook, Passbook, and more Siri® features.

however, recovering the investment for product development and rollout of the 
new 16 GB iPhone is not without challenges. For one thing, the cost to produce the 
phone is high. At over $200 per unit, Apple had to count on wireless companies 
to subsidize the purchasing price. nevertheless, business analysts were optimistic 
that the iPhone 5 would be profitable in the long run—and as it turned out, their 
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2 ChAllenGeS oF MAnAGinG PRoJeCTS in A TeChnoloGY WoRlD

optimism was not misplaced. Following up on the impressive success of the iPhone 
5, in September 2013, Apple introduced the iPhone 5S and the iPhone 5C.

1.1  PRoJeCT MAnAGeMenT in A ChAnGinG WoRlD: 
ChAllenGeS AnD oPPoRTuniTieS

The complexities and challenges faced by Apple in developing the iPhone 
5 might look modest by comparison to super projects, such as major aero-
space missions, the relocation of Tata’s steel plant to the Gulf of Bengal, or 
the organization of the next Summer Olympics. Yet, the iPhone 5 has all 
of the characteristics that we find in millions of technology-intensive proj-
ects. Project management has become an important variable for success in 
today’s complex business environment, where projects span organizational 
lines, involving a broad spectrum of personnel, support groups, subcontrac-
tors, vendors, partners, government agencies, and customer organizations. 
Hence, successful execution relies on effective linkages, cooperation, and 
alliances among various organizational functions, critical for proper com-
munication, and decision making. Top-down control no longer works in most 
of these environments, but authority must be earned and team commit-
ment must be built as critical conditions to successful project management.

Despite its challenges, this changing environment—especially advances in 
computers, IT, and communication technology—creates enormous opportuni-
ties for enterprises across all industries. It is possible to execute larger, more 
complex projects, with leaner budgets and more predictable schedules, and to 
connect with a wide spectrum of resources across the world. However, technol-
ogy creates its own challenges, requiring additional investment in equipment, 
software, infrastructure, services, and skill sets. Advances in technology have 
also accelerated the changes in our business environment, leading to tougher 
competition, lower barriers of market entry, and shorter product life cycles, 
requiring more agile and flexible approaches to project management. These 
changes have shifted the project paradigm with strong impact on business per-
formance. This got the attention of management across all industries, many 
of them recognizing project management as a critical toolset for providing 
common language and methodology for executing multidisciplinary ventures.

1.2 GloBAl DiMenSionS

The changes in the global business environment have pushed these chal-
lenges to an even higher level. To succeed in our ultracompetitive, inter-
connected world of business, companies are continuously searching for 
ways to improve effectiveness. They look for partners that can perform the 
needed work better, cheaper and faster. Speed especially has become one of 
the great equalizers of competitive performance. In the case of the iPhone,  
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 1.3 Project Deserve Special Attention within the enterprise 3

a new product may be obsolete in less than a year, unless provisions for con-
tinuous upgrading and enhancement have been built into the system and 
are implemented in response to evolving market needs. This results in com-
plex project organization and execution processes, involving joint ventures, 
alliances, multinational sourcing and elaborate vendor relations across the 
globe, ranging from R&D to manufacturing, and from customer relations to 
field services.

Project complexity has been increasing in virtually every segment of indus-
try and government, including computer, pharmaceutical, automotive, health 
care, transportation, and financial businesses, just to name a few of the most 
noticeable ones. New technologies, especially in computers and communica-
tions, have radically changed the workplace and transformed our global econ-
omy, focusing on effectiveness, value and speed. These technologies offer more 
sophisticated capabilities for cross-functional integration, resource mobility, 
effectiveness and market responsiveness, but they also require more sophis-
ticated skill sets both technically and socially, dealing effectively with a broad 
spectrum of contemporary challenges, including managing conflict, change, 
risks and uncertainty.

As a result of this paradigm shift we have seen a change in the dynamics of 
teamwork and a change in managerial focus from efficiency to effectiveness, 
and from a focus on traditional performance measures, such as the quadru-
ple constraint, to include a broader spectrum of critical success factors that 
support innovation, work integration, organizational collaboration, human 
factors, business process agility, and strategic objectives. Traditional linear 
work processes and top-down controls are no longer sufficient, but are gradu-
ally being replaced with alternate organizational designs, new management 
techniques and business processes, such as agile processes, concurrent engi-
neering, User-Centered Design, and Stage-Gate protocols (Thamhain 2011). 
These techniques offer more sophisticated capabilities for cross-functional 
integration, resources mobility, effectiveness, and market responsiveness, 
but they also require more sophisticated management skills and leadership.

1.3  PRoJeCT DeSeRve SPeCiAl ATTenTion WiThin 
The enTeRPRiSe

Projects are different from ongoing operations. They are one-time undertak-
ings, such as the Apple’s iPhone development, with a specific mission, pur-
pose, and objective, usually driven by the needs and wants of a sponsor or 
customer, who could be an individual or an organization, internal or external 
to the enterprise, or both. In essence, this description identifies the compo-
nents and uniqueness of projects:

Producing specific deliverables within given time, resource and quality 
constraints that satisfy the project sponsor/customer.
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4 ChAllenGeS oF MAnAGinG PRoJeCTS in A TeChnoloGY WoRlD

It also identifies the boundary conditions of time, resources, quality, and 
customer satisfaction, referred to as quadruple constraint, to be discussed in 
the next chapter in more detail.

By their very nature projects are multidisciplinary, requiring resources 
and support from many organizational units. This is disruptive to the ongo-
ing operations of the enterprise. It interferes with the mission and objectives 
of functional departments, and is inconsistent with established central man-
agement processes for command, control, and communications.

Thus, to minimize interference with ongoing operations, projects need to 
be organized and managed separately from the ongoing operations, yet well 
integrated with the enterprise. With the emergence of contemporary project 
management, virtually every enterprise with project-related activities estab-
lished its own project management system with various degrees of formality 
and sophistication. The aim is to have a common infrastructure with method-
ologies, supportive processes, tools, and measurement systems that ensures 
consistent project delivery across the enterprise. Communication is at the 
heart of any of these management systems for effectively connecting among 
all team members, including partners, support organizations and other inter-
nal and external stakeholder communities.

As it has evolved over the past 60 years, modern project management 
provides the type of disciplined yet flexible framework for effectively plan-
ning, organizing, and executing projects. It has its own body of knowledge, 
providing a common language and methodology with tools and techniques 
for managing multidisciplinary ventures, regardless of their size, shape, or 
industry.

1.4 The unique nATuRe oF TeChnoloGY PRoJeCTS

Technology-intensive projects have their unique characteristics and chal-
lenges. By definition, these projects have to deal with technology, a fast-
changing knowledge area associated with risk and uncertainty. The 
problems to be solved are often complex and solutions untried, requiring 
experimental, iterative approaches, innovation and creativity, and highly 
specialized skill sets. Although one could make an argument that these 
issues also exist in many low-technology projects, they are amplified as 
dependence on technology intensifies, such as we see in the iPhone exam-
ple. Therefore, it is not surprising that managers of technology-based proj-
ects see their work environment as different, requiring unique organizational 
structures, policies, interaction among people, and support systems. Yet the 
classification of projects along technology lines is not easy. Let’s first  
look into the unique characteristics of technology-intensive projects before 
suggesting a specific classification based on degree of technology and 
complexity.

What Is DIfferent about teChnology-IntensIve ProjeCts?

In our highly connected world, most project managers must deal with 
technology. They must function in a business environment that uses 
technology for competitive advantage, and their projects are heavily 
steeped in technology. Virtually every segment of industry and govern-
ment tries to leverage technology to improve effectiveness, value, and 
speed. Traditional linear work processes and top-down controls are no 
longer sufficient, but are gradually being replaced by alternate organiza-
tional designs and new, more agile management techniques and business 
processes, such as concurrent engineering, design-build, stage-gate and 
user-centered design. These techniques offer more sophisticated capa-
bilities for cross-functional integration, resources mobility, effectiveness, 
and market responsiveness, but they also require more sophisticated 
skills to effectively deal with a broad spectrum of contemporary chal-
lenges, both technically and socially, including higher levels of conflict, 
change, risks, and uncertainty, and a shifting attention from functional 
efficiency to process integration effectiveness, emphasizing organiza-
tional interfaces, human factors, and the overall business process. Taken 
together, technology-intensive projects can be characterized as follows:

•	 Value creation by applying technology
•	 Strong need for innovation and creativity
•	 High task complexities, risks, and uncertainties
•	 Resource constraints and tight end-date-driven schedules 

despite tough performance requirements
•	 Highly educated and skilled personnel, broad skill spectrum
•	 Specific technical job knowledge and it competency
•	 Need for sophisticated people skills, ability to work across different 

organizational cultures and values, and to deal with organizational 
conflict, power, and politics

•	 Complex project organizations and cross-functional linkages
•	 Complex business processes and stakeholder communities
•	 Technology used as a tool for managing projects
•	 Replacement of labor with technology
•	 Advanced infrastructure
•	 High front-end expenditures early in the project life cycle
•	 Low short-term profitability in spite of large capital investment
•	 Fast-changing markets, technology, regulations
•	 Intense global competition, open markets, and low barriers to entry
•	 Short product life cycles affect time to market
•	 Need for quick market response
•	 Complex decision-making processes
•	 Many alliances, joint ventures, and partnerships
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 1.4 The unique nature of Technology Projects 5

It also identifies the boundary conditions of time, resources, quality, and 
customer satisfaction, referred to as quadruple constraint, to be discussed in 
the next chapter in more detail.

By their very nature projects are multidisciplinary, requiring resources 
and support from many organizational units. This is disruptive to the ongo-
ing operations of the enterprise. It interferes with the mission and objectives 
of functional departments, and is inconsistent with established central man-
agement processes for command, control, and communications.

Thus, to minimize interference with ongoing operations, projects need to 
be organized and managed separately from the ongoing operations, yet well 
integrated with the enterprise. With the emergence of contemporary project 
management, virtually every enterprise with project-related activities estab-
lished its own project management system with various degrees of formality 
and sophistication. The aim is to have a common infrastructure with method-
ologies, supportive processes, tools, and measurement systems that ensures 
consistent project delivery across the enterprise. Communication is at the 
heart of any of these management systems for effectively connecting among 
all team members, including partners, support organizations and other inter-
nal and external stakeholder communities.

As it has evolved over the past 60 years, modern project management 
provides the type of disciplined yet flexible framework for effectively plan-
ning, organizing, and executing projects. It has its own body of knowledge, 
providing a common language and methodology with tools and techniques 
for managing multidisciplinary ventures, regardless of their size, shape, or 
industry.

1.4 The unique nATuRe oF TeChnoloGY PRoJeCTS

Technology-intensive projects have their unique characteristics and chal-
lenges. By definition, these projects have to deal with technology, a fast-
changing knowledge area associated with risk and uncertainty. The 
problems to be solved are often complex and solutions untried, requiring 
experimental, iterative approaches, innovation and creativity, and highly 
specialized skill sets. Although one could make an argument that these 
issues also exist in many low-technology projects, they are amplified as 
dependence on technology intensifies, such as we see in the iPhone exam-
ple. Therefore, it is not surprising that managers of technology-based proj-
ects see their work environment as different, requiring unique organizational 
structures, policies, interaction among people, and support systems. Yet the 
classification of projects along technology lines is not easy. Let’s first  
look into the unique characteristics of technology-intensive projects before 
suggesting a specific classification based on degree of technology and 
complexity.

What Is DIfferent about teChnology-IntensIve ProjeCts?

In our highly connected world, most project managers must deal with 
technology. They must function in a business environment that uses 
technology for competitive advantage, and their projects are heavily 
steeped in technology. Virtually every segment of industry and govern-
ment tries to leverage technology to improve effectiveness, value, and 
speed. Traditional linear work processes and top-down controls are no 
longer sufficient, but are gradually being replaced by alternate organiza-
tional designs and new, more agile management techniques and business 
processes, such as concurrent engineering, design-build, stage-gate and 
user-centered design. These techniques offer more sophisticated capa-
bilities for cross-functional integration, resources mobility, effectiveness, 
and market responsiveness, but they also require more sophisticated 
skills to effectively deal with a broad spectrum of contemporary chal-
lenges, both technically and socially, including higher levels of conflict, 
change, risks, and uncertainty, and a shifting attention from functional 
efficiency to process integration effectiveness, emphasizing organiza-
tional interfaces, human factors, and the overall business process. Taken 
together, technology-intensive projects can be characterized as follows:

•	 Value creation by applying technology
•	 Strong need for innovation and creativity
•	 High task complexities, risks, and uncertainties
•	 Resource constraints and tight end-date-driven schedules 

despite tough performance requirements
•	 Highly educated and skilled personnel, broad skill spectrum
•	 Specific technical job knowledge and it competency
•	 Need for sophisticated people skills, ability to work across different 

organizational cultures and values, and to deal with organizational 
conflict, power, and politics

•	 Complex project organizations and cross-functional linkages
•	 Complex business processes and stakeholder communities
•	 Technology used as a tool for managing projects
•	 Replacement of labor with technology
•	 Advanced infrastructure
•	 High front-end expenditures early in the project life cycle
•	 Low short-term profitability in spite of large capital investment
•	 Fast-changing markets, technology, regulations
•	 Intense global competition, open markets, and low barriers to entry
•	 Short product life cycles affect time to market
•	 Need for quick market response
•	 Complex decision-making processes
•	 Many alliances, joint ventures, and partnerships
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1.4.1 Characteristics of Technology-intensive Projects

Although technology and management practices vary considerably among 
companies, specific characteristics can be defined to describe technology-
intensive projects as part of their dynamic environment and organiza-
tional interaction as summarized in 16 categories:

 1. Value creation by applying technology. Technology-based projects 
create value primarily by leveraging technology. They exploit or com-
mercialize technology. Examples range from plastics and fiber optics 
to financial services and e-commerce. The technology-based enter-
prise competes through technological innovation. Project manage-
ment provides the process, fueled by technology, for creating new and 
unique products, services, systems, equipment, or advanced materi-
als. This added value is part of the innovation process, where the final 
product, such as the Internet service or computer chip, is worth a 
lot more than its ingredients. Hence, “Innovation is the key driver to 
competitiveness . . . and long-term economic growth” (US Department 
of Commerce 2012).

 2. High task complexity, risks, and uncertainty. Given their tech-
nical complexity, market uncertainties, changing technologies, and 
regulatory ambiguities, technology-based projects can be very risky in 
terms of economics and technical success. Because of these uncertain-
ties, technology-intensive projects utilize unique organizational struc-
tures, work processes, decision-making tools, and leadership styles.

 3. Resource constraints and tight end-date driven schedules 
despite tough performance requirements. Because of time-to-
market pressures and intense competition typical for technology-based 
projects, resources and schedules are often very tight despite complex 
requirements and uncertainties, all adding to the challenges of project 
managers.

 4. Highly educated and skilled personnel. Technology-intensive proj-
ects require special knowledge, skill sets, and competencies to do the 
technical work. They also require sophisticated people skills, the ability 
to deal with organizational conflict, power, and politics, and the abil-
ity to work effectively in teams across functional lines toward project 
integration.

 5. Complex project organizations and cross-functional linkages. 
Because of the need to integrate among many disciplines, contractors, 
and partners, as well as the intricate work processes that often span 
wide geographic areas, high-tech projects are rarely organized accord-
ing to conventional structures, such as the matrix or projectized orga-
nization. Instead, they are arranged as “studios” where team members 
organize themselves around tasks, determining their responsibilities, 
work interfaces, and deliverables, sharing accountability and decision-
making among the task owners and their interfaces. The evolving 
project organizations are usually hybrids of conventional structures 
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 1.4 The unique nature of Technology Projects 7

capable of working within established project execution templates, 
such as stage gate, concurrent, spiral, or agile/scrum, and interfacing 
with complex business processes and stakeholder communities.

 6. Technology used as a tool for managing projects. High-tech proj-
ects use technology extensively in support of their projects execution. 
This includes sophisticated communication and reporting systems, 
computer simulation and modeling, advanced testing, and the lat-
est software for project planning, tracking, and control. Often, these  
project-specific technologies are integrated with other enterprisewide 
management systems such as SAP or Oracle to gain operational advan-
tages that lead to more predictable, cost-effective, faster, and market-
focused project implementation.

 7. Replacement of labor with technology. Technology-intensive proj-
ects are often part of a technology enterprise, such as computers, auto-
motive, or pharmaceutical, that utilizes a wide spectrum of technology 
with the objective to gain economic benefits, speed, better quality, and 
reliability. The added value requires additional resources in the form 
of more advanced equipment, infrastructure, and software, but reduces 
labor, explaining the fact that technology-intensive projects and their 
host companies are mostly capital (rather than labor).

 8. Advanced infrastructure. Technology-intensive projects utilize spe-
cial state-of-the-art equipment, facilities, infrastructure, software tools, 
and training in support of the project work to be performed.

 9. High front-end expenditures early in the project life cycle. 
The effort and resources needed at the front-end project work, such as 
planning, feasibility assessment, and R&D, seem to increase with the 
degree of technology used. For example, expenditures for planning and 
feasibility assessment of high-tech projects run typically above 10 per-
cent of the total budget, double the average across all projects.

 10. Low short-term profitability in spite of large capital invest-
ment. Technology-intensive projects often need large amounts of cash 
for capital equipment for reasons just discussed, sometimes more than 
they can generate. They are the classical “stars” in BCG’s Growth-Share 
Matrix (Grant 2010). As a result, strong financial leveraging and low 
profitability are quite common, in addition to joint ventures, partner-
ships, and extensive outsourcing, even for well-established high-tech 
giants, such as Amazon, Boeing, Intel, Microsoft, Pfizer, and Seagate.

 11. Changing markets, technology, and regulations. Technology-
based projects are likely to operate in continuously changing business 
environments with fast-changing markets and technologies, low barri-
ers to entry, and high exposure to liabilities and regulations.

 12. Intense global competition, open markets, low barriers to entry. 
Traditional barriers to entry, such as infrastructure, brand loyalty, and 
established supply chains, are virtually nonexistent for high-tech busi-
nesses. In particular “new and emerging technologies” can reset the 
competitive field to “ground zero,” whipping out any competitive advan-
tage of established products and services (Andrew and Sirkin 2003). 
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This reality strongly influences the way projects are organized and 
managed, leading to more empowerment and autonomy at the project 
team level to promote the agility and speed needed for optimizing the 
project value under time-to-market pressure and changing conditions.

 13. Short product life cycles. Driven largely by changing market condi-
tions, emerging technologies and strong competition, life cycles of tech-
nology-based product are shorter, putting pressure on time to market 
as a critical project performance measure.

 14. Need for quick market response. High-tech companies are fast, 
agile, and flexible in responding to business opportunities and threats. 
This also reflects in their project organizations and management style, 
empowering teams and relying on more autonomous work processes 
that enable quick reaction to changing conditions.

 15. Complex decision-making processes. As a result of high risks, great 
uncertainties, and the dynamics that technology-intensive projects are 
exposed to, top-down or centralized management is usually ineffective. 
To a large extend, it is being replaced by distributed (or team-based) 
decision making, which promotes risk sharing, collaboration, and com-
mitment at the project team level.

 16. Many alliances, joint ventures, and partnerships. Because of the 
potentially high costs, risks, and complexities of high-tech project, virtu-
ally no company has the resources to handle all the facets of a technol-
ogy development, its rollout and field support single-handed. Resource 
pooling, from cooperative agreements to joint ventures, partnerships 
and acquisitions are quite common among high-tech projects to raise 
the resources for implementing the new venture in a timely fashion.

To summarize the areas that are unique and different in managing tech-
nology-intensive projects, let us focus on six selected business subsystems, as 
graphically shown in Figure 1.1 and discussed next.

Work

People

Process Tools

Business Environment

Business Environment

Organizational Culture

figure 1.1 Business subsystems unique to technology-intensive project management
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 1.4 The unique nature of Technology Projects 9

Work

Technology-oriented work is by and large more complex, requiring special 
skills, equipment, tools, processes, and support systems. The unit of work is 
often a project, organized and executed by multidisciplinary teams. Cross-
functional integration, progress measurements and controlling the work 
toward desired results is usually more challenging with increasing technol-
ogy orientation, involving creativity, risks, and uncertainties. Work processes 
are often nonlinear, with solutions evolving incrementally and iteratively 
with many cross-functional dependencies.

Impact areas: Organizational structure, work planning, work processes 
(e.g., project management), personnel recruiting, advancement and careers, 
skill development, management style, organizational culture, and business 
strategy.

People

Because of the type of work and its challenges, technology-oriented environ-
ments and their projects attract different people. On average, these people have 
highly specialized skills and can apply them effectively. They are better edu-
cated, self-motivated/directed, require a minimum of supervision, and enjoy 
autonomy and freedom of decision making, while willing to take on responsi-
bilities. Hence, they enjoy empowerment and problem solving, and find chal-
lenges such as dealing with resource and schedule constraints to some degree 
motivating and intellectually stimulating. People in technology-oriented work 
environments often enjoy a sense of community and team spirit, while having 
little tolerance for personal conflict, anxieties, and organizational politics.

Impact areas: Because of the relationship between people and work issues, 
the two impact areas are similar. Organizational structure, work plans, and 
processes, personnel recruiting and advancement, skill development, man-
agement style, and organizational culture are the primary areas affected by 
people in technology.

Work Process

The nature of high-tech work and its business environment requires the abil-
ity to deal effectively with complexities, uncertainties, speed, and innova-
tion. This influenced the evolution of work processes that are less sequential 
and centrally administered, but more team based, self-directed, agile, and 
structured for parallel, concurrent execution of the work. New organizational 
models and management methods, such as the spiral, Stage-Gate, concurrent 
engineering, design-build, and agile/scrum processes evolved together with 
the refinement of time-proven concepts such as the matrix and projectized 
management structures.

Impact areas: Because of the effect on the people and their work, the 
work process design affects primarily people issues, management style, and 
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10 ChAllenGeS oF MAnAGinG PRoJeCTS in A TeChnoloGY WoRlD

organizational culture. In addition, the work process affects management 
tools, such as scheduling, budgeting, and project performance analysis, as 
well as operational effectiveness, such as time to market, cost, and flexibility.

Managerial Tools and Techniques

The unique nature of the work and its business environment creates the 
need for a special set of tools and techniques for effective administration and 
management in technology-based projects. Virtually all of the tools and tech-
niques are being used in both high-tech and low-tech organizations, and in  
many cases, the tools were used long before the high-tech era. However,  
in their specific application and integration with the enterprise, these 
tools and techniques often fulfill a unique function and play a unique role. 
Examples are project schedules that have been tailored to respond to the 
pressures of a faster, more competitive, and more team-directed work envi-
ronment. Today these schedules cover a wide spectrum of capabilities and 
sophistication, from simple milestone charts and bar graphs to PERT charts 
that show task dependencies and resource requirements, integrated, and 
trackable throughout the total project.

The wide spectrum of project management tools and techniques can be 
grouped into five major categories according to their application: (1) proj-
ect acquisition, (2) project evaluation and selection, (3) project planning and 
organizing, (4) project tracking, review, and control, (5) contract administra-
tion, (6) project support, including legal, human resources (HR), accounting, 
and training, and (7) strategy. Since the application areas overlap, there is a 
great deal of overlap among the tools and techniques of the seven areas. In 
this book we will discuss primarily the first four categories focusing on proj-
ect management.

Impact areas: The effectiveness of tools and techniques in the enterprise 
is strongly influenced by the people who use them. Therefore, stakeholder 
involvement during the tool selection, development, and implementation is 
critical. The application of many tools involves tradeoffs, such as efficiency 
versus speed, control versus flexibility, or optimization versus risk. All of 
these factors must be carefully considered. Getting consensus on specific tools 
for specific application and stakeholder buy-in for its use is a great challenge.

organizational Culture

The challenges of technology-driven environments create a unique organiza-
tional culture with their own norms, values, and work ethics. These cultures 
are more team oriented in terms of decision making, work flow, performance 
evaluation, and workgroup management. Authority must often be earned. It 
emerges within the workgroup as a result of credibility, trust, and respect, 
rather than organizational status and position. Rewards come to a consider-
able degree from satisfaction with the work and its activities. Recognition of 
accomplishments becomes an important motivational factor for stimulating 
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enthusiasm, cooperation, and innovation. It is also a critical catalyst for uni-
fying project teams, encouraging risk taking, and dealing with conflict.

Impact areas: Organizational culture has a strong influence on people and 
the work process. It affects organizational systems from hiring practices to 
performance evaluation and reward systems to organizational structure, 
teamwork, and management style.

Business environment

Technology-oriented businesses operate in an environment that is fast chang-
ing in terms of markets, suppliers, and regulations. Short product life cycles, 
intense global competition, and strong dependency on other technologies 
and support systems are typical for these businesses, which operate in mar-
kets with low brand loyalty, low barriers to entry, and fast and continuously 
improving price-performance ratios. All of these factors strongly influence 
the type of projects selected for execution and their managerial processes.

Impact areas: The need for speed, agility, and efficiency affects not only the 
work process design, the organization and execution of work/projects, and the 
management methods, tools, and techniques, but also business strategy and 
competitive behavior, which often focuses on cooperation and resource level-
ing via alliances, mergers, acquisitions, consortia, and joint ventures, span-
ning part or all of the project life cycle and beyond.

Taken together, the business environment is quite different from what it 
used to be. New technologies and changing global markets have transformed 
our business communities and the way we manage projects. Contemporary 
project leaders who survive and prosper in this environment have the abil-
ity to deal with a broad spectrum of challenges that focus on speed, cost, 
and quality. They have also shifted their focus from managing the effective 
implementation of specific requirements to a more integrated business man-
agement approach that includes attention to human factors, organizational 
interfaces, business process, and an alignment of their projects with the 
strategy of the enterprise.

1.5  evoluTion AnD GRoWTh oF PRoJeCT 
MAnAGeMenT AnD TeChnoloGY

Project management is not an invention of this century, but has been around 
for thousands of years, as shown in Table 1.1. The same is true for technol-
ogy. Interestingly, for most of its history, mankind got along fine without 
sophisticated management tools and techniques. How did we get into such 
complex work processes and management methods? What role did technol-
ogy play in this evolution? Technology has been around for a long time. 
Man’s quest for survival led to the development of improved tools and tech-
niques for simple projects, such as gathering food and building shelters, but 
also more complex projects, such as building monuments, cities, irrigation 
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systems, and war campaigns. Evidence of highly complex projects dates 
back more than 4,000 years. Egyptian pyramids, the Great Wall of China, 
the inauguration of a king, the Trojan horse, waterworks, Roman roads, and 
war machinery give testimony today of impressive projects completed dur-
ing those times. Even by today’s standards, these were large, complex, mul-
tidisciplinary projects. Basic management tools, such as project planning 
and control techniques, task definition, and scheduling were already known 
at these early times and eventually formed the foundation for today’s proj-
ect management systems.

Table 1.1 evolution of Project Management

Time Project Undertaking 
(Examples)

Concepts, Advances, 
Technology

3000 BCE Pyramids, Damascus,  
Stonehenge, China Wall, Roman 
roads, aqueducts, irrigation,  
military campaigns

Crude projectized organiza-
tions, hierarchical structures 
of command, communication, 
and control

↓
0 Colossus of Rhodes Early methods of project plan-

ning, measuring, and control-
ling performance; autocratic 
leadership

↓ Ships

↓ Castles

↓ Cathedrals, monuments

1800 Industrialization

↓ Factories Evolution of formal organiza-
tion and management concepts

↓ Research programs

1900 Movies Scientific management, behav-
ioral science

1940 Manhattan project Formal concepts of team-
work, leadership, project 
management

1960 Sputnik, ICBM, Apollo

1980 McIntosh computer Widespread use of computers 
for project planning, tracking, 
control

1990 Human Genome Project

2000 International Space Station Strong focus on people

2010+ Mega infrastructure programs, 
(e.g., Brazil’s $900 billion PAC-2)

Virtual, agile, collaborative, 
strategic alignment
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Starting in the eighteenth century, the steam engine and Industrial 
Revolution spawned an enormous growth in technology with focus on mass 
production and economies of scale, leading to a wide spectrum of increasingly 
more complex projects in support of these industrial developments. Yet, it was  
not until the middle of the twentieth century when project management  
was recognized as a formal discipline, and organizations started to apply proj-
ect management tools and techniques more systematically to complex projects.

1.5.1 The onset of Modern Project Management

The classical model of organization and management first proved inade-
quate for military undertakings during World War II. Early signs of mod-
ern project management processes and techniques surfaced with military 
technology programs, such as the Manhattan Project and the German mis-
sile program. However, it was not until the 1950s that many projects, most 
noticeable defense-oriented engineering developments, such as ICBM-Atlas 
and Polaris, became too complex to be executed strictly within functional 
processes. The year 1956 is often identified as the beginning of modern proj-
ect management. It coincides with the start of the Polaris submarine missile 
program. At $11 billion, Polaris was the largest undertaken by the US gov-
ernment at the time. The system complexity, the large number of multidis-
ciplinary skill requirements, the number of subcontractors, and the need to 
reduce lead time, put pressure on the management team to explore project 
methods different from those previously used. Under the leadership of Vice 
Admiral William Francis Raborn, a project team of key technical and man-
agement personnel was assembled. This team had full authority over all 
technical, financial, and administrative matters, without the requirement 
for traditional reviews and approvals through administrative channels and 
echelons of organizational levels. The new team dynamics gradually changed 
the concept of hierarchical direction and control. As personnel assigned to 
projects took directions from both project managers and their functional 
department bosses, the concept of dual accountability emerged. This shar-
ing of power and resources led to a new charter and definitions of individual 
responsibility, accountability, authority, and control in support of an inte-
grated project management system, and eventually led to the concept known 
today as matrix management.

Polaris also adopted the concept of concurrent engineering, a method 
of proceeding with several task phases in parallel, plus other advanced 
project management techniques from the ICBM-Atlas program, which 
under the leadership of General Bernard Schriever also introduced a large 
spectrum of advanced project management methods that contributed to 
the foundation of modern project management. As the result of the work 
at Polaris and Atlas, many new tools, such as Program Evaluation and 
Review Technique (PERT), work breakdown structure (WBS), and methods 
for formal project planning, organizing and subcontracting were developed, 
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providing the framework for today’s body of knowledge and project  
management process.

The success of Polaris and ICBM-Atlas, and later especially NASA’s Apollo 
space program, left a strong imprint on the evolution of project management. 
Although Apollo was not the largest US undertaking in terms of dollars or 
personnel, it was unique in terms of complexity, technological sophistication, 
schedule pressures, mission risk, and uncertainty. It required the develop-
ment and integration of thousands of complex subsystems by widely dis-
persed laboratories, contractors, and technological facilities, involving over 
20,000 subcontractors and some 400,000 workers employed by government 
and private industry, as well as over 200 universities. Managing such an 
effort was clearly beyond conventionally practiced methods of the time. This 
drove managerial innovations that shaped modern project management. 
In fact, it is the Apollo program that is often credited for formalizing cross- 
functional teamwork and hybrid organizations that became known as the 
matrix, a management concept that was refined and legitimized by NASA. 
It was also the Apollo program that developed and shaped most of the con-
ventional management tools that we use today for project planning, tracking, 
and control toward the more mature and stable system that we know today.

1.5.2 Why Did it Take so long?

Why did modern project management emerge so late, considering that the 
need for these special work processes and tools existed long before 1950? The 
answer can be found by examining the evolution of organization and man-
agement theories and practices as a whole. Traditionally, managerial power 
was vested with the owners of the enterprise, who represented the central 
authority accountable for economic gains or losses, success or failure. Work 
was performed by executing orders that were handed down in a rigid scalar 
chain of command.

At the beginning of the Industrial Revolution, these enterprises often 
modeled themselves after military or church organizations. There was no 
provision for sharing managerial power, dual accountability, resource nego-
tiations, innovative thinking, agile implementation, or situational leadership. 
However, during this early era, there was also no need yet for strong proj-
ect authority, intricate customer interfaces, cross-organizational integration, 
and extensive collaboration.

These traditional enterprises operated in an environment that was rea-
sonable steady, stable, and predictable, with clear goals and employees that 
were trained to fit the organization and its values. No one really challenged 
organizational goals, decisions, or work processes. The central authority had 
all the wisdom and answers with regard to what should be done and how, 
and provided clear, top-down directions. It took the complexity and dynamics 
of a large program, such as Atlas, Polaris, and Apollo, to realize that tradi-
tional, centrally orchestrated methods of project management do not work 
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effectively in these situations. They need to be replaced, or at least augmented, 
by management systems that promote better cross-functional communica-
tion, collaboration, and integration, and that can work more adaptable in a 
changing environment. Today’s modern project management systems have 
this capability.

Although each system is fine-tuned or custom-designed for the specific 
project to be executed, all systems have the same basic components for project 
planning, tracking, and control, which have their roots in the early concepts 
of formal project management of the 1950s. Furthermore, it is interesting to 
note that while formal project management evolved most noticeably from 
large military and aerospace programs, it is a toolset that is being applied 
today to millions of multidisciplinary missions in virtually all enterprises, in 
all industries, government organizations and NGOs.

1.6 WheRe ARe We heADinG?

Predicting the future is difficult and risky. Yet there are clear trends and 
paradigms shifts that give us some reasonable indication of where the field 
of project management is heading. Look how far we have come just in the 
past 20 to 30 years. The astounding advances that brought us from a simple, 
mostly linear process that focused on planning, organizing, and executing 
projects, to enterprise-integrated project management systems, dashboards, 
spiral processes, user-centered design, and project portfolio management 
all happened in the past three decades. Technology, especially computers 
and communication technology (IT), made much of these advances possi-
ble and helped us to take on bigger and more complex projects with fewer 
resources in less time. In addition to technology, worldwide socioeconomic 
changes and the resulting globalization of business have transformed proj-
ect management into a unique multidisciplinary field with its own termi-
nology, standards, body of knowledge, and career paths. The new breed of 
project managers that evolved with this changing field has had to deal with 
new challenges, far beyond planning, tracking, and communicating projects. 
These skills are still important, but they have become threshold competen-
cies. Future project managers must function more like “mini general man-
agers.” They must be social architects, leading and orchestrating the many 
organizations and stakeholder groups that need to collaborate during a typi-
cal project execution.

The current trends toward larger, more complex and riskier projects will 
also require an enhanced project management infrastructure, more effective 
use of communication technology, and virtual organizations to connect among 
all team members, including external partners, support groups, and users. 
Effective leadership and people skills will become critical success factors in 
this new, contemporary landscape.

Another major challenge will be sustainability, especially regarding large 
projects, both in terms of carbon footprint and maintenance cost. Project 
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managers will have to take more of a total life cycle approach, and become 
more creative in optimizing project delivery, as well as in maintaining and 
decommissioning projects, in order to satisfy increasing concerns of custom-
ers, sponsors, and society as a whole.

We also see an increased desire for agile management, and for simplifying 
and expediting validation procedures at various levels of the project life cycle. 
These trends drive the need for managing change and risk more predictably, 
a critical factor for project success in the future. We expect that these pres-
sures will lead to new tools that focus especially on iterative and incremental 
project execution methods.

Project management will be increasingly recognized as a formal manage-
ment discipline throughout the world, with especially sharp gains in eco-
nomic growth areas of Asia and Africa, Finally, as project management gains 
further acceptance as a profession, formal project management knowledge, 
skill sets, and credentials will play a stronger role in decisions of staffing, 
rewards and promotion. As a result, skill sets, such as communication, nego-
tiation, gaining commitment and collaboration, change management, conflict 
resolution and leadership will be equally important to technical competency, 
and senior managers together with their human resource partners will spend 
more of their time and resources on managing talent, professional develop-
ment, and certification.

Looking into the future, it appears “the only constant is change,” to quote 
the Greek philosopher Heraclitus, 500 BCE. For effective role performance, 
project managers need to adapt to the continuously changing business envi-
ronments, new technologies, and work processes. Project management will 
become the principle strategic tool for effectively competing in our crowded 
global markets. Those who prepared for the future will also benefit from 
great opportunities. The challenge is to harness these opportunities in spite 
of shrinking resources and an increasingly complex sociopolitical environ-
ment. We can expect these trends to continue, together with pressures toward 
flatter, leaner organizations, collaboratively networked with higher levels of 
shared authority, operating-level autonomy, and automated work processes. 
To survive and prosper in this changing landscape, we have to understand 
these trends and prepare our organizations and people accordingly.

1.7 KeY PoinTS, leSSonS, AnD ConCluSionS

The following key points were made in this chapter:

•	 Projects are one-time undertakings with a specific mission, produc-
ing specific deliverables within given time, resource, and quality 
constraints.

•	 The boundary conditions are the time, resource, and quality specifica-
tions, plus the need for customer satisfaction. This set of four conditions 
is called the quadruple constraint.

c01.indd   16 24-02-2014   11:15:43



 1.9 PMBOK® References and Connections 17

•	 Projects are different from ongoing operations and need a unique man-
agement system.

•	 Technology-intensive projects are usually associated with higher risks 
and uncertainty, but also greater opportunity for profitably leveraging 
technology in the market.

•	 Technology-intensive projects often require unique organizational 
structures, policies, interaction among people, and support systems.

•	 Low-technology projects have similar issues as high-tech projects. 
However, the issues and challenges get amplified as dependence on 
technology intensifies.

•	 Project management has been practiced for several thousand years. 
However, it was not until the 1950s that project management emerged 
as a formal discipline with its own body of knowledge and toolsets, and 
was finally recognized as a profession starting in the 1970s.

•	 Six interconnected organizational subsystems uniquely influence man-
agerial leadership style and process for effectively executing technol-
ogy-intensive projects: (1) work content, (2) people, (3) work process, 
(4) managerial tools and techniques, (5) organizational culture, and  
(6) business environment.

1.8 queSTionS FoR DiSCuSSion AnD exeRCiSeS

 1. Find 10 activities reported in your local newspaper that can be identified 
as “projects.” Rank these projects by degree of (a) complexity, (b) diffi-
culty, and (c) technological intensity (a total of three lists). Selecting the 
most complex project on your list, discuss the challenges of managing  
the project.

 2. Define project management in your own words.
 3. How do you define project success?
 4. What makes technology-intensive projects unique, and why would they 

require a unique style of management and support system? Or why not?
 5. What is the impact of globalization on project management?
 6. Why did it take so long for formal project management systems to emerge 

and for project management to be recognized as a profession?
 7. What trends do you see in our world of business that will affect the 

way we manage project in the future? What managerial changes do you 
predict?

1.9 PMBOK® ReFeRenCeS AnD ConneCTionS

This first chapter introduces the 10 knowledge areas and five processing 
groups as defined by PMBOK®. It addresses most strongly the context of proj-
ect management. That is, it brings the issues, challenges, and opportunities 
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of project management into perspective with today’s global business envi-
ronment. This broad contextual understanding of project management is 
necessary for effectively applying the PMBOK® standards to the study and 
practice of project management, and to prepare effectively for PMP® certifica-
tion (Project Management Institute 2013).
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Chapter 2

Contemporary Project Management: 
Concepts and Principles

AMAzon

“Amazonians are leaning into the future, 
with radical and transformational innova-
tions .  .  .  that has become second nature 
at Amazon, and the pace is even accelerat-
ing in many forms .  .  . with Amazon Web 
Services, Fulfillment by Amazon, and Kindle 
Direct Publishing, with AWS, FBA, and KDP, 
we are creating powerful self-service plat-
forms  .  .  .” explains Jeffrey Bezos, founder 
and CEo of Amazon.com, at the 2013 
annual shareholder meeting. The world’s 
largest online retailer with annual revenues 
of over $50 billion started with an offline 
bookstore in 1994. Emerging from the dot-
com bubble as one of the few winners, 
Amazon steadily morphed into a technol-
ogy company—much like Microsoft and 

Walmart. The company also produces consumer electronics, most notably the 
Amazon Kindle e-book reader and the Kindle Fire tablet computer, and is a major 
provider of cloud computing services.

“What gets us up in the morning and keeps us here late at night is technol-
ogy,” says Jeff Bezos. “Advanced technology is everything.” However, the vehicle 
for transforming this technology into marketable products and services is project 
management. Amazon plans, organizes and executes hundreds of projects each 
year, ranging from product developments to data warehousing and business acqui-
sitions, all under pressure for faster, leaner and more customer-focused execution. 
How do they do it?

“There is an approach called working backwards that is widely used at Amazon,” 
says Ian McAllister, product development manager at Amazon. “We try to work 
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backwards from the customer, rather than starting with an idea for a product and 
trying to bolt customers onto it. This is especially effective when developing new 
products or features.” How does it work? Typically, a new product initiative starts 
by writing an internal press release announcing the finished product, centered 
on the customer problem. If the customers are not excited about the benefits, 
then perhaps they’re not, and the product manager should keep iterating on the 
press release until they’ve come up with benefits that actually sound like benefits. 
Iterating on a press release is a lot less expensive and quicker than iterating on the 
product itself!

Innovation in products, work processes, and an agile business model, focused 
on a changing market, has put Amazon on an impressive growth path. If Bezos’s 
vision works, Amazon could become a service that would allow anyone, anywhere 
to buy or sell whatever he or she wants. However, trying to be a world-class retailer, 
a leading software developer, and a service provider simultaneously strikes some 
observers as a nearly impossible endeavor. Yet, Web services may offer the most 
expansive potential of all Amazon’s tech initiatives. It’s still early, but it’s possible 
that Amazon has latched onto one of tech’s juiciest dynamics—a self-reinforcing 
community of supporters. Indeed, it seems to be harnessing the same “viral” nature 
of the open-source movement that made Linux a contender to Windows.

2.1 THE BIG PICTuRE: THE ART oF MAnAGInG PRoJECTS

The spectrum and dynamics of projects at Amazon is typical of the activi-
ties and mission complexities we find across virtually all industries and gov-
ernment organizations, including hospitals, universities, and NGOs. Project 
management is no longer limited to construction, infrastructure programs 
or large military/aerospace missions, which launched project management 
as a formal discipline in the 1950s., It is being used everywhere from large 
defense and industrial programs to smaller, shorter ad hoc missions, such as 
political campaign management, urban renewal, health, education, and for-
eign assistance programs. In its fundamental concept, project management is 
a method for organizing and executing multidisciplinary tasks within budget 
and on schedule.

Technology has a particularly strong impact on project management. As 
illustrated in the Amazon situation, it affects everything from the type and 
magnitude of projects that we can undertake, to the work process, manage-
rial methods, skill sets, teamwork, and leadership. Technology creates unique 
opportunities, but also challenges that make it often necessary to fine-tune 
well-established project management tools and techniques, so that they can 
be adapted to specific situations.

Another aspect that affects project management is complexity, such 
as the project scope, size, multisystem integration, geographic disper-
sion and the use of new work processes and technologies, all contributing 
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 2.2 Project Management Defined 21

to the uncertainties, nonlinearity, and challenges of successful project 
execution.

2.2 PRoJECT MAnAGEMEnT DEFInED

Regardless of the project type or size, project management has specific char-
acteristics that make it unique and different from other forms of manage-
ment. In its very basic form:

Project management is the art and science of achieving desired objectives 
within given resource constraints, including time.

This definition implies a specific mission focus, multidisciplinary integra-
tion toward deliverables, finite resources, finite duration, specific respon-
sibility identification, and leadership. Formally, these relationships can be 
expressed in the quadruple constraint illustrated in Figure 2.1. It shows 
that under the guidance of a project leader, specific deliverables or results (1) 
should be produced within given budget (2) and schedule limitations (3), and 
result in customer satisfaction (4). The contemporary interpretation of this 
definition further implies that the results should be generated regardless of 
changes in the business environment, such as changing markets, technolo-
gies, regulations, or customer requirements, a stipulation that needs some 
qualification and further discussion in later chapters.

Project management can also be defined as a process, providing a common 
language and methodology—including the tools and techniques—for execut-
ing multidisciplinary ventures. Many of these tools and techniques, as well as 
the process, typically illustrated within the project life cycle (PLC), are well 
documented and discussed in the literature. They also form the backbone for 
many of the project management standards, such as PMBOK, PRINCE2, or 
ISO 21500.
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Figure 2.1 Quadruple constraint
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2.3 THE PRoJECT LIFE CYCLE (PLC)

In contrast to conventional business operations, projects have finite life cycles 
with clearly defined beginning and end points. For the benefit of breaking 
down its complexity, projects are typically subdivided into stages or phases. 
These life cycle phases can be arranged in many different forms and opera-
tional formats, such as following the stages of a new product development 
(e.g., feasibility, development, prototype, production, rollout) or the stages of 
a disaster relief program. While the specific type of phased arrangement usu-
ally has considerable flexibility, managers should make an effort to define 
“natural phases” that divide the project into its logical sets of activities, with 
inputs, outputs, interfaces, and workflows as they would likely occur dur-
ing the project execution. To help managers in defining their project-specific 
phases, many project management standards, such as PMBOK and ISO, sug-
gest several project management process groups for dividing the project life 
cycle (PLC). These process groups are broadly defined generic project phases 
that can be used as a framework for developing more detailed project-specific 
phases, as well as the level-I work breakdown structure (WBS). Consistent 
with established international standards, the following generic phases are 
most commonly suggested:

Initiating. Typical, this phase starts with the evaluation of a project idea; 
defining its basic scope, cost, and baseline; an assessment of its feasibility; 
its strategic alignment and value; some initial top-down project planning; 
and go-no/go decision making. Often, the initiating phase also includes bid-
proposal and contract definition efforts.

Planning. This includes the detailed project definition, leading to the 
detailed work breakdown, statement of work, schedules, and budgets. For 
larger projects, this phase also includes the plan for staffing and organizing 
the project team, and the managerial guidelines for project integration and 
control.

Executing. This phase typically begins with organizing and developing 
the project team. Project execution is usually the largest, most resource-
intensive phase. It includes the project implementation, the detailed 
work and its integration, monitoring and reporting of progress, identify-
ing and resolution issues, and leading the project team toward desired  
results.

Closing. This final phase often runs concurrent with the tail-end activi-
ties of the project execution. It includes final project documentation, lessons 
learned, resolving/reassigning project team members, performance apprais-
als and recognitions, administrative closure of contracts, and final sponsor/
customer sign-offs.

Although it is normal to expect considerable overlap between PLC phases, 
each phase defines specific actions in preparation for execution of the next 
phase, as graphically shown in Figure 2.2. This provides a framework for 
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planning and controlling projects in a systematic, disciplined way, regardless of 
project size and complexity. The PLC is also a useful starting point for defining 
the top two levels of the work breakdown structure and a framework for laying 
out the project plan. However, many project activities span several life cycle 
phases, while others occur mixed-in with phases that seem to have the “wrong” 
or misleading label. Examples might be preliminary design work necessary 
during project initiation, or planning required for a specific test during the exe-
cution phase. In fact, planning itself is an ongoing process throughout the proj-
ect life cycle. Tools such as the PLC are templates, providing a framework for 
organizing and guiding projects. They are not rigid procedures. Contemporary 
processes such as agile/scrum, stage-gate, spiral, or concurrent engineering, 
recognize the challenges of a dynamic business environment and provide a 
more flexible approach to project planning and execution as an overlay to the 
conventional PLC template. Yet the PLC is a good and effective model to follow 
for defining the top-down structure of virtually any project.

As the project moves through its life cycle stages, from start to finish, the 
managerial focus shifts from planning to organizing, and eventually to control-
ling. It is further interesting to note that management has most control over 
the outcome during the early stages of the project that still require low levels 
of resource commitment. That is, with a small amount of resources, relative 
to the total life cycle budget, a skilled task group can define the project base-
line, conduct simulations, emulations, and tests, establish basic feasibility, and 
define alternatives of project implementation. Hence, a great deal of options 
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and control over the project implementation and its results exist during the 
early stages of a project. Later in the PLC the options become more limited, 
with less ability to influence and optimize deliverables, while larger amounts 
of resources have been committed or spent, as graphically shown in Figure 2.3.

2.4 PRoGRAMS, PRoJECTS, TASKS, AnD CoMMITTEES

Terminology can be confusing and cause communication problems. Let’s clar-
ify some common project management jargon. For many years, companies 
involved in project management have attempted to standardize on a common 
language, or at least tried to develop a basic metric to differentiate between 
various project undertakings. Yet to date there is no uniformly agreed-to set 
of definitions, even for the most commonly used terms, such as projects and 
programs. At first glance, there are many similarities among the characteris-
tics of programs, projects, tasks, and committees. This is confusing, especially 
to newcomers to project management. Yet to the practitioner it might not 
matter what we call them, as shown by the comments of a senior manager 
who remarked, “Let’s not argue over titles; just define the responsibilities and 
get the job done.”

A closer look tells us, however, that there are benefits to properly establish-
ing and using terminology consistently, at least within the same organization. 
Based on generally accepted practices, the following terms can be defined.

2.4.1 Program

A program is a goal-focused, multidisciplinary undertaking, established to 
produce specific results (often called deliverables) within given time and 
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resource limitations. Depending on the size and complexity, programs are 
subdivided into projects and tasks, and usually have committees working 
imbedded with the program organization. Programs are usually larger in 
scope and resource requirements than projects. Often they have the charac-
teristics of an autonomous business, such as Boeing’s 787 Dreamliner devel-
opment or a NASA mission or military defense program. Program managers 
usually report to senior management or operate as a profit center, similar to 
any other business within the enterprise. Program management responsibili-
ties can be very broad, going considerably beyond just executing a program, 
but may include future business development, specific market penetrations, 
and technology developments. If within the same mission, other sets of activi-
ties exist (labeled projects or tasks), the program provides the hierarchical 
umbrella from which all other task sets flow, as shown in Figure 2.4.

2.4.2 Project

A project is similar in structure and work process, but smaller, especially 
if the project is a subset of a program. However, the basic definition is the 
same as for programs: A project is a goal-focused, multidisciplinary under-
taking, established to produce specific results within given time and resource 
limitations. The program manager is responsible for achieving the desired 
results by providing the proper direction and leadership to the project team, 
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Figure 2.4 Hierarchy of programs, projects, tasks, and committees
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and by facilitating the integration of the various subsystems and components 
throughout the project organization, including its suppliers and partners.

2.4.3 Task

A task is a clearly defined element of work with specific results, time and 
resource limitations. Tasks are usually on the lowest order in the program-
project-task hierarchy. Usually, tasks center on a single function without 
extensive multidisciplinary involvement. However, they can include multiple 
activities. Task leaders are most likely associated with the functional seg-
ment of the organization that provides the technical expertise and direction 
to the task team toward achieving the specific results. Task leaders have dual 
accountability, first to the project or program manager for budget, schedule, 
and task interfaces and second to the resource manager for the technical 
execution of the task and its quality. In an engineering or technology orga-
nization, task leaders often carry the title of lead engineer, team leader, or 
task lead. Task leaders are at the front line of the project organization, build-
ing the components that will eventually integrate into the system defined as 
project.

2.4.4 Committees

A committee is a group of appointed or selected people chartered with a spe-
cific assignment, such as investigating issues, reporting their findings and 
making recommendations. Committees are led by a chairperson. A charter 
defines the committee’s authority and responsibilities. The degree of formal-
ity of these charters varies. Depending on the complexity of the assignment, 
committees are often divided into subcommittees or task forces. Committees 
are extensively used in today’s project organizations to carry out major seg-
ments of the project administration and support its management. For exam-
ple, committees are formed and chartered with new projects evaluation and 
selection, project planning, vendor selection, project teams organization, 
strategy formulation, project reviews, and capital equipment appropriations, 
just to name a few. Most committees are multidisciplinary. At first glance, 
committees look similar to projects. They have specific responsibilities, objec-
tives, deliverables, resource constraints, and schedules. They are formed 
by borrowing the specific people needed, on a temporary basis, from vari-
ous resource organizations. Committees or task forces can also develop into 
permanent parts of an organization, such as licensing or technology review 
boards.

The hierarchical relationship of programs, projects, tasks, and committees 
is illustrated in Figure 2.4. The categorization of these entities is just another 
subdivision of the overall program into its smaller components, similar to that 
of a work breakdown structure. Although these definitions are independent 
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of the organizational form of the project or its enterprise, such as matrix or 
projectized structures, they are being defined by their relative position of the 
activity set within the overall program. For example, in NASA’s space shuttle 
program, the solid rocket booster engine was only one of many subsystems 
or components, but the contractor of this development, Thiokol Corporation, 
organized a whole program division around this component. This example 
illustrates the somewhat-arbitrary use of this terminology, common in proj-
ect management. However, this is not an issue as long as the terminology is 
being used consistently within the enterprise, and the hierarchy of program-
project-task is consistent with hierarchy of the overall program scope. That 
is, the program is the largest entity.

2.5 THE RoLE oF THE PRoJECT MAnAGER

In a nutshell, the project manager is responsible for delivering results accord-
ing to established objectives. However, accomplishing these deliverables 
involves a complex array of responsibilities and skill sets. Stating the proj-
ect manager’s role in one sentence runs the risk of oversimplification. Let’s 
explore the role of the project manager from the context of the job.

Projects have always prompted specialized work environments with skilled 
people, distinct functional capabilities, and special tools and techniques. With 
advancing technology, projects became even more specialized and challeng-
ing, requiring special skills, equipment, tools, processes, and support systems. 
Today, project leaders have to deal with innovation, risks, uncertainties, and 
work processes, often characterized as nonlinear, iterative, and highly inter-
functional. This complex, unique nature of technology-oriented work has 
raised the competency level and skill requirements even further.

Yet the traditional managerial skill sets, such as the classic model of tech-
nical, human, and conceptual skills defined by Robert Katz in 1956, are still 
valid. However, they need to be refocused and fine-tuned for today’s busi-
ness world as many of the traditional principles of management have become 
obsolete, even for ongoing operations. Few organizations are still structured 
along stovepipe functions with rigid chain-of-command reporting relations 
and centralized decision making. Instead, they have moved to flatter, more 
flexible organizations with power-sharing, distributed decision making, and 
a more self-directed, team-oriented workforce. This is especially true for proj-
ect operations, and further accelerated for technology-based projects where 
managers must be skilled in a broad range of disciplines in order to deal with 
a wide spectrum of complex challenges:

•	 Leading multidisciplinary project planning and plan validation
•	 Negotiating resources and lines of authority
•	 Staffing, organizing, and building the team organization
•	 Coping with limited resources and end-date-driven schedules
•	 Reducing project cycle time
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•	 Dealing with complexity, innovation, risk, and uncertainty
•	 Managing geographically distributed project activities
•	 Facilitating multiorganizational collaboration and commitment
•	 Dealing with personnel training, team development, and general HR 

issues
•	 Measuring and tracking project performance against plan, in spite of 

dynamically evolving progress
•	 Identifying and dealing with risks and contingencies early in their 

developments
•	 Dealing with organizational conflict, politics, and power-sharing
•	 Building alliances among all stakeholders
•	 Integrating project subsystems among participating organizations, 

including support groups, contractors, partners, and consultants
•	 Recognizing emerging technologies and assessing technology changes 

and their impact on the ongoing project
•	 Applying and leveraging technology to benefit project implementation
•	 Identifying, evaluating, and selecting new project business opportunities
•	 Managing technology transfer and project integration
•	 Aligning projects with the overall strategy of the enterprise

Looking at these challenges, with their imbedded risks and complexities, 
it is hard to imagine a job more difficult than managing technology-intensive 
projects. Yet, this list is just the beginning of exploring the job of a project 
manager, and to address these questions: What drives project performance? 
What organizational environment, structures, policies, interactions of people, 
and leadership style is most conducive to high team performance? and How 
do all of these factors shape the project management system and affect over-
all enterprise performance?

While there is no magic formula that guarantees success in managing 
technology-based projects, or any project for that matter, research consis-
tently shows that high-performing project managers have specific skills in 
four categories: (1) technical and job-specific skills; (2) people skills and lead-
ership; (3) administrative skills; and (4) strategic/business skills, which will 
be discussed in more detail in the next chapter.

2.6 CLASSIFICATIon oF PRoJECTS

Projects come in different sizes, complexities, time durations, and urgencies 
for execution. They are associated with different locations, applications, tech-
nologies, risks, and many other features. Each project has its own unique 
characteristics, requiring different management focus, style, and methods for 
optimal execution. Clearly, a construction project of a missile launch facil-
ity is different from a residential housing project or the development of the 
next smartphone product. One-size management style or execution method 
does not fit all projects. The ability to group projects into separate classes 

c02.indd   28 24-02-2014   11:27:48



 2.6 Classification of Projects 29

associated with specific characteristics enables managers to analyze, bench-
mark, and study projects more meaningful in their own category. It sharpens 
managerial focus and perspective throughout the project life cycle.

Because of its importance, many different classification schemes have been 
proposed in the past for categorizing projects along various dimensions. More 
recently, the Diamond Model, developed by Shenhar and Dvir (2007), has 
gained broad recognition as an effective framework for classifying projects 
along four major characteristics: (1) complexity, (2) technology, (3) novelty, 
and (4) pace, each being defined as follows:

•	 Complexity. This dimension focuses on the scope of the project along 
system lines. The magnitude of complexity is defined in three levels:  
(1) assembly, a collection of elements, components and modules, com-
bined in a single unit, such as a laser printer or car engine; (2) system, 
a collection of interactive elements or subsystems, combined into a sys-
tem, such as a computer or automobile; and (3) array, a collection of 
systems that perform complex, interrelated functions, such as global 
positioning system or regional mass transit.

•	 Technology. The magnitude of this dimension is defined in four lev-
els: (1) low-tech, relying on existing, well-established technologies; (2) 
medium-tech, using mostly existing technology plus some new technol-
ogies or technological features that didn’t exist in previous products or 
services; (3) high-tech, technologies that are new to project, but already 
exist elsewhere (most computer products and defense system develop-
ments are in this category); (4) super high-tech, the technologies that 
must be developed for the project. Often, super high-tech technologies 
do not exist at the beginning, but are needed to complete the project, 
affecting project risk and management style. Many R&D projects fall 
into this category.

•	 Novelty. This dimension defines how new a product or service is in 
the market. It impacts especially the front-end of the project, such 
as requirements analysis and project definition. Novelty is defined in 
three categories: (1) derivative products, extensions or improvements 
of existing products or services; (2) platform products, new develop-
ments, upgrades or replacements of existing products in established 
markets (e.g., a new car model); and (3) breakthrough products or ser-
vices that are completely new and didn’t exist before, such as a micro-
wave oven in the 1940s, or the first Sony Walkman in 1979 or the 
Rubik’s Cube in 1980.

•	 Pace. This dimension defines the urgency at which the project must 
be executed. Pace affects all facets of project organization and execu-
tion management. Pace is defined in four levels: (1) regular, projects 
are not end-date driven and results are not time-critical; (2) fast/com-
petitive, project performance depends on timely execution and deliv-
ery of results; (3) time-critical, projects must be completed on a specific 
date, otherwise they are failures (e.g., Y2K project or Olympic games 
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infrastructure); (4) blitz, most urgent and time-critical projects, such as 
disaster responses where speed of crisis resolution is the key success 
measure.

Classifying projects along the four dimensions helps managers in narrow-
ing the general approach of organizing and executing projects to practices 
more focused on the specific project at hand. Very few organizations know how 
to distinguish among their project efforts (Shenhar et al. 2005). These clas-
sifications provide a framework for analyzing the specific, most-appropriate  
means for selecting, organizing, and executing projects of various character-
istics. It helps to gain a better understanding of project characteristics and in 
building more confidence for tailoring project management process and style. 
The four dimensions of the Diamond Model can be graphically displayed as 
shown in Figure 2.5, which uses a new car model development as an example 
to illustrate the graphical features.

2.7  PRoJECT MAnAGEMEnT STAnDARDS AnD 
GuIDELInES

Ancient monuments, infrastructures, and military campaigns bear witness 
to projects that were managed quite successfully for thousands of years, 
apparently without much formality or international standards. At least, that 
what it seems. However, careful studies reveal that these projects of enor-
mous magnitude and complexity required knowledge of planning, organizing, 
monitoring, and controlling, and skillful project management in its time. No 
matter how rudimentary, the basic processes, tools, and techniques of proj-
ect management were known for a long time and are still the foundation of 

Technology

Pace

Complexity Novelty

Super High-Tech

High-Tech

Array System Assembly 

Medium-Tech

Low-Tech

Regular

Fast/Competitive

Time-Critical

Blitz

Derivative Platform Breakthrough

Figure 2.5 The Diamond Model (illustrated for a new car project)
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our contemporary management systems. Yet, it was not until the 1940s that 
project management began to formalize as a discipline and profession, with 
slowly emerging procedures, customized mostly to a particular enterprise 
and application area.

The 1980s and 1990s brought about much change to the way companies 
do business. Globalization, the Internet, and rapid technological advances 
drove organizations to work more effectively in all areas. Project manage-
ment was often seen as an important tool for delivering complex business 
solutions. It provided a common infrastructure with standardized repeat-
able methodologies, supporting processes, tools, and measurement systems. 
Industry and government organizations across the globe began to look for 
formal procedures and guidelines that ensured consistent project delivery 
across their enterprises and within their business communities. During this 
time period, project management standards rapidly emerged from industry 
and government organizations. However, it was not until 1996 when the first 
standards aimed at universal project management applications were pub-
lished, developed in parallel by the Project Management Institute (PMI) and 
the International Project Management Association (IPMA).

Today, hundreds of project management standards exist. Most of them are 
focused on specialized applications, such as construction, petroleum, medical, 
or government sectors.

Three standards emerged with guidelines and rules generally applicable 
to all projects and programs, by and large acceptable to project management 
communities across the globe:

 1. PMBOK, developed by the Project Management Institute (PMI)
 2. PRINCE2, developed by the International Project Management 

Association (IPMA)
 3. ISO 21500, developed by the International Standards Organization 

(ISO)

Each of these project management standards will be briefly discussed.

2.7.1 PMBoK®—Project Management Body of Knowledge®

Formally known as A Guide to the Project Management Body of Knowledge®, or 
PMBOK® for short, this standard was developed by the Project Management 
Institute (PMI). It was first published as a white paper in 1983, followed 
by the formal first edition in 1996. PMBOK provides guidelines, rules, and 
characteristics for project, program, and portfolio management. Following 
the project life cycle, the standard identifies 47 processes, organized into 5 
process groups and 10 knowledge areas. Since 1999 the PMBOK® Guide has 
been accredited as an American National Standard (ANS) by the American 
National Standards Institute (ANSI). A newly revised PMBOK® Guide, fifth 
edition, was released in September 2012.
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Process Groups

Processes are described in terms of inputs, such as documents, specifications, 
resources, and plans, and outputs, such as products, services, and financial 
performance. The five process groups are defined as follows:

 1. Initiating. The process of identifying, selecting, and authorizing a 
project or program.

 2. Planning. The process of defining the project and its metrics as a basis 
for organizing, monitoring, and controlling the project toward desired 
results.

 3. Executing. The process of leading and managing project personnel 
and other resources to achieve project objectives.

 4. Monitoring and controlling. The process of measuring project per-
formance against plan, resolving issues, and taking corrective actions 
for managing the project to achieve desired objectives.

 5. Closing. The process of formally closing the project, including cus-
tomer sign-off, final cost accounting, and personnel reassignment.

Knowledge Areas

Ten knowledge areas cover the discipline of project management. Each of the 
knowledge areas defines the processes that need to be executed for effectively 
managing a project across the five major process groups. In essence, each pro-
cess group relates to several knowledge areas that can be displayed graphi-
cally in a 5 × 10 matrix. A description of each knowledge area is provided as 
follows, excerpted from PMI’s PMBOK Guide (2012).

 1. Project Integration Management. Identifies the processes and 
activities needed to integrate the various elements of project manage-
ment within the Project Management Process Groups.

 2. Project Scope Management. Identifies the work needed to accom-
plish delivery of a product, service, or result-specified features and 
functions.

 3. Project Time Management. Identifies the processes required to man-
age timely completion of the project.

 4. Project Cost Management. Identifies the processes involved in esti-
mating, budgeting, tracking, and controlling cost according to estab-
lished project objectives.

 5. Project Quality Management. Identifies the processes and activities 
that determine the objectives, policies, and responsibilities for deliver-
ing quality results “so that the project will satisfy the needs for which 
it was undertaken” (PMI PMBOK, 2012).

 6. Project Human Resource Management. Identifies the processes for 
selecting, organizing, managing, and leading the project team.
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 7. Project Communications Management. Identifies the processes 
required to ensure timely and appropriate generation and distribution of 
information for effective communication among all project stakeholders.

 8. Project Risk Management. Identifies the processes for planning, 
identifying, assessing, mitigating, and controlling risks, and to mini-
mize negative impact of risk on project performance.

 9. Project Procurement Management. Identifies the processes and 
activities necessary to process and acquire products or services, or results 
needed from outside the project team, including acquisition planning, 
source selection, product/service acquisition, and contract administration.

 10. Project Stakeholder Management. Defines processes and activi-
ties necessary to (1) identify stakeholders, (2) plan stakeholder rela-
tions, (3) manage stakeholder engagement, and (4) control stakeholder 
engagement.

2.7.2 PRInCE2®—PRojects In Controlled Environments

PRINCE2, is a process-based standard, developed by the UK Central 
Computer and Telecommunications Agency (CCTA). Although the first 
release in 1989 focused primarily on IT and telecommunication projects, the 
revised standard published in 1996 is a flexible method aimed at providing 
guidelines for the management of all types of projects and programs. The 
latest version of PRINCE2 (2009) was published in two volumes, focusing on  
(1) projects management professionals who work on projects on a daily basis 
and (2) projects management professionals who lead or interface with proj-
ects as contracting agents or sponsors.

PRINCE2 is based on seven principles that focus on seven themes. Both 
categories need proper attention for managing the project through the seven 
phases of its life cycle.

Seven Principles
 1. Ensure continued business justification.
 2. Learn from experience.
 3. Define roles and responsibilities.
 4. Manage by stages.
 5. Manage by exception.
 6. Focus on products.
 7. Tailor to suit the project environment.

Seven Themes
 1. Business case drives key decision-making in the project.
 2. The organization (theme) defines and establishes project roles and 

responsibilities.

c02.indd   33 24-02-2014   11:27:48



34 ConTEMPoRARY PRoJECT MAnAGEMEnT: ConCEPTS AnD PRInCIPLES

 3. Quality focus must be on the project’s products and services fit for 
purpose.

 4. Plans are the vehicle for defining how, where, and by whom the project’s 
products will be delivered.

 5. Risks are uncertainties that can be either threats or opportunities. Risk 
management should be proactive, targeting the identification, assess-
ment, and control of uncertainties.

 6. Changes should be addressed as part of configuration management, 
maintaining and controlling the project configuration throughout its 
life cycle.

 7. Progress is an important measurement to monitor and compare actual 
project performance against the planned values.

Seven Processes
 1. Starting up a project. Appointing the project manager and team 

members, defining the project objectives, and planning for the next 
stage (initiation).

 2. Initiating a project. Building on the startup process and the busi-
ness case, the project must be planned to enable proper tracking and 
controlling over the project life cycle.

 3. Directing a project. Includes all activities for tracking and managing 
the project through its life cycle, including reviewing progress against 
the plan, dealing with issues, and tacking corrective actions.

 4. Controlling a stage. Projects should be broken into stages that are 
defined by work packages. Each stage should be individually moni-
tored, managed, and controlled. Project issues should be captured and 
managed, preferably at the stage level before escalating the issues.

 5. Managing stage boundaries. Defines the communications, data, and 
technology transfer processes between and among the project stages, 
including the key interface personnel.

 6. Managing product delivery. Focuses on the end product/service and 
its timely delivery. Effective customer communication are critical to 
successful product delivery.

 7. Closing a project. Includes formal processes for closing the project, 
including final cost accounting, reporting, personnel reassignment, and 
post-project review.

The PRINCE2 standard is somewhat similar to PMBOK in its focus on 
project process and life cycle stages. However, in a detailed comparison, 
PRINCE2 is different and more intricate than PMBOK. Some of the key dif-
ferences and features of PRINCE2 are the (1) focus on business justifica-
tion, (2) special attention to project work and team organization, (3) emphasis 
on product planning, (4) division of the project execution into separately 
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controlled stages, and (5) flexibility of applying the standard to various levels 
of a project.

2.7.3 ISo 21500—Guidance on Project Management

Developed by the International Organization for Standardization (ISO) and 
released in 2012, ISO 21500 provides guidelines, rules, and characteristics 
for project, program, and portfolio management. It can be used by any type 
of organization, including public, private, or community organizations, and 
for any type of project, irrespective of complexity, size, or duration. ISO 
21500 is the first in a series of planned project management standards. 
It is designed to align with related International Standards such as ISO 
10006 (Quality Management Systems—Guidelines for Quality Management 
in Projects), ISO 10007 (Quality Management Systems—Guidelines for 
Configuration Management), ISO 31000 (Risk Management—Principles 
and Guidelines), and several sector-specific standards in industries such 
as aerospace and IT. ISO 21500 is also consistent with both PMBOK and 
PRINC2, and almost identical to PMBOK regarding in structure and con-
text, including in paralleling PMBOK’s 5 processing groups and 10 knowl-
edge areas.

Specifically, ISO 21500 is structured along the PMBOK’s process-based 
framework:

•	 Five process groups: (1) initiation, (2) planning, (3) implementing,  
(4) controlling, and (5) closing.

•	 Ten subject groups: (1) integration, (2) stakeholder, (3) scope, (4) resource 
(HR), (5) time, (6) cost, (7) risk, (8) quality, (9) procurement, and (10) 
communication. The subject group identifies the processes.

Except for minor differences, such as the sequencing of the subject groups 
and use of “resources” instead of “human resources,” ISO 21500 is clearly 
based on the PMBOK® Guide, which was discussed in the previous section.

Taken together, these standards provide guidelines, rules, and tools to 
the professional business community for managing projects, programs, and 
portfolios consistently and effectively. They also provide a common language. 
Currently, PMBOK is most widely used throughout the world. However, 
many other standards are also effectively used and are beneficial for special-
ized applications in their professional communities.

As project management evolves further and gains more formal acceptance 
as a profession throughout the world, project management standards will 
continue to expand and be updated. Karl Best, secretary of the ISO project 
committee, said, “In an increasingly global economy project managers need 
guidance to help them understand the basic principles of managing projects.”
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2.8 KEY PoInTS, LESSonS, AnD ConCLuSIonS

The following key points were made in this chapter:

•	 Project management is defined as the art and science of achieving 
desired objectives within given resource constraints, including time.

•	 The quadruple constraint refers to time, cost, deliverables, and cus-
tomer satisfaction. It states that projects should be managed to pro-
duce specific deliverables or results within given resource budgets and 
schedule limitations, all resulting in customer satisfaction.

•	 Projects have finite life cycles with distinct phases or stages, such as 
initiating, planning, executing, and closing.

•	 Programs, projects and tasks are similar in context and structure (e.g., 
a task is a miniature program). But, within the same organization, pro-
grams are usually larger in scope and resource requirements than proj-
ects, and tasks are the smallest piece of the project’s work.

•	 Committees are similar to projects in context, but their structure and 
work process is usually less formal and more dynamic than projects.

•	 Project management standards provide guidelines for establishing a 
common infrastructure with standardized repeatable methodologies, 
supporting processes, tools, and measurement systems throughout an 
enterprise or within an industry.

•	 Project management standards are important management tools for 
delivering complex business solutions.

•	 Among the many application-specific and industry-specific project 
management standards and guidelines, PMBOK® is most commonly 
accepted by the project management community worldwide.

•	 The latest addition of project management standards is ISO 21500, 
which is part of a family of technology-focused management standards.

2.9 QuESTIonS FoR DISCuSSIon AnD ExERCISES

 1. How can the project life cycle model with its defined stages help in orga-
nizing and initial planning of your project?

 2. Using the “quadruple constraint,” define “project performance” (write a 
statement) for a project you’re familiar with (or use the Kindle product 
development mentioned in the lead-in scenario at the beginning of the 
chapter). Write the statement for two separate situations: (1) reviewing 
project performance at midpoint of the project life cycle and (2) at the end 
of the project life cycle. Discuss your definition with your group.

 3. Why do organizations make distinctions between projects and 
programs?

 4. Discuss the significance of the graphics in Figure 2.3 for project 
management.
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 5. What are the benefits of having a project management standard com-
monly accepted throughout your industry?

 6. Why are there so many different standards for project management?
 7. Why do some managers resist accepting project management standards? 

Do you see any limitations or drawbacks to these standards?
 8. From the description given in this chapter, which of the three project 

management standards would you feel most comfortable using? Why?

2.10 PMBOK® REFEREnCES AnD ConnECTIonS

This chapter introduced PMI’s PMBOK standard with its 5 processing groups 
and 10 knowledge areas. The general structure and content of the PMBOK is 
a subject area often tested and should be studied in preparation for the PMP® 
exam. Further, the project life cycle and program-project-task hierarchy are 
concepts that should be studied in preparation for PMP® certification.
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Chapter 3

The Effective Project Manager: Skills,  
Values and Agility

ProjEcT MAnAgEMEnT SkillS EMPhASizEd  
in PMi’S AnnuAl rEPorT

under the topic of Enhancing Business Value around the World, PMi focuses on 
the critical importance of effective project management skills for competing suc-
cessfully in today’s uncertain business landscape. As stated by Peter Monkhouse, 
chair, 2012 PMi Board of directors: “Project professionals must surpass expec-
tations of the past—delivering results and value that achieve strategic objectives 
while also positioning their organizations to outpace the competition and secure 
future gains. And they’re challenged with achieving all these objectives with fewer 
resources, tighter deadlines and more demanding requirements.” Four skill sets 
seem especially critical according to Career Central, PMi’s hub for knowledge, con-
nections and resources: (1) basic project management skills, (2) business acumen, 
(3) emotional intelligence and (4) assertiveness. Field research validates the impor-
tance of these essential skills and professional preparedness, as explained by Mark 
langley, president and cEo of PMi: “our research indicates that organizations 
that keep a sharp focus on fundamental project management practices are real-
izing huge results. By optimizing strengths and improving on weaknesses in the 
core project management practices, an organization puts far fewer dollars at risk 
for each project.”

3.1  ProjEcT-BASEd orgAnizATionAl culTurES  
And VAluES

Project management is different, and in many ways more challenging from 
managing ongoing operations, as discussed in chapter 1. These differences have 
been recognized by professional organizations, such as the Project Management 
Institute for several decades, who also emphasize the increasingly demanding 
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business environment and need for special skills. Although the recognition 
of project management as a profession is relatively new in comparison to the 
thousands of years of practice, project management has always had its unique 
challenges, which have become more intense with increased competition and 
dynamics of our global business environment.

Many of these challenges relate to the multidisciplinary nature of projects 
and the need to organize, coordinate, integrate, and manage activities across 
the enterprise without much formal authority. The people who have to work 
together on the project come from different organizational units, reporting to 
superiors with different management styles and work processes that conform 
to standards and norms quite different throughout the enterprise, its part-
ners, contractors, and collaborating communities. Unifying the project team 
across these different cultures and values is one of the biggest challenges 
faced by project leaders, yet a critical condition for managing any cross-func-
tional project.

Yet organizational culture is one of the more difficult concepts to under-
stand or define. In spite of being widely discussed in the literature it remains 
an elusive and hazy concept (Gaynor 2013). Nevertheless, we can describe 
organizational culture when we experience it in terms of people interac-
tion, shared practices, shared believes, values and behavior, or, more simply 
put, “It’s the way we do things around here.” Culture affects everything from 
work standards, norms and ethics, to motivation, innovation and tolerance 
for conflict and risk-taking. In essence, organizational culture defines the 
work environment and is a key variable in the complex array that deter-
mines managerial leadership effectiveness. This is an important connection 
to managerial skill requirements and effectiveness.

The cultural impact on leadership style has two dimensions:

 1. The project leader’s ability to fine-tune skill sets most suitable for the 
given multicultural environment

 2. The leader’s ability to create his/her own project culture for the team 
working across the enterprise, including contractors and other support 
organizations

Effective communications and team involvement are some of the most crit-
ical tools for developing a unified team culture of shared values, norms, and 
operational rules (Dennison 2012, Thamhain 2013).

3.2 MEASuring MAnAgEriAl PErForMAncE

Obviously, competency at all levels is vital to project success (Belassi and 
Turkel 1996; Crawford 2000). However, measuring project performance is 
complex and challenging, and managers at all levels struggle with defin-
ing relevant performance measures, especially for technology-intensive 
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undertakings. Yet, we need some framework for defining project performance 
before we can address the issues of skill requirements, skill set development, 
and resource allocation for training, work process support, compensation, 
and promotion. The intricate mix of timelines, resource allocation, multidis-
ciplinary contributions, value perception, and success criteria often makes 
it difficult to establish meaningful measures of project performance and to 
apply them consistently, fairly, and equitably throughout the enterprise. 
These challenges exist especially in flatter, hierarchically less structured 
organizations, and in situations where several teams contribute to the over-
all success or failure of a multistage development with its ultimate success 
depending on factors not under the control of these teams.

3.2.1  conventional, Traditional Approach to Measuring  
Project Performance

In spite of these challenges and the cultural and philosophical differences 
among managers, some framework for measuring project performance has 
been established in virtually every organization that executes projects. This 
performance metric includes at least four basic measures, often referred to as 
quadruple constraint:

 1. Schedule-based measures
 2. Budget/resource-based measures
 3. Technical performance-based measures
 4. Stakeholder satisfaction-based measures

These measures are the project performance baseline for many of the proj-
ect management standards, such as PMBOK (2013), PRINCE2 (2012), and 
ISO 21500 (2012). Traditionally, these measures were considered sufficient 
for tracking project performances. However, their adequacy for fully and  
correctly assessing project performance has been argued by managers for 
some time.

3.2.2 contemporary Assessment of Project Performance

In spite of the widely published and accepted quadruple constraint of project 
performance, many project managers insist that in today’s complex business 
environment additional variables are needed to define project performance 
and success, especially when we consider projects as strategic tools for cre-
ating economic value and competitive advantage (Shenhar and Dvir 2007, 
Maltz et al. 2012). These contemporary concepts suggest that project leaders 
must take on full responsibility for business results, linking projects to busi-
ness strategy. That is, aligning projects with the goals of the organization 

c03.indd   41 25-02-2014   17:27:06



42 ThE EFFEcTiVE ProjEcT MAnAgEr: SkillS, VAluES And AgiliTY 

(Shenhar et al. 2007). This contemporary view suggests four distinct dimen-
sions of project performance and success:

 1. Project efficiency (including schedule, budget, and technical 
per   formance)

 2. Customer impact (including stakeholder satisfaction)
 3. Business/enterprise success
 4. Preparing for the future (business survival and growth)

The importance of each of these performance measures varies with 
the strategic time frame considered for the project and its impact on the 
enterprise as graphically shown in Figure 3.1. Ultimately, each organiza-
tion can define its own measures, suitable and unique to its specific busi-
ness environment. This approach is similar to the traditional approach 
of measuring project performance. In either case, these broadly defined 
parameters or dimensions provide the basic framework and scope for 
assessing project performance relevant to the specific business environ-
ment. They also provides a framework for developing operational guide-
lines for managing the various project stages, such as planning, start-up, 
and execution, and for assessing the effectiveness of these operational 
systems.
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Figure 3.1 relative importance of project performance measures, short and  
long term
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3.3  Skill rEquirEMEnTS For MAnAging  
TEchnologY ProjEcTS

Because of its multidisciplinary nature, as well as resource and power shar-
ing, project management always required more diverse skill sets and the 
ability to manage with little or no formal authority. These requirements 
increased further over the past three decades as organizations became flat-
ter, more agile, and more cross-functionally aligned. As a result, many of the 
principles of conventional management theory and practice, such as clear 
chain-of-command reporting relations, centralized decision making, and a 
reasonable predictable business environment, were challenged or became 
obsolete. Managers who evolve with these contemporary organizations must 
confront untried problems to handle their complex tasks. Specifically focus-
ing on project management, these new leaders must not only be effective 
in planning, organizing, and integrating complex, multidisciplinary activi-
ties, but also move across various organizational lines, gaining services from 
personnel not reporting directly to them. They must build multidisciplinary 
teams into cohesive groups and deal with a variety of networks, such as line 
departments, staff groups, team members, clients, and senior management; 
each has different interests, expectations, and charters. They also have to 
cope with constant and rapid change of technology, markets, regulations, and 
socioeconomic factors. To get results, managers in technology-based project 
organizations must relate socially as well as technically. They must under-
stand the culture and value system of the organization in which they work 
(Badawy 2007, Shenhar and Thamhain 1994, Thamhain 2013a). The days of 
the manager who gets by with only technical expertise or pure administra-
tive skills are gone.

All of this has implications on managerial skill requirements. In today’s 
project organizations, effective leadership involves a whole spectrum of skills 
and abilities: clear direction and guidance; ability to plan and elicit commit-
ments; communication skills; assistance in problem solving; dealing effec-
tively with managers and support personnel across functional lines often 
with little or no formal authority; information-processing skills, the ability to 
collect and filter relevant data valid for decision making in a dynamic envi-
ronment; and the ability to integrate individual demands, requirements, and 
limitations into decisions that benefit the total project. It further involves 
the manager’s ability to resolve intergroup conflicts and to build multifunc-
tional teams. This wide spectrum of skill sets can be grouped into four gen-
eral categories:

 1. Technical or job-specific skills
 2. Operational and administrative skills
 3. People skills and leadership
 4. Strategic/business skills
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Although there are many ways of organizing the fast array of project man-
agement skills, these categories are consistent with other established models, 
such as Shenhar and Dvir (2011) or Cicmil et al. (2006). They also align with 
contemporary competency constructs, such as PMI’s Project Management 
Maturity Model, PM3 (Crawford 2007).

3.3.1 Technical or job-Specific Skills

This includes the specialized knowledge, analytical ability and proficiency 
of using job-related tools and techniques; in short, the skill sets required to 
perform effectively within the assigned discipline, including guiding project 
personnel and activities toward desired results. However, it is not necessary 
that project leaders have all the technical expertise to direct the multidisci-
plinary activities single-handed. This is virtually impossible, especially for 
technologically more complex or larger projects. It is essential, however, that 
project leaders understand the technologies and their trends, the markets, 
and the business environment, so they can communicate effectively with 
their team members and other stakeholders, assessing risks and cost/sched-
ule/performance tradeoffs, and search for integrated solutions and optimized 
project performance.
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Figure 3.2 Skill requirements change with project management level and complexity
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3.3.2 operational and Administrative Skills

These skill sets involve effective planning, organizing, and administrating 
the project execution. They include the tools, techniques, and administra-
tive procedures of scheduling, budgeting, staffing, project tracking, perfor-
mance evaluations, and control techniques, plus information-processing 
skills and the ability to collect and filter relevant data for decision making. 
Depending on the project organization and its alignment with the overall 
enterprise business, these administrative/operational skills also include 
translating senior management directives and strategic objectives into 
specific operational plans at the project organization. While all of these 
skills are important for overall project management effectiveness, it is 
not always necessary or desirable for the project leaders to get personally 
involved in the administrative detail. Other resource departments or the 
project management office (PMO) can be effective in providing adminis-
trative support. This frees the project leader from time-consuming admin-
istrative tasks.

3.3.3 People Skills and leadership

Effective leadership involves a whole spectrum of skills and abilities: clear 
direction and guidance, interactive planning and eliciting commitments, com-
munication skills, assistance in problem solving, interfacing with managers 
and support personnel across functional lines, resolving intergroup conflicts 
and building multifunctional teams. It also involves the ability to integrate 
individual demands, requirements, and limitations into decisions that ben-
efit the overall project. These skills are grounded in the well-known concepts 
of organizational behavior, motivation, communication, personnel manage-
ment, and leadership.

3.3.4 Strategic/Business Skills

These skills involve the ability of seeing the project as part of the enterprise, 
directing and monitoring its overall performance. It includes understand-
ing the nature of the industry, having a general manager’s perspective and 
a business sense. These skills relate to policy decisions, strategic thinking, 
long-term objectives, and the ability to align the project organization with 
the overall enterprise and its strategies. These skills are critical for shap-
ing organizational directions and synergizing the contributions of various 
organizational resources. Knowledge in the area of systems theory, strategic 
planning, and general business management provides the foundation and 
supporting tools of this skill area.
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Table 3.1 Project Management Skills inventory

3.3.5 The Project Managers Skills inventory

A more detailed breakdown for each of the four skill sets is provided in  
Table 3.1, which can be used as a tool for assessing actual skill requirements 
and proficiencies. For example, a list such as the following could be developed, 
for individuals or teams, to assess for each skill component, using different 
assessment criteria as needed:

•	 Identifying skill deficiencies and development needs
•	 Assessing the criticality of certain skill sets
•	 Assessing competencies for position staffing
•	 Identifying support requirements
•	 Identifying training and development activities
•	 Assessing effectiveness of training and development programs

Technical or Job-Specific Skills

•	 Ability to manage the technical work

•	 Aiding problem solving

•	 Analytical skills

•	 Communicating with project 
personnel

•	 Facilitating project integration

•	 Facilitating tradeoffs

•	 Fostering innovative environment

•	 Guiding/directing project personnel

•	 Integrating technical, business, and 
human objectives

•	 System perspective

•	 Technical credibility

•	 Understanding and applying work-
related tools and techniques

•	 Understanding customer environ-
ment and application

•	 Understanding engineering tools and 
support methods

•	 Understanding market and business 
environment

•	 Understanding technology and 
trends

•	 Unifying the technical team

•	 Working with contractors, customers, 
and partner organizations

•	 Fostering innovative environment

•	 Guiding/directing project personnel

•	 Integrating technical, business, and 
human objectives

•	 System perspective

•	 Technical credibility

•	 Understanding and applying work-
related tools and techniques

•	 Understanding customer environ-
ment and application

•	 Understanding engineering tools and 
support methods

•	 Understanding market and business 
environment

•	 Understanding technology and 
trends

•	 Unifying the technical team

•	 Working with contractors, customers 
and partner organizations
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People Skills and Leadership

•	 Ability to manage in unstructured 
work environment

•	 Action-orientation, self-starter

•	 Aiding group decision making

•	 Assisting in problem solving

•	 Building alliances, coalitions; 
cooperation

•	 Building multidisciplinary teams

•	 Building priority image

•	 Clarity of management direction

•	 Clear team direction and guidance

•	 Communicating (written and oral)

•	 Creating personnel involvement at 
all levels

•	 Eliciting commitment and 
collaboration

•	 Gaining credibility, trust, and respect

•	 Gaining upper management support 
and commitment

•	 Human resource management

•	 Interfacing among project team, 
resource groups, contractors, part-
ners, and customer

•	 Managing conflict

•	 Motivating people

•	 Project leadership

•	 Understanding professional needs

•	 Understanding the organization

•	 Vision and ability to inspire others

Operational and Administrative Skills

•	 Attracting and holding quality 
people

•	 Budgeting and budget control

•	 Communicating effectively (orally 
and written)

•	 Cost modeling and estimating

•	 Defining clear objectives

•	 Delegating effectively

•	 Estimating and negotiating 
resources

•	 Information processing

•	 Managing changes

•	 Measuring work status, progress, 
and performance

•	 Organizing project team

•	 Planning and organizing multifunc-
tional programs

•	 Project management tools and tech-
niques, including IT tools

•	 Project tracking and reporting

•	 Risk management

•	 Scheduling multidisciplinary 
activities

•	 Translating management directives 
into project plan

•	 Understanding policies and operat-
ing procedures

•	 Working with other organizations

Strategic/Business Skills

•	 Aligning project organization with 
enterprise and its strategies

•	 Dealing with risks and uncertainties

•	 Entrepreneurial thinking

•	 General manager’s perspective

•	 Leveraging resources

•	 Optimizing project-derived long-
term benefits

•	 Strategic thinking and decision 
making

•	 Synergizing project and enterprise 
results

•	 Understanding business environment
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3.4 how lEArnABlE ArE ThESE SkillS?

Formal studies investigating the learnability of project management skills 
reveal some good news. Many of the skills needed to perform effectively in proj-
ect management are learnable (Gido and Clements 2012, Morse and Babcock 
2013). Several of my field studies (2009a, 2013) show the learnability on aver-
age as high as 94 percent, mostly on the job. In fact, we find that 85 percent 
of all project management skills are derived from experience.1 Three-quarters 
are developed strictly by experiential learning, while one-quarter comes from 
more specific work-related methods such as observations, formal on-the-job 
training, upper management coaching, and job rotation (Thamhain 2009a, 
2013a). Second to experiential learning, skills can be developed by reading 
professional literature, such as books, magazines, journals, research papers, as 
well as listening to audio and viewing video on related subjects. A third source 
for skill development exists via professional activities such as seminars, pro-
fessional meetings, and special workshops. The fourth distinct category for 
managerial skill development consists of formal schooling. In addition, manag-
ers identify special sources, such as mentoring, job changes, and special orga-
nizational development activities, for building technology management skills.

Taken together, research verifies that project management skills, even in 
technology-based environments, are indeed learnable, and “project manag-
ers can be developed”2 (Thamhain 2013b). The findings are not only encour-
aging to project management professionals at all levels but also important 
for designing management training and development programs, allocating 
resources, and as a framework for comparing the effectiveness of various 
training methods.

3.5  TrAnSiTioning FroM indiViduAl conTriBuTor 
To ProjEcT MAnAgEMEnT

How do you get on a project management career path? Or, looking outward 
from the enterprise, how can managers identify people with project manage-
ment potential? In either case, the process is more of an art than a science. 

2 This conclusion was reached during a study of 300 managers in 63 technology-based com-
panies (action research between 2000 and 2011). These managers stated almost unani-
mously in one form or another that technical management skills don’t just happen by 
chance but are systematically developed through formal and informal methods.

1 The percentile was determined by asking 355 technical managers to indicate for the skill 
inventory shown in Table 3.1, (1) what training methods helped to develop each skill, and  
(2) how effective was the method in developing these skills relative to other methods employed. 
The data were evaluated to determine the contribution made by each of the five methods to 
leadership, technical, and administrative skill development. The distribution of sources was 
somewhat similar for all three skills. Figure 1 presents an aggregated view of the sources 
for managerial skill development. For detailed reporting of the study see Thamhain (1992).
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3 This association was verified statistically using Kendall’s correlation: the association 
between personal desire to become a manager and actual promotion was τ = 0.35; between 
personal desire and subsequent managerial performance was τ = 0.30. Both statistics are 
significant at a confidence level of 92 percent or better.

However, the indicators are somewhat similar on either side. Professionals 
aspiring to a career in project management can enhance their chances for 
management attention and organizational support by taking initiatives in 
seeking out project-related responsibilities and by engaging in professional 
activities, such as project management society meetings and conferences, and 
by enrolling in relevant educational programs.

One of the key criteria for success, stressed by newly promoted project man-
agers and management veterans alike, is the individual’s desire to become a 
project manager. This desire seems to have a positive effect on many of the cri-
teria necessary for transitioning into a project management and up the man-
agerial ladder.3 Yet despite this favorable field observation, personal desire 
alone is not enough to gain a promotion. In the final analysis, personal com-
petence and organizational needs are the deciding factors. People who receive 
promotions usually meet five key requirements:

1. They are competent in their current assignments. An individual 
contributor must master the duties and responsibilities of the current posi-
tion, must have the respect of his or her colleagues, and receive favorable 
recommendations from the supervisor.

2. They have the capacity to take on greater responsibility. The 
person must demonstrate the ability to handle larger assignments that have 
new and more challenging responsibilities. Good time management, the will-
ingness to take on extra assignments, and the expressed desire to advance 
toward a management assignment are usually good indicators of a person’s 
readiness for advancement.

3. They have prepared for the new assignments. A new manage-
ment assignment requires new skills and knowledge. Candidates who have 
prepared themselves through courses, seminars, on-the-job training, pro-
fessional activities, and special assignments will have the edge. Managers 
perceive such initiatives as evidence that a candidate is committed to the 
new career path, is willing to develop new skills, and wants to go the extra 
distance.

4. They are good matches with organizational needs. The candi-
date’s ambitions, desire, and capabilities have to match both the current 
and long-range needs of the firm. Obviously, a new job opening can create 
an immediate opportunity for advancement, but many companies make 
detailed, long-range plans for their managerial staffing needs. They also 
encourage managers to identify and develop future managers. In such envi-
ronments, people with management ambitions must be recognized early as 
qualified candidates. Companies then may help them develop management 
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skills with training and special job assignments. When the need for a new 
manager arises, the company often selects from the pool of prequalified 
candidates.

5. They have an aptitude for management. Taking an integrated 
look at the qualifications for transitioning into management, we see that the 
first four criteria are based on behavior in a known environment and on the 
assumption that the candidate will adapt to the new management situation. 
If these criteria are met, higher-level managers will have a lot of confidence in 
the candidate. However, there is yet no guarantee that the candidate will actu-
ally perform well in the new assignment. It is quite difficult to evaluate the 
candidate’s readiness for the new challenges of leadership, power-sharing, per-
sonnel administration, change, and conflict management. Therefore, technical 
contributors who want to be considered for leadership positions must show 
actions and behavior at work that reflect strong aptitudes for management.

3.5.1 Managerial Aptitude Testing

Because of these complexities and intricate sets of variables, I personally do 
not believe in formal aptitude testing via questionnaires as a tool for selecting 
project managers. However, for self-testing by individuals, answering a set of 
aptitude questions can provide some insight and perspective on the person’s 
desires, likes, dislikes, strength, and weaknesses toward project management 
and help in the process of self-assessment and career development. Such a 
questionnaire is shown in Table 3.2, designed for project management apti-
tude self-testing in a technology-based product development environment. 
To be useful, this sample questionnaire needs to be modified to reflect the 
specific situation for which managerial aptitude is to be tested.

3.6 iMPlicATionS For SEnior MAnAgEMEnT

As more organizations adopt project management across the globe, a talent 
gap has developed. According to studies by the Project Management Institute 
(PMI), “There are simply not enough trained or experienced project managers 
to go around.” According to Dr. Edwin Andrews, former director of academic 
and educational programs at PMI, the issue is further aggravated by the fact 
that educational institutions are not graduating enough project-skilled pro-
fessionals to replace even those who retire from the profession. He explains 
further that “unlike more traditional specializations, such as finance or IT, 
project management encompasses an array of skill sets spanning market-
ing, finance, operations, technology and other areas, including critical and 
strategic thinking, negotiating, networking, problem-solving and working in 
a culturally diverse environment.”
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Score 1–10 Project Management Aptitude Test
Use a 10-point scale to indicate your agreement or disagree-
ment with each of the statements (1 = strong disagreement; 
10 = strong agreement)

Personal Desire to Be a Manager

 
––––––––––––––

 1. Managing people is professionally more interesting and 
stimulating to me than solving technical problems.

 
––––––––––––––

 2. I am interested and willing to assume new and greater 
responsibilities.

 
––––––––––––––

 3. I am willing to invest considerable time and effort into 
developing managerial skills.

––––––––––––––  4. I have an MBA (or am working intensely on it).

 
––––––––––––––

 5. I am prepared to update my management knowledge 
and skills via continuing education.

 
––––––––––––––

 6. I have discussed the specific responsibilities, chal-
lenges, and skills required with manager.

 
––––––––––––––

 7. I have defined my specific career goals and mapped out 
a plan for achieving them.

 
––––––––––––––

 8. I would be willing to change my professional area of 
specialty for an advanced managerial opportunity.

 
––––––––––––––

 9. Managerial and business challenges are more interest-
ing and stimulating to me than technical challenges.

 
 
––––––––––––––

 10. Achieving a managerial promotion within the next few 
years is a top priority, very important to the satisfac-
tion of my professional needs.

People Skills

 
––––––––––––––

 1. I feel at ease communicating with people from other 
technical and administrative departments.

 
––––––––––––––

 2. I can effectively solve conflict over technical and per-
sonal issues, and don’t mind getting involved.

––––––––––––––  3. I can work with all levels of the organization.

 
––––––––––––––

 4. I am a good liaison to other departments and outside 
organizations.

––––––––––––––  5. I enjoy socializing with people.

 
––––––––––––––

 6. I can persuade people to do things that they initially 
don’t want to do.

 
––––––––––––––

 7. I can get commitment from people, even though they 
don’t report directly to me.

(Continued)

Table 3.2 questionnaire for Project Management Aptitude Testing (for individual 
self-testing only)

c03.indd   51 25-02-2014   17:27:07



52 ThE EFFEcTiVE ProjEcT MAnAgEr: SkillS, VAluES And AgiliTY 

 
––––––––––––––

 8. People enjoy working with me and follow my 
suggestions.

 
––––––––––––––

 9. I am frequently asked by my colleagues for my opinion 
and for presenting ideas to upper management.

 
––––––––––––––

 10. I think, the majority of people in my department would 
select me as team leader.

Technical Knowledge and Job Skills

 
 
––––––––––––––

 1. I understand the technological trends in both my area 
of responsibility and the business environment of my 
company.

 
––––––––––––––

 2. I understand the product applications, markets, and 
economic conditions of my business area.

 
––––––––––––––

 3. I can effectively communicate with my technical col-
leagues from other disciplines.

 
––––––––––––––

 4. I can unify a technical team toward project objectives 
and can facilitate group decision making.

 
––––––––––––––

 5. I have a systems perspective in my area of technical 
work.

––––––––––––––  6. I have technical credibility with my colleagues.

 
––––––––––––––

 7. I can use the latest design techniques and engineering 
tools.

 
––––––––––––––

 8. I recognize work with potential for technological break-
through early in its development.

 
––––––––––––––

 9. I can measure work/project status and technical perfor-
mance of other people on my team.

––––––––––––––  10. I can integrate the technical work of my team members.

Operational and Administrative Skills

––––––––––––––  1. I don’t mind administrative duties.

 
 
––––––––––––––

 2. I am familiar with techniques for planning, scheduling, 
budgeting, organizing, and personnel administration, 
and can perform them well.

––––––––––––––  3. I can estimate and negotiate resources effectively.

––––––––––––––  4. I can measure and report work status and performance.

 
––––––––––––––

 5. I find policies and procedures useful as guidelines for 
my activities.

 
––––––––––––––

 6. I have no problem delegating work even through I 
could do it myself even quicker.

 
––––––––––––––

 7. I don’t mind writing reports and preparing for meet-
ings, and I do it well.

Table 3.2 (continued)
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These skills cannot be gained readily through traditional training or edu-
cational programs. Companies must go beyond the traditional methods of 
developing managerial talent. Business leaders must recognize the highly 
multidisciplinary and cross-functional nature of skill requirements, and 
must establish policies that integrate continuing professional education and 
project management skill development into the business process, as well as 
individual performance appraisal and award system consistent with these 
objectives. For these personnel developments to succeed, interdisciplinary 
collaboration is vital. Project management is multifunctional, and therefore 
project management development programs must be, too. Yet this is often 
a challenge in an enterprise environment of shared resources and power 
that causes natural tension, anxieties and organizational conflict over cross-
functional activities such as project management training and support sys-
tems. New ways and strategies have to be found to deal with these issues. 
An important role of senior management is to provide the leadership and 

 
––––––––––––––

 8. I can hand change requirements and work interrup-
tions effectively.

––––––––––––––  9. I am good in organizing social events.

 
––––––––––––––

 10. I can work effectively with administrative support 
groups throughout the company.

Business Acumen

 
––––––––––––––

 1. I would be good at directing the activities of my depart-
ment toward the overall company objectives.

––––––––––––––  2. I am productive.

––––––––––––––  3. I enjoy long-range planning and find the time to do it.

––––––––––––––  4. I am willing to take risks to explore opportunities.

 
––––––––––––––

 5. I feel comfortable working in dynamic environments 
associated with uncertainty and change.

––––––––––––––  6. I would enjoy running my own company.

 
––––––––––––––

 7. I consider myself more of an entrepreneur than an 
innovator.

 
––––––––––––––

 8. In social functions, I tend to get involved more in busi-
ness discussions rather than technical discussions.

 
––––––––––––––

 9. I enjoy being evaluated, in part, on my contributions to 
my company’s business environments.

 
––––––––––––––

 10. I have been more right than wrong in predicting the 
business environment

 
––––––––––––––

Total Test Score (Divided by 5) = Normalized Score 
[___________]

 3.6 implications for Senior Management 53
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resources for developing project management professionals and for establish-
ing the needed enterprise support systems.

3.7 SuMMArY oF kEY PoinTS And concluSionS

The following key points were made in this chapter:
•	 The multidisciplinary nature of projects, operating across differ-

ent organizational cultures, creates special challenges and requires 
more sophisticated managerial skills than traditional forms of 
management.

•	 Organizational culture is one of the more difficult concepts to under-
stand or define. Yet, it affects everything from work standards, norms 
and ethics, to motivation, innovation, and tolerance for conflict and 
risk-taking.

•	 Project leaders must fine-tune their skills for most effectively inter-
acting with multi-cultural environments. However, they also have the 
ability to create their own project team culture across the enterprise.

•	 Project performance measures include at least four basic dimensions, 
often referred to as quadruple constraint: (1) schedule-based measures, 
(2) budget/resource-based measures, (3) technical performance-based 
measures, and (4) stakeholder satisfaction-based measures. More 
recent approaches to project performance include additional measures 
of (5) business success and (6) preparation for future business survival 
and growth, which extend the performance horizon beyond the actual 
project execution cycle.

•	 The wide spectrum of project management skill sets can be grouped 
unto four general categories: (1) technical or job-specific skills, (2) oper-
ational and administrative skills, (3) people skills and leadership, and 
(4) strategic/business skills.

•	 The skill inventory of Table 3.1 can be used for assessing skill require-
ments and proficiencies, such as identifying skill deficiencies and 
development needs, assessing competencies for position staffing,  
and assessing effectiveness of training and development programs.

•	 Most of the project management skills are learnable, primarily expe-
rientially. Furthermore, experiential learning can be augmented and 
accelerated by professional readings, seminars, meetings, and special 
workshops, as well as formal schooling.

•	 Chances of advancement to a project management or team leader-
ship position are enhanced by five conditions: (1) candidates are com-
petent in their current assignments, (2) candidates have the capacity 
to take on greater responsibility, (3) candidates have prepared for the 
new assignments, such as taken courses, on-the-job training and spe-
cial assignments, (4) candidates are good matches with organizational 
needs, and (5) candidates have an aptitude for management.
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•	 Questionnaire-based aptitude testing might not be the best tool for 
selecting project managers. However, for self-testing by individuals, 
answering aptitude questions can provide some insight and perspec-
tive on the person’s desires, likes, dislikes, strength, and weaknesses 
toward project management and may help in self-assessment and 
career development.

•	 The highly multidisciplinary and cross-functional nature of project 
management skill development must be recognized. Interdisciplinary 
collaboration is vital for personnel and organization development 
efforts to succeed.

3.8 quESTionS For diScuSSion

 1. Discuss the differences between project environments and functional 
resource environments, and how these differences affect the managerial 
skill sets required for effective role performance.

 2. Discuss the differences between high-tech and low-tech project envi-
ronments, and how these differences affect the managerial skill sets 
required for effective role performance.

 3. Select a project environment that your discussion group is familiar with 
(you could also select a common case study or a news story such as the 
Boston Big Dig or Boeing 787). Define your team (or subteam) responsi-
bility. Then discuss the performance measures that (a) you as a project 
leader feel comfortable to be evaluated against by your superiors, (b) you 
as a project leader would use to evaluate your team, and (c) you as a team 
would feel comfortable to be evaluated against by your project manager.

 4. How would you prepare as an individual contributor for a career in proj-
ect management? What actions would you take to enhance your chances 
of “being discovered” as a candidate for advancement into a project man-
agement position?

 5. What are the benefits, challenges, limitations, and issues of taking a long-
term (strategic) look at project performance beyond the project execution 
cycle?

 6. Discuss the importance of each of the four general skill categories of  
(1) technical or job-specific skills, (2) operational and administrative 
skills, (3) people skills and leadership, and (4) strategic/business skills. 
Also, discuss how you could acquire or improve each skill set, and how 
you could leverage organizational resources to support any of these skills.

 7. How would you use the skill inventory in Table 3.1 to identify skill defi-
ciencies and development needs for your project managers?

 8. Use the test shown in Table 3.2 to determine your aptitude for project 
management. (a) How do you interpret the final score points? (b) What 
conclusions and lessons could you draw from the results? (c) What type 
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of advantages, disadvantages, limitations, and issues do you see in this 
instrument for self-testing? (d) What type of advantages, disadvantages, 
limitations, and issues do you see for companies using this instrument 
for testing employees?

 9. Define a framework of project management training and development 
for your company or division. What kind of components should such 
a program include? How could you support the cost-benefits of such a 
program?

3.9 PMBOK® rEFErEncES And connEcTionS

The topic of “The Effective Project Manager: Skills, Values, and Agility” 
focuses directly on the PMBOK® Knowledge Area of project human resource 
management (#6) with strong connections to the PMBOK® processing groups 
of planning, executing, and monitoring/controlling. Much of this chapter deals 
with the context of project executing and monitoring/controlling, discussing 
the need for managerial skill building to ensure effective project manage-
ment throughout its life cycle. The managerial perspectives presented in this 
chapter should be helpful in connecting the PMBOK standards with best 
practices of project management, and in studying effectively for PMP® cer-
tification. In preparing for the PMP® Exam, the following PMBOK sections 
relate especially to this chapter and should be studied: (1) organizational 
planning, (2) staff acquisition, and (3) team development.

inTErnET linkS And rESourcES

Project Management Institute (PMI)/ Leadership in PM Community of Practice. 
http://leadershipinpm.vc.pmi.org/Public/Home.aspx.

Project Management Institute PMI; 2012 Annual Report. https://www.pmi.org/en/
About-Us/About-Us-Annual-Report.aspx.

Project Management Institute, PMI; Career Central. http://www.pmi.org/en/
Professional-Development/Career-Central/4-Valuable-Skills-to-Break-Into-
Project-Management.aspx.

rEFErEncES And AddiTionAl rEAdingS

Badawy, M. 2007. “Managing Human Resources.” Research-Technology Management 
50 (4): 56–74.

Belassi, W., and Turkel, O. 1996. “A New Framework for Determining Critical Success/ 
Failure Factors in Projects.” International Journal of Project Management 14 (3): 
141–151.

Cicmil, S., T. Williams, J. Thomas, and D. Hodgson. 2006. “Rethinking Project 
Management: Researching the Actuality of Projects.” International Journal of 
Project Management 24 (8): 675–686.

c03.indd   56 25-02-2014   17:27:08

http://leadershipinpm.vc.pmi.org/Public/Home.aspx
https://www.pmi.org/en/About-Us/About-Us-Annual-Report.aspx
https://www.pmi.org/en/About-Us/About-Us-Annual-Report.aspx
http://www.pmi.org/en/Professional-Development/Career-Central/4-Valuable-Skills-to-Break-Into-Project-Management.aspx
http://www.pmi.org/en/Professional-Development/Career-Central/4-Valuable-Skills-to-Break-Into-Project-Management.aspx
http://www.pmi.org/en/Professional-Development/Career-Central/4-Valuable-Skills-to-Break-Into-Project-Management.aspx


 3.9 PMBOK® references and connections 57

Crawford, J. K. 2007. Project Management Maturity Model. Boca Raton, FL: Auerbach 
Publications (Taylor & Francis).

Dennison, D. 2012. Leading Culture Change in Global Organizations: Aligning Culture 
and Strategy. Hoboken, NJ: John Wiley & Sons/Jossey-Bass.

Gaynor, G. 2013. “Impact of Organizational Culture on Innovation.” IEEE Engineering 
Management Review 41(2) (Second Quarter): 5–7.

Gido, J., and J. P. Clements. 2012. Successful Project Management. Independence, KY: 
CengageBrain.

Elizabeth Gasiorowski-Denis, ed. 2012. New ISO Standard on Project Management. ISO. 
http://www.iso.org/iso/home/news_index/news_archive/news.htm?refid=Ref1662.

Katz, R. L. 1974. “Skills of an Effective Administrator—Retrospective Commentary.” 
Harvard Business Review 52 (5): 94–95.

———. 1955. “Skills of an Effective Administrator.” Harvard Business Review 33 (1): 
33–42.

Kerzner, H. 2013. Project Management: A Systems Approach to Planning, Scheduling, 
and Controlling. Chapter 3: “Organizational Structure.” Hoboken, NJ: John Wiley &  
Sons.

Kloppenborg, T. 2012. Contemporary Project Management. Mason, OH: South-Western 
Publishing.

Maltz, A. C., A. J. Shenhar, D. Dvir, and M. Poli. 2012. “Integrating Success Scorecards 
Across Corporate Organizational Levels.” Open Business Journal (5): 8–19.

Mantel, S., J. Meredith, S. Shafer, and M. Sutton. 2011. Project Management in 
Practice. Hoboken, NJ: John Wiley & Sons.

Morse, L. C., and D. L. Babcock. 2013. Managing Engineering and Technology. New 
York: Prentice Hall.

Pillai, A., A. Joshi, and K. Rao. 2002. “Performance Measurement of R&D Projects in 
a Multi-Project, Concurrent Engineering Environment.” International Journal of 
Project Management 20(2): 165–177.

Project Management Institute. 2012. Annual Report. www.pmi.org/en/About-Us/
About-Us-Annual-Report.aspx.

Project Management Institute. 2013. A Guide to the Project Management Body of 
Knowledge (PMBOK® Guide). Newtown Square, PA: Project Management Institute.

PRINCE2. 2012. Managing Successful Projects with PRINC2, Norwich, Norfolk, UK: 
TSO, The Stationary Office; Office of Government Commerce in the U.K.

Shenhar, A. 2011. “What Great Projects Have in Common.” MIT Sloan Management 
Review 52(2): 19–21.

Shenhar, A., and D. Dvir. 2007. Reinventing Project Management: The Diamond 
Approach to Successful Growth and Innovation. Cambridge, MA: Harvard Business 
School Press.

Shenhar A., D. Milosevic, D. Dvir, and H. Thamhain. 2007. Linking Project Management 
to Business Strategy. Newtown, PA: Project Management Institute (PMI) Press.

Shenhar, A., D. Dvir, O. Levy, and A. C. Maltz. 2001. “Project Success: A Multidimensional 
Strategic Concept.” Long Range Planning 34(6): 699–725.

Shenhar, A., and H. Thamhain. 1994. “A New Mixture of Project Management Skills: 
Meeting the High-Technology Challenge.” Human Systems Management Journal 
13(1) (March): 27–40.

Thamhain, H. 1992. “Developing the Skills You Need.” Research/Technology 
Management 35(2): (March/April): 42–47.

———. 2009a. “The Future of Project Team Leadership.” In B. Bidanda and D. Cleland 
(eds.), Project Management Circa 2025. Philadelphia, PA: PMI Press.

c03.indd   57 25-02-2014   17:27:08

http://www.iso.org/iso/home/news_index/news_archive/news.htm?refid=Ref1662
http://www.pmi.org/en/About-Us/About-Us-Annual-Report.aspx
http://www.pmi.org/en/About-Us/About-Us-Annual-Report.aspx


58 ThE EFFEcTiVE ProjEcT MAnAgEr: SkillS, VAluES And AgiliTY 

———. 2009b. “Leadership Lessons from Managing Technology-Intensive Teams.” 
International Journal of Innovation and Technology Management 6(2) (June): 
117–133.

———. 2013a. “Changing Dynamics of Team Leadership in Global Project 
Environments.” American Journal of Industrial and Business Management, no. 3 
(May): 146–156.

———. 2013b. “Managing People in Technology.” In M. Kutz (ed.), Mechanical Engineer’s 
Handbook. Hoboken, NJ: John Wiley & Sons.

Zandhuis, A., and R. Stellingwerf. 2013. ISO 21500 Guidance on Project Management. 
Zaltbommel, Netherlands: Van Haren Publishing.

c03.indd   58 25-02-2014   17:27:08



59

Chapter 4

Aligning Projects with the Enterprise

SummEr OlymPicS, 2016 in riO.

When rio de Janeiro bid for the 2016 Summer Olympics and Paralympics in 2007, 
it competed with five other cities: chicago, Baku, Doha, madrid, Prague and Tokyo. 
rio also tried, but failed three times to host the Games in 1936, 2004 and 2012. 
regardless, it’s hard to predict statistically the chances of winning such a complex 
bit. However, one thing is sure. The city of rio de Janeiro, in collaboration with the 
Brazilian Olympic committee, has already spent millions in developing the proposal, 
and made a $14 billion commitment in its proposal for organizing and hosting the 
next Olympic Games. The organizers also had to secure commitments from other 
cities—Barra, copacabana, Deodoro, and maracanã—to become satellite venues for 
the Olympic Games, plus sites for the football matches, which will be held in the 
cities of Belo Horizonte, Brasília, Salvador, and São Paulo. On January 14, 2008, rio 
de Janeiro was shortlisted by the international Olympic committee (iOc) as a candi-
date, receiving a score of 6.4 on its proposal. One year later, rio de Janeiro submitted 
its candidature File to the iOc, followed by iOc visits, formal meetings, and on-site 
inspections validating the proposal and assessing the quality of the bid. rio city offi-
cials supported the final bid with strong statements of commitment. “Brazil repre-
sents the safest choice,” said rio secretary general carlos roberto Osorio. “The rio 
bid is a bid of certainty. Everything in the budget is guaranteed. if we get the games, 
we can start  getting ready from Day 1. There will be no surprises afterward.” Other 
government leaders strongly agreed. “Even in the current difficult global economic 
climate, we can guarantee that funding for rio 2016 is secure and that the Brazilian 
economy is stable. We’re the world’s 10th largest economy and forecast to be the 
fifth in 2016. Brazil will be able to support all projected requirements for the games.”

The long and intensive bidding process was concluded in copenhagen, Denmark 
on October 2, 2009, with the election of rio de Janeiro as the host city for the XXXi 
Olympiad and the XV Paralympic Games, which will be the first South American 
city ever to host the Games.

Sources: BBC Sports (2009); ESPN (2009); Wikipedia (2013).
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4.1  mAkinG THE cASE FOr EnTErPriSE PrOJEcT 
mAnAGEmEnT

No organization takes a casual approach to a $14 billion project. When Rio de 
Janeiro supported the Brazilian Olympic Committee in its bid for the 2016 
Summer Olympics and Paralympics, the stakes were very high. Decision-
making had to reach far beyond the feasibility of organizing and hosting the 
next Olympic Games, and far beyond the “triple constraint” of cost, time, and 
deliverables. Conventional performance criteria are just a small part of the 
long-range socioeconomic-political factors that had to be considered in this 
complex array of costs and values that justify a go or no-go decision for a 
multifaceted project of this magnitude. Not every project has such a complex 
array of stakeholders and cost-benefit-performance criteria. However, for  
virtually every project, success is more than meeting the triple constraint of 
time, budget, and technical performance.

What does project success mean? In most situations, efficiency and opera-
tional performance are important, and therefore a strong focus on delivering 
specific results within defined time and budget constraints is appropriate 
and very common. However, in many cases these are only part of the factors 
that determine success, and overemphasis of the triple constraint can mask 
other critical success variables, generating a misleading scorecard and a false 
sense of value, comfort, and security. Therefore, it is not surprising that in 
today’s rapidly changing global business environment an increased number 
of organizations consider project management as a strategic tool and define 
success broadly and long-term. As explained by Aaron Shenhar in Linking 
Project Management to Business Strategy (2007):

The project management discipline is changing into a new era that is com-
pletely different than it has been in the last fifty years. In this new era, proj-
ects will be considered as part of the strategic, business related activity of 
the organization. . . . Organizations of the future will realize that they need 
to treat their projects in a more strategic way. Similarly, project managers 
and project teams have to learn how to think more strategically and become 
responsible for business results, not just for getting the job done. (p. 3)

It is very easy to fall into the “success trap,” better known as the activ-
ity trap—doing everything right, but failing to do the right thing, focusing 
on short-term results while missing the long-term picture. Most projects 
are undertaken with a business purpose. Whether a city bids for the next 
Olympic games or IBM decides on a new computer development, whether 
Aérospatiale and the British Aircraft Corporation starts the supersonic 
transport business, or the federal government launches a supplementary 
nutrition program, each project is different and so are the success criteria. 
Defining the metrics for success is a complex undertaking in itself. First of 
all, it requires defining the performance horizon. Are we looking short or long 
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range? Is success being defined by looking at the deliverables at the end of 
the project execution cycle, or are we considering the project performance in 
its user environment? If we buy into the notion that projects are undertaken 
for a purpose, we have to look beyond the execution cycle. This requires more 
than just a project plan. It requires a careful assessment of what we want to 
accomplish with the project. What results do we want to achieve, short-range, 
long-range, or any time we wish to choose? This requires strategic alignment 
of the project with the business objectives of the enterprise.

In the past, most project managers and their teams did not focus on busi-
ness results. This is still true today. By and large, their performance is not 
being measured beyond the project execution cycle. Therefore, it is not sur-
prising that project management focus is primarily on the effective execution 
of projects according to plan with strong attention to producing the required 
deliverables within given budget and schedule constraints. This does not nec-
essarily lead to desired business results. The Ford Taurus development is an 
interesting, often cited case (Shenhar 2007) supporting this argument.

The Ford Taurus development was a five-year project started in 1980 and 
completed with the roll-out of the new model in the fall of 1985. The Taurus 
was a milestone design that brought many new features and innovations to 
the marketplace. By 2007, Ford had built over 7.5 million Tauruses, mak-
ing it the best-selling car in the United States for four consecutive years 
between 1992 and 1996. Yet when the project was completed, the project 
manager was fired because the project was six months behind schedule 
(Shenhar 2007, p. 58).

In contrast, the project manager of the second-generation Ford Taurus, 
undertaken between 1990 and 1995, took a lesson from the first-generation 
scorecard, making sure that the project stayed on schedule as established by 
Ford management. However, Ford paid a price for the shortcuts that were 
taken to meet the schedule. According to industry analysts, many subtle 
issues such as team spirit, vendor relations, and component integration led 
to suboptimal results and a disappointing business performance for the new 
model car (Shenhar 2007). As reported in the automobile press, the second-
generation Ford Taurus suffered from reliability issues, high warranty costs, 
and low resale value. Many of these issues were blamed largely on the steps 
taken to reduce project cycle time (Cooper 1999).

The story can be repeated in virtually every industry. It shows that while 
focus on traditional project performance measures can produce short-term 
success, it is likely to short-shrift long-term business values and strategic 
positioning of the enterprise.

4.1.1 Definition

Although the formal framework of strategic alignment is still evolving, many 
of the pioneers in this field (Milosevic and Srivannaboon 2007, Patanakul 
and Shenhar 2012, Shenhar and Dvir 2007) have defined the alignment of 
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project management with business strategy as a collaborative state of man-
agement where project operations continuously support the strategic goals 
of the enterprise, bridging the gap between company strategies and project 
plans. Within the context of this book, the following definition is suggested:

Alignment of projects with enterprise strategies is the effective linkages 
between project-related operations and the strategic goals and objectives 
of the enterprise to achieve project results with the highest value and com-
petitive advantage for the enterprise.

Since the enterprise does not operate in a vacuum, the strategic goals and 
their accomplishments are influences by a broad range of factors from inside 
and outside of the enterprise, and therefore project performance must be 
aggregated and measured across all stakeholders. Furthermore, each project 
must be strategically aligned not only individually but also being managed 
as part of the overall project portfolio of the company, a critical and necessary 
requirement of strategic project management.

4.2  cOnnEcTinG WiTH THE EXiSTinG STrATEGy 
FrAmEWOrk

Business strategy is a well-defined concept with its own theory and body of 
knowledge. Its roots go back to ancient times, such as Sun Tzu’s Art of War, 
documented as early as 400 BCE (Hanzhang and Wilkinson 1998). For thou-
sands of years, strategies played important roles in dealing with societies, 
infrastructure, security, and war. Regardless of its purpose, a strategy is a 
high-level plan to achieve one or more goals under uncertainty and  limited 
resources. In more modern times, the concept of strategy has been refocused 
on specific application areas, such as business, where strategy often cen-
ters on plans and actions for gaining competitive advantages. The past 50 
years produced a wide spectrum of literature in the area of business strategy 
(Chandler 1962; Conant et al. 1990; Miles and Snow 1978; Mintzberg 1973, 
1998; Porter 1980, 1996). These concepts and principles of general business 
strategy are also applicable to project management. Yet, project management 
exists within the enterprise construct, even for projectized organizations, and 
therefore cannot be strategically managed in isolation, but must be aligned 
with the enterprise, its operational systems, and overall business strategy, as 
graphically shown in Figure 4.1.

The need for this alignment has been identified for several decades (see 
Cleland and Ireland, 2002). However, it was not until more recently that 
project management was recognized as an organizational system that should 
function as an integrated part of the enterprise and its business processes 
in the same way as any other organizational subsystem. Therefore, project 
management should be strategically aligned with the enterprise for opti-
mized resource utilization and value delivery. Driven by this new awareness, 
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managers and researchers paid more attention to the issues of alignment, 
resulting in a large number of publications that helped to justify the need for 
strategic alignment and started to build a conceptual framework for it (Artto 
and Dietrich 2004; Jamieson and Morris 2004; Milosevic and Srivannaboon 
2007).

Although the body of knowledge needs further development, the basic con-
ceptual framework for linking project management with enterprise strategy 
already exists, which defines the influences, managerial interactions and 
measurements that impact strategy and project management (Peerasit and 
Shenhar 2012; Shenhar et al. 2007; Shenhar and Dvir 2007). It should be 
noted that this linkage or alignment is seen as a two-way process: looking 
downward, it defines the impact of strategy on projects and their manage-
ment; upward, it defines the influences of project management on enterprise 
strategy. Given the dynamics of interaction among organizational compo-
nents within the enterprise system, alignment can affect everything from 
project selection, project planning, execution and control, to customer rela-
tions and follow-up project acquisitions.

It is interesting to note, however, that while the majority of managers from 
both the functional and the project side of the enterprise support the con-
cepts and needs for strategic alignment, most projects are not yet managed 
in a strategic way (Peerasit and Shenhar 2012). True strategic alignment 
requires a considerable shift from the conventional way projects are being 
selected and managed today. In addition to the strategic linkage with the 
enterprise, projects within the same business unit need to be selected and 
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managed under a unified business umbrella, defined as portfolio manage-
ment. They also must have strategic leadership at the project level and top 
management support.

4.3 PrOJEcT POrTFOliO mAnAGEmEnT (PPm)

Project portfolio management (PPM) is part of the strategic subsystem of an 
enterprise. It deals with the selection and implementation of projects as a 
group linked to the strategic objectives of the enterprise. Because of its selec-
tion criteria in support of specific enterprise objectives, projects within the 
portfolio often have similar characteristics, market orientations or business 
objectives. Examples of such strategic portfolio objectives might be support of 
specific technologies, market penetration, optimized company resource utili-
zation, product support, mission support, or just growth or profit targets. PPM 
is a widely used concept. Yet, as a formal discipline, its body of knowledge is 
still emerging. While there is no formal agreement on one particular defini-
tion of PPM, the following statement captures the essence for most situations:

Project portfolio management is the process of managing a collection of 
proposed or current projects that share similar characteristics and strate-
gic objectives within the same business unit.

In a nutshell, the objective of project portfolio management is to create 
synergism among a group of projects via optimized resource utilization and 
mutual support of strategic enterprise objectives. To be successful, this group 
of projects needs to be managed more collectively and collaboratively than 
single projects outside such a portfolio. As a result, many special PPM tools 
and techniques evolved to support project selection and implementation, and 
to optimize the project portfolio for desired business results. Typically, orga-
nizations that adopt PPM establish a project management office (PMO) as a 
central resource, responsible for developing the PPM support system and for 
the strategic management of all projects in the portfolio. However, the same 
body of knowledge and standards, such as PMBOK, Prince2, and ISO 21500 
(see Chapter 2), and the same core set of tools and techniques developed 
for managing single projects, also applies for managing projects in a portfo-
lio. They provide the baseline for managing any type of project, in any kind 
of business or portfolio setting. They just have to be fine-tuned and supple-
mented to fit the additional challenges.

Another expansion of the project portfolio concept is enterprise project 
management (EPM). It takes PPM to the next level, a 360-degree strategy-
operations integrated way of project management where project managers 
are directly responsible for selecting and implementing projects in support 
of enterprise strategy and mission objectives. At the same time, project man-
agers define through their collective vision and leadership the enterprise 
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mission and shape its strategy, goals and objectives, positioning the enter-
prise for survival and future growth.

Enterprise project management is a management philosophy that inte-
grates all aspects of business management with project management. It 
relies on the assumption that management can foster an organizational 
culture supportive to collaboration, commitment, and enthusiasm. This 
is a culture conducive to organizational learning, collectively sharing the 
knowledge gained from many projects and interactions with stakeholders, a 
critical requirement for EPM to work.

Enterprise project management is currently an evolving management 
philosophy. Many companies across all industries and government are cur-
rently exploring the value and feasibility of EPM, and are selectively and 
cautiously implementing it. It is often seen at the most mature level of the 
project  management maturity model (P3M), with highly advanced manage-
ment methodologies, processes, and governance structures.

4.4 STrATEGic PrOJEcT lEADErSHiP

As projects become more complex, competitive, and uncertain, traditional 
approaches to project management are often insufficient for guaranteeing 
success. We have to manage projects strategically, linking them with the 
enterprise and its business strategy, a case already made earlier in this chap-
ter. A critical part of this strategic alignment is the need for strategic project 
leadership, a term coined by Aaron Shenhar (2004). The concept of strategic 
project leadership suggests an adjustment to managerial focus and philoso-
phy. While retaining much of the operational approaches to project manage-
ment as a core competency, strategic leadership requires a shift in managerial 
perspective from a narrow focus on efficiency to include both efficiency and 
effectiveness. It also suggests a broadening of managerial attention from 
focusing on operational issues to include human issues and business results, 
as summarized from field research (Shenhar et al 2007) in Table 4.1.

Strategic project leadership involves translating enterprise strategy into 
the project management operations, and vice versa. It’s a very intricate and 
complex process that spreads across the entire project life cycle from project 
selection and start-up to execution, field application, and new business acqui-
sition follow-on. It involves running the project operation as a business, opti-
mizing its long-term value in a highly dynamic, constantly changing business 
environment. To do this effectively, David Cleland (2004) suggests that project 
leaders must consider at least the following seven variables of the project envi-
ronment in selecting and managing their projects strategically aligned:

 1. Competitive factors. Understanding markets, users, competitors, and 
technology in relation to our own enterprise strength and weaknesses 
is critical to developing a project strategy that creates a  competitive 
advantage and optimizes value.
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Table 4.1 comparison of Traditional Project management and Strategic Project 
leadership Approaches

Characteristics Traditional Project 
Management

Strategic Project 
Leadership Approach

Project definition Projects are sets of activities 
which need to be executed to 
produce specific deliverables 
on time and within budget

Projects are organizational 
processes that are initiated 
to achieve  business results 
consistent with enterprise 
strategy

Management focus Efficiency Effectiveness and efficiency

Management 
philosophy and 
emphasis

Executing the project accord-
ing to established plans

Achieving business results 
aligned with enterprise goals 
and objectives

Time horizon Project execution life cycle 
(short-range)

Total project life, including 
its utility (long-range)

Project manage-
ment style

Universal (one size fits all), 
but situational adjusted

Adoptive approach

Project selection Primarily based on short-
range enterprise objectives

Based on short and long-
range objectives aligned with  
enterprise strategy

Project definition 
and planning

Focused on scope, budget, 
and schedule

Focused on optimizing total 
value and strategic objectives

Project plan Roadmap for project execu-
tion; plan changes are seen 
as unfavorable

Initial roadmap for project 
execution, adjusted to chang-
ing conditions

Project reviews 
and performance 
measurements

Progress measured against 
plan, focused on deliverables, 
schedule, and budget

Same, but dynamically 
adjusted to achieve  project 
success and strategic 
objectives

Human side Teamwork, motivation, and 
team leadership, collabora-
tion, conflict resolution, 
cross-functional communica-
tion, stakeholder interfaces

Same, plus vision,  strategic 
leadership, top management 
involvement

Body of knowledge Well-established theory and 
standards

Emerging concepts and case 
studies

Practice Well-established and 
accepted

Emerging, new management 
frontier

 2. Political environment. Political conditions affect many projects 
environments, from defense contractors to multinational product 
developments. These conditions impact many aspects of project man-
agement, from the way projects can be executed to customer relations 
and opportunities for future business, all influencing total project 
value and the ability for strategic alignment.
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 3. Social environment and trends. Social and cultural conditions and 
trends are critical inputs to forecasting markets, user environments, 
and revenue streams, all influencing total project value. They must be 
considered in the strategic alignment process.

 4. Economic factors. The availability of sufficient resources for execut-
ing the project and sustaining its results in the user environment is one 
of the most critical factors for overall project success.

 5. Technological factors. The availability and resourcing of support 
technologies, from laboratories to test facilities and IT, is critical to 
both the operational effectiveness and efficiency of project management 
throughout all of its life cycle phases.

 6. Legal aspects. This includes a large spectrum of guidelines and con-
straints, such as contract agreements, environmental laws, antitrust 
regulations, specific licensing requirements, and ethics standards. This 
spectrum widens even further for multinational projects that have to 
deal with different laws, regulations, and standards across their global 
operations.

 7. Operational competency. The ability to utilize resources and to 
maintain the skill sets for effective project execution is critical for stra-
tegic alignment and effective strategic project leadership. These are 
prerequisites for delivering value to the project sponsor.

In summary, management practitioners and scholars have recognized the 
need for strategic alignment and its importance for effective project manage-
ment. Research suggests that aligning project management with business 
strategy can significantly enhance overall project value and the achievement 
of organizational goals. However, implementing strategic alignment requires 
more than the willingness of project managers to do it or a corporate policy. 
It requires a managerial attitude and mindset of strategic project leadership 
within the enterprise. It also requires a systematic approach, resource com-
mitment, and top management support.

4.5 WHErE ArE WE HEADinG?

Project management is still evolving as a formal discipline. While we have 
an extensive body of knowledge supporting a wide range of project manage-
ment tools, techniques, and standards for dealing with the “mechanics” of 
project execution, we are just beginning to understand the complexities and 
dynamics of project management in a business or enterprise context. We also 
realize that even the most skillful application of these mechanical tools does 
not automatically guarantee success or optimize value. In fact, part of the 
challenge is to define success and project value.

Among the many research efforts, two concurrent studies supported by 
the Project Management Institute (PMI) underscore these challenges. First, 
a three-year field study investigated current project management practices 
and their effectiveness of linking project management to business strategy. 
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The second three-year study focused on project value. The results of the first 
study (Shenhar et al. 2007) concluded that “project management is chang-
ing into a new era that is completely different from what it has been in the 
last fifty years. Projects will be considered as part of the strategic, busi-
ness related activity in the organization. While this change seems natural, 
the traditional project management discipline has been slow in responding.” 
Yet, according to Shenhar, organizations in the future have no choice. Their 
project managers have to learn how to think more strategically and become 
responsible for business results. The question is not whether but how to do it. 
This research clearly highlights the needs, benefits, and challenges of stra-
tegic alignment.

The second study on project value was published in 2008 (Thomas and 
Mullaly). It concluded that project management indeed adds value to the 
organization, discussing how value is actually created. But, the study also 
shows the difficulties of understanding and measuring value, and the need to 
go beyond simple financial measures.

Both of these field studies highlight the complexities and challenges of 
managing projects strategically. Yet the concept of strategic leadership is not 
a futuristic project management idea. It is a reality that managers in our 
rapidly changing, ultra-competitive business environment have to deal with. 
Although each project is unique in its own way, and therefore has unique 
criteria for success, there are certain factors that effectively managed, stra-
tegically aligned projects have in common that make them so uncommonly 
“great projects.” Summarized from their extensive research, Shenhar and 
Dvir (2007) found the following common conditions in strategically aligned, 
successfully managed project:

Clearly defined mission. While most projects have a mission statement 
in their plan, great projects pay special attention to defining the mission 
objectives and articulate how to achieve distinct competitive advantages and 
added value to the enterprise.

Extended project definition phase. Great projects invest in the 
front end of the project selection and definition. They make strong efforts 
to communicate effectively with their customers, contractors, and part-
ners to ensure realistic and quality inputs to their project plans.

Unconditional management support. Top management support is cru-
cial to project success, especially when aligning with organizational strategy. 
Adjustments to established project plans might be needed to optimally deal  
with changes in the business environment. Effective project managers  
foster an organizational environment conducive to top management involve-
ment and support.

Selection of highly qualified project manager. Top management 
should select the project manager for strategic projects. In some cases the 
project manager is a member of the senior management team. The personal 
qualifications, together with top management’s endorsement, provide the 
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project manager with the “earned authority” to deal with resource personnel 
across functional lines and with customers, contractors, and partners exter-
nal to the enterprise.

Using existing knowledge. Not only is it cost- and time-effective to use 
already-available data, components, or off-the-shelf items but also it reduces 
the risk of failure and rework. Similar benefits are gained from early testing, 
simulation and rapid prototyping, as well as using open innovation concepts. 
Overcoming the NIH syndrome requires strategic leadership.

Integrated cross-functional teams. Multidisciplinary work groups 
need to be unified into project teams. This is a difficult task, as discussed in 
Chapters 16 and 18 of this text. It is absolutely critical for project  success and 
a great leadership challenge for project managers.

Revolutionizing the organizational culture. Achieving strategic 
objectives often requires radically new approaches involving new technolo-
gies and operational methods. Boeing’s 777 development is an often-quoted 
example of a project that revolutionized the way commercial aircraft were 
developed and manufactured. For the first time, Boeing used computer simu-
lation and advanced CAD/CAM technology to minimize prototyping and test-
ing of its aircraft components, but move many of these items from the design 
board to manufacturing.

Cooperating with outside resources. Working with suppliers, custom-
ers, and project partners often requires intense collaboration to optimize 
economic and technological benefits. The working relationships between 
these outside resources and the internal project team must be cultivated 
and the efforts strategically aligned, all requiring sophisticated project man-
agement skills and leadership.

Ability to adjust to changing conditions. Great project teams have 
the collective ability to recognize changes in the project environment that 
require adjustment to the project execution for optimum strategic fit and 
value. This requires a forward-thinking organizational culture and great 
project leadership.

Taken together, the issues of linking project management with enterprise 
strategy are challenging to both senior management and project leaders. The 
question of strategic fit must be addressed at the project acquisition stage. 
Inputs to opportunity identification, project evaluation, and selection should 
come from all segments of future stakeholders of these projects. Collective 
participative decision making is highly recommended to ensure a project 
portfolio that represents the best strategic alignment and highest value to 
the enterprise. Considering all of the challenges of strategic project leader-
ship and strategic alignment, these concepts are still at the frontier of con-
temporary management practice. However, given the potential for improved 
project management effectiveness and business value, the alignment concept 
is gaining management attention, and organizations are using it selectively 
and successfully.
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4.6 SummAry OF kEy POinTS AnD cOncluSiOnS

The following key points were made in this chapter:

•	 Most projects are undertaken with a business purpose. Yet, they are not 
managed strategically.

•	 Research suggests that aligning project management with busi-
ness strategy can significantly enhance overall project value and the 
achievement of organizational goals.

•	 The alignment of project management with business strategy is defined 
as a collaborative state of management where project operations con-
tinuously support the strategic goals of the enterprise.

•	 A strategy is a high-level plan to achieve one or more goals under 
uncertainty and limited resources.

•	 Each project must be strategically aligned not only individually, but 
also being managed as part of the company’s overall project portfolio.

•	 Strategic alignment requires a considerable shift from the conventional 
way projects are being selected and managed today.

•	 Project portfolio management (PPM) is part of the strategic subsystem 
of an enterprise. It is the process of managing a collection of proposed 
or current projects that share similar characteristics and strategic 
objectives within the same business unit.

•	 Enterprise Project Management (EPM) is a 360-degree integrated way 
of project management where project managers are directly respon-
sible for selecting and implementing projects in support of enterprise 
strategy and also for defining the enterprise mission and strategy, posi-
tioning the enterprise for survival and future growth.

•	 Strategic project leadership, a term defined by Aaron Shenhar, requires 
a shift in managerial perspective from a narrow focus on efficiency to 
include both, efficiency and effectiveness, plus more attention to human 
issues and business results.

•	 David Cleland suggests that project leaders consider at least seven vari-
ables in selecting and managing their projects strategically: competitive 
factors, political environment, social environment and trends, economic 
factors, technological factors, legal aspects, and operational competency.

•	 Strategic project leadership and the concept of strategic alignment 
are still at the frontier stage of contemporary management practice. 
However, the concept is gaining management attention, and organiza-
tions are using it selectively and successfully.

4.7 QuESTiOnS FOr DiScuSSiOn

 1. Discuss the differences between traditional project management and 
strategically aligned project management regarding responsibilities, 
skill sets, and management style.
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 2. What kind of strategic objectives would you have as a board member of 
the Olympic organizing committee in Rio de Janeiro?

 3. Who should participate in a bidding decision of a major defense contract 
acquisition? Who should make the final decision? Why?

 4. How would you define (a) project value, (b) project success, and (c) busi-
ness success for Boeing’s 787 Dreamliner program?

 5. Why are some project managers and senior executives reluctant to man-
age projects strategically?

 6. Where do you see project management responsibilities going in the 
future? Toward more strategic alignment or operational focus? What is 
the basis for your answer?

4.8 PMBOK® rEFErEncES AnD cOnnEcTiOnS

The topic of strategic project management cuts across all of the 10 knowledge 
areas and 5 processing groups defined by PMBOK®. Much of this chapter 
deals with the context of project management, discussing the need for stra-
tegic alignment of projects with enterprise strategy. The managerial perspec-
tives presented in this chapter should be helpful in connecting the PMBOK® 
standards with best practices of project management, and in studying effec-
tively for PMP® certification. In preparing for the PMP® exam, the following 
PMBOK® sections relate especially to this chapter and should be studied: 
(1) scope planning and definition; (2) risk identification, quantification, and 
response; (3) organizational planning; (4) stakeholder analysis; and (5) stake-
holder management.
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Chapter 5

Understanding Project Organizations

General MOtOrs, shanGhai

the second phase of the 
General Motors China advanced 
technical Center (atC) remains 
on track to open at the end 
of 2012. adjacent to the GM  
China international Operations 
and GM China headquarters 
in shanghai, this is the most- 
comprehensive advanced  auto-

motive technology development center in China. “the completion of the advanced 
technical Center is an important milestone for GM in China,” says Bob socia, GM 
China president and chief country operations officer-China, india and asean 
(association of southeast asian nations). “it gives us the most comprehensive 
automotive technical center in our largest market. it will serve not just China but 
also GM’s operations around the world.” the center will focus on advanced design, 
vehicle engineering, advanced powertrain development, urban mobility and man-
ufacturing processes. the first phase of the atC, which opened in september of 
2011, is responsible for research and development of battery cells and lightweight 
materials, including new battery testing. the lab has been carrying out testing of 
different submissions from selected Chinese battery suppliers. “the establishment 
of the atC is proof of GM’s commitment to advanced technology leadership,” 
said GM China Group President and Managing Director, Kevin Wale. “Our local 
team is cooperating with GM teams around the globe to come up with solutions 
for sustainable development that will benefit China and the world. the atC is part 
of GM’s global design center network, which webs from California to Germany 
to india and Korea and points beyond. We are building a team of talented local 
designers and modelers that will enable us to deliver world-class work for China and 
other markets.” the 65,000-square-meter atC will serve as the home of four key 
GM technical and design organizations: the China science lab, Vehicle engineering 

Source: “GM China to Finish Advanced Technical Center in 2012.” See GM (2012)

© GM Corp
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lab, advanced Powertrain engineering lab, and advanced Design Center.  
When complete it will include 62 test labs and 9 research labs, and have more than 
300 employees, including engineers, designers, researchers and technicians.

5.1  tODay’s BUsiness PrOCesses reqUire  
FlexiBility, sPeeD, anD eFFiCienCy

Project organizations have been around in their basic structure for thousands 
of years. They became more formalized in the mid-1950s when increasing 
project complexity required more standardized and sophisticated approaches 
to project execution, leading to the formal structures and management sys-
tems, such as the ones we know today as matrix or projectized organizations, 
to be discussed in detail later in this chapter.

Effective organizational structures are fundamental to business success. 
However, finding a single, standardized structure, suitable for conducting com-
plex business operations, such as shown in the lead-in scenario for General 
Motors, is not easy. This challenge exists not only for GM but also for NASA, 
American Express, and community hospitals, among others. Enterprises must 
be able to conduct continuous operations and project activities concurrently. 
Project management provides the process for time-limited missions, such as 
new product developments or building new power plants. But, it should not 
interfere with ongoing operations—at least that is what we are aiming for.

As technology changed the competitive landscape, especially over the past 
20 years, organizations too had to change to keep up with the demand for 
greater flexibility, speed, and efficiency. New administrative tools, product 
development techniques and project management tools evolved, offering 
better capabilities for executing projects more integrated with the business 
process, and with greater emphasis on supply chain integration, horizontal 
decision making, and work/technology transfer. This, in turn, has led to flat-
ter, leaner, and more change-responsive organizations, such as simultaneous 
engineering, concurrent project management, design-build, agile, Stage-Gate® 
and spiral processes, that can deliver enterprise objectives, such as new 
products, by integrating resources effectively across multifunctional orga-
nizational segments across the globe. However, none of these contemporary 
organizations can function as a business by itself. They become overlays to the 
traditional functional organization, the baseline of any enterprise from the 
ancient beginnings of business to this day.

These organizational overlays present major challenges. The drive toward 
greater cross-functional efficiency and agility weakens the functional organiza-
tion because it requires resource and power sharing, hence diluting central deci-
sion making and control toward unified enterprise objectives. It also diminishes 
the autonomy of functional resource groups to develop and maintain the best 
functional capabilities needed by the enterprise. When GM China president 
Bob Socia talked about advanced design, vehicle engineering and powertrain 
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development projects, he also pointed at the importance of supporting GM’s 
operations around the world as part of GM’s global design center network. 
This requires resource alignment, supply chain integration, central organiza-
tional focus and senior leadership. The reality is, that even for GM, with its 
enormous pressure for agility, speed and efficiency, it cannot afford to give up 
central control. Yet, effective project work is important. Therefore, like GM, 
most organizations are continuously searching for solutions for better cross-
functional, horizontal integration, while maintaining operational efficiency and 
central control over their operations and strategies for effectively adapting to 
the changing business environment. Let’s take a more formal look at the orga-
nizational options that exist for today’s enterprises and how they evolved.

5.2  Why DO We neeD tO OrGaniZe DiFFerently 
tO ManaGe PrOJeCts?

How can a company be organized to conduct its business most effectively and 
yield the greatest value to its stakeholders? Different times in history have 
produced different answers. In 1600 the British East India Company was 
formed by a group of independent people, joining together for a single busi-
ness objective: a trading mission to the West Indies. Although the company 
became one of the most powerful commercial enterprises of its time and took 
part in the creation of British India, Hong Kong, and Singapore, its stake-
holders (the people with a vested interest in the operation) disbanded each 
time a mission was completed, at least for the first 50 years of the company’s 
existence. Three hundred years later, Henry Ford created quite a different 
organizational model. He demonstrated that a successful company must be 
both vertically and horizontally integrated, owning virtually all stages in the 
supply chain and having strong central control. How does this compare to an 
Internet startup company, or Intel or General Motors, today? Is there a “norm” 
of an organizational structure today? “Fitting an organizational approach to 
a company is like fitting cloth to a person,” says Alan Glasser (1982) in his 
seminal writings on research and development management. “It’s a matter of 
style, personal taste, and circumstances.”

How can the activities and functional support systems of an enterprise be 
organized most effectively to optimize desired results? In today’s environment, 
where companies struggle with issues of complexity, agility, resource efficiency, 
and interdependence, the need exists for both centralized control and decen-
tralized decision making, functional autonomy and cross-functional integra-
tion. This is a tricky balancing act and a great challenge. Consider the internal 
work environment of a typical high-tech company. Management has to deal with 
a broad spectrum of contemporary challenges, including time-to-market pres-
sures, accelerating technologies, innovation, resource limitations, end-date-
driven schedules, technical complexities, social and ethical issues, operational 
dynamics, risk, and uncertainty, all affecting the enterprise and its network 
of partners, joint ventures, and alliances. Facing such a dynamic environment 
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makes it difficult to manage activities through traditional, linear work pro-
cesses or top-down controls (Shim and Lee 2001; Thamhain 2011; Zhang, Keil, 
Rai, and Mann 2003). Many companies and their management have moved 
from reliance on hierarchy and central control to flatter, more dynamic and 
more cross-functionally transparent organizations, trying to achieve both 
vertical and horizontal integration. This creates a classic dilemma: How to 
organize to ensure unified mission control of the enterprise while providing 
autonomy and flexibility for horizontal integration and delivery. The answer 
to this dilemma is a delicate power balance between functional resource units 
and cross-functional business processes that usually results in some form of 
hybrid structure. The matrix organization is one of the most common hybrids 
used for executing projects within a functionally organized enterprise.

5.3 OrGaniZatiOnal layers anD sUBsysteMs

The business areas of an enterprise do not operate in a vacuum. They are 
integrated within the functional support system of the company, which is 
part of the institutional framework of the enterprise. The three fundamental 
organizational layers are shown in Figure 5.1 and discussed below.

5.3.1 institutional Framework

This is the area of “immortality,” providing strategic directions, long-range 
survival and growth plans, policies, and procedures. This layer is staffed 
with senior management, corporate officers, and directors who provide broad, 
long-range guidelines and resource allocations for the enterprise.

5.3.2 Functional system

This is the traditional organizational framework of the firm. It is an area 
of slow change and the provider of stability. It is the functional system that 
positions the enterprise for competitive advantage, growth, and profitability 
by advancing methods of operation, markets, and supply lines, and by inte-
grating new technologies into the operating areas of the organization. Typical 
resource groups of the functional system include R&D, engineering, develop-
ment, manufacturing, marketing, human resources, legal, quality control, and 
purchasing, just to name a few of the more common functional subsystems.

5.3.3 Operational area

These are the contemporary parts of the enterprise that expand and shrink 
as needed by the business. The operational areas of the firm are often 
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organized as programs and projects, such as new product developments, 
contracts,  off-the-shelf deliverables, internal maintenance, and field support 
operations. It is the functional system that provides the needed resources to 
the operational areas, which in the case of project execution leads most often 
to hybrid organizations such as the matrix. In the extreme, the operational 
areas expand to absorb the entire functional system, creating a pure product 
organization or projectized or aggregated organization. In this approach the 
combined functional-operational system exists for the sole purpose of sup-
porting one operation, such as the development of a new car model at GM, 
a new commercial airliner at Boeing, or a Mars rover at the Jet Propulsion 
Laboratory (JPL). In these situations, the operational areas are most visible 
to the market and customer community and are directly responsible for busi-
ness results to top management of the enterprise.

Each of the three organizational layers exists in every firm. These layers 
often overlap significantly and occupy different amounts of space relative 
to each other. Consider, for example, a high-tech computer assembly plant 

Functional System
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Figure 5.1 three principal organizational layers
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or a newspaper publisher. These firms can be expected to have a relatively 
large part of their resources organized along functional lines. Conversely, a 
consulting firm or aerospace company would be organized with two strong 
axes, each representing functional and project/operational responsibilities. 
Yet another situation exists for companies (such as Boeing) that most likely 
organize the whole company around product lines (such as 747, 767, 777, or 
787), hence integrating both functional and operational areas with focus on a 
particular product or project.

5.4  OrGaniZatiOnal DesiGns FOr 
PrOJeCt ManaGeMent

With the great variety of products, services, markets, and supply chain sce-
narios that enterprises have to deal with, it is not surprising to find a large 
number of organizational structures and processes in today’s world of busi-
ness. Although the resulting organizational structures are often bewilder-
ing and confusing, they can be broken down into a few basic components 
that can be explained in a simple model, such as shown in Figure 5.2. In 
virtually every enterprise, responsibilities can be divided into two overlap-
ping categories or axes: (1) responsibilities related to the management of 
resources that provide the traditional functional organization, such as engi-
neering, manufacturing, and marketing, and (2) responsibilities related to 
the management of “mission-oriented” activities, defined as projects or pro-
grams with specific results and deliverables, such as product developments, 

RESOURCE MANAGEMENT:
(Functional Organization)

- People
- Plant & Facilities
- Materials
- Processes
- Quality of Work

PROJECT MANAGEMENT: Planning, Organizing, Tracking,
Reporting,Controlling, Customer/Sponsor Interfacing.

Figure 5.2 two organizational axes: projects and functional resources
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system evaluations or field installation. As shown in Figure 5.2, the project 
axis is an overlay to the resource axis, well positioned to contract with the 
functional organization for services needed for the integration of specific 
projects or programs. This is the essence of matrix management. Every 
enterprise has these two organizational axes to some degree. However, 
the organizational construct and managerial processes vary a great deal, 
depending on the nature of the business, which will be discussed in the next 
section of this chapter.

5.4.1 Organizational Choices

Fundamentally, companies have two choices for structuring their business 
operations: functionally organized and project organized. In a functionally 
organized operation, resources are grouped by “functional” capabilities and 
managed via a hierarchical chain of command and control processes. In a 
project-organized operation, resources are allocated to specific projects that 
are managed autonomous and independently.

However, virtually no company works as a pure functional or pure proj-
ect structure. Every company has some functional components that provide 
support services and infrastructure, and every company has some proj-
ect activity. As soon as a functionally organized business engages in some  
project activities, or a project-organized business creates some overhead 
functions, it operates as a matrix. In a matrix, resources are allocated to 
specific projects as needed and are shared with other projects and enterprise 
activities. Managerial control is shared between project leaders and resource 
managers. The matrix is the most common structure for executing projects.

Although the matrix is a hybrid between pure project and pure functional 
structures, the degree of projectized versus functional varies a great deal, 
not only among companies, but also within each company. The matrix pro-
vides an effective and convenient framework for structuring any business, 
because its design depends less on the physical restructuring of organiza-
tional components than the management style, policies, procedures, and 
budgeting processes that determine the sharing of power and responsibili-
ties. Figure 5.3 shows graphically the matrix as part of an organizational 
continuum, somewhere between the two extremes of pure functional and 
pure projectized. Further, the “strength” of the matrix, and therefore its 
location between the two extremes, depends to a large degree on the man-
agement style and interaction of people within the organization, as will be 
discussed next.

5.4.2 the Functional Organization

This is the traditional and most fundamental form of organization and man-
agement. It has been successfully used since ancient times by governments, 
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military organizations, churches, and commercial enterprises. The trade-
mark characteristics of the functional organization are (1) the separation of 
functional responsibilities, such as R&D, engineering, product development, 
marketing, finance, human resources, and so forth, and (2) its hierarchical 
structure, which leads to clearly defined chains of command, controls, and 
communication channels. As summarized in Table 5.1, the strength of this 
organizational form is in effectively utilizing its resources, taking advantage 
of economies of scale, developing areas of specialization and expertise, and 
providing the institutional framework for long-range enterprise planning and 
control. Still today, the functional organization provides the basic platform of 
operation for any enterprise, regardless of its business or environment. This 
concept of organizational structure has been the backbone for companies that 
are in a single business, especially whose products and services come out of 
a single operational facility and are marketed through a single distribution 
and sales network. If decentralization of the enterprise is sought, regional 
or product divisions can be formed, as is typical for the automobile and air-
craft industries (e.g., General Motors, Ford, and Boeing). Or, the company can 
operate in a number of unrelated conglomerated businesses, such as General 
Electric, Dow Chemical, ITT, Samsung, Tata, and Mitsubishi. Each of these 
decentralized businesses has its own organizational systems for develop-
ment, manufacturing, sales, marketing, and so forth—hence operating its 
own “functional” business according to its product or regional charter.

Yet, in spite of its robustness and economic benefits, the functional orga-
nization has its limitations and weaknesses, as summarized in Table 5.1. In 
fact, traditional models of organization and management are often ineffective 
in project-oriented environments. This has been recognized already in the 
early 1900s, resulting in structural modifications and integration of contem-
porary systems, tools and techniques that eventually lead to the matrix and 
projectized organizations used today. However, regardless of these limitations 
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and extensions into other organizational forms, the functional structure pro-
vides one of the most fundamental and stabilizing layers in any organization, 
and is the backbone of any company or institution.

5.4.3 the Projectized Organization

The projectized structure (also called aggregated, monolithic or pure project 
organization) essentially organizes the business activities of an enterprise 
into project groups. In its purest form, the projectized organization is the 
most extreme departure from the functional organization. The enterprise is 
partitioned into project units (or programs), with resources allocated to spe-
cific projects, managed autonomously and independently. Often, each project 
is run as a profit center, like a business unit in a conglomerate or division of a 
large company. In fact, the projectized form of organization and management 
is similar to the divisionalized structure. It offers a contemporary approach 
to building an organization for the purpose of executing a single project. 
Hence, the organization has a limited life. It builds up with the project and 
terminates with it! As summarized in Table 5.2, the projectized organiza-
tion represents the strongest form of project authority. Each project man-
ager has complete control over all support functions needed, including people, 
facilities, and functions necessary to execute the project, start to finish. In 
its purest form, the projectized business unit contains not only the techni-
cal functions, but also the operational and administrative support functions, 
such as marketing, quality, finance, human resources, and legal.

table 5.1 Characteristics of Functional Organizations

Strengths Weaknesses

•	 Institutional framework for  
planning, control, and stability

•	 Efficient use of collective experiences 
and facilities

•	 Concentration of expertise, benefit-
ing most advanced developments

•	 Long-range preparation for survival 
and growth

•	 Effective utilization of operational 
facilities and systems

•	 Career continuity and advancement 
potential

•	 Well-suited for mass production and 
standardized operations

•	 Difficult cross-functional communi-
cations and controls

•	 Limited ability of technology transfer 
and multidisciplinary integration

•	 Slow and ineffective decision making 
at enterprise level

•	 Limited flexibility in responding to 
changes in business environment

•	 Risk adverse, limited entrepreneur-
ial capacity

•	 Functional structure interferes with 
business process
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The principle advantage of the projectized organization is the high degree 
of control over each project, its resources and interfaces by a single author-
ity, the project manager. Especially for larger projects this translates into  
(1) more rapid reaction time to market or customer changes, (2) faster time-
to-market, (3) schedule, resource, and performance tradeoffs within each 
project, and (4) better project integration, in comparison to any other orga-
nizational form. Because of the project manager’s full authority over all 
resources, similar to the functional organization, tradeoff decisions between 
performance, cost, and schedule can be made rapidly and effectively with a 
focus on the end objectives. All people assigned to the project are loyal to the 
project and its mission objectives. By definition, there are no competing proj-
ects or dual accountabilities, and ultimately there is only one boss, the project 
manager. This type of project organization is often preferred by the customer, 
because it can mirror the customer’s organization, therefore providing one-to-
one people interfaces between customer and contractor.

The principle disadvantages of the projectized organization are: (1) con-
siderable startup cost and time requirement, (2) limited opportunity to share 
experiences and production elements, and (3) limited opportunity to use 
economies of scale and to balance workloads. These disadvantages are espe-
cially noticeable for smaller project and projects with shorter life cycles.

Because of these disadvantages and limitations, even companies in project-
oriented businesses seldom projectize completely, unless their projects are 
large enough to utilize the dedicated resources, and long enough in dura-
tion to justify the organizational setup and phase-out efforts. What is more 
common, especially in technology-based companies, is a partially projectized 
organization. That is, project managers may fully control some resources 
that are particularly critical and can be fully utilized over the project life 
cycle (resource leveling), while other resources remain under the control of 

table 5.2 Characteristics of Projectized Organizations

Strengths Weaknesses

•	 Strong control over all project 
 activities by single authority

•	 Rapid reaction time, time-to-market

•	 Schedule, resource, and performance 
tradeoffs

•	 Large project integration capability

•	 Personnel loyalty to project, one boss

•	 Well-defined interfaces to contractors 
and customers

•	 Well suited for large, long-term 
projects

•	 Inefficient use of production facilities 
and capital equipment

•	 Difficulty of balancing and leveling 
resources

•	 Costly project startup and phase-out

•	 Limited technology development

•	 Little opportunity for sharing 
 experiences among projects

•	 Limited career ladders
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functional managers who share them among many projects as needed. Such 
resource sharing prevails especially in administrative support functions  
such as human resources, accounting, and legal. Thus, many enterprises that, 
at first glance, look projectized are really hybrids of several organizational 
types and layers. The matrix organization is, in fact, such a hybrid orga-
nization that operates across a whole spectrum of organizational entities. 
Stretched in one direction, it behaves very much like to a functional organiza-
tion. Stretched in the other direction, it becomes projectized.

5.4.4 the Matrix Organization

The matrix approach offers a compromise solution for project-oriented busi-
nesses that cannot dedicate the needed resources to projects over their full 
life cycles, but must share them among many other projects. Matrix orga-
nizations are hybrids between functional and projectized structure. When 
designed right, the matrix combines the strength of both the functional and 
projectized organization. It provides an effective and convenient framework 
for structuring any business, because its design depends less on the physi-
cal structuring of organizational components than the management style, 
policies, procedures, and budgeting processes that determine the sharing of 
power and responsibilities. Ultimately, the managerial process is defined to 
a large degree by the management style and interaction of people within the 
organization. Matrix management is a relatively straightforward and simple 
concept. Yet, it has been surrounded by much mystique and confusion.

Here is how it works. When a functionally organized enterprise has to 
perform several tasks, missions or programs simultaneously, it automatically 
operates as a matrix. The matrix is essentially an overlay of contemporary 
project organizations on the functional resource departments of a company, 
as symbolically shown in Figures 5.2 and 5.4.

All departments and support units retain their functional, hierarchical 
characteristics. A clear chain of command and control exists for all units 
within the enterprise. At the operational level of the enterprise, task lead-
ers or project engineers direct and coordinate the work. They are respon-
sible for the implementation of plans that are directed either from the top 
down or horizontally via project managers, such as PM(x), PM(y), or PM(z) in  
Figure 5.4. These task leaders essentially have two bosses, upward they 
are responsible to their department managers for effective resource utili-
zation and work quality, and horizontally to project leaders for the timely 
and resource-effective project implementation and delivery of specific results 
according to established plans. Similar dual-accountabilities often exist at 
the next level. Department managers share with their task leaders respon-
sibilities along the horizontal axis of the organization for resource-effective 
implementation of projects plans, while vertically they are responsible to 
senior management for the maintenance and advancement of personnel, facil-
ities, and support technologies. Project managers, such as PM(x), can either 
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report to a functional manager, as shown in Figure 5.4, or into a Program 
Management Office (PMO), led by a director of programs, responsible for all 
projects conducted within the enterprise. Further up the organizational hier-
archy, senior management is responsible for overall capability coordination 
and resource allocation, strategic planning, overall corporate direction, and 
leadership, very similar to top-level responsibilities in traditional hierarchi-
cal organizations.

The advantages of the matrix organization, summarized in Table 5.3, 
are similar to both the functional and projectized organization combined: 
 reasonable reaction time to emerging business opportunities, customer 
requirements, and changes; effective integration of multidisciplinary activi-
ties; efficient resource utilization. The matrix also enjoys a high concentra-
tion of specialized resources, positioning the company for creating the best 
support technologies and most advanced products. The task leaders and 
project managers within the organization provide effective interface points 
to other organizational units and externally to the customer, contractor, 
and supplier communities. Perhaps one of the most important features of 
the matrix is its ability to start up and phase-out projects quickly and eco-
nomically, which results in greater agility and flexibility of the enterprise in 
pursuing emerging business opportunities and in dealing effectively with a 
mixture of  projects that vary in size, duration, and scope.

The weaknesses and limitations of the matrix organization relate to its 
unconventional structure that relies on resource and power sharing, often 
a source of organizational conflict, and always a challenge to managerial 
accountability and control. Furthermore, the additional organizational over-
lay (two axes) is likely to increase cost overhead, and together with the power 
and resource sharing, requires a more sophisticated management style than 
either the traditional functional or the projectized organization.

Yet in spite of its limitations, the matrix, when designed properly, combines 
some of the best features of both the functional and projectized organization. 

X PM(x)

Z PM(z)

R&D MKTGENG QUAL TEST OP Other
Companies

Y PM(y)

Alpha Co.

Figure 5.4 
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Therefore, it is not surprising to find some part of the matrix structure in 
virtually every enterprise that executes projects or has to deal with multi-
disciplinary task integration. Technology management is, to a large degree, 
synonymous with matrix management!

Four Matrix Categories

Matrix organizations come in many forms and shapes depending on the spe-
cific business processes and operational needs within each company. Formally, 
matrix organizations are classified into four specific categories, according to 
their primary purpose and mission objectives:

 1. Project-function matrix. This represents an overlay of the project 
structure to the functional resource organization. It is the most com-
mon type of matrix organization, used for executing a wide variety of 
projects, ranging from development to service and training. The project 
or program manager is responsible for the business results, including 
project acquisition, planning, organizing, integration, and customer 
interfacing. Resource managers are responsible for the functionality 
and quality of the project components, and the management of their 
departmental resources, including the development and effective utili-
zation of personnel, facilities, and technologies.

 2. Product-function matrix. This matrix focuses on product-oriented 
businesses. It is an overlay of the product organization to the functional 

table 5.3 Characteristics of Matrix Organizations

Strengths Weaknesses

•	 Effective resource utilization

•	 Quick formation of project teams

•	 High quality of resources and skill 
sets

•	 Ability of handling complex projects

•	 Ability of working on many projects 
concurrently

•	 Quick response to business/market 
needs

•	 Organizational agility

•	 Standardized business processes

•	 Unified business strategy and pro-
cesses across many operations

•	 Career development and growth 
opportunities

•	 Power and resource sharing

•	 Dual accountability

•	 Leading without formal authority

•	 Organizational ambiguity

•	 Complex organizational interfaces 
and work transfers

•	 Priority conflict and interruptions

•	 Complex cost accounting

•	 Difficulty of project control

•	 Resource multiplexing leads to orga-
nizational conflict and inefficiency

•	 Career uncertainty, risk, and 
anxieties
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or resource organization. Project or product-line managers are respon-
sible for business results. Typically, they have to work across functional 
lines to achieve the integration of product design, prototyping, fabri-
cation, sales, and marketing. Resource managers are responsible for 
the development and effective utilization of company resources and the 
technical implementation of project components, including their func-
tionality and quality.

 3. Product-regional matrix. This matrix is an overlay of the product 
organization on the regional network of an enterprise and its opera-
tion. This is often a sales-oriented structure where product managers 
are responsible for business results cutting across geographic-regional 
lines. This type of business operation also leads to multidimensional 
matrices with multiple layers of business operations.

 4. Multidimensional matrix. This organizational structure combines 
several matrix types, resulting in many layers, such as an overlay of the 
product organization on the functional organization, within a business 
division or regional network. Therefore project managers must cross-
functional lines in various divisions and geographic regions to achieve 
the desired business results. Similar to other matrix organizations, 
resource managers are responsible for the development and effective 
utilization of company resources and the technical implementation of 
project components.

additional Matrix axes

The relatively simple structure of the project-function matrix, with its two 
basic axes (see Figures 5.2 and 5.4), can be expanded to reflect the realities 
of more complex business environments, as shown for the multidimensional 
matrix. The concept can be expanded even further. Companies that work 
across geographic, cultural, technological, and industrial boundaries, typi-
cal for multinational ventures or large programs, might establish additional 
matrix axes, which overlap the functional organization. Project charters, 
management directives, policy directives, and process flow diagrams provide 
the tools for defining these multidimensional matrices operationally. In addi-
tion, personal discussions and interactions, such as team sessions, workshops, 
focus group meetings, and managerial involvement with the project teams, 
can help in effectively communicating the matrix process and in clarifying 
the way the organization actually functions.

5.4.5 real-World Variations and hybrids

For real-world technology companies, the choice among functional, divi-
sionalized, projectized, or matrix organization is not simple. A big company 
such as General Electric operates many unrelated businesses, largely on a 
high-technology platform, bound together by a common operating system. 
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Top down the firm looks like a conglomerate, divided into six businesses, 
each consisting of dozens of related, yet highly diversified, enterprises with 
very different organizational needs and structures. Take, for example, GE’s 
Technology Infrastructure business group, a $50 billion enterprise consisting 
of aviation, enterprise solutions, healthcare, and transportation businesses, 
with products and services ranging from jet engines to locomotives, mining 
trucks, gas turbines, and medical systems, serving many different markets 
worldwide. Because these operations involve very large, long-term programs, 
many of these business groups run their core operations within a projectized 
structure that helps to concentrate resources and control on single projects 
or programs with dedicated customer and vendor interfaces, and specialized 
technology developments and field services. Yet, internally, many resource 
departments, while dedicated to a single project profit center, operate along 
matrix lines, executing subprojects that are eventually integrated with the 
larger program. In addition, there is a layer of traditionally structured admin-
istrative and strategic units that provide services and share resources across 
several businesses. Furthermore, to deal effectively with customers, suppli-
ers, and regulators, each business must cross geographic, cultural, technolog-
ical, and industrial boundaries, creating a need for additional organizational 
layers that overlap the core business.

Very few companies are as big as General Electric. Yet, most companies, 
small or big, have to deal with a spectrum of programs, large and small, short-
range and long-term, in different markets and multinational environments. 
These companies not only have the challenge of choosing the right organiza-
tional structure for their project portfolio but must also make these struc-
tures congruent with established business processes and consistent with the 
organizational cultures and value systems of the enterprise.

Creating the proper organizational setting for the management of complex 
projects requires flexibility and organizational innovation. No single organi-
zational structure has yet emerged to satisfy all requirements that surface in 
a major technology project. As a result, managers modify the primary struc-
ture, such as the matrix or projectized organization, to adapt them to the 
specific situation and needs. These variations often operate within the formal 
construct of the enterprise as independent organizational entities, but with-
out much formal authority, yet effectively performing their multidisciplinary 
roles. Invariably, these new mini-organizations lead to multilayered hybrids, 
creating their own territorial rights for power and resources and establishing 
dotted line responsibilities. Some of these structural variations have been 
formally defined and will be discussed next.

individual Project Organization

The individual project organization is a one-person project office chartered 
with the coordination and integration of a single project activity across func-
tional lines. It is a mini-matrix within a larger project organization. The 
degree of authority depends on the specific charter given to the individual, 
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his or her reporting relations to the resource managers and the respect and 
credibility established within the resource group. Usually, the position power 
of the task leader is weak, with limited control over the multidisciplinary 
resources needed to accomplish the task. Yet, authority can be earned via 
trust, respect, and credibility, which explains some of the differences in effec-
tiveness and role performance of these task leaders. One of the great advan-
tages of the individual project organization is the speed at which it can be 
established and phased out, and the single point of interface it provides to 
the customer, sponsor, resource group, and senior management. This orga-
nizational structure is especially well suited for the management of smaller 
projects or subsets of larger projects.

staff Project Organization

This is another variation of the matrix. Similar to the individual project orga-
nization, the manager is responsible for cross-functional project integration. 
While the staff project charter provides limited authority for directing and 
controlling cross-functional activities and resources, some staff personnel are 
reporting directly to the staff project manager, providing that office with addi-
tional resources and operating capacity. Since the staff project organization 
is similar to the individual project organization, it has the same advantages 
and limitation, and is especially suitable for the management of smaller proj-
ects or subsets of larger projects.

intermix Organization

The intermix organization is a special hybrid created by splitting off compo-
nents from the functional organization of the enterprise by directing person-
nel from these components to join the new project organization (intermix). 
This enables large sets of operational capacity to be transferred to the new 
project together with readily established lines of authority. Therefore, startup 
time and issues are being kept to a minimum. However, this radical resource 
transfer creates disruptions and other problems at the functional organiza-
tion, which explains why intermix organizations are not the first choice for 
conventional projects, but are formed mostly on a temporary basis to deal 
with special projects, such as a reorganization, a merger or acquisition, a bid 
proposal development, or handling a critical short-term assignment. After 
the assignment (project) has been completed, the intermix organization is 
resolved and its personnel and other resources returned to their home offices 
within their functional organization.

The weaknesses of the intermix organization are related primarily to the 
crippling effects on the host organization. Personnel of an intermix organiza-
tion view their jobs as temporary and feel uncomfortable if the assignment 
stretches over longer periods. The organization is not designed for career 
development, job security, or technology advancement. Further, ineffective 
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utilization of resources, such as limited opportunities for resource leveling, 
and phase-out difficulties, make the intermix organization often one of the 
most expensive choices available. Yet, the ability to establish very quickly an 
operational unit with special skill sets and capabilities, needed to execute a 
special mission makes the intermix organization a very attractive option for 
special situations.

5.5 ManaGerial PersPeCtiVe

Choosing an appropriate organizational structure is difficult for any com-
pany. It is especially tough for firms that are involved with a mixture of 
functional and project-related activities varying in size, duration, and mar-
kets. Since many technology-based companies fall into this category, it is not 
surprising that most of these enterprises operate, by design or default, as 
organizational hybrids. The core of these companies is often organized along 
matrix lines with hierarchically structured core functions, such as R&D, engi-
neering, testing, manufacturing, marketing, field services, legal, and human 
resources. These resource functions are shared among the various project 
operations, providing a relatively high degree of organizational versatility 
and flexibility. In addition to the basic matrix, we find other organizational 
layers of projectized clusters, mini-matrices, individual project organiza-
tions, staff- project, and intermix organizations. These hybrid structures help 
management to accommodate the widest possible range of business activities 
with great flexibility, while retaining much of the traditional functional sta-
bility and resource effectiveness.

5.5.1 Understanding the Working environment

Real-world organizations are complex, both on paper and in practice. They 
must be carefully designed to accommodate the needed infrastructure and 
support systems for the business process while maintaining effective resource 
utilization. In many cases, even the managers who “designed” these organiza-
tional structures are unable to classify or describe their creations in simple 
terms, but speak of organizational system overlays, resource sharing, and 
joint responsibilities.

In fact, if we look at the organizational description of a typical high- 
technology company, such as given in an annual report or on a company web-
site, we find that most of today’s businesses are very complex in terms of their 
internal operations and outside interfaces. Many of these companies conduct 
project-related operations. Therefore, their core structure is some form of a 
matrix. But, it often also includes an unconventional array of interfaces and 
reporting relationships.
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5.5.2 how to Define Organizational structure and environment

To work effectively, people must understand where they fit into the enter-
prise and what their responsibilities are. Especially with the complex work-
ings and intricacies of modern technology companies, it is important to define 
the management process together with the command and control structure, 
which includes responsibilities, reporting relations, and interfaces for all 
organizational components. The tools come from conventional management 
practices. They provide the basis for managerial direction, communication, 
and control, as well as the informational infrastructure for teamwork, tech-
nology transfer, and decision making at the operating level of the company. 
The principal tools are as follows:

•	 Policy directive. This top-level document describes the overall phi-
losophy and principles of managing the business within a particular 
organizational unit. A sample policy directive is shown in Appendix 1.1 
for managing project-related business within an enterprise.

•	 Procedure. This operational guideline describes the various compo-
nents of the business process, including how specific work and projects 
are to be executed, and how supporting activities, such as cost estimat-
ing, scheduling, testing, and training, are to be conducted.

•	 Operating charter. This policy document defines the operational 
framework for a particular department, business unit, or program office. 
It clearly describes its mission, scope, broad responsibilities, authority, 
organizational structure, interfaces, and reporting relations. Charters 
should be revised if the scope or mission of the position changes, as is 
the case for positions within program offices or new product develop-
ment organizations. Sample charters are provided for a project manager, 
team leader, director of programs, and R&D project leader in Appendix 
1.3, 1.4, 1.5, and 1.6, respectively.

•	 Organization chart. Regardless of the intricacies of the organization, 
its structure and terminology, a simple organization chart of the core 
organization defines the major reporting and authority relations, inter-
faces, and communication channels. In spite of its static nature, the 
organization chart provides a useful bird’s-eye view of key organiza-
tional structure and reporting relations.

•	 Responsibility matrix. This chart is especially useful for defining 
the cross-functional responsibilities and multiple accountabilities for 
project-related activities. The chart shows who is responsible for what. 
Its application can be expanded from covering a particular department 
to the whole company, and even go beyond, to reach into supplier and 
customer environments. A more detailed discussion of the responsibil-
ity chart and some of its derivatives, such as the task roster, will follow 
in Part III of this book.

•	 Job description. Similar to the position charter, but more detailed 
and focused on an individual position (or class of positions), the job 
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description defines (1) principal duties, (2) qualifications, (3) responsi-
bilities, (4) reporting relations, and (5) basic authorities. Job descriptions 
should be developed for all key personnel, such as managers, lead engi-
neers, scientists, and project managers. Job descriptions are modular 
and portable among similar positions. Once established, job descriptions 
become building blocks for staffing, professional development, and per-
formance evaluation and rewards.

While the exhibits in Appendix 1 provide examples of policy and procedural 
tools for defining organizational processes, these tools cannot be used as 
ready-made templates, but must be modified and fine-tuned to fit the specific 
organizational needs, specs, cultures, and business processes. The objective of 
showing these samples is to provide a framework to managers for developing 
the specific managerial tools as needed by the enterprise.

5.6 BUilDinG the PrOJeCt OrGaniZatiOn

Building an effective project organization is complex and difficult. Choosing 
the right structure and customizing it, or modifying an existing structure 
to fit special needs, involves many assumptions and the risk of compromis-
ing ongoing enterprise operations. In spite of the praise of successful project 
structures given in the literature, many senior managers remain skepti-
cal, especially of the matrix. Their worries focus on dual accountability and 
resource and power sharing, which makes it difficult to define clear operating 
responsibilities. Traditionally, managers are accustomed to working within a 
single-line command and control system, holding single individuals account-
able for business results. While most managers realize that these simplistic 
concepts no longer hold for managing in today’s complex world of business, 
it is still the background against which contemporary structures, such as 
matrix or projectized organizations, are measured.

Yet managers have no choice. They have to organize their project work in 
the best way possible, optimizing their project operations while minimizing 
any negative impact on their ongoing business. This is an art and a science. 
No canned recipes. However, the process is not random. Building effective 
project organizations requires a systematic approaches and a keen under-
standing of the organization, its people, and the work to be performed. The 
key is to define precisely what roles and responsibilities people in the various 
organizations have. The details of the multiple command and control struc-
ture will evolve from these primary charter definitions. Let’s take a careful 
look at how to define project organizations systematically.

5.6.1 Key roles and responsibilities

To work effectively, people must understand where they fit into the enter-
prise, what their responsibilities are, and to whom. Regardless of the project 
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structure, five types of management must work together: (1) project/program 
managers, (2) task leaders, (3) functional or resource managers, (4) project 
sponsors or customers, and (5) outside suppliers, contractors, and partners. 
Although position titles and responsibilities vary considerably, Table 5.4 
provides typical examples and definitions, suggesting a common language 
for communicating titles and responsibilities. The formal tool for defining 
authority and responsibility relations is the project organization charter, as 
mentioned in the previous section as part of the operating charter. Charter 
examples are shown in Appendix 1, sections 1.2 and 1.3, for three key posi-
tions: project manager, resource manager, and task leader.

5.6.2 Organizing the Project team

Selecting and organizing the project team is crucial to successful project man-
agement. If done properly, the team organization defines the project orga-
nization. However, this cannot be done in a vacuum. It should be part of a 
systematic process that includes (1) defining the key functions or positions 
required and their responsibilities, (2) recruiting the proper personnel needed, 
(3) establishing reporting relations, and (4) defining the key work interfaces. 
The project charter, which should exist prior to team organization, provides 
the executive directive and blueprint for organizing the project team. The 
process of organizing the project team is similar, whether the team is formed 
within a matrix or projectized setting or any other project structure. The only 
difference is the responsibility for staffing, which shifts toward the functional 
manager in a matrix while residing with the project manager or the proj-
ect office in a projectized situation. The size and depth of the project team 
depends on the scope and nature of the project to be executed. Typical posi-
tions are shown in Table 5.4. Given a medium-to-large size project, the team  
might be structured along the following positions: (1) project manager,  
(2) several task managers or task leaders, (3) technical director or lead engi-
neer or lead scientist, especially for technology projects, (4) project admin-
istrator, and (5) individual contributors, project associates or specialists 
responsible for specific project activities and deliverables. In a matrix envi-
ronment, most of these positions, except for the project manager and admin-
istrator, reside in the functional organization with all the challenges of power, 
resource and responsibility sharing discussed earlier. For smaller projects, 
positions are often shared. In the extreme, such as an individual project orga-
nization, all functions are performed by one person, the project manager or 
project leader, as discussed earlier.

The following nine-point process provides some guidelines for organizing 
a project team. The process described here illustrates who to establish just 
one layer, for instance the top level of the project team. For smaller projects, 
this might be the complete team. For larger projects, the process needs to 
be repeated by each of the subsystem leaders (i.e., task managers), who in 
turn define the structure for their own cluster team. Many of the tools and 
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Project Management 
Position

Typical  
Responsibilities

Skill  
Requirements

•	 Project administrator

•	 Project coordinator

Coordinating and integrating 
activities for the total project or 
for a subset (i.e., work pack-
age or cluster). Determining 
resource requirements (e.g., 
staff, budget, and schedule). 
Measuring and analyzing proj-
ects performance. Reporting 
progress. Interfacing with 
project manager, contractors, 
and customer.

•	 Planning

•	 Budgeting

•	 Scheduling

•	 Coordinating

•	 Analyzing

•	 Project 
coordination

•	 Task manager

•	 Project engineer

•	 Team lead

Same as above, but stronger 
role in establishing proj-
ect requirements and team 
organization. Directing and 
controlling the technical imple-
mentation for given subsystem 
according to established plans. 
Making tradeoff decisions.

•	 Technical exper-
tise (specialties)

•	 Communicating

•	 Problem/conflict 
solving

•	 Task leadership

•	 People skills

•	 Assistant project 
manager

•	 Project manager

•	 Associate program 
manager

•	 Program manager

Same as above, but stronger 
role in project planning and 
establishing/maintaining over-
all project control and interface 
conditions. Overall leadership 
toward implementing project 
plan. Maintaining an effective 
link with senior management 
and customer community. 
Responsible for project acquisi-
tion and new project business 
development. Responsible for 
meeting budget and profit 
objectives.

•	 Overall proj-
ect/program 
leadership

•	 Team/coalition 
building

•	 Conflict resolving

•	 Coordinating

•	 Resource 
allocating

•	 Risk management

•	 Customer/top 
management 
interfacing

•	 Senior program 
manager

•	 Executive program 
manager

•	 (These titles are 
often held by the 
head of a project 
management office, 
PMO)

This title is reserved for very 
large projects relative to host 
organization. Responsibilities 
are same as above, but with 
strong focus on directing over-
all program(s) toward estab-
lished business results, new 
business development and proj-
ect organization development.

•	 Business man-
agement and 
leadership

•	 Project/program 
management

•	 Coalition building

•	 People skills

•	 Strategic vision

table 5.4 Project Management Positions and responsibilities

(Continued)
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techniques suggested in this process will be discussed in detail in upcoming 
chapters of this book:

 1. Work definition. List all major elements of work or subsystems of 
your project, plus the key support functions that must be performed. 
The work breakdown structure, statement of work, requirements 
 document, and administrative procedures provide the basic source of 
information and some guidelines for defining the principal components 
of the project work and its supporting services required. A project plan, 
or at least a preliminary version of it, contains many of these compo-
nents and is a good starting point.

 2. Reporting relations. Decide for each major subsystem and support 
function of your project whether personnel and other resources could be 
shared or should be dedicated to the project. Also decide whether any of 
these resources should report directly to the project manager.

 3. Job descriptions. Prepare job descriptions for all key personnel on 
the project team. This includes all task leaders and support personnel 
reporting to you, directly or indirectly, and regardless of whether per-
sonnel is fully dedicated or shared with other projects. A summary of 
these job descriptions becomes a personnel requisition that is needed for 
staffing the positions, either via company-internal or external sources. 
In a mature project-oriented business, many generic job descriptions 
exist already or can be adopted from previous projects, needing only 
some modification rather than completely new development.

 4. Position staffing. Using job descriptions and requisitions, adver-
tise the open positions, fill the jobs internally, or negotiate the needed 
personnel with resource managers. Interview the chosen candidates 
to ensure mutual interest and fit with the assignment. Negotiate 
terms and conditions with candidate, and sign on as team member. 

Project Management 
Position

Typical  
Responsibilities

Skill  
Requirements

•	 Director of programs

•	 VP program 
development

•	 (These titles are 
often held by the 
head of a project 
management office, 
PMO)

Responsible for managing 
multiprogram business via 
several project organizations, 
each led by a project manager. 
Focus is on business planning/
strategizing, business develop-
ment, technology development 
and profit performance, plus 
establishing policies, proce-
dures, personnel and organiza-
tion development.

•	 Business man-
agement and 
leadership

•	 Project/program 
management

•	 Coalition building

•	 People skills

•	 Strategic vision

table 5.4 (Continued)
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Conducting an effective interview and negotiating the assignment is 
crucial for building a high-performing team. It should be done for staff-
ing, from both outside the company as well as inside.

 5. Functional support. Negotiate the necessary functional support 
with resource managers, outside contractors, partner organizations, 
and other collaborators as needed. In order to discuss and eventually 
negotiate these support requirements effectively, project leaders must 
have a description of the work or service to be performed, which at the 
minimum should include (1) task description, (2) level of effort, and  
(3) timing. Conventional project planning tools, such as statement of 
work, work breakdown structure, task matrix, and milestone schedule, 
are useful for describing and communicating the support requirements.

 6. Requirements analysis. Team members should familiarize them-
selves individually and within their task groups with the overall 
project requirements and their individual assignments. The existing 
project plan is a good starting point for developing a common baseline 
of understanding among team members, and to develop a more detailed 
project plan. This requirements analysis and plan development should 
be a guided effort, managed by the project leader. As a side benefit of 
this analysis, the team will identify many of the cross-functional work 
interfaces and information transfer points.

 7. Reporting relations. Define the reporting relations of project person-
nel and their shared accountability between project and resource orga-
nizations, plus others, such as contractors, customers, and partners. 
Reporting relations should also articulate the performance evaluation 
process and its shared responsibility between project and functional 
management. Tools such as existing job descriptions, work breakdown 
structure, project charter, and n-square chart will be helpful in defining 
the reporting relations.

 8. Project controls. Define the project evaluation, review, and report-
ing requirements, together with the review process and basic metrics 
for assessing project progress and performance. A large array of tools 
is available to project managers for establishing these controls, includ-
ing project review meetings, design reviews, status reports, open item 
reports, process action teams, and focus groups. The basis for establish-
ing these controls is the project plan, with clearly established milestones, 
resource boundaries, and deliverables. The type and method of controls 
is also defined to a large degree by the chosen project organization and 
its management process, such as projectized versus matrix, or concur-
rent, Stage-Gate®, agile, or spiral. A detailed discussion of these various 
project management tools and techniques will follow in later chapters of 
this book.

 9. Project kickoff. Organize and conduct a formal kickoff meeting with 
all contributing project personnel present. A brief overview of the proj-
ect and its importance to the enterprise and its mission helps to unify 
the team and build team commitment to the project objectives.
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an iterative Process

Building a project team is an iterative process. We have to define some of the 
key components of the project and its structure before we can begin orga-
nizing the team. But project managers need most of their team members 
before they can complete the project plan and team organization. Therefore, 
the project team organization evolves incrementally and iteratively. This is 
especially true for larger, more complex projects, where defining the team 
and its structure often stretches across the entire project definition phase, or 
even beyond.

Cross-Functional Coordination

By definition, projects are multidisciplinary and need integration of their 
components. This can be difficult, especially in matrix organizations where 
project managers and task leaders must cross functional lines and deal 
with resource personnel over whom they have little or no formal authority. 
Regardless of the team structure, project integration is a difficult task in 
any organization. Virtually any project involves the integration of compo-
nents. Whether these components are generated within the project organi-
zation or across functional lines of a matrix structure, or come from vendors, 
contractors, or partners, orchestrating all of these activities and resources 
toward desired results is a great challenge and the source of considerable 
uncertainty and risk of failure, especially for larger or technologically more 
complex projects. To facilitate project integration, it is recommended that 
the project manager designates for each project subsystem a coordinator, 
often referred to as gatekeeper, who becomes the interface point to other 
subsystems and support functions, responsible for the proper flow of infor-
mation and other deliverables that interface his or her work package. For 
smaller projects or at lower levels of the work breakdown, this interface 
person is the task leader or individual contributor assigned to the task, with 
only a fraction of his or her time allocated for coordination. For larger proj-
ects, or at higher levels of the work breakdown, project integration and func-
tional interface management can be a full-time job. It might even require a 
dedicated administrator in each of the supporting resource departments or 
partner organizations.

Some guidelines might be helpful for determining how much interface 
support is reasonable and justifiable. As a rule of thumb, total administra-
tive project overhead should not exceed 15 percent of the project budget;  
10 percent is more common. In my experience, somewhat less than half of 
this, or approximately 4 to 7 percent of the project budget, might be consid-
ered “reasonable” for project interface coordination and integration. This is a 
relatively small amount, considering the ongoing attention, cross-functional 
involvement and effort required in dealing with the tough interface issues 
and project integration challenges.
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5.7  WOrKinG eFFeCtiVely in resOUrCe-shareD 
enVirOnMents

Project-oriented businesses are by definition interdisciplinary, such as matrix-
based with shared power and resources. When functional resource personnel 
are assigned to specific projects, team members are likely to maintain strong 
ties to their home functions. These ties are very normal and predictable as 
part of the existing cultural network. They are also desirable and necessary 
for broad conceptual thinking and ultimately cross-functional integration of 
the work. Yet, project team leaders often see these functional ties as “disloy-
alty” and barriers to full commitment of team members to the project effort 
they are assigned to. However, research shows that fighting these ties to the 
functional home office is counterproductive. It leads to personal anxieties and 
mistrust. Project team members realize that their job security and career 
advancement comes to a large degree via their home office and its manage-
ment. At the same time, these home-office connections are valuable linkages 
from the project organization into the functional resource organization that 
should be carefully cultivated and maintained.

Commitment of assigned personnel to the project is a separate issue that 
will be discussed in more detail later in this book. Research shows that proj-
ect ownership has little to do with team member alliance with home offices, 
but depends instead on the personal involvement and pride team members 
have in the project, and the professional excitement they experience in the 
team environment. These are dimensions that can be influenced by the proj-
ect manager via recognition, project visibility, and management involvement. 
Further, making accomplishments visible and providing feedback to func-
tional managers will influence the reward process administered though the 
functional organization. The realization that many of the desired elements 
that contribute to their professional excitement and career advancement 
come from the project work will build a strong team member commitment 
and ownership to the project and its mission objectives.

5.8 sUMMary OF Key POints anD COnClUsiOns

The following key points were made in this chapter:

•	 The need for dealing with larger, more complex projects, pressures 
for broader business accountability and faster, more-effective market 
response leads to many new and innovative organizational designs, 
such as simultaneous engineering, concurrent project management, 
design-build, Stage-Gate, spiral, and agile processes.

•	 Three fundamental organizational layers exist in every enterprise: 
(1) institutional framework, (2) functional system, and (3) operational 
areas.
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•	 Companies have two principal choices for structuring their business 
operations: Functionally and project organized. However, virtually 
no company works in a pure mode. Real-world businesses operate 
as hybrids between functional and project organization, relying on 
resource sharing among functional units for producing specific project 
deliverables. This is known as the matrix organizational structure.

•	 The matrix structure exists within an organizational continuum, 
somewhere between the two extremes of pure functional and pure 
projectized structures. Its exact operational location between the two 
extremes depends on the management style and interaction of people 
within the organization.

•	 The projectized form of organization is similar to the conventional 
 divisionalized structure. It represents the strongest form of proj-
ect authority and an effective approach to executing large project. It 
requires considerable startup resources and time, and offers limited 
opportunity for sharing experiences and support functions.

•	 Matrix organizations offer a compromise solution for project-oriented 
businesses. The matrix is an overlay on the functional structure of the 
firm, combining the strength of both the functional and projectized 
organization.

•	 Matrix organizations require resource and power sharing, often a source 
of organizational conflict, and always a challenge to managerial account-
ability and control, requiring a more sophisticated management style.

•	 It is important to define the management process, together with its 
command-and-control structure, including responsibilities, report-
ing relations, and organizational. The key tools are policy directives, 
procedures, charter of key positions, organization chart, responsibility 
matrix, and job descriptions.

•	 Commitment of assigned personnel to a project is crucial to team perfor-
mance. Commitment and project ownership can be enhanced through 
personal involvement, work challenge, professional interest, and pride 
in the project activities.

5.9 qUestiOns FOr DisCUssiOns anD exerCises

 1. Describe a business environment that would benefit from a predomi-
nately projectized internal organization.

 2. What advice would you give to your project managers in a matrix organi-
zation to minimize matrix conflict?

 3. How do you build and sustain project ownership among the team mem-
bers assigned from other resource departments?

 4. Many managers see the matrix as a messy, sloppy organizational struc-
ture that is unworkable. Assuming that you cannot projectize, what 
alternatives do you see to matrix management?

 5. Develop a list of dos and don’ts for effective matrix management.
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 6. Develop a policy or operational guideline for conducting project activities 
in your company or a case scenario that you can relate to.

 7. Project leaders must often step across functional lines and deal with per-
sonnel over whom they have little or no formal authority. How can these 
leaders “earn” the authority they need to function effectively in a matrix 
environment?

 8. How could senior management help project leaders to manage effectively 
in a matrix environment?

5.10 PMBOK® reFerenCes anD COnneCtiOns

The topic of organizing for project management cuts across virtually all of 
the 10 knowledge areas defined by PMBOK. Most strongly it connects with 
project integration management (area #1), project human resource manage-
ment (area #6), project communications management (area #7) and project 
stakeholder management (area #10). It also addresses the first two process-
ing groups: initiating and planning. Many of the concepts covered in this 
chapter address the context of project management. That is the way proj-
ects are organized and executed within the organizational framework of the 
enterprise. An understanding of the broader context of project management  
is necessary for effectively applying the standards to the day-to-day manage-
ment of projects through their life cycles. In studying for the PMP® Exam,  
an understanding of the following concepts will be beneficial: (1) different 
types of structures for organizing projects, (2) variations of matrix struc-
tures, (3) advantages and disadvantages of each organizational structure, 
(4) types of projects most likely to fit particular structures, (5) responsibili-
ties of the project manager, (6) power sharing and resource sharing, (7) dual 
accountability, (8) managerial authority and power in each organizational 
form, (9) job security and organizational form or structure.

internet linKs anD resOUrCes
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International Journal of Project Organisation and Management. Inderscience 
Publishers; in print and online. www.inderscience.com/ijpom/.
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Organizational_project_management
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Chapter 6

The Project Management Office

IBM WIns PMO Of The Year aWard

armonk, nY, september 8, 2010—The Project Management Institute announces that 
IBM’s Project Management Center of Excellence (PM/COE) has been selected as 
The 2010 PMO of the Year. The annual award specifically recognizes IBM for “creat-
ing global project management standards and enterprise-wide consistency among its 
26,000 project managers worldwide; establishing a dedicated project management 
knowledge repository and communications network; increasing project accountabil-
ity; improving time-to-market by 65 percent; and decreasing the number of troubled 
projects by 25 percent.” IBM’s Center of excellence was selected from a field of more 
than 40 applicants from nearly every continent and including state and federal agen-
cies, major nonprofit organizations and fortune 1000 companies.

“all of this year’s award applicants are excellent examples of the incredible 
impact a mature PMO can make on an organization and of how far the PMO has 
come over the last decade,” said J. Kent Crawford, former president and chair-
man of PMI and current CeO of PM solutions, a project management services 
firm helping organizations apply project management office (PMO) practices. “The 
vast measures that IBM has taken in this area and its outstanding accomplishments 
reveal a telling story on how to create a successful PMO that sets the course for 
the entire enterprise.”

“Being honored with this award is a coming of age for our team,” said deborah 
dell, PMP, IBM’s PM/COe manager. “We’ve been working toward this level of 
maturity for years and will continue to do so simply because it is a business model 
that works. It keeps our enterprise operating efficiently, productively, intelligently. . . 
and profitably.”

according to one award committee judge, “IBM set the stage for other organiza-
tions to follow with the creation of its Center for excellence back in 1996. IBM has 
continued with its maturity initiatives, career progression, emphasis on portfolio man-
agement, its return on investment in knowledge management, and its continuous 

Source: Bloomberg News Wire, 2010. “IBM Wins Project Management Office of the Year Award.”
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emphasis on business benefits.” More testimony of the importance and impact of this 
extraordinary achievement was given by rommy Musch, executive chair of PMI’s 
PMO Community of Practice: “IBM has unquestionably demonstrated the ability 
to integrate project and program management into the infrastructure, organization, 
and processes used to execute its business. all PMOs, including the ones represented 
by our 4,000+ members around the world, can benefit from hearing how IBM’s  
PM/COe was able to accomplish such significant business impact.”

6.1 ManageMenT PersPeCTIve

Companies don’t have to take the project management office (PMO) concept 
to a full maturity level, as IBM did, to benefit from it. However, it takes orga-
nizational desire, backed by top management support and resources to initi-
ate a major organizational development of this kind, which involves changes 
in operational procedures, business processes, resource allocation, and power 
sharing. All of this translates into considerable risk and uncertainty. No orga-
nization goes into an organizational change lightly. There is an opportunity, 
but no guarantee that the new process will work better, yet lots of chances for 
failure with devastating consequences.

So, why are companies like IBM doing it? There must be benefits. For one 
thing, the centralized systematic, standardized support of all projects within 
the enterprise is very appealing. Just by intuition we feel it must have ben-
efits regarding project execution efficiency, synergism among similar projects, 
and better strategic alignment. Often, there are also competitive pressures 
that leave the enterprise no choice but to move toward more sophisticated 
project management systems, such as PMOs. These contemporary concepts 
have received considerable attention in the management literature and at 
professional conferences and seminars for several years and have gained the 
endorsement of many managers and researchers across the global project 
management community. “In today’s economy, every company and organiza-
tion is struggling to do more with less, and performance is paramount. This 
is true for the public and private sector. PMOs deliver the most value when 
they are strategically aligned and can enable competitive advantage without 
losing sight of project and organizational objectives.” This comment, made by 
PMI’s president and CEO, Mark Langley, during the 2012 PMO Symposium 
in Las Vegas, is typical for the favorable PMO image that is derived from 
success stories. Some endorsements go even further, arguing that the PMO 
concept could well be the most important development of the past decade 
(Kerzner 2013, p. 1097). With these promises for more effective project opera-
tions, managers cannot afford to ignore these contemporary concepts that 
have emerged and are routinely used by companies in all industries. So, let’s 
take a detailed look at PMOs, their functional purpose, cost, benefits, and 
organizational options of implementation.
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6.2 PMO COnCePT and funCTIOnalITY

The true origin of the PMO is somewhat cloudy and imbedded in the evolu-
tion of project management (see “Origin and Historic Development of PMOs”). 
However, the 1980s were probably the years during which PMOs emerged as 
a formal concept. During this period projects and the business environment 
became more complex and competitive, and organizations were searching for 
more effective ways of managing these projects, both single and as a portfolio 
throughout the enterprise.

Origin and HistOriC develOpment Of pmOs

Although PMOs as we know it today did not exist before the 1990s, 
its basic function can be traced back to the dawn of civilization when 
people started to undertake projects, such as monuments, infrastruc-
ture developments, and military campaigns. At these ancient times, the 
project office was a “command post” responsible for supervising, guid-
ing, and tracking project activities. However, it was not before the turn 
of the twentieth century that the term project management was used 
and PMO-like organizations evolved. The first record of such an organi-
zation was made in the 1930s when the US Army Air Corps used a proj-
ect office to monitor aircraft development contracts. Later, during World 
War II, between 1942 and 1945, the US Air Force used project offices to 
coordinate the development, production, and deployment of the B-29 
bomber. The idea of a central project management office developed more 
formally, but remained primarily in the defense and aerospace domain 
for the next 40 years. Examples are many of the central offices estab-
lished by the US government for the coordination and deployment of 
large projects, such as the Weapons System Project Office (WSPO) in 
1954, and the ICBM System Program Office (SPO), ICBM Program 
Management Office and Apollo Spacecraft Program Office (ASPO) in 
the 1960s.

Encouraged by research and surveys of the 1980s (e.g., Standish 
Group and Gartner Inc.), an increasing number of companies from 
the private and public sector began recognizing the benefits associ-
ated with central project support. They started to establish their own 
project support facilities with the objective of introducing more dis-
cipline and professionalism into the management of their projects. 
By the late 1990s, the PMO concept was well-established and docu-
mented in the literature (see Crawford 2007, Letavec and Bolles 2011, 
Turner 2008, Unger et al. 2012). Today, we find a large variety of 
PMOs with different structures, scope and services. Two basic classi-
fication schemes have emerged: First, the classification distinguishes 
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PMOs by the number of projects and business areas it supports (e.g., 
single project support versus portfolio or enterprise support). Second, 
PMPs are distinguished by the degree of control over business results 
(e.g., project administrative support versus responsibility for busi-
ness results and strategic alignment). Currently, most project man-
agers understand the PMO concept, its benefits, and its challenges. 
However, the concept is not seen by all organizations as the best and 
most optimal way of managing projects. Today, approximately one-
half of project-oriented enterprises have actually established PMOs 
(see Gartner, Inc. reports) and the number is expected to grow slow 
but steadily.

1985 through 1995 was especially noticeable for a paradigm shift in 
the business environment. Rapidly changing technology and globaliza-
tion drove industry dynamics toward a “faster-better-cheaper” opera-
tion. At the same time, project management was seen as a competitive 
tool for achieving better market position, economic value and mission 
objectives (DeViney et al. 2012). With this awareness for better, more 
effective management also came the realization that projects need to 
be managed for optimized value and better strategic alignment with 
the business process of the enterprise. All of this prompted a shift 
toward a more disciplined, standardized approach of project manage-
ment that also aligned closer with the overall business process of the 
enterprise (Cleland and Ireland 2007, Morris & Pinto 2004). It also 
led to new project management models that included more centralized 
systematic project support, the essence of today’s project management 
office (PMO).

6.2.1 What’s in the name of PMO?

Many different names have been used in recent years to describe the project 
management support system we defined here as PMO. While I prefer the 
name project management office, PMO, to be consistent with a high level 
of name recognition and established standards, such as PMI’s PMBOK® 
and ISO’s certification 9001, other names are being used in the literature 
(Wysocki 2012) and by managers: project support office (PSO), project office 
(PO), project management support office (PMSO), enterprise project manage-
ment office (EPMO), project control office (PCO), program management office 
(PMO), and project management center of excellence (PM/COE). In this book 
I will use the acronym PMO consistently. But, the reader should recognize 
other names, too.
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6.2.2 PMO definition

While there are many different forms of PMOs, with different structure, 
scope, operational charter, and functionality, the basic PMO definition can be 
stated as follows:

A project management office, or PMO, is a central enterprise resource, 
chartered with the responsibility of supporting the initiation, organization 
and execution of projects conducted within by the enterprise.

In today’s environment, the scope of this support function can vary from 
simple project coordination and information processing to complete project 
management with full responsibility for business results. Table 6.2 summa-
rizes the scope and wide variety of services that can be provided by PMOs.

In order to break down the complexity of scope and functionality, we can 
categorize PMOs in three dimensions: (1) level of project management sup-
port and service, (2) target area of support, and (3) services provided. These 
dimensions are intricately linked as graphically shown in Figure 6.1.

6.2.3 level of Project Management support and service

PMOs can provide resources in form of personnel, technology, advice, or other 
forms of support at four often-overlapping levels.

Project administration support

This is the lowest level of support and responsibility. It is usually provided 
by the PMO in form of online support with forms, analysis, pm-software, and 
other IT services available to the project manager. In some cases the PMO 

S
u

p
p

or
t 

L
ev

el
 (

D
ep

th
)

Strategic

Business Results

Project Management

Project Administration

S
in

gl
e 

P
ro

je
ct

M
u

lt
i-

P
ro

je
ct

s

P
or

tf
ol

io

E
n

te
rp

ri
se

Service Categories

P-A
cq

uisi
tio

n
P-S

ele
cti

on
P-P

la
nnin

g
P-E

xe
cu

tio
n

PM
 S

ys
te

m
s

Tar
ge

t A
re

a

figure 6.1 scope of PMO charter

c06.indd   106 24-02-2014   11:40:46



 6.2 PMO Concept and functionality 107

provides project specialized support personnel to the project manager, help-
ing in data collection and analysis, such as for budget and schedule tracking, 
and in organizing and running review meetings and expediting action items. 
Such personnel can be assigned on a part-time, as-needed basis or full time 
for the duration of the project life cycle. Richardson (2010) calls this type of 
PMO support model metaphorically a “weather station.”

Project Management support

This type of support is provided in the form of an assistant to the project 
manager or the project manager with full responsiblity for the execution 
the project or any of the assigned phases. In this support model, the PMO 
maintains a pool of project management professionals who are assigned to  
a project within the enterprise as needed. Projects managed by a PMO-based 
project professional benefit from the latest tools and techniques available 
within the organization and follow a standard execution method as estab-
lished for the enterprise. On the down side, PMO-assigned project managers 
often lack the business-specific knowledge and experience of the project area 
they are managing. Therefore, projects executed in this mode often have a 
senior business manager assigned as part of the project management team, 
responsible for guiding the project to desired business results. If such an 
arrangement with focus on business results is made, the support mode shifts 
to the next level, as discussed in Table 6.1.

Service Category Service Detail

Project acquisition (via 
 competitive bidding)

RFP/RFQ analysis & bid decision support

Bid proposal support

Voice-of-the-customer analysis

Bid strategy development

Cost modeling and estimating

Project management plan development

Vendor/supplier analysis & solicitation

Contract negotiations

Project evaluation and 
selection

Evaluation method development

Risk identification and assessment

Project proposal evaluation

Strategic assessment and prioritizing

Meetings and stakeholders communication

Computer/IT support

Decision-making support (i.e., project selection)

(Continued)

Table 6.1 Typical services Provided by PMOs
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Service Category Service Detail

Project planning and 
definition

Baseline definition and documentation

Definition of scope and deliverables

Cost modeling and estimating

Scheduling

Work breakdown structure (WBS)

Risk assessment and contingency planning

Multifunctional resource identification and negotiation, 
including personnel

Vendor and contractor selection/negotiation

Multifunctional interface definition

Review and control system definition

Project plan documentation and IT support

Plan review and signoff

Website (central portal) development and maintenance

Project startup Personnel assignment, team development

Team structure, charter

Facility development

Communication network

Project kickoff

Project execution Personnel assignment, team development

Team structure, charter

Facility development

Communication network

Project kickoff

Project closure and 
follow-up

Portfolio management

Project organization 
development

Same as stated above, but for groups of projects within 
enterprise portfolio

Strategic alignment of projects with enterprise business 
objectives

Table 6.1 (Continued)

Project Management support with responsibility for Business results

This support is similar to the previous level, except that the assigned project 
manager, or assigned project management team, has full responsibility for 
satisfying contractual requirements to the project sponsor and for achieving 
expected business results for the enterprise. Since it is often difficult to find 

c06.indd   108 24-02-2014   11:40:46



 6.2 PMO Concept and functionality 109

project management specialists who also have the business-specific knowl-
edge and experience in the project execution area, a project management 
team approach is frequently used, involving several senior managers who 
might come from different functional areas critical to the project success, 
such as contract administration, new product development, marketing, or 
general management of a particular business unit. Although this is a com-
mon arrangement, especially for large projects, it is a difficult power-shared 
management system that often leads to conflict over priorities, tradeoffs, 
effectiveness, and efficiency.

strategic support level

At a high level of maturity, PMOs can provide support to senior management 
of the enterprise—linking project operations with business strategy, help-
ing to define, adjust and achieve enterprise mission objectives, and optimiz-
ing project portfolios for business results. At the same time, PMO leadership 
must justify its resource allocation and effectiveness, and ensure senior man-
agement commitment to PMO funding of its operation and enterprise project 
management development.

6.2.4 Target area of support and Organizational reach

PMOs can be chartered to provide various levels of project support to  different 
project-oriented groups within the enterprise. That is, support can be limited 
to just one single project, or it can extend to multiple projects, portfolios, or 
the total enterprise.

single Project support

This type of PMO supports just one project. At the lower level, a single project 
PMO is just a conventional project office, responsible for the effective execu-
tion of the project at hand. However, especially for large projects, organizations 
establish single-project PMOs with a wide spectrum of support services, includ-
ing full responsibility for business results. Typically, organizations such as 
Boeing (aircraft), General Motors (automobile), Samsung (shipbuilding), and 
NASA (aerospace) establish single-project PMOs with a high maturity level for 
their large project-based businesses.

Multiproject support

This type of PMO supports many projects within the enterprise or a particu-
lar business division. Similar to the previous category, support services can 
range from simple administrative support to complete project management 
with full responsibility for business results.
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Project Portfolio support

Similar to the previous category, this type of PMO supports multiple proj-
ects, organized into portfolios of projects with similar characteristics and/
or business focus. As in the previous categories, support services can range 
from simple administrative support to complete project management with 
full responsibility for business results. However, the emphasis for this type of 
support is on strategically aligning the portfolio with the business objectives 
of the enterprise. Therefore, PMOs chartered with project portfolio support 
are usually operating at a very mature level, providing an extensive range of 
services and capabilities.

enterprise support

PMOs of this category are a central resource for supporting projects through-
out the entire enterprise. Usually, PMOs chartered with this responsibility 
operate at a very mature level. They provide an extensive range of services 
and capabilities, including the development and maintenance of the most 
suitable project management tools, techniques, standards and execution 
method, as well as project management training and career development 
 services, all focused on continuing development of the enterprise project 
management system.

6.2.5 services Provided

PMOs can provide a great variety of project support services, targeted to 
specific activities and processes across the project life cycle. Table 6.1 sum-
marizes these services in eight categories: (1) Project acquisition via com-
petitive bidding, (2) project evaluation and selection, (3) project planning 
and definition, (4) project startup, (5) project execution, (6) project closure 
and follow-up, (7) portfolio management, and (8) project organization devel-
opment. As shown in Table 6.1, each category contains a spectrum of specific 
services that can be offered to different support areas, such as single of 
multiple projects. These services can also be offered at various level of man-
agement support and sophistication. This overlapping relationship among 
the three dimensions of PMO support is graphically shown in Figure 6.1.

6.3  reasOn fOr esTaBlIshIng a PrOJeCT 
ManageMenT OffICe (PMO)

No organization goes into an organizational restructuring lightly. I made this 
comment earlier. With all the potential benefits, favorable image, and press 
coverage of PMOs, there is still no guarantee that the new process will work 
better. Therefore, it is not surprising that management is cautious before 
committing to a new way of executing projects within their organizations.
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tOp 15 reasOns fOr establisHing a pmO

 1. More effective project planning and execution
 2. Reducing project failures, improving project performance
 3. Better project reporting and customer interfacing
 4. Improving customer relations and satisfaction
 5. Reducing surprises, risks, and uncertainties
 6. Setting project standards and disciplines across the enterprise
 7. Better alignment of projects with enterprise strategy
 8. More enterprise-focused project selection
 9. More effective support of portfolio management
 10. More effective state-of-the-art tools and techniques, development, 

and use
 11. Better utilization of project management talent and expertise
 12. More effective data repository
 13. More effective capture of project experiences across the enterprise
 14. More effective communication with stakeholders
 15. Better support of project management community and career 

development

The list is rank-ordered by frequency and based on my field observations and 
 discussions with managers across industries.

The reason for establishing a new or upgrading an existing PMO varies 
considerably from company to company, depending on what management 
sees as the area that needs improvement most urgently. It is interesting to 
note that the top five reasons (most frequent observations) for PMO imple-
mentation all focus on the need for more effective project management and 
more predictable outcomes. This is orthogonal to the argument made by 
researchers that the greatest value of PMOs is in supporting project portfolio 
management and the alignment of project operations with enterprise strat-
egy. Therefore, this should be the primary reason for establishing a PMO. 
However, it is not. This might be indicative of the difficulties measuring  
“strategic benefits.” It also reflects the reality of stronger management atten-
tion to short-term business performance and survival issues, rather that 
long-term strategic positioning, regardless of the long-term benefits.

While these observations have little theoretical significance, they are 
indicative of the realities in the field—that is, the complexities, organiza-
tional dynamics, and uncertainty involved in the decision-making process 
toward a new PMO.

Let’s take a systematic approach in exploring why PMOs are being 
established.
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Managers often realize that their projects and business environments 
have become too complex, to be run effectively by personnel who split their 
time and efforts among many responsibilities in addition to project manage-
ment. They also realize that conventional project methods, tools, and skill 
sets are limited in their effectiveness. They are efficient in tracking and, 
to some degree, controlling projects to established plans, but weak in deal-
ing with contingencies and adjusting to changing conditions in the market, 
technology, customer environment, or other areas. Encouraged by favorable 
reports on PMOs, managers across many industries like to take advantage 
of these contemporary support systems, which have the potential for provid-
ing the best tools and techniques and most experienced project managers, 
shared throughout the enterprise.

6.3.1 voices from the field

The IBM PM/COE discussed in the lead-in scenario of this chapter is an 
 example of how some companies assess the need for more effective project 
management, and build a rationale and momentum toward establishing 
a PMO. The turbulent times of the 1990s changed the dynamics of the IT 
industry, affecting IBM’s bottom line, and drove the company to rethink its 
organizational structure, business model, and management approach. IBM 
identified project management as key process for delivering complex business 
solutions to global clients. The lack of good project management was identified 
as a key factor contributing to project failures, customer issues, and erosion. A 
group of dedicated project managers wrote an internal white paper describing 
how IBM could build a competitive advantage by using project management 
more effectively. In fact, the group suggested turning IBM into a project-based 
business. IBM’s CEO, Louis Gerstner was convinced, and set a goal to trans-
form IBM into a project-based enterprise by raising project management to a 
core competency. He requested that an executive steering committee (ESC) be 
established to champion the transformation effort. This committee of senior 
executives from across all IBM business units laid the foundations for IBM’s 
Project Management Center of Excellence (PM/COE), which became opera-
tional in 1998 as a formal PMO and change agent for transforming IBM into 
a project-based enterprise. Seventeen years after its initial charter, the center 
has grown to a high level of maturity that is the envy of many project manag-
ers across the globe, and earned IBM the PMO of the Year Award in 2010. The 
center grew from its initial focus on effective, added-value project execution 
to a much broader support role that includes the continuing development of a 
consistent career infrastructure, a common project management methodology, 
including processes, tools, and measurement systems, and provides an inter-
face between IBM’s project management community and other professional 
groups. In 2011, Sam Palmisano, IBM’s chairman and CEO, announced that 
the PM/COE has linked its services to the Corporate Strategic Roadmap 2015, 
supporting continuing growth of the company.
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For IBM, the massive undertaking paid off. Testimony given in a 2011 
PMI White Paper (PMI 2001, “IBM: Keys to Building a Successful Enterprise 
Project Management Office”) reported the following:

[C]onsistently applying project management disciplines in IBM’s service 
organizations has resulted in a significant decrease in the number of trou-
bled projects with documented root causes in project management since 
tracking began. The PM/COE enables the practice of project management 
to become systemic across IBM’s global  organization through strong and 
effective communications such as a dedicated intranet site, newsletters, 
management articles, best practices white papers, conferences, and lunch 
and learn sessions known as eSharenets. These deliverables provide rel-
evant information to IBM’s project managers in the use of project manage-
ment disciplines to  successfully complete projects with higher business and 
client value.

Yet for IBM, sustaining such an enterprisewide project support capabil-
ity requires long-term investments of time, people, and funding, plus senior 
management commitment and collaboration, which is acknowledged and 
reaffirmed at IBM’s COE level.

6.3.2 four drivers for establishing a PMO

Managers are continuously thinking of ways to improve the effectiveness of 
their businesses operations. However, given the risk and natural resistance 
to change, the strongest drivers toward a new managerial concept, such as a 
PMO, come from pressures for survival. The IBM case is a typical example. 
For many companies, the increased complexity of the business environment 
with more sophisticated and demanding markets and global competition is 
continuously putting pressure on market share, profitability, mission success, 
and the ability to survive and grow as an enterprise. What drives the final 
decision to establish or upgrade a PMO depends on what management sees 
as most urgently needing for improvement. It is highly situational and varies 
from company to company.

The rationale for considering PMOs is driven by many issues, which can 
be grouped into four categories: (1) effectiveness, (2) capacity to perform, 
(3) portfolio management, and (4) strategic alignment. In many cases, all or 
some of the issues are linked, and virtually every case is related to the orga-
nization’s growth and survival objectives.

effectiveness

An enterprise experiences increasing pressures for executing projects faster 
and less costly, typical for today’s business environment. Management real-
izes that a more sophisticated project management system is needed to 
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compete effectively. Upgrading the capabilities for each individual project 
might be seen too costly and time consuming. However, establishing the 
needed state-of-the-art capabilities, organized as PMO and shared among all 
projects enterprisewide, may be a viable alternative for boosting efficiency 
and value to the enterprise, while delivering projects on time with full cus-
tomer satisfaction.

Capacity to Perform

An enterprise has the need or opportunity for executing larger and more  
complex projects, but is limited in its capability, based on the availability of 
project management skills, tools and techniques. In addition, the company 
might not have the ability to meet customer requirements for certifications 
and established standards (i.e., ISO 21500, ISO 9001, PMI/ANSI 99–001–
2000), quite common for large project contracts. Upgrading the capabilities 
for each project individually may be seen too costly and time-consuming, but 
sharing state-of the-art project management services via an enterprise-wide 
resource appears a viable alternative.

Portfolio Management

An enterprise finds itself in the situation of managing many related projects, 
grouped by their characteristics or business areas that should be managed as 
a portfolio. While project portfolio management is usually treated as a spe-
cial organization/management system, the management tools, techniques, 
and disciplines are the same as for project management. In fact, it is difficult 
to imagine how portfolio management can be achieved without a strong and 
mature project management support system. The PMO is an effective way to 
provide the necessary discipline, management tools, and standard method-
ologies for effective support of project portfolio management. Managers often 
see the PMO as an important stepping stone to portfolio management.

strategic alignment

An enterprise becomes more project-driven with business performance 
depending increasingly on project performance. Management senses the 
need for more effective project execution and better alignment of the proj-
ect operations with the business process, and a stronger linkage with the 
strategy of the enterprise. A PMO can help in managing projects more stra-
tegically with focus on value optimization and business results as compared 
to traditional attention to delivering contractual results within time and 
budget constraints.

When we talk with senior managers in organizations that have mature 
PMOs, they agree with the research (e.g., Norrie 2008, Powell and Young 
2004, Richardson 2010, Shenhar 2004) that PMOs have the potential for add-
ing most value in the area of strategic alignment and portfolio management 
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support. However, given the difficulties of measuring the strategic benefits 
and the realities of priority-focus on immediate survival issues, most PMO 
initiatives focus initially on short-term performance improvements for their 
projects, programs and portfolios. That is, improving operational efficiency, 
effectiveness, and project success. This includes establishing a unified proj-
ect management discipline, consistent with established standards, across 
the enterprise. It also relates to the capacity issues of executing larger, more 
complex projects. Realizing benefits in the area of portfolio management and 
strategic alignment requires a mature PMO operation, well integrated with 
the business process of the enterprise and its senior management. These are 
objectives that are integrated into the PMO charter at the beginning, but will 
take some time and organizational development to be realized.

6.3.3 Management Concerns

Establishing a PMO is expensive and requires long-term commitment, as we 
have seen in the IBM PM/COE scenario. Most important, PMOs are no pan-
acea for dealing with the vast challenges of project management in today’s 
complex business environment; they are not quick fixes for management 
issues or project organizational deficiencies. Moreover, there are no simple 
metrics for measuring PMO performance, effectiveness, or success. Most of 
the PMO benefits promised in the management literature—from cost sav-
ings to more effective project delivery and strategic alignment—are difficult 
to benchmark and quantify. Therefore, it is not surprising that management 
does not rush into such a major organizational development lightly, but has 
many concerns regarding the cost-benefit and actual success of the PMO 
in creating value for the enterprise. Another issue is organizational power 
and politics. PMOs create another layer of management, or another axis to 
the project matrix. This requires more resource and power-sharing among 
managers of the enterprise, and has greater potential for organizational 
politics and conflict. Resistance to any shift toward more power or resource 
sharing is natural and should be expected. Taken together, many concerns 
must be satisfied with strong, assuring arguments of potential benefits  
or needs for survival. Convincing senior management to establish a PMO or  
upgrade an existing one is a huge undertaking that must be skillfully jus-
tified, going beyond intuitive or common-sense arguments. Testimonies of 
success from other companies in the same industry and collective support 
for the PMO concept from the project management community of the enter-
prise are powerful tools for building professional credibility and trust for the 
a PMO proposal.

Whether you consider the implementation of a basic PMO function aimed 
at supporting a small group of projects or an enterprisewide initiative, many 
of the difficulties and concerns relate to the cultural changes required for 
the development and successful operation of the new organizational system, 
which requires realignment of responsibilities and authority relations, as 
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well as a different way of cross-functional collaboration and sharing power 
and resources. “The real issue is not deciding what appears to be a very 
 logical solution to a universal problem, but more of a significant change of 
organizational culture” (Richardson 2010).

6.4 esTaBlIshIng a PrOJeCT ManageMenT OffICe

Setting up a project management office is a project in itself. After the basic 
“go-ahead” decision has been made, a project manager must be assigned 
who is responsible for leading the PMO introduction. That is, working out 
the detailed implementation plan, negotiating the resources, and develop-
ing the facilities, organizational processes, support services, including tools, 
techniques, and staffing to make the PMO operational. The mechanics of 
setting up the PMO function itself is a major undertaking that is usually 
executed by a multifunctional team of stakeholders under the leadership of 
the appointed project manager. It has the same challenges of coordinating, 
integrating, staying on budget and schedule, and so on, as any other project. 
However, in addition, the PMO project leader has to manage change and 
deal with the issues of organizational culture, politics, and power (Thamhain 
2012), which is usually an even bigger challenge that involves a great deal of 
dynamics and uncertainties that are difficult to plan and to control.

Before embarking on the development of a new PMO, it may be useful  
to hold focus-group-style discussions with senior managers and future stake-
holders across the enterprise to determine whether the key people agree 
with the basic PMO mandate as it has been established so far, whether 
managers bought into the objectives that were established, and whether the 
enterprise is mature enough to benefit from the PMO and ready to make 
the long-term commitment required for success. These discussions provide 
valuable inputs for the PMO charter and functional scope of the PMO, and a 
final reality check on the organizational drive, willpower, and unified long-
term commitment, which are critical to the success of this organizational 
development.

6.4.1 Charter

The objectives, functional scope, roles, responsibilities, and reporting rela-
tions must be clearly established and summarized as a charter at the 
beginning of the PMO implementation. The charter becomes the operating 
contract for the PMO granted by the enterprise and the basis for funding 
and its operational existence within the enterprise. For the PMO charter 
to be recognized and respected by managers throughout the enterprise as 
a legitimate organizational system, senior management must sign off on it, 
integrating it with corporate policies and procedures and with management 
directives.
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6.4.2 Implementation Plan

The PMO implementation plan is in essence a project plan, defining the deliv-
erables, budget, cost, and process of establishing the PMO. The plan should 
also define the type of PMO services to be established and who is respon-
sible for developing them. Since PMOs are service organizations, many of the 
implementation plan deliverables are services that are often difficult to define  
in terms of tangible measures of completion. In most cases, a pilot operation is  
the only way to validate the degree of completion. Given the large variety of 
PMOs, their operational scopes, and their charters, implementation cycles 
vary a great deal. However, for a typical PMO, its implementation can easily 
stretch over 12 months or longer, involving many people across the enterprise 
and requiring budgets in excess of $1 million. Depending on the scope of 
the PMO and the size of your organization, the implementation plan should 
include a launch strategy, such as a subplan describing the way the PMO 
is to be phased into the current business operations and its management. 
Taken together, establishing a new PMO is a substantial project that must be 
 professionally planned and executed.

6.4.3 sponsorship and senior Management support

Part of the PMO planning and implementation process is obtaining long-
term buy-in from managers across the enterprise, especially at the senior 
level. Effective communication with all stakeholders during the implementa-
tion is important for sustaining interest and commitment. Soliciting advice, 
invitations to status reviews, open information sessions, Internet home 
pages, and celebration of milestone achievements are some of the vehicles for 
keeping the people involved, interested, and supportive to the PMO develop-
ment. This broad-based management support is critical for ensuring senior 
management and the PMO sponsor that they made the “right” decision to go 
forward with the project, and its implementation is organizationally feasible. 
The role of the sponsor group is to support, promote, and provide strategic 
guidance for the development, ensuring the people across the company that 
the PMO is an important organizational development, critical to the survival 
and growth of the enterprise, and that support to this initiative is valued and 
rewarded by management. Building and sustaining this long-term commit-
ment is a 360-degree process with senior management providing the vision, 
direction, and encouragement that leads to interest, enthusiasm, and buy-in 
by the operational people, which, in turn, is assuring to senior management, 
refueling their desire for continuing support of the project.

6.4.4 functional development

Using the PMO charter and implementation plan as a guide, the PMO struc-
ture and service functions must be developed. There is no specific template 
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for structuring PMOs. Each enterprise has its own unique needs and require-
ments. The key to determining the right structure is in balancing effective 
project support with organizational culture and management style. The PMO 
structure is determined to a large degree by the service functions and other 
project and portfolio support to be provided by the PMO, consistent with its 
charter. Examples of these services are summarized in Table 6.1. Part of this 
functional development is to define the staffing needs for delivering the PMO 
services, including job descriptions, proficiency levels, skill sets, authority, 
and reporting relations. In addition, the specific infrastructure requirements 
for supporting the PMO services must be defined, including facilities, tech-
nology support, and externally contracted services.

6.4.5 Operating Budget

The PMO operational budget must be carefully developed, signed off at exec-
utive level, and integrated with the annual enterprise budgeting process to 
ensure that sufficient financial resources are available to sustain the opera-
tional mandate.

6.4.6 Performance Measures

Any organization must be able to evaluate its performance, internally as a 
self-assessment or externally as seen from the users or executive perspec-
tive. PMOs are no exception. Specifically, we want to measure the impact 
of the PMO on the project-driven business of the organization, and ulti-
mately the impact on the enterprise as a whole.

Meaningful performance metrics is difficult to define. Many of the mea-
sures, such as “satisfaction” are subjective and hard to quantify. Others, such 
as “project execution time” or “cost-related performance measures,” must be 
interpreted relative to the specific project dynamics (e.g., complexity, contin-
gencies, and negotiated changes). They have different meanings in different 
industry sectors and have different organizational impact, depending on 
whether projects are managed for enterprise-internal or -external customers. 
However, regardless of the difficulties and challenges, performance measures 
should be established and agreed to by key stakeholders of the PMO and 
senior management of the enterprise, the people who sign off on the PMO 
charter and its budget.

different Performance Measures Must Be established for different  
stages of the PMO

Measures of PMO performance also differ depending on the time period of 
assessment. Below are four specific examples of performance measures for 
different stages of PMO operation: (1) PMO implementation, (2) short-term, 
(3) long-term, and (4) continuous improvement.
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•	 Performance measures relevant to the PMO implementation 
stage. These measures relate to the timely and resource effective 
implementation of the PMO according to the established project plan, 
typically measuring deliverables against established schedules and 
budgets.

•	 Performance measures (short-term) relevant to day-by-day PMO 
operations. These are simple measures for assessing PMO efficiency 
and effectiveness on a daily basis. This is different from judging PMO 
performance against its chartered objectives, which is more long-term 
and strategically focused, as discussed in the next bullet. The daily oper-
ational measures are mostly concerned with the PSO doing the right 
things, while the long-term performance measures are concerned with 
doing things right.

•	 Performance measures (long-term) relevant to overall PMO 
effectiveness. Measuring the effectiveness of PMO performance and 
its impact on the enterprise is much more difficult and subjective. 
However, an effort must be made to establish meaningful performance 
measures so that the value of the PMO relative to the resource commit-
ments can be determined, performance can be benchmarked against 
the desired maturity and impact level, and continuing performance 
improvement actions can be taken. PMO performance can be effectively 
summarized in a scorecard, providing a judgment measure, or quanti-
tative value, against key performance criteria and PMO objectives.

•	 Performance measures relevant to the PMO’s continuous 
improvement. These measures focus on two issues: (1) improving 
the PMO operation to achieve higher levels of effectiveness and matu-
rity and (2) validating the relevancy and updating of established PMO 
objectives and governance to ensure alignment with enterprise strategy 
in our changing business environment. The second part is especially 
dynamic and strategically focused. Rather than establishing fixed met-
rics for continuing improvements, I suggest defining processes, such as 
focus grouping, customer feedback, and executive-level brainstorming, 
for validating and updating the key objectives, methods, and policies 
that govern the PMO. The specific performance measures would be an 
assessment report, to be completed at certain time intervals, stating 
what was assessed and corrective actions taken, and management con-
trols established.

Type of Measures, Metrics, and Key Performance Indicators

Each PMO is unique, and so are its performance mandates. Therefore, mea-
sures of PMO performance, also called key performance indicators (KPI), vary 
greatly with the scope and objectives established for the PMO, and the indus-
try segment of enterprise operation. Establishing meaningful performance 
measures is difficult and must consider the specific business environment and 
organizational context in which the PMO operates. While the wide spectrum 
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of PMO performance measures shared on the Internet can be useful in provid-
ing ideas for establishing performance metrics and methods, each PMO man-
ager has to work out his or her own set of performance measures and reach 
agreement with key stakeholders of the PMO as a basis for future bench-
marking and performance assessment.

Performance measures can be categorized by their value judgment into 
three groups:

 1. Primarily quantitative performance measures. These are mea-
sures that look at “numbers,” such as number of PMO-supported 
projects, number of project managers certified, size of project budget, 
percent-improvement of profitability (e.g., value added, ROI, IRR, or 
cash flow), percent of projects performing on time and within budget, 
$-rework or %-rework reduction, customer satisfaction rate, or percent 
of portfolio in growth business.

Quantitative measures have the benefit of producing a clear measure 
of merit for simple comparison and ranking, but they have limitations. 
Many performance measures are not quantifiable, such as “quality” or 
“satisfaction.” They are based on judgment. Even if the judgment score 
is quantified, the source data are qualitative, which should be recog-
nized in subsequent data processing.

 2. Primarily qualitative and intuitive performance measures. These 
measures rely on expert judgment, customer feedback, focus groups, 
benchmarking, or other forms of multifunctional decision making, often 
relying on broad-scanning and intuitive processes. Typical qualitative 
performance measures include client satisfaction, strategic alignment 
of project portfolio, perceived value of project management training and 
development, and impact of PMO on enterprise performance.

While qualitative performance measures are often the only way of 
assessing a particular performance category, such as customer satis-
faction, quality or value, their judgmental nature frequently leads to 
biases introduced by organizational power and politics. This often leads 
to conflict and disagreement over the interpretation of the performance 
measure.

 3. Mixed measures, combining both quantitative and qualitative 
performance measures. Given the complexity of PMO performance 
variables, many combine quantitative and qualitative measures. 
Examples are “project success rates,” which often combine financial 
(quantitative) information with inputs on customer satisfaction (quali-
tative) and strategic alignment (qualitative). Or, a measure of proj-
ect portfolio effectiveness, which combines a great deal of financial 
data (quantitative) with operational efficiency judgment and strategic 
input (qualitative).

In summary, meaningful and effective evaluation of PMO performance is 
critical for continuing improvement, organizational support, and funding. 
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Setting up the metrics and methods for such an evaluation system that has 
the confidence, trust, and support of the user community and senior manage-
ment is difficult and challenging. A better understanding of the organiza-
tional dynamics and its environment that affects project performance, and 
the factors that drive cost, revenue, and strategic alignment, will provide a 
clearer insight into the type of project management support needed by the 
enterprise. This will help in developing the kind of performance measures 
that prompt meaningful and fair responses from the PMO user community 
and PMO sponsor group of senior managers.

6.4.7 Pilot Operation

There is no standardized way or “best practice” of starting up a PMO opera-
tion. However, given the changes to the business process, organizational  
culture, and power structure, caused by the introduction of a new PMO, it is 
important to launch it properly with the same care as for any other strategic 
initiative. With this in mind, many companies have chosen an incremental 
approach to starting up a new PMO function. One option of such a “soft” 
launch is to start with a pilot operation. This can be done while the PMO is 
still under development. Quite often, the pilot user groups participated in the 
PMO proposal and planning phase, and their managers are firm supporters 
of the PMO initiative. This prior participation ensures some familiarity with 
the new support function and a positive attitude toward using it. Pilot users 
should always be chosen on a volunteer basis. Usually there is no shortage of 
project teams willing to take part in such a pilot operation because it provides 
opportunities for visibility, recognition, and prestige.

From the PMO developer’s perspective, the pilot launch turns the final 
phase of the PMO initiative into a user-centered design (UCD). The pilot is an 
excellent opportunity to work with a few committed project teams and senior 
managers to test the functionality of the new operation, and to obtain early 
feedback and friendly suggestions from the user groups for fine-tuning and 
improvement of the PMO system.

6.4.8 Continuous Improvement

As with any enterprise system, and consistent with other quality manage-
ment efforts, PMOs must have provisions for continuous improvement of 
their services and processes to achieve the desired level of maturity and to 
fulfill the chartered responsibilities in our dynamic, continuously chang-
ing business environment. As shown in IBM’s Project Management Center 
of Excellence (PM/COE), 17 years after its initial charter, the PMO is still 
improving its capabilities and adjusting its services continuously to changing 
corporate needs to remain an effective transformational resource that plays 
a key role in continuing to improve IBM’s project and program management 
competency.
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The starting point for continuous improvement is a regular evaluation 
of the service delivery processes against the established performance mea-
sures, followed by actions for additional improvements. However, the assess-
ment process can’t stop at the ongoing service operations, but similar to the 
IBM example, must examine the objectives and mandates established for 
the PMO relative to the strategic objectives of the enterprise. In other words, 
“Are we still doing the right thing? Are our PMO services and resources func-
tioning optimally in aligning project operations with enterprise strategy?” 
Focus groups, customer feedback, and executive-level steering committees 
are the management tools for examining the relevancy, maturity level, and 
performance of PMO services, and, if necessary, redefining PMO objectives 
and fine-tuning the processes and policies for optimally aligning the project 
operations with enterprise strategy.

6.5 a fInal nOTe

If properly designed, integrated in the organization and strategically man-
aged, project management offices (PMO) can be powerful support systems 
of project-based enterprise operations. This support can be operationally or 
strategically, ranging from simple project administrative assistance to com-
plete management of single projects or whole project portfolios with full 
responsibilities for business results. PMOs produce the highest value for the 
enterprise and the strongest leverage on invested resources in the strategic 
area, such as aligning the project operation of enterprise strategy, starting 
with more strategic project selection and long-term value focused execution. 
However, these benefits are difficult to measure with conventional validation 
methods, and often not fully recognized by management. As a result, PMOs 
are often underutilized as a strategic tool for creating competitive advan-
tages. One of the biggest challenges to establishing a PMO and fully leverag-
ing its resources is overcoming resistance to change. A new PMO introduces 
considerable change to organizational culture, authority relations, responsi-
bility realignment, and managerial power. Dealing with the associated issues 
of fear, trust, respect, credibility, and organizational collaboration is a great 
challenge that requires strong leadership, supported by effective multidisci-
plinary planning and skillful execution of the PMO initiative.

6.6 suMMarY Of KeY POInTs and COnClusIOns

The following key points were made in this chapter:

•	 Many different names are being used to describe the project sup-
port system, which is defined in this chapter as Project Management 
Office, PMO, consistent with established standards, such as PMBOK®  
and ISO.
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•	 PMOs are powerful management tools for supporting and advancing 
project-based operations across the enterprise.

•	 PMOs can be designed for a variety of support services and levels of 
responsibility, ranging from administrative assistance on single proj-
ects to portfolio management with full responsibility for business 
results and strategic alignment.

•	 PMOs provide effective interfaces between project operations, senior 
management, and the customer community.

•	 PMOs provide effective and consistent project management delivery 
systems across the organization, especially valuable in supporting 
large, complex projects and project-based enterprises.

•	 PMOs can be change agents for transforming an organization into a 
project-based enterprise.

•	 PMOs are powerful strategic tools in helping to link project operations 
with enterprise strategy.

•	 Defining the mission, roles, responsibilities, and reporting relations are 
critical to PMO success.

•	 Establishing a PMO is expensive and requires long-term senior man-
agement commitment.

•	 Establishing a PMO is a major project by itself that needs careful 
planning, execution, and strong support from management across the 
enterprise.

•	 A new PMO introduces considerable change to organizational culture, 
authority and responsibility relations, and managerial power, resulting 
in fear and resistance to change. Dealing with these issues requires 
strong leadership, supported by effective multidisciplinary planning 
and skillful execution of the PMO initiative.

•	 An option for launching a new PMO is to start with a pilot operation 
that might ease the difficulties associated with the cultural changes 
introduced by the realignment of responsibilities, power and authority.

•	 An effective PMO performance measurement system is critical to the 
ability of continuous improvement of its operation and the ability to 
sustain enterprise support and funding.

6.7 QuesTIOns fOr dIsCussIOn

 1. Discuss the potential benefits and challenges of establishing a PMO in 
your organization. (If you wish, you can replace “your organization” with 
another enterprise you’re familiar with from a case study, media report, 
or other observation.)

 2. What approach would you take in proposing a PMO function to your 
management?

 3. Where do you see the highest value added in establishing a PMO in 
your organization? Is it for project management support, tools/tech-
niques/methods development, training, portfolio management, strategic 
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alignment, or any combination or other area? Try to be specific. (If you 
wish, you can replace “your organization” with another enterprise you’re 
familiar with from a case study, media report, or other observation.)

 4. How can you minimize the tension and possible resistance to change dur-
ing the introduction of a new PMO?

 5. What measurable milestone would you establish in your PMO imple-
mentation plan?

 6. How would you define success at the end of a PMO implementation 
phase?

 7. What type of performance measures and methods of collecting these 
measures would you suggest for assessing PMO performance in support-
ing (a) individual projects, (b) project portfolios, and (c) strategic issues 
of the enterprise?

6.8 PMBOK® referenCes and COnneCTIOns

The topic of “The Project Management Office” cuts across all of the 10 knowl-
edge areas and 5 processing groups defined by PMBOK®. However, it connects 
most strongly with project integration management (area #1), project human 
resource management (area #6), project communications management  
(area #7), and project stakeholder management (area #10). It also addresses 
the first two processing groups: initiating and planning. Much of this  
chapter deals with the context of project management, discussing the way 
projects are organized and executed within the organizational framework of 
the enterprise and the need for strategic alignment of projects with enter-
prise strategy. The managerial perspectives presented in this chapter should 
be helpful in connecting the PMBOK® standards with best practices of project 
management, and in studying effectively for PMP® certification. In preparing 
for the PMP® Exam, the following PMBOK® sections relate especially to this 
chapter and should be studied: (1) project management office, (2) different 
types of structures for organizing projects, (3) organizational culture, (4) proj-
ect life cycle, (5) role of the project manager, (6) human resource planning and 
management, and (7) project stakeholder relations.
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Chapter 7

Project Evaluation and Selection

MultiPlE ProjEct SElEction at DirEctV

“We have made considerable progress implementing the strategies we laid out in 
2012,” says Michael D. White, president and cEo of DirEctV in the company’s 
annual report. “in addition to the new entertainment package, we’ve introduced an  
array of great products and services that will thrill and delight our customers in 
2012 and beyond. our nomad product allows customers to transfer DVr-recorded 
content to any portable device. We also will be expanding our tV Everywhere 
service as a major priority this year, providing online and mobile access to an array 
of pay-per-view and premium network content on a variety of devices from the 
Pc to the iPad to the iPhone and android. at the same time, we’re accelerating 
the pace of connecting customers’ advanced receivers to the internet so they may 
enjoy more DirEctV cinEMa titles and a wide variety of popular apps, including 
the DirEctV iPad app, Facebook, Youtube videos, social tV apps, and Pandora 
internet radio. We continue to be excited about the growth potential of our alli-
ances with at&t, centurylink, and Verizon. We’re making progress on better inte-
grating their services with ours and expect to jump-start sales of bundled services 
later this year. in 2012, we also are planning to improve the seamlessness of our 
video/internet bundles as well as substantially increase the number of fiber and 
DSl options for our customers. We continue to think outside the box to further 
strengthen these strategic relationships. as the residential market matures, we are 
intensifying our focus on three key areas that will produce incremental revenues: 
our commercial sales, local advertising and DirEctV cinEMa. We’ve made good 
progress growing our commercial business last year and we’ll continue to aggres-
sively drive sales in this category in 2012 with new products like our DirEctV 
residential Experience for Hotels and the DirEctV Message Board, which overlays 
advertising on live tV in retailers’ showrooms.  .  .  . We have set ambitious short 
and long-term goals, and are excited that 2013 will be another year of growth for 
DirEctV.”

Sources: DIRECTV company profile and Wikipedia “Direct Broadcast Satellite (DBS) Technology. 
(For website references see” “Internet Links” section at the end of this chapter.)
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the direct broadcast satellite (DBS) ventures are part of the world’s most complex 
and fastest-growing businesses. DirEctV is the largest uS direct broadcast satellite 
(DBS) system, offering 150 channels of movies, cable tV programs, and sporting 
events directly to anyone in the united States, canada, and part of South america. 
already in 1997, DirEctV, then part of Hughes Electronics/General Motors, had 
secured this market niche by forming an alliance between its PanamSat subsid-
iary and SatMex (Satellites Mexicanos), bidding for the strategic satellite position. 
other bidders included Primestar and EchoStar. at 77 degrees west longitude, the 
Mexican slot was the last to allow a satellite to beam full conus coverage of the 
united States and Mexico.

today, with nearly $30 billion in annual revenue and 30 million subscribers, 
DirEctV does well in a crowded market of increasing competition and a saturating 
u.S. pay-tV environment. also, analysts remain positive on the future of DirEctV. 
the company that has been smart in responding to changing needs and has dem-
onstrated continued success in the growing latin american market. its rivals such 
as Dish network and comcast are doing better than before, but DirEctV has its 
ways of continuing growth. However, successfully introducing new products and 
services is not a random process. it requires skillful evaluation of these opportunities 
combined with careful planning and implementation. as pointed out by DirEctV’s 
president White, “Before we reinvent tV it is essential that we do a better job of 
understanding one size doesn’t fit all. our customers have different tastes, wants 
and levels of income. therefore, our first order of business is to make sure we fit 
each customer’s needs.”

7.1 ManaGEMEnt PErSPEctiVE

Predicting project success has never been easy. The lead-in DIRECTV scenario 
is a good example of the spectrum of project opportunities, ranging from prod-
ucts and services to broadcasting frequency acquisitions and satellite position-
ing, that companies have to deal with. All of these opportunities needed to be 
evaluated to determine their long-range cost-benefits which includes complex 
market, technological, socio-political and strategic factors, each one associated 
with enormous uncertainties. DIRECTV was exceptionally successful select-
ing so many winning projects, a record not easily matched by others. The long 
list of projects and missions that failed, despite their promises, remind us of 
this reality. They range from product developments to government social pro-
grams, from computers to pharmaceutical and from public transit to super-
sonic transport (Cicmil et al. 2006; Lemon et al. 2002). Many projects do not 
live up to their expectations or fail outright even before their technical comple-
tion in spite of careful feasibility analysis during their proposal or selection 
stages (El Emam et al. 2008). Obviously, the ability to evaluate project propos-
als, assessing future success and organizational value, is critical to overall 
business performance. In fact, few decisions have more impact on enterprise 
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performance than the resource allocations for new projects. Virtually every 
organization evaluates, selects, and implements projects. Whether these proj-
ects are product developments, organizational improvements, R&D undertak-
ings or bid proposals, pursuing the “wrong” project not only wastes company 
resources, but also causes the enterprise to (1) miss critical alternatives,  
(2) operate less flexible and responsive in the market place, and (3) miss 
opportunities for leveraging core competencies. Yet in spite of pressures to 
avoid these high-cost errors, predicting project success is difficult and existing 
models are often unreliable. Especially in today’s complex and changing busi-
ness environment, the process of evaluating and selecting the “best” projects, 
most suitable and beneficial for the enterprise, has become both an art and a 
science, strongly influenced by human and organizational factors.

Project opportunities must be analyzed relative to their potential value, 
strength and importance to the enterprise. Four major dimensions should be 
considered: (1) added value of the new project, (2) cost of the project, (3) readi-
ness of the enterprise to execute the project, and (4) managerial desire. A well-
organized project evaluation and selection process provides the framework 
for systematic data gathering and informed decision making toward resource 
allocation. Typically, these decisions can be broken into four categories:

 1. Deciding initial feasibility: Screening and filtering, quick decision on 
the viability of an emerging project for further evaluation

 2. Deciding strategic value to enterprise: Identifying alternatives and 
options to proposed project

 3. Deciding detailed feasibility: Determining the chances of success for a 
proposed project

 4. Deciding project go/no-go: Committing resources for a project 
implementation

Although making these decisions looks simple, logical, and straightfor-
ward, developing meaningful support data is a complex undertaking. It is 
also expensive, time-consuming, and often highly eclectic. Typically, decision 
making requires the following inputs:

•	 Specific resource requirements
•	 Specific implementation risks
•	 Specific benefits (economics, technology, markets, etc.)
•	 Benchmarking and comparative analysis
•	 Strategic perspective, including long- and short-term value assessment

While it is challenging to estimate cost, schedules, risks, and benefits, such 
as those shown in “Typical Criteria for Project Evaluation and Selection,” 
these measures are relatively straightforward in comparison to predicting 
project success. The difficulty is in defining a meaningful aggregate indicator 
for project value and success. Methods for determining success range from 
purely intuitive to highly analytical. No method is seen as truly reliable in 
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TypiCal CriTeria for projeCT evaluaTion and SeleCTion

The criteria relevant to the evaluation and selection of a particular proj-
ect depend on the specific project type and business situation, such as 
for a particular product development, custom project, process develop-
ment, industry, or market. Typically, evaluation procedures include the 
following criteria and measures:

•	 Development cost
•	 Development time
•	 Technical complexity and feasibility
•	 Risk
•	 Return on investment
•	 Cost-benefit
•	 Product life cycle
•	 Sales volume
•	 Market share
•	 Project business follow-on
•	 Organizational readiness and strength
•	 Consistency with business plan
•	 Resource availability
•	 Cash flow, revenue and profit
•	 Impact on other business activities

Each criteria is based on a complex set of parameters and variables.

predicting success, especially for more complex and technologically intensive 
types of projects. Yet, some companies have a better track record in selecting 
“winning” projects than others. They seem to have the ability to create a more 
integrated picture of the potential benefits, costs, and risks for the proposed 
project relative to the company’s strength and strategic objectives. Producing 
such a composite is both a science and an art. Traditionally, the management 
literature suggested by-and-large rational selection processes to support 
project selections. However, purely rational-analytical processes apply only 
to a limited number of business situations. Many of today’s technologically 
complex business scenarios require the integration of both analytical and 
judgmental techniques to evaluate projects in a meaningful way, predicting 
success and making the best choice.

Yet in spite of the dynamics involved in the selection process, systematic 
information gathering and standardized methods are at the heart of any proj-
ect evaluation process, and provide the best assurance for reliably predicting 
project outcome and repeatability of the decision process. Approaches to proj-
ect evaluation and selection fall into one of three classes:
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 1. Primarily quantitative and rational approaches
 2. Primarily qualitative and intuitive approaches
 3. Mixed approaches, combining both quantitative and qualitative 

methods

Because of the interdisciplinary complexities involved, analyzing a new 
project opportunity is a highly interactive effort among the various resource 
groups of the enterprise and its partners. Often, many meetings are needed 
before (1) a clear picture emerges of potential benefits, costs, and risks 
involved in the project, and (2) data emerge that are useful for the project 
evaluation and selection process, regardless of its quantitative, qualitative, 
or combined nature.

7.2  QuantitatiVE aPProacHES to ProjEct 
EValuation anD SElEction

Quantitative approaches are often favored to support project evaluation and 
selections if the decisions require economic justification. They are also com-
monly used to support judgment-based project selections. One of the features 
of quantitative approaches is the generation of numeric measures for simple 
and effective comparison, ranking, and selection. These approaches also help 
to establish quantifiable norms and standards, and lead to repeatable pro-
cesses. Yet, the ultimate usefulness of these methods depends on the assump-
tion that the decision parameters, such as cash flow, risks, and the underlying 
economic, social, political, and market factors can actually be quantified and 
reliably estimated over the project life cycle. Therefore, quantitative tech-
niques are effective and powerful decision support tools, if meaningful esti-
mates of cost-benefits, such as capital expenditures and future revenues, can 
be obtained, and converted into net present values for comparison. Because of 
their importance, quantitative methods have been discussed in the literature 
extensively, ranging from simple return on investment (ROI) calculations 
to elaborate simulations of project scenarios. Many companies eventually 
develop their own project evaluation/selection models, customized to their 
specific needs. However, the backbone for most of these customized models is 
a set of economic/financial measures that tries to determine the cost-benefit 
of the proposed venture, usually for some point in the future. Specifically, four 
measures are especially popular:

•	 Net present value (NPV)
•	 Return on investment (ROI)
•	 Cost-benefit (CB)
•	 Payback period (PBP)

The calculation and application of these measures to project  evaluation/
selection will be illustrated by case examples. Specifically, four project 
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table 7.1 Description of Four Project Proposals

Project Option Description

Project Option P1 Management does not accept any new project proposal. 
Hence, no investment capital is required, nor is any rev-
enue generated.

Project Option P2 This opportunity requires a $1,000 investment at the 
beginning of the first year, and generates $200 in revenue 
at the end of each of the following five years.

Project Option P3 This opportunity requires a $2,000 investment at the 
beginning of the first year, and generates a variable stream 
of net revenues at the end of each of the next five years as 
follows: $1,500; $1,000; $800; $900; $1,200.

Project Option P4 This opportunity requires a $5,000 investment at the 
beginning of the first year, and generates a variable stream 
of net revenues at the end of each of the next five years as 
follows: $1,000; $1,500; $2,000; $3,000; $4,000.

proposals (described in Table 7.1) will be evaluated in this chapter, using the 
above measures. The results are summarized in Table 7.2.

7.2.1 net Present Value (nPV) comparison

This method uses discounted cash flow as the basis for comparing the rela-
tive merit of alternative project opportunities. It assumes that all investment 
costs and revenues are known, and that economic analysis is a valid basis for 
project selection.

We can determine the net present value (NPV) of a single revenue, or 
stream of future revenues, or costs expected in the future. Two types of pre-
sentations are common: (1) present worth and (2) net present value.

7.2.2 Present Worth, PW

This is the single revenue or cost (also called annuity, A) that occurs at the end 
of a period n, subject to the prevailing interest rate i. Depending on the manage-
ment philosophy and enterprise policies, this interest rate can be the internal 
rate of return (IRR) realized by the company on similar investments, the mini-
mum attractive rate of return (MARR) acceptable to company management, or 
the prevailing discount rate. The present worth is calculated as:

PW( | ) PW
1

(1 )
.A i n A

in n
, = =

+

For the examples used in this chapter, we consider the IRR (defined as the 
average return realized on similar investments) to be the prevailing interest rate.
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table 7.2 cash Flow of Four Project options or Proposals

End of Year N Do-Nothing 
Option P1

Project 
Option P2

Project 
Option P3

Project 
Option P4

0 0 –1,000 2,000 –5,000

G
iven

 C
ash

 F
low

1 0 200 1,500 1,000

2 0 200 1,000 1,500

3 0 200 800 2,000

4 0 200 900 3,000

5 0 200 1,200 4,000

Net Cash Flow ∑ P 0 0 +3,400 +6,500

C
alcu

lation
s

Net Present Value at the end  
of year 5

NPV|N=5 0 –242 +2,153 +3,192

Net Present Value for revenue to 
continue to ∞

NPV|N=∞ 0 +1,000 +9,904 +28,030

Average annual return on 
investment

ROI|N=5 0 20% 54% 46%

Cost-benefit analysis CB = ROINPV|N=5 0 76% 108% 164%

Payback period for MARR = 10% NPBP|i=10 0 8 1.8 3.8

Payback period for MARR = 0% NPBP|i=0 0 5 1.5 3.3

 Note: Given for all four project proposals: (1) a single investment is made at the beginning of the project life cycle (e.g. at the end of year 0; 
(2) the internal rate of return (IRR), or the minimum attractive rate of return (MARR), is 10 percent.

133
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7.2.3 net Present Value, nPV

The net present value is defined as a series of revenues or costs, An, over N 
periods of time, at a prevailing interest rate i:.

NPV     PW( | , )A i N A
in n n n

n

N

n

N

= 1
(1+ )

= 
== 11
∑∑

Three special cases exist for the net present value calculation:

 1. For a uniform series of revenues or costs over N periods: NPV(An|i, N) =  
A[(1 + i)N – 1]/i(1 + i)N

 2. For an annuity or interest rate i approaching zero: NPV = A × N
 3. For the revenue or cost series to continue forever: NPV = A/i

Table 7.2 applies these formulas to the four project alternatives described 
in Table 7.1, showing the most favorable five-year net present value of $3,192 
for project option P3.

7.2.4 return on investment (roi) comparison

Perhaps one of the most popular measures for project evaluation is the return 
on investment (ROI):

ROI = R C
I
−

where
R = Revenue
C = Cost
I = Investment

ROI calculates the ratio of net revenue over investment. In its simplest form 
the stream of cash flow is not discounted. One can look at the revenue on a year-
by-year basis, relative to the initial investment. For example, project option 1 
in Table 7.2 would produce a 20 percent ROI each year, while project option 2 
would produce a 75 percent ROI during the first year, 50 percent during the 
second year, and so on. In a somewhat more sophisticated way, we can calculate 
the average ROI per year over a given revenue cycle as shown in Table 7.2:

ROI
(Revenue )  (Cost )

(Investment )=1

(A I N)
R C

In n
n

nn

N

, | =
 −


∑





 [ ]N
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We can then compare the average ROI to the minimum attractive rate 
of return, MARR. Given a MARR of 10 percent for our project environment, 
all three project options (P1, P2, and P3) compare favorable, with project P3 
yielding the highest average return on investment (54 percent). Although 
this is a popular measure, it does not permit a meaningful comparative anal-
ysis of alternative projects with fluctuating costs and revenues. Furthermore, 
it does not consider the time value of money.

7.2.5 cost-Benefit (cB)

Alternatively, we can calculate the net present value of the total ROI over 
the project life cycle. This measure, known as cost-benefit, CB, is calculated  
as the present-value stream of net-revenues divided by the present-value 
stream of investments. It is an effective measure for comparing project alter-
natives with fluctuating cash flows:

CB ROI   NPV NPV
1

= =
=

NPV n n n
n

N

nA I i N A i N I i N( , | , ) ( | , ) ( | ,∑










 / ))

n

N

=1
∑












In our example of four project options (Table 7.2), project proposal P4  
produces the highest cost-benefit of 164 percent under the given assumption 
of i = MARR = 10 percent.

7.2.6 Payback Period (PBP) comparison

Another popular figure of merit for comparing project alternatives is the 
payback period (PBP). It indicates the time period of net revenues required 
to return the capital investment made on the project. For simplicity, undis-
counted cash flows are often used to calculate a quick figure for comparison, 
which is quite meaningful if we deal with an initial investment and a steady 
stream of net revenue. However, for fluctuating revenue and/or cost steams, 
the net present value must be calculated for each period individually and 
cumulatively added up to the break-even point in time, NPBP, when the net 
present value of revenue equals the investment. Mathematically,

N A i I in
n

N

n
n

N

PBP
1 1

 occurs when NPV NPV( )| ( | )
= =
∑ ∑≥

In our example of four project options (Table 7.2), project proposal P3 
produces the shortest, most favorable payback period of 1.8 years under the 
given assumption of i = MARR = 10 percent.
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7.2.7 Pacifico and Sobelman Project ratings

The previously discussed methods of evaluating projects rely heavily on the 
assumption that technical and commercial success is ensured, and all costs 
and revenues are predicable. Because these assumptions do not always hold, 
many companies have developed their own special procedures and formulas 
for comparing project alternatives. Two examples illustrate this special cat-
egory of project evaluation metrics.

the Project rating Factor, Pr

This measure was originally developed by Carl Pacifico for assessing chemi-
cal products and predicting commercial success:

PR =     pT pC R
TC
× ×

Pacificio’s formula is in essence an ROI calculation adjusted for risk. It 
includes: Probability of technical success (0.1 < pT < 1.0), probability of com-
mercial success (0.1 < pC < 1.0), total net revenue over project life cycle (R), 
and total capital investment for product development, manufacturing setup, 
marketing, and related overheads (TC).

Product Development Figure of Merit

The formula developed by Sobelman represents a modified cost-benefit mea-
sure that takes into account both the development time and commercial life 
cycle of the product:

z = (P × TLC) − (C × TD)

It also includes average profit per year (P), estimated product life cycle 
(TLC), average development cost per year (C), and years of development (TD).

7.2.8 Going Beyond Simple Formulas

While quantitative methods of project evaluation have the benefit of pro-
ducing relatively quickly a measure of merit for simple comparison and 
ranking, they also have many limitations, as summarized in Table 7.3. 
Yet in spite of the limitations inherent to quantitative evaluation and the 
increased use of qualitative approaches, virtually every organization sup-
ports its project selections with some form of quantitative measures—most 
popular are ROI, cost-benefit, and payback period. However, driven by the 
growing complexity of the business environment, managers are increasingly 
concerned about these limitations and are exploring alternatives. They often 
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table 7.3 advantages and limitations of Quantitative Project Evaluation

Quantitative Methods Qualitative Methods

Benefits Benefits

•	 Clear and simple comparison,  
ranking, selection

•	 Repeatable process

•	 Encourages data gathering and 
measurability

•	 Benchmarking opportunities

•	 Programmable

•	 Useful input to sensitivity analysis 
and simulation

•	 Connectable to many analytical and 
statistical models

•	 Search for meaningful evaluation 
metrics

•	 Broad-based organizational 
involvement

•	 Understanding of problems, benefits, 
and opportunities

•	 Problem solving as part of selection 
process

•	 Broadly distributed knowledge base

•	 Multiple solutions and alternatives

•	 Multifunctional involvement leading 
to buy-in and risk sharing

Limitations Limitations

•	 Many success factors not 
quantifiable

•	 Probabilities and weights may 
change

•	 No true measures

•	 Analyses and conclusions often 
misleading

•	 Masking of hidden problems and 
opportunities

•	 Stifling of innovative decision 
making

•	 Lack people involvement, buy-in, 
commitment

•	 Ineffective in dealing with multi-
functional issues, nonlinearities, and 
dynamic situations

•	 May mask hidden costs and benefits

•	 Temptation for acting too quickly 
and prematurely

•	 Complex, time-consuming process

•	 Biases introduced via organizational 
power and politics

•	 Difficult to procedurelize or repeat

•	 Conflict and disagreement over 
decision/outcome

•	 Does not fit conventional decision 
processes

•	 Intuition and emotion may obscure 
facts

•	 Used for justifying “wants”

•	 Leads to more fact-finding than  
decision making

•	 Temptation for unnecessary  
expansion of fact-finding

•	 Process requires effective  
managerial leadership

augment quantitative methods with additional measures for determining 
the long-range cost-benefits of a project proposal to the enterprise. Many 
of these contemporary decision-making methods rely to a large degree on 
qualitative, subjective decision making. These data-gathering methods cast 
a wide net and consider a broad spectrum of factors that are often difficult 
to describe or quantify, but are effective in gaining strategic perspective and 
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a more comprehensive picture on potential benefits, risk, and challenges of 
the proposed project.

7.3  QualitatiVE aPProacHES to ProjEct 
EValuation anD SElEction

Although quantitative methods provide an important toolset for project eval-
uation and selection, there is also a growing sense of frustration, especially 
among managers of complex and technologically advanced undertakings, that 
reliance on strictly quantitative methods does not always produce the most 
useful or reliable inputs for decision making, nor are all methods equally 
suited for all situations. Therefore, it is not surprising that for project evalu-
ations involving complex sets of business criteria, narrowly focused quanti-
tative methods are often supplemented with broad, intuitive processes, and 
collective, multifunctional decision-making techniques such as: Delphi, nomi-
nal group technology, brainstorming, focus groups, sensitivity analysis, and 
benchmarking. These techniques can be used alone to determine the best, 
most successful, or most valuable option, or they can be integrated into a 
comprehensive analytical framework for collective multifunctional decision 
making, discussed next.

7.3.1 collective, Multifunctional Evaluations

This process relies on subject experts from various functional areas for collec-
tively defining and evaluating broad project success criteria, employing both 
quantitative and qualitative methods. The first step is to define the specific 
organizational areas critical to project success and to assign expert evalu-
ators. For a typical product development project, these organizations may 
include R&D, engineering, testing, manufacturing, marketing, product assur-
ance, and customer/field services. These function experts should be given 
the time necessary for the evaluation. They also should have a commitment 
from senior management of full organizational support. Ideally, these evalu-
ators should be members of the core team ultimately responsible for project 
implementation.

Evaluation Factors

Early in the evaluation process the team defines the factors that appear criti-
cal to the ultimate success of the projects under evaluation and arranges 
them into a list that includes both quantitative and qualitative factors.  
A mutually acceptable scale must be worked out for scoring the evaluation 
criteria. Studies of collective multifunctional assessment practices show that 
simple scales are most effective for leading to actionable team decisions.  
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The four most popular and robust scales for judging situational outcomes are 
as follows:

 1. Ten-point judgment scale: This scale ranges from +5 (most favorable)  
to –5 (most unfavorable)

 2. Three-point judgment scale: +1 (favorable), 0 (neutral or can’t judge), 
–1 (unfavorable)

 3. Five-point judgment scale: A (highly favorable), B (favorable), C (mar-
ginally favorable), D (most likely unfavorable), F (definitely unfavorable)

 4. Five-point Likert scale: 1 (strongly agree), 2 (agree), 3 (neutral), 4 (dis-
agree), 5 (strongly disagree).

Weighing of criteria is not recommended for most applications, as it com-
plicates and often distorts the collective evaluation.

the Evaluation Process

Evaluators first assess and then score all of the success factors they feel quali-
fied to judge. Then collective discussions follow. Initial discussions of project 
alternatives, their markets, business opportunities, and technologies involved 
are usually beneficial but not absolutely necessary for the first round of the 
evaluation process. The objective of this first round of expert judgments is to 
get consensus on the opportunities and challenges presented. Furthermore, 
each evaluator has the opportunity to recommend (1) actions that could 
improve the quality and accuracy of the project evaluation, (2) additional data 
needed, and (3) suggestions for increasing project success. Before meeting 
at the next group session, agreed-on action items and activities for improving 
the decision process should be completed. The evaluation process is enhanced 
with each iteration by producing more accurate, refined and comprehen-
sive data. Typically, between three and five iterations are required before a  
go/no-go decision can be reached for a given project.

7.4  rEcoMMEnDationS For EFFEctiVE ProjEct 
EValuation anD SElEction

Effective evaluation and selection of project opportunities involves many 
variables of the organizational and technological environment, often reach-
ing far beyond cost and revenue measures. While economic models provide 
an important dimension of the project selection process, most situations are 
too complex to use simple quantitative methods as the sole basis for deci-
sion making. Many of today’s project evaluation procedures include a broad 
spectrum of variables and rely on a combination of rational and intuitive 
processes for defining the value of a new project venture to the enterprise. 
The better organizations understand their business processes, markets, 
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customers, and technologies, the better they will be able to evaluate the 
value, risks, and challenges of a new project venture. Further, manageability 
of the evaluation process is critical to its results, especially in complex situ-
ations. The process must have a certain degree of structure, discipline, and 
measurability to be conducive to the intricate multivariable analysis. One 
method of achieving structure and manageability calls for grouping the eval-
uation variables into four categories: (1) consistency and strength of the proj-
ect with the business mission, strategy, and plan, (2) multifunctional ability 
to produce the project deliverables and objectives, including technical, cost, 
and time factors, (3) success in the customer environment, and (4), econom-
ics, including profitability. Modern phase management, such as Stage-Gate, 
processes provide managers with the tools for organizing and conducting 
project evaluations in a systematic way. The following list summarizes  
suggestions that can help managers in effectively evaluating and selecting 
projects toward successful implementation.

Seek out relevant information. Meaningful project evaluations require 
relevant quality information. The four sets of variables, related to the strat-
egy, results, customer and economics, as identified above, can provide a frame-
work for establishing the proper metrics and detailed data gathering.

Ensure competence and relevancy. Ensure that the right people 
become involved in the data collection and judgmental processes.

Take top-down look first; detail comes later. Detail is less important 
than information relevancy and evaluator expertise. Don’t get hung-up on 
missing data during the early phases of the project evaluation. Evaluation 
processes should be iterative. It does not make sense to spend a lot of time 
and resources on gathering perfect data, to justify a “no-go” decision.

Select and match the right people. Whether the project evaluation 
consists of a simple economic analysis or a complex multifunctional assess-
ment, competent people from functions critical to the overall success of the 
project should be involved.

Define success criteria. Whether deciding on a single project or choosing 
among alternatives, evaluation criteria must be defined. They can be quan-
titative, such as ROI, or qualitative, such as the chances of winning a con-
tract. In either case, these evaluation criteria should cover the true spectrum 
of factors affecting success and failure of the project(s). The success criteria 
should be identified by seasoned enterprise personnel. In addition, people 
from outside of the company, such as vendors, subcontractors, and customers, 
are often included in this expert group and are critical to the development of 
meaningful success criteria.

Strictly quantitative criteria can be misleading. Be aware of evalua-
tion procedures based on quantitative criteria only (ROI, cost, market share, 
MARR, etc.). The input data used to calculate these criteria are likely based 
on rough estimates and are often unreliable. Furthermore, a reliance on 
strictly quantitative data considers only a narrow spectrum of factors affect-
ing project success or failure. This strategy ignores many other important 
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factors, especially those that influence project success in a dynamic or non-
linear way, typical for many complex, technologically sophisticated under-
takings. Evaluations based on predominately quantitative criteria should at 
least be augmented with some expert judgment as a “sanity check.”

Condense criteria list. Combine evaluation criteria, especially among 
the subjective categories, to keep the list manageable. As a goal, try to stay 
within 12 criteria for each category.

Gain broad perspective. The inputs to the project selection process 
should include the broadest possible spectrum of data from the business 
environment that affect success, failure, and limitations of the new project 
opportunity. Assumptions should be carefully examined.

Communicate across the enterprise. Facilitate communications among 
evaluators and functional support groups. Define the process for organizing 
the team and conducting the evaluation and selection process.

Ensure cross-functional representation and cooperation. People on 
the evaluation team must share a strategic vision across organizational lines. 
They also must have the desire to support the project if selected for imple-
mentation. The purpose, goals, objectives, and relationships of the project to 
the business mission should be clear to all parties involved in the evaluation/
selection process.

Don’t lose the big picture. As discussions go into detail during the 
evaluation, the team should maintain a broad perspective. Two global judg-
ment factors can help to focus on the big picture of project success: (1) over-
all cost-benefit perspective and (2) overall risk of failure assessment. These 
factors can be recorded on a ten-point scale, –5 to +5. This also leads to an 
effective two-dimensional graphic display for comparing competing project 
proposals.

Do your homework between iterations. Project evaluations are usu-
ally conducted progressively in iterative cycles. Therefore, the need for more 
information, clarification, and further analysis surfaces between each cycle. 
Necessary action items should be properly assigned and followed up to 
enhance the evaluation quality with each consecutive iteration.

Take a project-oriented approach. Plan, organize, and manage your 
project evaluation/selection process as a project. Proposal evaluation, and  
selection processes require valuable resources that must be justified  
and carefully managed.

Resource availability and timing. Don’t forget to include in your selec-
tion criteria the availability and timing of resources. Many otherwise suc-
cessful projects fail because they cannot be completed within a required time 
period.

Use red-team reviews. Set up a special review team of senior personnel. 
This is especially useful for large and complex projects with major impact 
on overall business performance. This review team examines the decision 
parameters, qualitative measures, and assumptions used in the evaluation 
process. Limitations, biases, and misinterpretations that may otherwise 
remain hidden can often be identified and dealt with.
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Stimulate creativity and candor. Senior management should foster 
an innovative risk-shared ambience for the evaluation team. Especially the 
evaluation of complex project situations involves intricate sets of variables. 
Criteria for success and failure are linked among many subsystems (e.g., 
organization, technology, and business) associated with a great deal of risks 
and uncertainty. Innovative approaches are required to evaluate the true 
potential of success for these projects. Risk-sharing by senior management, 
recognition, visibility, and a favorable image in terms of high priority, inter-
esting work, and importance of the project to the organization, have been 
found strong drivers toward attracting and holding quality people on the 
evaluation team, and toward gaining their active and innovative participa-
tion in the process.

Manage and lead. The evaluation team should be chaired by someone 
who has the trust, respect, and leadership credibility with the team members. 
Senior management can positively influence the work environment and the 
process by providing guidelines, charters, visibility, resources, and active sup-
port to the project evaluation team.

7.5 concluDinG rEMarkS

Taken together, effective project evaluation and selection requires a broad-
scanning process across all segments of the enterprise and its environment 
to deal with the risks, uncertainties, ambiguities, and imperfections of data 
available for assessing the value of a new project venture relative to other 
opportunities. No single set of broad guidelines exists that guarantees the 
selection of successful projects. However, the process is not random! A  better 
understanding of the organizational dynamics that affects project perfor-
mance, and the factors that drive cost, revenue, and other benefits, can help 
in gaining a better, more meaningful insight into the future value of a pro-
spective new project. Seeking out both quantitative and qualitative measures 
incorporated into a combined rational-judgmental evaluation process often 
yields the most reliable predictor of future project value and desirability. 
Equally important, the process requires managerial leadership and skills in 
planning, organizing, and communicating. Above all, the leaders of the project 
evaluation team must be social architects who can unify the multifunctional 
process and its people. The leader must be able to foster an environment 
professionally stimulating and conducive to risk sharing. It also must be 
effectively linked to the functional support groups needed for project imple-
mentation. Finally, organizational strategy must be aligned and integrated 
with the evaluation/selection process, early and throughout its  evaluation 
cycle. Senior management has an important role in unifying the evalua-
tion team behind the mission objectives and in facilitating the linkages to 
the stakeholders and ultimate user community. Senior management should 
further help in providing overall leadership and in building mutual trust, 
respect, and credibility among the members of the proposal evaluation team,  
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all critical drivers toward a strong partnership of all team members and the 
basis for an effective enterprisewide decision-making system. Taken together, 
this is the environment conducive to cross-functional communication, 
 cooperation, and integration of the intricate variables needed for  effective 
engineering project evaluation and selection.

7.6 SuMMarY oF kEY PointS anD concluSionS

The following key points were made in this chapter:

•	 Predicting success of a promising project opportunity is very complex 
and difficult, requiring broad, multidisciplinary scanning and the par-
ticipation of experts from all enterprise functions affected by the  project 
during its life cycle.

•	 Project evaluation criteria should include at least four categories: tech-
nical feasibility, resource requirements and availability, timing, and 
strategic value to the enterprise.

•	 Project evaluation and selection approaches can be categorized into 
three classes: (1) primarily quantitative and rational approaches, (2) pri-
marily qualitative and intuitive approaches, and (3) mixed approaches, 
combining both quantitative and qualitative methods.

•	 Four of the most popular quantitative measures of future value of a 
proposed project are: net present value (NPV), (2) return on investment 
(ROI), (3) cost-benefit (CB), and (4) payback period (PBP).

•	 The major benefits of quantitative evaluation methods are their quanti-
tative results that lead to effective comparison of competing opportuni-
ties, repeatability of tests, and benchmarking to selection parameters.

•	 The major limitations of quantitative methods are in the reliabil-
ity associated with the source data. Many of the quantitative meth-
ods require inputs from the business environment, based on forecasts 
and assumptions (i.e., market, technology, or competitive information). 
Strictly quantitative criteria for project evaluation can be misleading.

•	 The major benefits of qualitative methods are in the more integrated 
assessment of the opportunity across a wide spectrum of criteria,  
usually involving multifunctional, collective judgment across the enter-
prise and its environment.

•	 The major limitations of quantitative methods are in the personal and 
organizational biases, and therefore the subjective nature of the judg-
ment-based results.

•	 Complex project opportunities require sophisticated evaluation and 
selection methods that consider many variables of the organizational 
and technological environment, reaching far beyond cost and revenue 
measures.

•	 Most technology-intensive project opportunities are too complex to 
use simple quantitative methods as the sole basis for decision making. 
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Seeking out both quantitative and qualitative measures incorporated 
into a combined rational-judgmental evaluation process often yields 
the most reliable predictor of future project value and desirability.

•	 Effective project evaluation and selection requires broad scanning 
across all segments of the enterprise and its environment to deal with 
the risks, uncertainties, and ambiguities that face the proposed project 
over its life cycle.

7.7 QuEStionS For DiScuSSion anD ExErciSES

 1. Consider any one of the business opportunities mentioned in the chap-
ter lead-in mini case. To implement, each one of them is a project. What 
methods would you consider appropriate for evaluating future success 
and performance of that project?

 2. Using the calculations summarized in Table 7.2, which option would you 
recommend for implementation? How would you justify your decision?

 3. Look at the various methods of future value calculations. Then look at 
Table 7.3 and discuss the benefits and limitations for each one of them, 
going beyond the factors given in Table 7.3.

 4. What kind of actions would you take as project manager to foster a work 
environment conducive to cross-functional collaboration toward evaluat-
ing new project opportunities?

 5. How would you prioritize the new business opportunities mentioned in 
DIRECTV’s annual report presented at the beginning of this chapter?

 6. Why is cross-functional collaboration necessary to assess the potential 
for success of new project proposals?

 7. Why is managerial leadership important for effectively evaluating new 
project proposals?

 8. What is the role of top management in evaluating and selecting project 
proposals? How can management help?

 9. Why must we consider enterprise strategy and its alignment with the 
new project proposal in the evaluation and selection process?

7.8 PMBOK® rEFErEncES anD connEctionS

The topic of project evaluation and selection cuts across many of the 10 
knowledge areas defined by PMBOK. It connects most strongly however with 
project risk management (area #8). It also focuses on the first two process-
ing groups: initiating and planning. This contextual understanding of proj-
ect management is necessary for effectively applying the PMBOK standards 
to the day-to-day management of projects and to study effectively for PMP® 
certification.

In preparing for the PMP® exam, the following concepts should be studied 
together with the perspectives of the context of project management: (1) scope 
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planning and definition, (2) risk identification, quantification and response, 
(3) schedule development, (4) resource planning, (5) procurement manage-
ment, (6) stakeholder analysis; and (7) stakeholder management.
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7.9  aPPEnDix: SuMMarY DEScriPtion oF 
tErMS, VariaBlES, anD aBBrEViationS 
uSED in tHiS cHaPtEr

7.9.1 terms

Cross-functional: Actions that span organizational boundaries.
Phase management: Projects are broken into natural implementation 

phases, such as development, production, and marketing, as a basis for proj-
ect planning, integration, and control. Phase management also provides the 
framework for concurrent engineering and Stage-Gate® processes.

Project success: A comprehensive measure, defined in both quantita-
tive and qualitative terms, which includes economic, market, and strategic 
objectives.

Stage-Gate® process: Framework originally developed by R. Cooper and 
S. Edgett for executing projects within predefined stages with measurable 
deliverables (at “gates”) at the end of each stage. These gates also provide 
the review metrics for ensuring successful transition and integration of the 
project into the next stage. (See also phase management, above.)

Weighing of criteria: A multiplier associated with specific evaluation 
criteria.

7.9.2 Variables and abbreviations

A Annuity is the present worth of a revenue or cost at the end  
of a period n.

CB Cost benefit, is the net present value of all ROIs in dollars.

i Prevailing interest rate.

I Investment.

IRR Internal rate of return, the average return on investment 
 realized by a firm on its investment capital.

MARR Minimum attractive rate of return on new investments 
 acceptable to an organization.

NPV Net present value of a stream of future revenues or costs.

PBP Payback period, the time period needed to recover the original 
investment.

PR Project rating factor, a measure developed by Carlo Pacifico  
for predicting project success.

PW Present worth (also called annuity) is the present value of a 
 revenue or cost at the end of a period n.

ROI Return on investment.

z Project rating factor, a measure developed by Sobelman for 
 predicting project success.
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Chapter 8

Setting Up an Effective Planning  
and Control Cycle

ProjECt ManagEMEnt for naSa

When President Barack obama, calling 
from aboard Air Force One, congratu-
lated the Curiosity team on their suc-
cessful Mars rover landing, he reached  
a jubilant Peter theisinger, project 
manager for naSa’s Mars Exploration 
Program. and rightly so. Success did not 
come easy, nor by luck. It was the result 
of a carefully planned and executed, 
 billion-dollar eight-year program that cul-
minated in the successful landing at gale 

Crater on august 5, 2012, after seven months of space flight. Yet, this is only the 
beginning of Curiosity’s Martian mission.

one of the most ambitious space programs to date, the Mars Science 
Laboratory mission is part of naSa’s Mars Exploration Program. During the 
next 23 months Curiosity will act as a mobile science laboratory on Mars 
to investigate whether life could exist on the red Planet and even help sci-
entists and engineers plan for future human missions to Mars. although 
Curiosity will not be the first rover ever sent to Mars, it will certainly be the 
most advanced. Eight years in the making, the rover carries the most advanced 
payload of scientific gear ever used on Mars’ surface, a payload more than  
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The Mars rover Curiosity is part of the Mars Science Laboratory (MSL) program, managed by 
JPL for NASA’s Science Mission Directorate, Washington, DC. The Jet Propulsion Laboratory 
(JPL) is a division of the California Institute of Technology in Pasadena. At NASA Headquarters, 
David Lavery is the Mars Science Laboratory program executive and Michael Meyer is pro-
gram scientist. In Pasadena, Peter Theisinger of JPL is project manager and John Grotzinger of 
Caltech is project scientist. For more information about MSL/Curiosity, go to: www.nasa.gov/msl.
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10 times as massive as those of earlier Mars rovers. Curiosity is equipped with 
17 cameras, a handful of instruments, and an innovative landing system. two of 
the mast-mounted megapixel color cameras will provide 360-degree, stereoscopic, 
humanlike views of the terrain. the robotic arm will be capable of movement in 
much the same way as a human arm with an elbow and wrist, and will place instru-
ments directly up against rock and soil targets of interest. In the mechanical “fist” 
of the arm is a microscopic camera that will serve the same purpose as a geologist’s 
handheld magnifying lens. the rock abrasion tool serves the purpose of a geolo-
gist’s rock hammer to expose the insides of rocks.

The Challenges of Getting to Mars. two-thirds of all missions to the red 
Planet have failed. one reason there have been so many losses is that there have 
been so many attempts. “Mars is a favorite target,” says Dr. firouz naderi, direc-
tor for Solar System Exploration at naSa’s jet Propulsion Laboratory. “We—the 
United States and former USSr—have been going to Mars for 40 years. the first 
time we flew by a planet, it was Mars. the first time we orbited a planet, it was 
Mars. the first time we landed on a planet it was Mars. However, getting there 
is hard.” Curiosity, the Mars exploration rovers, had to fly through about 300 
million miles of deep space and target a very precise spot to land at gale Crater. 
adjustments to their flight paths can be made along the way, but a small trajec-
tory error can result in a big detour or even missing the planet completely. the 
space environment isn’t friendly. Hazards range from what engineers call “single 
event upsets,” as when a stray particle of energy passes through a chip in the 
spacecraft’s computer causing a glitch and possibly corrupting data, to massive 
solar flares, such as the ones that occurred this fall, that can damage or even 
destroy spacecraft electronics.

A Complex Project. the road to the launch pad is nearly as daunting as the jour-
ney to Mars. Even before the trip to Mars can begin, a craft must be built that not 
only can make the arduous trip but can complete its science mission once it arrives. 
nothing less than exceptional technology and planning is required.

If getting to Mars is hard, landing there is even harder. “one colleague describes 
the entry, descent and landing as six minutes of terror,” says naderi. Curiosity 
entered the Martian space traveling 19,300 kilometers per hour. “During the first 
four minutes into descent, we used friction with the atmosphere to slow us down 
considerably,” says naderi. “However, at the end of this phase, we’re still traveling 
at 1,600 kilometers per hour, but now we had only 100 seconds left and were at 
the altitude that a commercial airliner typically flies. things need to happen in a 
hurry. a parachute opened to slow the spacecraft down to “only” 321 kilometers 
per hour; the rover capsule separates from the parachute. now, the retro rockets 
fired to bring the spacecraft down to zero velocity, then the rover capsule lowered 
it with a 20-meter (66 feet) tether from the “sky crane” system to a soft landing—
wheels down—on the Mars surface.

Mars doesn’t exactly put out a welcome mat. Landing is complicated by strong 
winds and difficult terrain. the Martian surface is full of obstacles—massive 
impact craters, cliffs, cracks, and jagged boulders. Yet, no matter how hard it is, 
getting to Mars is just the beginning. “the challenge after we land,” says rob 
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Manning, chief engineer for the rover mission, “is how to get the vehicle out of 
its cramped cocoon and into a vehicle roving in such a way as to please the sci-
entists.” after the rover touched down it waited 2 seconds to confirm that it was 
on solid ground then fired several pyros (small explosive devices) activating cable 
cutters on the bridle to free itself from the spacecraft descent stage. the descent 
stage then flew away to a crash landing, and the rover prepared itself to begin 
the science mission.

the rewards are great. “Mars is the most Earth-like of the planets in our solar 
system,” says naderi. “It has the potential to have been an abode of life.” the 
risks are also great. “We did everything humanly possible to avoid human mis-
takes,” says naderi. “that’s why we did check, double check, test, and test again, 
and then have independent eyes check everything again. Humans, even very 
smart humans, are fallible, particularly when many thousands of parameters are 
involved. But even if you have done the best engineering possible, you still don’t 
know what Mars has in store for you on the day you arrive. Mars can get you. We 
are in a tough business,” says naderi. “It is like climbing Mt. Everest. no matter 
how good you are, you are going to lose your grip sometimes and fall back. then 
you have a choice—either retreat to the relative comfort and safety of the base 
camp or get up, dust yourself off, get a firmer grip and a surer toehold, and head 
back up for the summit. the space business is not about base camps. It is about 
summits. and, the exhilaration of discoveries you make once you get there. that’s 
what drives you on.”

8.1  PLannIng tHE CornErStonE to EffECtIVE 
ProjECt ManagEMEnt

Planning is the cornerstone to effective project management not just for large 
organizations as NASA. It is a threshold requirement for most technology-
intensive projects. Consistent with Benjamin Franklin’s popular statement, 
“By failing to prepare, you are preparing to fail,” even the best plan does not 
guarantee success, but it puts the project at least on an even playing field 
against tough technical challenges and today’s pressures for better, cheaper, 
and faster performance. The good news is that project managers today have 
a set of powerful tools available, with proven capabilities for effectively plan-
ning and controlling multidisciplinary activities. Let’s explore the rationale 
for this important, but also labor-intensive front-end activity.

8.1.1 the Importance of Project Planning

Effective planning and control techniques are helpful for any undertaking. 
They are absolutely essential, however, for the successful management of 
large, complex technology projects. There is probably little argument when 
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we look at a program as big as the Mars Science Laboratory. However, for 
smaller projects, “absolutely essential” may seem a strong statement, espe-
cially to the action-oriented executive who may find charts and analysis bur-
densome or even stifling to the project start-up process. Realistically, however, 
project managers have no choice. Management studies and field experts have 
pointed out repeatedly the strong correlation between quality planning and 
overall project performance. Quality, however, means more than just generat-
ing paperwork. It requires the participation and collaboration of all project 
stakeholders, including support departments, contractors, top management 
and, ideally, the customer community, to generate a realistic plan that has 
the commitment from all team members. If done properly, project planning 
fosters a sense of community and project ownership that is pervasive toward 
the goals and objectives of the project. Proper planning makes everyone’s job 
easier and more effective, because it provides the basis for:

•	 A comprehensive roadmap for the project undertaking
•	 Creating the big picture and perspective of the total project and its 

mission
•	 Showing how activities interact and subsystems integrate
•	 Articulating the goals and objectives
•	 Defining tasks and responsibilities
•	 Directing, tracking, and controlling the program
•	 Reviews and issue resolutions
•	 Organizing and building project teams
•	 Minimizing paperwork
•	 Minimizing confusion and conflict
•	 Dealing with changes
•	 Helping managers at all levels to accomplish optimal results within the 

given project parameters.

Done properly, project planning must involve all stakeholder organiza-
tions engaged over the project lifecycle. This includes support groups from 
the enterprise as well as external contractors, partners and the customer 
community. This involvement creates a comprehensive and realistic view of 
the project and its challenges. In addition, it is this involvement at all orga-
nizational levels that stimulates interest in the project, a sense of realism 
and the desire to succeed. All of this fosters a pervasive reach for excellence 
that unifies the project team. Most important, it leads to commitment toward 
reaching desired results and to a self-managed system where team members 
want to work toward established project and mission objectives.

8.1.2 the Quandaries of Project Planning

With all these benefits, why is there often so much resistance to proper project 
planning and sometimes an outright rejection of the formal planning process? 
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The problem centers on four issues: start-up delays, stifled creativity, insuf-
ficient flexibility and agility, and lack of funding. To the first issue, formal 
planning often irritates action-oriented managers who want to start the work 
and show some results. Second, planning is often perceived as “paperwork,” 
stifling creativity, flexibility, and agility of organizing the work and adjusting 
the process to changing conditions of the project environment. The comment 
of one project manager might be typical for many situations:

My team feels that we spend too much time planning the project; it takes 
productive time away from the project, it’s based on a lot of assumptions, 
not necessarily consistent with reality; it creates a rigid environment that 
stifles innovative solution. We feel that these plans benefit our management 
more that they help us. Especially, milestones are often used rather arbi-
trarily to establish criteria for reward or punishment, disregarding the dif-
ficulties and true team accomplishments.

This comment reflects the frustration of many project leaders, especially 
in technologically complex situations. It also illustrates another quandary, 
the misuse of planning to establish unrealistic controls and penalties for 
deviations from the project plan, rather than using the plan for identifying 
problems in their early stages and helping to find solutions. It is often the 
perception of coercion that turns people against planning. Whether these 
fears are real or fantasies does not change the team behavior. People who 
see certain policies as threatening will not support them. Finally, the issue 
of funding can be a barrier to planning. Proper project planning is serious 
work that requires time and resources. Unless this activity is planned and 
approved as part of the front end of the project, such as the project definition 
phase, it is difficult to get the project planning effort funded as an after-
thought to an already established contract.

8.1.3 Climbing out of the Quandaries

Few companies have introduced new or updated project planning procedures 
with ease. Most have experienced problems ranging from skepticism to sabo-
tage of the planning system. Realistically, however, project managers have 
not much of a choice, especially for larger and more complex projects that are 
typical for technology-related undertakings. Interestingly, managers most 
supportive of formal project planning are often those who came with reser-
vations, but learned from painful experience the necessities and benefits of 
establishing effective project plans.

Clearly, one type of approach to planning does not fit all projects. Some 
projects expect minimum changes during the execution phase, and therefore 
can be planned quite accurately at the beginning. Others, such as R&D, can 
only be planned as a broad outline of activities and targeted results, leaving 
the details to be developed during the execution when specific development 
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options and work details become available. Yet other approaches call for 
incremental development of the project plan. That is, planning the project 
while getting the work started concurrently. This is also consistent with the 
phased approach to project management, which divides projects into stages. 
A broad-brushed plan is established for the total project, with the plan for 
each phase refined and detailed before execution, while looking ahead to 
the next phase on a rolling basis. In fact, for many projects that fall into the 
“exploratory” or “advanced development” category, it is not only unnecessary 
but often impractical to plan in great detail at the beginning. The incremen-
tal approach is a way to demonstrate operational efficiency while prepar-
ing the project plan. This process—showing early results while establishing 
enough of a roadmap and measurability to roll out the project in manageable 
steps—is referred to as incremental-dynamic planning.

Regardless of the approach, project planning requires cross-functional par-
ticipation, collaboration, and commitment to the desired results and mission 
objectives. To achieve such a state of ownership among project team members 
requires effective administrative skills and leadership, a topic discussed in 
the next section.

8.1.4 gaining Support and Commitment

“Unless commitment is made, there are only promises and hopes; but no 
plan,” pointed out by the late Peter Drucker (1999) describes it well. A plan is 
only a plan if agreed on by all stakeholders. These are tough statements that 
go beyond the description of a “good project plan” defined as a roadmap artic-
ulating the work, resources, responsibilities, and deliverables. Effectiveness 
is a missing, critical component in this description. To be effective, several 
other conditions must be met. First, involvement and participation of all 
stakeholders is necessary for the development of a realistic plan, the basis 
for any commitment. Planning is the dynamic process of gathering informa-
tion from stakeholder groups, including the assigned project team, support 
functions, contractors, partners, and, if possible, the customer community. No 
single person or group of people has all the information needed for develop-
ing a detailed project plan. Nor would such a plan have credibility with the 
people who have to implement the plan, unless they were directly involved in 
the planning process. Second, an effective plan must have measurable mile-
stones, each with specific deliverables or results defined. These milestones 
and deliverables must be collectively defined and agreed upon, providing the 
basis for status assessment and project control. They also provide the metrics 
for meaningful commitments to specific results.

Developing a quality project plan, agreed on and committed to by all key 
players of the greater project team, requires extensive managerial skills far 
beyond writing a statement of work with schedules and budgets. As sum-
marized in “Project Planning Skills” (p. 154), it requires communication and 
information-processing skills for defining and negotiating the resources 
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ProjeCT PlAnninG SkillS

Effective project planning requires skills in the following 
areas:
•	 Communicating
•	 Information processing
•	 Resource estimating
•	 Scheduling
•	 Budgeting
•	 Incremental dynamic planning
•	 Defining measurability
•	 Creating excitement and interest in project mission
•	 Developing team spirit and mutual respect
•	 Facilitating senior management involvement
•	 Teambuilding
•	 Collaborating and coalition building
•	 Gaining and sustaining commitment
•	 Working across functional lines with little or no formal authority

and project support needed from various resource groups over whom the 
project leader often has little or no formal authority. Above all, it requires 
the ability to foster a professionally stimulating environment where people 
want to work on the project and achieve its mission. What makes it even 
more challenging is that much of this coalition and teambuilding needs to 
be done across organizational boundaries with little or no formal authority.

8.1.5 Concerns and Issues

Each project is unique. The tools, techniques, and processes used for proj-
ect planning are often rooted in procedures or directives, designed for many 
organizational units and projects. Experienced project leaders realize that 
each project calls for its own unique planning process, assessing feasibility 
and establishing an effective execution roadmap that focuses on the specific 
situational needs.

going to Extremes

Managers who take an extreme position create problems for the project. On 
one side, a project leader might completely ignore established guidelines 
because they are not specifically aligned with his or her project. This is a very 
dangerous way of planning as it pushes aside generations of collective expe-
riences that provide useful guidelines, standards, and checklists for project 
planning, regardless of the specific situation for which the procedures have 
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to be adjusted for. On the other side, the concern is that project planning can 
be overdone. Trying to get every detail right at the beginning can lead to 
“paralysis by analysis.” Planning can become an end in itself with excessive 
front-end studies and too much detail that might prove to be irrelevant at a 
later stage of execution.

On a similar issue, plans can stifle innovation. In the extreme, team mem-
bers might not be willing to “step outside the box,” take innovative actions, or 
dealing with risk, “because it is not in the plan.”

flexbility

Project plans must have enough flexibility to deal with changes and contin-
gencies that are uniquely associated with each project. Nothing outlives its 
usefulness faster than an obsolete or irrelevant plan. Experienced project 
leaders understand their operating environment and recognize the possibil-
ity of changes in scope, timing, and other parameters. They build into their 
plans the flexibility to adjust the plan as needed to accomplish their mis-
sion effectively. Properly scheduled reviews, stage-gates, tests, user-centered 
design, beta sites, and built-in design iterations are examples of managerial 
tools and techniques that can be integrated with the project plan to ensure 
flexibility and the capability to cope with changes and contingencies.1

Not every planning tool, technique or guideline is appropriate for all proj-
ects. This is especially true for the more complex and technologically advanced 
projects. This also includes computer-supported planning procedures and 
models. Management tools are seldom too simple, but often too complex  
and irrelevant. Warning signs of inappropriate tools are as follows:

•	 Team members spent disproportioned amount of time in preparing 
plans or support material.

•	 Plans are confusing or only a few people can interpret “the plan.”
•	 The information of the plan or any of its modules is too late or irrel-

evant for the ongoing planning or execution process.
•	 The tools are perceived as not contributing to the planning or execution 

process.

Leadership

Project plans or management tools are no substitute for managerial actions 
and leadership. Competitive pressures toward “better, faster, cheaper” can 
produce unrealistic plans. Especially with the help of computers and informa-
tion technology, plans can look good and integrate well, in spite of unrealistic 

1 The following lessons from field studies (Bryson and Bromiley 1993, Collyer et al. 2010, 
Globerson and Zwikael 2002, Thamhain and Kruglianskas 2000) provide perspectives on 
the issues of project planning and offer some guidelines to project managers for effective 
project planning.
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assumptions and poor data. These issues propagate further into the execu-
tion phase when project administrators try to manage the tools rather than 
the project. The comment of a senior manager is typical for the frustration 
experienced: “. . . too often the program office spends a lot of time to determine  
where and why certain schedule variances occurred; they are very good in 
re-scheduling and writing reports, rather than catching problems before they 
get messy so the program is getting back on track again.”

Planning is the responsibility of the project manager. It is time- consuming, 
and it is tempting to delegate project planning to staff personnel. Although con-
venient, this can lead to unintended consequences. For example, these plan-
ning groups often develop their own identity and charter. Many of these groups 
become institutionalized, using their own jargons, techniques, and standards. 
Frequently, these staff planners are seen as isolated from the actual project 
situation, hence lacking credibility and therefore making it difficult to get the 
project team and functional resource groups on board to participate in the plan 
development. Ultimately, this leads to weak buy-in and commitment to the plan.

Only the project manager has the respect, credibility, and formal author-
ity to organize and lead the planning effort, including searching for inte-
grated solutions, assessing risks, negotiating resource personnel, and 
making tradeoffs among cost, schedule, and technical issues. This does not 
mean, however, that the project manager cannot get assistance from com-
petent support staff or a project management office. On the contrary, proper 
support is important and often essential, particularly for larger, more com-
plex projects that require more time, effort and administrative planning 
skills than the project manager can single-handedly provide. However, to 
be sure, the final responsibility for leading the planning effort, evaluating  
the tradeoffs and risks, integrating the plan, ensuring agreement with the 
baseline, and obtaining commitment to the plan among all stakeholders is 
the ultimate responsibility of the project manager.

Senior management must provide overall direction, support, and leader-
ship. Top management direction, authority delegation, and overall involve-
ment and support are essential for creating a collaborative environment 
among all resource groups necessary for effective project planning. This senior 
management involvement also creates strong visibility and priority images 
at all organizational levels, a favorable condition for stimulating excitement 
and interest for the project and its mission among the project team and its 
support groups. It builds the collective desire for success, a pervasive reach 
for excellence that unifies the total project team and leads to commitment—
the keystone in the project planning system.

8.2  an IntEgratED aPProaCH to ProjECt 
PLannIng

Projects are assemblies of intricately connected components, subsystems and 
work packages. Planning the multifunctional activities and their integration 
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throughout the project lifecycle is one of the most important and challeng-
ing responsibilities of the project leader. Before discussing the specific tools 
and techniques of project management in the next chapters, an integrated 
approach to project planning is presented here to provide overall managerial 
perspective.

Successful project management, whether it is in response to an in-house 
mission or customer request, must utilize effective planning techniques. 
Yet, equally critical, these tools and techniques must be integrated with the 
enterprise system, external support groups, and project partners. Planning 
is not an activity with an end in itself. It must clearly focus on its purpose 
and objectives to (1) define a blueprint for assessing feasibility, negotiating 
resources and organizing the project team, (2) communicate the project scope, 
objectives, and constraints, including time and resources, among all stake-
holders, (3) establish the basis for tracking, analyzing, and controlling the 
project through its lifecycle, (4) establish a system for dealing with risks, 
changes, contingencies, and (5) establish the basis for assessing and reward-
ing performance, and motivating the project team.

Competitive pressures, fast-changing technologies and budget realities 
have shifted the focus of from creating a “complete and perfect” plan that can 
be executed with a minimum of changes, to creating a more flexible and agile 
plan that can accommodate inevitable contingencies. The reality is that in 
today’s environment it is virtually impossible to identify every contingency 
in advance. Therefore, plans must be flexible to accommodate changes, and 
to include early warning systems, alerting management of changing condi-
tions that require adjustments to the original plan for optimizing project 
objectives.

Yet, despite these shifting paradigms in the business environment, certain 
principles of project planning remain unchanged. Any project plan should 
include and integrate the following 11 topics and components:

1. Goals and objectives. Specific results, targets, or quota to be achieved, 
stated in perspective to enterprise strategy and mission objectives. Although 
similar to deliverables, these objectives are normally stated in general stra-
tegic terms.

2. Management strategy. Project execution strategy to be followed. This 
includes ways to deal with risks, market dynamics, requirements changes, 
and technology uncertainties.

3. Project summary. Thumbnail sketch of overall scope, budget, time-
lines, responsibilities, and key deliverables.

4. Deliverables. Specific results to be achieved during the project execu-
tion. Part of the deliverables includes the specifications and quality measures 
that define the results. Regardless whether the deliverables are hardware, 
software, processes, systems or services, their performance characteristics 
must be defined.

5. Work breakdown structure (WBS). The backbone of the project plan. 
It represents the hierarchical decomposition of the project into its subsystems 
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and tasks. Each component contains at least the “triple constraint” informa-
tion of delivery, schedule, and budget.

6. Schedule. The timeline of the project and its subsystems.
7. Budget. Resource requirements for the total project, broken down into 

its subsystems.
8. Responsibilities. Listing of key responsibilities for overall project 

management, project administration, major tasks, and subsystems.
9. Project charter. Description of basic project organization structure 

and management scope, including major responsibilities, authorities, and 
reporting relations of key personnel.

10. Team organization. Often derived from the project charter, the team 
organization defines who is responsible for what task, including task and 
subsystem leadership. Task rosters, task matrices, work breakdown struc-
tures, and project charters provide the administrative templates for commu-
nicating the team organization.

11. Interfaces. Description of interdisciplinary communications, data, and 
workflow from the project team to support groups, senior management, con-
tractors, partners, and customers.

8.2.1  Integrating Project Performance, Schedule,  
and Cost Variables

Overall project performance has many variables that include much more 
than just the triple constraint, as already discussed in Chapter 1. Yet, it 
is this set of three parameters—budget, schedule, and deliverables—that 
defines the “technical performance” of the project, and therefore receives 
much of the attention from all stakeholders during the project planning and 
execution phases. These parameters or variables also need to be treated as 
one interdependent set in all managerial activities, such as project planning, 
tracking, and controlling. Changing one parameter requires a bigger budget 
and quality shortcuts on deliverables. There are yet additional influences to 
project performance that must be considered. To be effective, the project plan 
must go beyond the triple constraint, but include customer satisfaction and 
influences of the broader business environmental. This introduces additional 
dynamics and challenges. Yet, this intricate and semi-stable blueprint, called 
the project plan, has to be acceptable to all stakeholders: project team, man-
agement, support functions, contractors, partners and customers, which is an 
even bigger challenge. Figure 8.1 shows these multifaceted interrelationships 
that make up the project planning system, as a three-dimensional model that 
groups the array of variables into three sets: project performance, project 
execution phases or process groups and influences to the planning process 
across the project lifecycle. The interrelationship of components was formally 
studied in the Apollo space program by Hopeman and Wilemon (1973) who 
presented their findings in a model, similar to the one shown in Figure 8.1. 
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Today, this model is an important cornerstone for all project planning and 
control systems. The enhanced version of Figure 8.1 shows the influences 
of six key organizational subsystems (management, procurement, risk, com-
munications, tools and techniques, and people) to project performance (mea-
sured by scope, time, cost, deliverables, and customer satisfaction), across six 
major phases of the project lifecycle: (1) project initiating, (2) project planning,  
(3) project organizing and startup, (4) project tracking/monitoring, (5) project 
executing and controlling, and (6) project closing.

Initiating defines and authorizes the project. This phase often overlaps 
with the planning phase. It may include bid proposal efforts, feasibility 
assessments, and formal project evaluation and selection activities.

Planning is a multidisciplinary, collaborative activity that establishes the 
roadmap and its parameters for technical, schedule, and cost performance 
of the project. All three of these variables are interdependent, and tradeoffs 
among them are part of the planning process to optimize overall benefits and 
project performance. Project planning is one of the fundamental functions of 
the project leadership team.

Startup includes establishing the project organization, staffing it and get-
ting the team ready for project kickoff.

Monitoring and tracking refers to the process of measuring key project 
parameters, such as technical results, timing, cost and customer satisfaction, 
during the execution. This provides the basis for determining an integrated 
performance measure for comparing actual against planned performance. 
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Important tools for tracking project performance are (1) performance index, 
an overall project performance measure, (2) cost variance, (3) schedule vari-
ance, (4) estimated cost at completion, (5) estimated completion dates, and 
(6) deviations of technical performance of deliverables. Accurate tracking is 
critical to the ability of assessing project performance on an ongoing basis, 
determining managerial actions for controlling the project according to 
established plans, and assessing viable alternatives or changes in the project 
direction, necessary for optimizing overall results.

Executing and Controlling refers to corrective management actions to 
achieve agreed-on results in spite of changes or contingencies in the project 
environment. The effectiveness of project control depends to a large degree 
on the ability to track project performance, root-cause deviations, and to take 
corrective actions.

Closing refers to the formal termination of the project. This final phase 
includes customer sign-offs, final documentation, post-project reviews of les-
son learned, reassignment of team members, and closure of project offices 
and facilities.

These six phases represent a consistent but expanded version of the proj-
ect lifecycle discussed in chapter 2 and the five process groups suggested by 
PMI’s Project Management Body of Knowledge (PMBOK®).

8.2.2 the Dynamics of Project Planning

Project plans can seldom be created monolithically, start to finish. They evolve 
in scope and depth. There are too many dependencies, assumptions, and data 
to be gathered. It is virtually impossible to write a procedure for developing 
a perfect project plan, although many have attempted it. Moreover, planning 
requires data. Gathering and analyzing these data require people. But, to 
request and assign people, we need data. This is a bit of a vicious circle. How 
do we get out of these quandaries? This brings us to the dynamics of the plan-
ning process. Most project plans start small, with the vision of a few people. 
As data and basic concepts emerge, more people from multiple disciplines 
get involved. Support functions and customer communities participate. This 
is a highly dynamic and iterative process that generates the plan in incre-
mental steps, building in scope, depth, and detail until consensus is reached 
that the plan provides the type of a roadmap needed for project kickoff. Then 
planning continues as needed. In fact, planning might never stop during the 
entire project lifecycle—refining validating, and occasionally revising. The 
process is not only highly dynamic but also iterative, as shown graphically in 
Figure 8.2. Hence, the project gets defined in more depth and detail as it goes 
through its definition phase. Project definition quite commonly includes more 
than just paper planning, but may also include feasibility studies, concept 
developments, tests, and simulations.
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Figure 8.2 Iterations within the project planning process
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8.3 ManagIng tHE PLannIng ProCESS

Project planning is the art and science of charting a course toward desired 
objectives within a changing environment characterized by a lot of uncer-
tainties, forecasts and assumptions. The final plan is a management tool for 
project implementation. The quality of this plan depends largely on the abil-
ity to create a realistic roadmap for achieving desired results within given 
time and resource constraints. This includes the ability of foreseeing the 
constraints and contingencies of the environment that will affect the proj-
ect over its lifecycle. Early involvement and participation of key personnel 
from the greater project community and strong project leadership will help 
to foster the right work ambience conducive to a realistic, multidisciplinary 
assessment of the project and its resource requirements. Especially for more 
complex projects, this multidisciplinary, cross-functional participation is 
necessary to interpret the requirements, create specifications and interface 
documents, assess options and alternatives, estimate resources and timing 
realistically, and ultimately to reach an agreement among all stakeholders 
on the project plan and its workability.

Once agreed upon by all stakeholders, the project plan becomes a contract, 
binding to all parties. It also becomes a roadmap that will guide the team 
through all project implementation phases. Yet, it should be emphasized 
that, except for very simple and short-range projects, the plan must remain 
flexible to accommodate changes, contingencies, and opportunities that sur-
face during the project execution. The directions for implementing a project 
plan come from five areas that guide and influence the project execution, as 
shown in Figure 8.3: (1) technical, (2) budget, (3) schedule, (4) procedures, and  
(5) general management and enterprise operations. All components of the 
project plan and its managerial processes of planning, tracking and control 
flow from the work breakdown structure (WBS), which is the backbone of 
any project and its management system. The specific tools and techniques 
available to facilitate project planning and control will be discussed in the 
following chapters.

8.4 SUMMarY of KEY PoIntS anD ConCLUSIonS

The following key points were made in this chapter:

•	 Planning is the cornerstone to effective project management.
•	 Project planning provides the basis for up front project feasibility 

assessment and selection, as well as for project organizing, tracking, 
and controlling during the execution phase.

•	 Effective planning requires the participation and collaboration of all 
project stakeholders, including support departments, contractors, 
top management, and the customer community. This multifunctional 
involvement fosters a sense of community and project ownership and 
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helps to unify the project team behind the goals and objectives of the 
project.

•	 A plan is only a plan if agreed on by all stakeholders.
•	 Project planning is often seen as unproductive paperwork. Resistance 

to formal project planning is natural and should be expected. 
Developing a quality project plan, agreed-on by all stakeholders, 
requires extensive managerial skills far beyond writing a document 
with schedules and budgets. It requires communicating, information 
processing, and negotiating skills for securing the support needed 
from various resource groups over project leaders often have little or 
no formal authority.

•	 Each project is unique. Not every planning tool, technique, or guideline 
is appropriate for all projects, but must be fine-tuned to fit the specific 
situational need.
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•	 Project plans are no substitute for managerial actions and leadership. 
Plans are tools designed to help assessing project status and perfor-
mance. Project control relies on management actions, which are the 
responsibility of the project manager.

•	 Senior management must provide overall direction, authority delega-
tion, overall support, and leadership for creating a collaborative envi-
ronment among all resource groups necessary for effective project 
planning.

8.5 QUEStIonS for DISCUSSIon anD ExErCISES

 1. Characterize an organizational environment conducive to effective proj-
ect planning.

 2. What are the major barriers to effective project planning, and how can 
these barriers be removed or minimized?

 3. How can project leaders get support and collaboration for their planning 
efforts from resource groups over whom they have little or no formal 
authority?

 4. How do you characterize or describe a “quality project plan?”
 5. What skills do project managers need to develop quality project plans? 

How can they develop these skills?
 6. What do we mean by “integrated approach to project planning?”
 7. What advice would you give to a project manager who has difficulties 

convincing her team and senior managers of the necessity to invest some 
time and resources for up-front planning?

 8. How can senior managers help and support project leaders in their proj-
ect planning?

8.6 PMBOK® rEfErEnCES anD ConnECtIonS

The topic of project planning cuts across most of the 10 knowledge areas 
defined by PMBOK. It connects most strongly with project integration man-
agement (area #1), project scope management (area #2), project time manage-
ment (area #3), project cost management (area #4), project communications 
management (area #7) and project stakeholder management (area #10). It 
also addresses the first two processing groups: initiating and planning. Many 
of the topics covered in this chapter address the context of project manage-
ment. That is the way projects are planned and organized in preparation for 
project execution. This broad contextual understanding of project manage-
ment is necessary for effectively applying the PMBOK standards to the day-
to-day management of projects and to study effectively for PMP® certification. 
In studying for the PMP® exam, an understanding of the following concepts 
will be beneficial: (1) elements of the project plan, with more details covered 
in the following chapters (e.g., work breakdown structure, scope statement, 
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schedule and budget), (2) project plan development, (3) scope planning and 
definition, (4) schedule development, (5) resource planning, (6) stakeholder 
analysis, and (7) stakeholder management.
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Chapter 9

The Tools for Integrated Project  
Planning and Control

2012 London Summer oLymPICS

on July 6, 2005, London was selected by the International olympic Committee 
(IoC) as the host city for the 2012 olympic Games, outscoring the competing cit-
ies of Paris, madrid, new york and moscow. After the successful bid, the London 
Organizing Committee of the Olympic and Paralympic Games (LOCOG) was 
formed to continue the work started by the proposal team, and to oversee many 
of the developments needed for successfully hosting the games in 2012. This 
included everything from the site preparation and construction of the olympic 
Park, to the Aquatics Centre, Velopark, and Stratford-Channel rail link. The need 
for considerable redevelopment created many environmental concerns regarding 
sustainability that required highly innovative solutions, such as utilizing a former 
industrial site in east Landon for the olympic Park. The initial budget estimates of 
$3.75 billion (£2.4) for preparing and hosting the olympic Games grew eventually 
to $14.5 billion (£9.3), not even including the 70,000 volunteers who supported 
many of the operations.

The scope of this undertaking is staggering (edworthy 2012). Twenty-six 
olympic sports and 21 paralympic sports across 29 venues in 27 days, plus 11,000 
athletes, 1,000,000 spectators, worldwide media attention and urban impact. 
managing such a mega-project required highly structured, yet detailed plan-
ning. LoCoG decided to use as the backbone for their overall project planning 
the same “master schedule concept” that had been used for the 2000 Summer 
olympics in Sydney, Australia. As explained by Gilbert Felli, IoC executive director 
for the olympic Games (Glick 2012), “the master schedule is a timeline of mile-
stones that need to be met for the Games to be delivered on time.” eventually, 
a robust master plan had to be developed, broken into mission-specific mod-
ules, each identifying the technical requirements, timelines and budgets neces-
sary to implement each module. This is a daunting task. not only must all the 

For additional details on the London Summer Olympics see Wikipedia (2012).
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components of an event mission or support system fit together, but the deliverable 
components must meet the end user needs. “The devil is in the details when it 
comes to planning such a complex project,” said Sally ormiston, deloitte’s lead 
consultant to LoCoG. “LoCoG wanted to be sure we focus on providing high-
value experience to our olympic visitors. no unnecessary razzmatazz. We used 
focus group techniques, interviewing members of previous olympic organizing 
committees and over 450 elite athletes and coaches, collecting inputs on visitor 
expectations. We had thousands of Post-it® notes with ideas, recommendations  
and aspirations. Then we checked them against LoCoG benchmarks of 
impact, ease of implementation and cost. These findings provided direc-
tions to the project teams for refining their deliverables and developing their  
detailed plans.”

9.1 mAnAGemenT PerSPeCTIVe

Clearly, some discipline is needed to arrange this bewildering array of needs, 
conditions, and constraints that define the “blueprint” of the 2012 Summer 
Olympics. That is, the requirements must be organized properly. Even for 
smaller projects, especially technology undertakings, managers have no 
choice but to use formal project management tools and techniques. It’s just 
too complicated to keep everything in one’s head and to communicate it 
among all the stakeholders. In addition to the conventional project planning 
and control requirements, there are many other factors that drive managers 
toward the use of formal project management tools, as we can glean from the 
Olympics scenario. Specifically, managers are using these tools so that they 
can better deal with:

•	 Contract requirements communications
•	 Requirement changes
•	 Negotiating resource requirements
•	 Work in progress measurements
•	 Adjusting to changing technology or market conditions
•	 Managing ‘agile’
•	 Expediting/shortening product development cycles
•	 Organizing project teams
•	 Assigning task responsibilities
•	 Assuring individual and team accountability
•	 Individual and team appraisals and rewards
•	 Resolving conflicts and confusions
•	 Personnel changes and resource leveling
•	 Priority shifts
•	 Contractor interfaces
•	 Client communications
•	 Project integration
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All of these challenges amount to pressures for effective, predictable and 
repeatable project execution. The good news is, project managers today have 
a large array of tools available for defining, organizing and directing their 
work, and equally important, providing the foundation for accountability, 
managerial performance assessment, rewards and building team spirit.

9.1.1 expanding Tools respond to new management Challenges

With the increasing complexities of projects in today’s business environment, 
companies have moved toward more sophisticated tools and techniques for 
effectively managing their multidisciplinary work. These tools and tech-
niques range from computer software for sophisticated schedule and budget 
tracking to intricate organizational process designs, such as concurrent engi-
neering, stage-gate protocols and agile methods. Even conventional project 
management tools, such as schedules, budgets and status reviews, are being 
continuously upgraded and effectively integrated with modern information 
technology systems and overall business processes. As part of this evolution, 
organizations must also shift their focus from simply tracking schedule and 
budget data, to integrating human factors and organizational interfaces into 
their management processes. The new generation of project management 
tools is designed to deal more effectively with the today’s challenges busi-
ness and realities that include highly complex sets of deliverables, as well as 
timing, environmental, social, political, regulatory and technological factors.

9.1.2 one Size doesn’t Fit All

The large number of available tool and techniques also presents issues. 
Projects come in many forms, shapes and sizes. No one tool fits all project 
management needs. Project managers must carefully choose the right tools 
that best suits their needs and fine-tune them to the specific situation.

Just keeping inventory of all the tools is a challenge. The literature often 
groups project management tools according to primary application areas, 
either focusing on lifecycle stages (i.e. initiating, planning, executing, control-
ling, closing) or management activities (e.g. scope management, time man-
agement, cost management, etc.), which in many cases follow standardized 
project management processes, such as process groups or knowledge areas 
defined by PMI’s PMBOK® Guide. Overall, this is a good way to organize. 
However, there is a great deal of overlap among the various tools and appli-
cation areas, and grouping or classifying can send a misleading message of 
restricted usage. Further, there are multiple applications for almost every 
project management tool as shown in Table 9.1. For example, schedules are 
useful in many phases of the project lifecycle, and can be used for planning, 
monitoring and controlling. So are budget tools. Therefore, in this book I 
chose to discuss the principal tools with focus on management applications, 
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Table 9.1 Popular Project management Tools Across Application Areas and Project Life Cycle

Application 
Area1

Tool and Technique Principle Usefulness Across Project Lifecycle2

Initiating Planning Executing Monitoring Closing

1. Project 
Integration

Project plan H H H H M

Work breakdown structure (WBS) H H H H L

Project integration plan M H H M L

Interface chart (e.g. N2-Chart) M M H M o

Configuration management plan M H H H L

PM information system (PMIS) L H H H L

Stage-Gate® process L M H H L

Gate review o o H H o

Project review o o H H L

Spiral project management (SPM) M M H L o

Agile/Scrum M M H L o

2. Scope 
management

Statement of work (SOW) H H H H M

Scope statement H H H H M

Work breakdown structure (WBS) H H H H L

Work package H H M M L

Task authorization H H L L

Specifications H H H H L

Requirements matrix M H H H L

List of deliverables M H H H M

Performance measurements o L H H M

Corrective action plan o L H H o
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3. Time 
management

Schedules H H H H L

Bar graph/Gantt chart H H H H L

Network diagram (PERT, CPM, 
GERT)

M H L H L

Estimating (parametric, rough, 
detailed)

M H H o L

Project review o o H H M

Computer model, simulation, 
tracking

L M H H o

Project dashboard o H H H L

Schedule management plan o M M M o

Schedule compression analysis o o L L L

4. Cost 
Management

Budget H H H H L

Cost account L M H H L

Work breakdown structure (WBS) H H H H L

Cost estimating (parametric to 
detailed)

M H L o o

Cost baseline H H M L L

Cost modeling M H L o o

Earned value, variance analysis o o M M L
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Application 
Area1

Tool and Technique Principle Usefulness Across Project Lifecycle2

Initiating Planning Executing Monitoring Closing

Change management o L H L o

Project review o L H H M

Computer model, simulation, 
tracking

o L H H o

Project dashboard o M H H L

Cost management plan o M M L L

5. Quality 
Management

Project plan o M H H L

Quality management plan o L H M L

Benchmarking o L H M L

Design review, audit o o H M L

Root-cause analysis o o M M o

Six Sigma o L M M L

Kaizen o L L L L

Pareto o o L L o

6. Human Resource 
Management

Charter, task description L H H L o

Task roster, task matrix, team roster L H M M L

Staffing plan o H M o L

Teambuilding o M H o o

Organization interface chart L M H L o

Performance review o o H L H
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Management

Stakeholder analysis o M M L o

Design review, project review o o H H L

Status meeting o L H H o

Progress report o o H M M

Schedule-budget-performance 
analysis

o o H H M

User-centered design (UCD) o L H L L

Computer-supported monitoring & 
tracking

o L H H o

Project dashboard o L H H L

8. Risk 
Management

Risk management plan o M H M L

Project plan o M M M L

Risk analysis: stat methods, 
judgment

L M H M o

Design review, project review o o H H M

Modeling, simulation o M H M o

Risk strategy L H M L M

Redundancy o o M o o

Teamwork o o M M o

Lessons learned L M M M H
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Application 
Area1

Tool and Technique Principle Usefulness Across Project Lifecycle2

Initiating Planning Executing Monitoring Closing

9. Procurement 
Management

Project plan o H H H L

Procurement management plan o M H M L

Make-buy analysis L H L o o

Request for proposal (RFP) L H L o o

Bid proposal, negotiation L H L o o

Contract L H H H M

Project review, progress report o L H H L

Progress payment o o H L L

10. Stakeholder 
Management

Stakeholder management plan and 
strategy

L H H L L

Project plan o H H H L

Project review/progress report o o H H L

User-centered design (UCD) L L M M L

Project charter L L L o o

Stakeholder register L H M L L

1 The application areas are consistent with the knowledge areas suggested by PMI’s PMBOK Standard
2 The project lifecycle stages are consistent with the five progress groups suggested by PMI’s PMBOK Standard
The applicability of the tools in each stage is indicated by the following symbols:

H Tools/technique are highly applicable to this stage
M Tools/technique are often or mostly applicable to this stage
L Tools/technique are sometimes or less applicable to this stage
o Tool/technique are rarely or not applicable to this stage
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benefits, limitations and challenges, rather than emphasizing categories or 
creating a “tool book” that exists quite comprehensively already (Milosevic 
2003). The specific focus of this chapter is on the management tools useful for 
project planning and controlling.

9.1.3 Quality and effectiveness

What determines the quality and effectiveness of a project management 
tool? Much of management effectiveness is about communications. However, 
most tools are “templates” of a sort. Some are just pieces of paper, such as 
a schedule form, others are more interactively connected via sophisticated 
computer software, such as Microsoft Project, Oracle Primavera, Artemis, or 
PeopleSoft, just to name a few. Although many of these systems are labeled 
as collaborative, project tracking, enterprise management, or project portfolio 
management, they are still just elaborate templates. The effectiveness of any 
management tool depends by-and-large on the way they are integrated and 
used within the business process and are communicated among the project 
stakeholders. Many of the effectiveness criteria relate to the softer side of 
project management, such as providing any benefit or threat to the team. 
Much of this perception depends on how the tool is used to generate and com-
municate the project data among the team members. Some criteria for using 
project management tools effectively are stated below.

•	 Mutual understanding and buy-in on the tool or technique. If the team 
is supposed to participate actively with the tool, such as providing data 
input, analysis or decision-making, it is essential that all stakeholders 
understand the purpose, scope, and objective of the tool.

•	 Standard format. If at all possible, the information communicated 
among team members should be in a format that that is recognized 
as standard within the enterprise, or better yet, an established indus-
try standard (i.e. PMBOK, PRINCE2 or ISO). Even simple documents, 
such as schedules and budgets, can be confusing and cause conflict if 
the data is presented in an unusual format not familiar to the project 
team. These issues expand with larger and more interactive tools. The 
data formats for most of these larger, computer-based project support 
systems can be customized to conform to the established standards 
used by the team.

•	 Multi-company teams. Additional challenges exist with the use of 
tools and techniques among project teams that are dispersed across 
several organizations or companies with different standards, cultures, 
and operational processes. Establishing a common, mutually accepted 
format and process for project management tools is a major organiza-
tional development effort. A compromise to getting the whole team on 
one uniform project management system is to have independent local 
management systems that conform to established local standards and 
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processes. Then integrate the information at the project management 
office (PMO) or headquarters location into a master control system. 
This is not an ideal method of management, since it requires translat-
ing and interpreting data between the master and local system in both 
directions. However, this might be a necessary compromise, given tough 
time and resource constraints for the team and system development.

•	 Modularity of project plan. The project plan and all of its components 
(e.g., budget, schedule, statement of work) should be organized in a 
modular fashion. That is, the complexity of the total project should be 
broken down into sub-systems or work packages. The same breakdown 
is reflected on all components of the project plan (e.g., budget, sched-
ule, etc.) and tracked throughout the project lifecycle. All sub-systems 
should flow from and connect with the project work breakdown struc-
ture (WBS).

•	 Flexibility and dynamics. Keep the project plan and work process flex-
ible. Regularly scheduled reviews, reassessments, and validation of 
project objectives, assumptions, and performance should help in assess-
ing the project plan against realities of the business environment. This 
will ensure that the project management tools work with realistic, cur-
rent data, and produce valid information for monitoring, tracking and 
controlling the project execution.

•	 Keep project status current. Nothing outlives it usefulness faster than an 
outdated document. Plans need to be reviewed regularly and updated. 
This includes the data files of the monitoring and tracking systems. The 
best project management systems are perceived as useless if they pro-
duce information that cannot be validated or is based on assumptions 
that no longer hold.

•	 User friendliness. Project management tools and techniques should be 
user-friendly. This includes the user interfaces and information for-
mats. Simplicity is king! Clarity is quality. The easier it is for project 
leaders and team members to work with the tool, the more likely the 
tool will be used effectively, producing the intended benefits.

•	 Central system. A single central system, Internet accessible, represent-
ing the most current information and status, is preferred over paper-
based tools that easily lead to redundant documents with questionable 
time status.

9.2  THe BASIC TooLS And TeCHnIQueS For 
ProJeCT mAnAGemenT

Although managers can choose from a large number of tools and techniques 
to support the difficult task of planning and controlling their projects, these 
tools must fit the specific operational and organizational needs. Each project 
is unique in terms of objectives, resource constraints, timing, priorities and 
organizational culture, and the tools must be carefully chosen and fine-tuned 
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to fit the specific requirements. Yet regardless of these differences, good proj-
ect management tools are useful across a wide spectrum of projects and their 
life cycle stages.

To bring some structure into the discussion, this chapter organizes the 
large array of available tools and techniques into four groups, based on  
the triple constraint (see chapter 2) and organizational relations. That is, 
each group focuses on one constraint or project parameter, with primary 
focus on defining and managing the following:

 1. Project scope
 2. Project timing
 3. Project resources
 4. People and organizations.

These groups include many of the tools and techniques listed in Table 9.1. 
They also cut across several knowledge areas and all of the process groups 
defined by internationally recognized standards, such as PMI’s PMBOK 
(2013). Further, a great deal of overlap exists among the various groups, 
application areas, and lifecycle stages, which are linked by these tools into a 
broad and almost seamless management system.

9.2.1 Scope management Tools

These work-specific tools focus on what needs to be done. These are usually 
templates that define the work in various detail useful for (a) top-down proj-
ect definition, (b) time and resource estimating, (c) project planning, (d) work 
assignments, (e) project monitoring, tracking and reporting, and (f) executing 
the project according to established objectives.

A wide variety of tools and formats exists for defining, communicating and 
tracking task-related components of the project. These tools must be fully 
integrated with the overall project management system in order to manage 
the project according to its performance parameters of work quality, timing 
and resource utilization. The following tools are most commonly used for 
defining tasks and work-related dimensions: (1) work breakdown structure 
(WBS), (2) scope statement, (3) statement of work, (4) work authorization,  
(5) work package, (6) specifications, and (7) deliverables. A brief description of 
each of these management tools is provided next.

Work Breakdown Structure

The work breakdown structure (WBS), sometimes called the project break-
down structure (PBS), is a hierarchical family tree of project elements. It 
is a delivery-oriented grouping of project sub-systems and task elements 
that define the various hardware, software, and service components of a 
specified project or program. An example is shown in Figure 9.1 for part of 
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Figure 9.1 Work breakdown structure (WBS) for a laptop computer development project
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an engineering development for a laptop computer. The WBS provides the 
framework for dividing the total program into manageable subsystems and 
tasks. It must include all the tasks necessary to conceptualize, design, fab-
ricate, test, and eventually deliver the project as defined under the project 
scope statement. The WBS provides the framework for all program planning, 
budgeting, and scheduling. It becomes the cost model for project budgeting 
and the framework for the project scope and integration. The WBS is also the 
central reference point for the project. All other program management tools, 
such as schedules, task descriptions, and budgets, should clearly correspond 
to the work breakdown structure.

The level of detail depends on the project complexity. Obviously, 
larger and more complex projects require more depth and detail for their 
work breakdown. As a guideline, the total project should not be broken down 
further than the individual task contributor level. Of course, the individual 
responsible for the task can develop a mini-WBS for his or her own guidance 
of the work. However, in the interest of saving overhead and clutter, this addi-
tional detail does not have to be formally integrated with the overall project 
plan. Another consideration is the number of levels presented on a single 
sheet of paper or electronic screen. Normally, three levels of breakdown,  
as shown in Figure 9.1, is the maximum detail that should be displayed in 
a single cluster. Anything more detailed clutters the chart and destroys its 
flow and simplicity. The work breakdown structure in Figure 9.1 provides 
sufficient detail to the program manager for integrating the new laptop 
development. As an example, the program office (level zero) is not really 
concerned about the specifics of designing the SDRAM unit and integrating 
it with the computer system. However, someone is—the task leader for the 
SDRAM subsystem must develop his or her own project plan, starting with a 
work breakdown structure for the SDRAM subsystem that dovetails into the 
overall product development plan. This leads to the modular concept of work 
breakdown. That is, specific elements of work are subdivided on a separate 
sheet (module) into smaller components, until the level of detail, scope, and 
complexity is sufficiently defined for proper project execution.

Numbering the tasks. In order to reference specific tasks consistently 
throughout all planning and control documents, a decimal system is com-
monly used. The system is illustrated by listing the Level I and II tasks from 
the WBS of Figure 9.1, in Table 9.2. Such a listing is called a WBS index. If 
in addition to the index each element is described with a brief statement 
of work to be performed, the listing in Table 9.2 becomes a WBS directory. 
Lower levels can be included by breaking the decimal system down further. 
Alternatively, a modular approach to the WBS directory can be chosen by 
selecting specific elements and providing a detailed work breakdown just for 
those elements of interest in a separate list.

Grouping of program elements. This is a critical step. If the WBS has 
been structured properly, the various tasks integrate logically along the hier-
archical lines of the work breakdown structure. Therefore the WBS should be 
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Table 9.2 WBS Index Based on the Breakdown shown in Figure 9.1

WBS Level WBS # WBS Task Element

0 — Laptop Computer NPD

I 1 Design/Development

II 1.1 CPU

II 1.2 Memory

II 1.3 Control

II 1.4 Display

II 1.5 Keyboard

II 1.6 Power

II 1.7 Mechanical

I 2 Production

II 2.1 Prototype

II 2.2 Volume

II 2.3 Logistics

I 3 Marketing

II 3.1 Task A

II 3.2 Task B

II 3.3 Task C

II 3.4 Task D

II 3.5 Task E

II 3.6 Task F

I 4 Field Support

II 4.1 Task A

II 4.2 Task B

II 4.3 Task C

II 4.4 Task D

II 4.5 Task E

II 4.6 Task F

I 5 Project Management

II 5.1 Reports

II 5.2 P-Tracking

II 5.3 P-Reviews

II 5.4 C-I/F

II 5.5 Travel

II 5.6 Websites
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arranged to satisfy two criteria: (1) it should flow according to the planned 
integration of the program, and (2) the tasks should be grouped to minimize 
cross-functional involvement for each subset of activities. Accordingly the 
work breakdown structure shown in Table 9.2 would be most appropriate if 
the laptop company has organizational resource groups responsible for the 
activities shown at level I of the WBS, such as design and development, pro-
duction, marketing and field services. A different structure might be advisable 
if the company is structured along product group lines for different laptop 
applications. In this case, the level-I integration is probably most effectively 
performed at the product group level. However, it should be emphasized that 
the work breakdown structure is not an organizational chart. Attempts to 
force congruency often result in a confused and suboptimal WBS.

Regardless of how carefully the work breakdown structure has been fine-
tuned to accommodate the existing organization, specific responsibility and 
authority relationships must be defined with a task matrix and the state-
ment of work, which are described in the next sections of this chapter. Finally,  
it should be noted that a specific work breakdown structure may be given  
by the customer, forcing the program office to organize, integrate, and man-
age the project along a pre-established structure.

The work breakdown structure as cost model. Because the WBS 
breaks down the overall program into its subsystems, tasks, and deliverable 
items, it provides an effective and convenient model for estimating the pro-
gram cost at various task levels. It is equally useful for top-down parametric 
estimating as well as for bottom-up estimating. As a cost model, the work 
breakdown structure further provides a management tool for defining the 
cost drivers, supporting budgetary estimates and economic feasibility studies.

In summary, the work breakdown structure is the backbone of the project.  
It has benefits for both the customer and the contractor because it:

•	 Defines program building blocks
•	 Breaks down program complexity
•	 Allows further expansion via modules
•	 Resembles a cost model of the program
•	 Provides a basis for all program planning and controlling: (1) specifica-

tions, (2) responsibility, (3) Budget, and (4) schedule

Scope Statement

The scope statement is usually the top-level document for articulating the  
overall project goals, objectives and mission-critical parameters, such  
as overall timing and resource constraints. The scope statement creates the 
big picture for the project. It defines the project baseline for all other doc-
umentation and management actions. To ensure conciseness and clarity of  
this top-level document, the scope statement should not exceed one page. 
Typical categories within the scope statement include: (1) project name and 
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sponsor/customer data, (2) project mission and key objectives, (3) statement 
of work to be performed, (4) key deliverables, (5) key milestones, (6) key inter-
faces, and (7) key resources and constraints.

Statement of Work

The statement of work (SOW) is similar in structure and purpose to the 
scope statement. Its specific focus is on the base line description of the actual 
work to be performed. Together with the specification, it forms the contrac-
tual basis for most technical projects and programs. While the statement 
of work can be used to define the project work top-down, it is also a use-
ful format for defining and communicating work at any other project level  
or work module. The SOW is usually related to a particular work package or 
task elements in the work breakdown structure, describing precisely what is 
to be accomplished. Typically, the statement of work includes: (1) The project 
name and definition of the task module with reference to the correspond-
ing work breakdown structure element, (2) a description of the task, (3) the 
results and deliverable items to be produced, such as the system concept, 
hardware, software, tests, documentation and training, (4) references to 
specifications, standards, directives, and other documents, and (5) all inputs 
required from and to other tasks. Top-down, the statement of work is often 
a key document as part of a customer’s request for proposal. Similar to the 
scope statement, the development of the SOW, especially for large programs, 
is a project by itself. It is a major effort that requires a considerable amount 
of interfacing with all stakeholders from the user, customer, and supporting 
organizations.

Specifications

Specifications (“specs”) describe the metrics of the project elements to be 
delivered. Specs form the baseline for developing, producing, and controlling 
the technical part of the project or program. Good specifications relate to the 
work breakdown structure. They describe the desired characteristics of the 
various subsystems in a modular fashion. Depending on the size and com-
plexity of the project, specifications come in different dimensions and mod-
ules, such as specification for the overall system, subsystems, components, 
hardware, software, tests, manufacturing and quality. In order to define and 
verify the end product, specifications should be developed with focus on mea-
surability. However, there should also be flexibility to accommodate changes 
that inevitably evolve, particularly during a development program.

Work Package

A work package is a subset of an overall project. Work packages relate to 
specific elements of the work breakdown. Referring to the WBS of Figure 
9.1, the power module (WBS # 1.6), the prototype module (WBS # 2.1) or 
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the production module (WBS # 2.0) are typical examples of task-sets that 
could be defined as work packages. In order to provide a useful framework 
for project management, the work package must define (1) the work to be 
performed, including reference to the corresponding statements of work 
and specifications, (2) the responsible organization or individual, (3) the 
resource requirements, and (4) the schedule. The task authorization is  
the proper tool for summarizing and communicating work package data  
to the project team.

Task Authorization

All work must be properly defined and authorized by the project manager. 
This also applies to subcontracted items. The task authorization is a conve-
nient way to summarize the requirements, as well as the budget and sched-
ule constraints, for a particular project subsystem, which is often a work 
package. As shown in Figure 9.2, the format of a task authorization provides 

Task Authorization

Program Name: ____________________ Project Manager:_________________ Date:  _______________

Customer/Sponsor: _________________ Cost Center:  _____________________ Revision:  ___________

User: _____________________________ Initial Program Value:  _____________

Task Name:  ________________ Task Leader:  _____________________ Task Org/Phone: ______
WBS Reference:  ____________ Resource Manager:  ________________

1. Overview Sub-Task
Description

Responsible
Individual

Cost 
Account

Budget Completion
Date

2. Schedule Key Milestones Completion Date Commments

3. Budget Total Approved Budget:  _______________ Expenditure Profile: Date: _______     $:  _______
Contractor/Vendor Budget:  ___________ Date: _______     $:  _______

Date: _______     $:  _______
Date: _______     $:  _______

4. Statement of
     Work (SOW) 

Brief description of work to be performed under the Task Authorization, including key deliverables
(give references to applicable documents such as contract, specifications and project plan):  

Figure 9.2 Task Authorization Form
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for summary and reference data in four major categories, (1) responsible 
individual organization, (2) schedule, (3) budget and (4) work statement. A 
one-sheet task authorization form is recommended, regardless of the task 
magnitude. The form is intended as a summary of key data, referencing per-
tinent documents for details specifications, statement of work, deliverable 
items, and quality standards.

The task authorization is the written contract between the project man-
ager and the task leader or the performing organization in general. To be 
meaningful, the task authorization must have been developed together with 
the key personnel who will perform the work. Moreover, an agreement on the 
task feasibility, its schedule, and budget must exist within the team, to have 
any basis for team commitment to the established objectives.

deliverables

Deliverables are specific outputs or results from the project activity, such as 
plans, prototypes, documentations, software, decisions, and approvals. They 
are tangible, measurable accomplishments, usually associated with a specific 
milestone. Deliverables can be “hard,” such as an installed antenna or “soft,” 
such as a license, but they must be verifiable. An FCC license, a budget decision 
or a test signoff are soft, but very specific deliverables that can help in track-
ing and validating project progression and potential problems. Deliverables 
are also useful measures in determining progress payments, and in providing 
visibility and recognition for team accomplishments. Deliverable items should 
be defined for each major milestone. The responsibility for defining deliver-
able items rests with the project leader. Close cooperation with the performing 
organizations is necessary in order to ensure meaningful deliverables with 
measurable parameters. A list of key deliverables is often part of a project 
summary plan or contract document. Such a list can provide useful focus for 
detailed project planning, tracking, and management.

9.2.2 Time management Tools

Time is one of two major constraints on the project. The other is resources. They  
define the project boundaries and directly affect its scope and quality. The  
old saying, “any project is possible given unlimited time and money” reminds 
us that these are luxuries that we don’t have in today’s business environ-
ment. Most projects are end-date driven and resource-limited. Defining and 
effectively documenting the time and resource requirements, consistent with 
the project scope and its objectives, is one of the most challenging respon-
sibilities of the project leader. Today managers have available a wide vari-
ety of tools and techniques for dealing with time and resource issues. These 
tools must be fully integrated with the overall project management system 
in order to manage the project within its set of performance parameters of 
work quality, timing and resource utilization. This section focuses on the 
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Table 9.3 A modular Schedule Format 

Level-I: Master Project Schedule

Level-II: Design 
Schedule

Production 
Schedule

Marketing 
Schedule

Field Support 
Schedule

Level-III: •	 CPU 
Schedules

•	 Memory 
schedules

•	 Control 
schedules

•	 Display 
schedules

•	 Keyboard 
schedules

•	 Power 
schedules

•	 Mechanical 
schedules

•	 Prototype 
schedule

•	 Production 
schedule

•	 Logistics 
schedule

•	 Market 
research 
schedule

•	 Market plan-
ning schedule

•	 Distribution 
schedule

•	 Promotion 
schedule

•	 Parts 
schedule

•	 Service 
schedule

•	 Training 
schedule

•	 Support 
schedule

•	 Remote 
diagnostics 
schedule

time dimension. Resource management tools will be discussed separately in 
the next section.

Schedules are the cornerstones in any project planning and control sys-
tem. They present a time-phased picture of the activities to be performed 
and highlight the major milestones to be tracked throughout the program. 
Although schedules come in many forms and levels of detail, they should be 
related to a master schedule and their activity structure should be consistent 
with that of other project planning and control documents, particularly the 
work breakdown structure. For larger programs, a modular arrangement is a 
necessity to avoid cluttering, as suggested in Table 9.3 for the laptop project 
discussed earlier.

Schedules are working tools for project/program planning, evaluation, and 
control. They are developed via many iterations with project team members 
and the sponsor. Schedules should remain dynamic throughout the program 
life cycle. Every program has unique management requirements. The most 
comprehensive schedule is not necessarily the best choice for all programs. 
Selecting the right schedule is important. There are three principal schedule 
types that are most commonly used in project management. Milestone charts, 
Gantt charts (bar graphs) and networks.

milestone Chart

A good way to start any schedule development is to define the key mile-
stones for the work to be performed. Once agreed upon, the milestone chart 
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becomes the backbone for the master schedule and subsequent subsystem 
schedules.

A key milestone is defined as an important event in the project life cycle, 
such as the start of a new project phase, a status review, a test, or the first 
shipment of a deliverable. Ideally, the completion of a key milestone should be 
easily verifiable. In reality however, most milestones, no matter how crucial, 
are not easily verifiable. “System design completed,” “first article test,” and 
“final design review” are examples of typical key milestones that must be 
defined in specific detail to be measurable and useful for subsequent project 
control.

Key milestones should be defined for all major project phases, prior to 
start-up. The type and number of these milestones must be carefully deter-
mined to ensure meaningful tracking of the project/program. If the mile-
stones are spread too far apart, continuity problems in program tracking and 
control can arise. However, too many milestones can result in unnecessary 
busywork, confusion, inappropriate controls, and increased overhead cost. As 
a guideline for multiyear programs, four key milestones per year seem to 
provide sufficient inputs for detailed project tracking without overburdening 
the system.

The program office typically has the responsibility for defining key mile-
stones, in close cooperation with the customer and the supporting resource 
groups.

Selecting the right type of milestone is critical. Every key milestone 
should represent a checkpoint for the completion of a cluster of activities. 
Ideally, major milestones are located at strategic time points of a project, 
encompassing a significant program segment with well-defined boundaries. 
Examples are:

•	 Project kickoff
•	 Requirement analysis complete
•	 Preliminary design review
•	 Critical design review
•	 Prototype fabricated
•	 Integration and testing
•	 Value engineering review
•	 Start volume production
•	 Promotional program defined
•	 First shipment
•	 Customer acceptance test complete

The Bar Graph

The most widely used management tool for project schedule planning and 
control is the bar graph. Its development dates back to the work by Henry 
L. Gantt during World War I, which is the reason bar graphs are often 
referred to as Gantt charts. Figure 9.3 illustrates the basic features of the bar  
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M a s t e r    S c h e d u l  e

Program:
Customer/Sponsor:

Laptop Computer NPD
Business Unit 007

Project Manager:
Cost Center:

Jill Brown
1203

# Task WBS
C a l e n d a r    T i m e    ( M o n t h s )

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

1 Project 
Kickoff

---

2 Design & 
Development

1.0

3 Critical 
Design 
Review

--- ◊

4 Production 2.0

5 Marketing 3.0

6 Field Services 4.0

7 Program 
Management

5.0

8 Major Project 
Reviews

--- ◊ ◊ ◊ ◊
9

10 Current Date
(Schedule Update)

Legende: Indicates task is approximately 66% complete                    Most critical path (bold bar lines)

◊ Major milestone (scheduled)

Major milestone (completed)

Figure 9.3 Bar graph schedule (Gantt chart) for laptop computer  
development project

graph by showing a partial master schedule for the minicomputer develop-
ment of the work breakdown structure of Figure 9.1. The tasks on the left-
hand side of the schedule should correspond directly to the work breakdown 
structure and its numbering system. In fact, there should be no tasks on the 
schedule that cannot be found in the work breakdown structure.

If it becomes necessary to introduce a new task on the schedule, the 
work breakdown structure should be revised accordingly, which is part of 
the  iterative nature of project planning. However, it is common practice and 
appropriate to list milestones, such as project kickoff and critical design 
review, on the bar graph schedule along with the tasks.

Bar graphs are simple to generate and easy to understand. They show the 
schedule start and finish of the tasks to be managed. Also, bar graphs can 
be modified to indicate project status, most critical activity, and so on. The 
hatched areas in the example of Figure 3 indicate the approximate percen-
tile of project completion, while the bold bar lines indicate that task items 2 
(design), 4 (production) and 5 (marketing)are most critical; that is, they are 
on the longest time path through the project (see also next section, “Network 
Techniques”).

Bar graphs can be further modified to show budget status by adding a 
column that lists planned and actual expenditures for each new task. Many 
variations of the original bar graph have been developed to provide more 
detailed information to project managers. One commonly used method is to 
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replace the bars with lines and triangular markers at the end points. Using 
different symbols at the end points indicates the original time line and its 
revisions, thus tracing schedule changes through the project life cycle.

The problem with these additional features is that they take away from 
the clarity and simplicity of the original bar graph, and often cause confusion 
interpreting the data. However, in many cases the additional information 
help in communicating, project status reporting and subsequent control, and 
are beneficial in spite of the “fog factor” they carry.

The major limitation of the bar graph schedule is its inability to show task 
interdependence and time-resource tradeoffs. Network techniques, which 
usually work together with computer data processing, have been developed 
especially for larger projects. These are powerful (but expensive) techniques, 
which help project managers plan, track, and control their larger, more com-
plex projects effectively.

network Techniques

Several techniques evolved in the late 1950s to support planning and tracking 
of projects with large numbers of interdependent activities. Best known today 
are PERT (Program Evaluation and Review Technique) and CPM (Critical 
Path Method). PERT was developed by the U.S. navy in the late 1950s to aid 
in the management of the Polaris missile program, while CPM was jointly 
developed by DuPont and Remington Rand, also in the 1950s. CPM originally 
had an additional feature in comparison to PERT: it could track resource 
requirements. Originally, each technique had its own unique features; how-
ever, today’s commercially available project tracking software combines both 
features, often referred to as PERT/CPM. The concept of PERT/CPM and its 
features are discussed as part of an example derived from our laptop develop-
ment. The network diagram shown in Figure 9.4 represents the flow of major 

1 3 8 9

7

Design Production  I

Production  II

te = 15

FCC  Approval

te = 23

Marketing

te = 34

te = expected
activity duration
in weeks 

KICK-OFF
Field Serv

FINISH

Figure 9.4 network diagram for laptop development project similar to the WBS in 
Figure 9.1 and the schedule in Figure 9.3
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activities, similar to our laptop development (see WBS of Figure 9.1 and bar 
graph schedule of Figure 9.3).

It is clear that the network diagram is more powerful than the bar graph 
in describing the flow of project phases through time and showing task inter-
dependencies. The network provides a dynamic picture of the events and 
activities and their interrelationships. Yet, this is only the tip of its capabil-
ity. The main value of PERT/CPM is in its ability to track the timing and cost 
parameters of the project, and to draw specific conclusions regarding project 
status and performance.

PerT/CPm example

PERT/CPM is an excellent system for keeping track of all activities, espe-
cially in large projects where there are thousands of interdependent tasks. 
Moreover, PERT/CPM is a powerful tool for quick impact assessment of what-
if scenarios and contingencies during project execution. To explain the quan-
titative methods and features of PERT /CPM we use an example, similar to 
the laptop development discussed earlier (see Figure 9.1 and 9.3). The meth-
odology for setting up the PERT or CPM system is shown in Table 9.4.

1. Define the work. The work breakdown structure, such as shown in 
Figure 9.1, usually provides a good framework for delineating the work or 
project sub-systems and for deciding the level of detail for the PERT/CPM 
data base. Let us assume that we want to prepare the network on level-I  
of the work breakdown. We choose the activities that should be tracked with 
the PERT/CPM system and list them in the PERT-table (left column) of 
Table 9.4.

2. Define the resources and time estimates. At the chosen level of 
detail (i.e., WBS level-I), we have to list all the activities and develop the 
labor budget (e.g., in staff-hours, staff-weeks or staff-months). Then, based 
on the available personnel, we have to calculate a time estimate, te for each 
activity duration and record the time estimate in column five of the 5). Many 
of the commercially available PERT software packages allow the user to cal-
culate an expected time duration for each activity, based on the weighted 
average of three estimates: most optimistic, most pessimistic and most likely. 
For simplicity of the example we work here only with one time estimate, te. I 
also like to point out that using a range of estimates, while providing data for 
interesting statistics, doesn’t make the resource estimate any more accurate, 
nor does it help in getting commitment to a realistic or stretch target date.

3. Establish the skeleton diagram (network). The activities, such as 
shown in the left column of Table 9.4, must be organized manually into a 
skeleton diagram or network to reflect their interdependence and resource 
constraints. Structuring the network diagram is an art that requires a great 
deal of work process knowledge and judgment, and the unified input of all 
resource groups across the organization. The result is a PERT/CPM network 
diagram such as that shown in Figure 9.4. Please note that in our example 
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Table 9.4 Summary of PerT Calculations for PerT/CPm example
Activity (n) WBS 

Reference 
(#)

Resource 
Requirement 
(staff-weeks)

Available 
Personnel 

(P)

Expected 
Duration 
(te weeks)

Preced- 
ing Event 

(PE)

Succeed-
ing Event 

(SE)

Earliest 
Start 
(ES)

Earliest 
Finish 
(EF)

Latest 
Start 
(LS)

Latest 
Finish 
(LF)

Total 
Slack 
(TS)

Free 
Slack 
(FS)

Design 1.0 2000 100 30 1 3 1 30 −4 25 −5 0

Production-I 2.0 500 60 10 3 8 31 40 31 40 0 +5

Production-II 2.2 250 20 15 3 7 31 45 26 40 −5 0

FCC Approval 3.0 100 5 23 3 9 31 53 30 52 −1 +4

Marketing 4.0 100 5 34 1 9 1 34 19 52 +18 +23

Field Services 6.0 50 6 12 8 9 46 57 41 52 −5 0

Dummy − 0 0 0 7 8 45 45 40 40 −5 0

190
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the circles are events, the lines are activities. Therefore, this is an activity-
on-arrow (AOA) diagram. While this is the most common form used in indus-
try, PERT/CPM software programs often use an activity-on-node connotation. 
The skeleton diagram becomes the basis for setting up the PERT/CPM table.

Important rule: when using AOA, all events (the nodes at the begin-
ning and end of each activity) must be uniquely numbered, but the numbers 
do not have to be sequential. Each activity must be uniquely defined by a 
preceding and a succeeding event. For example, the production-I activity is 
uniquely defined by events 3 and 8. In order to define the production-II activ-
ity (executed in parallel to production-I) uniquely, an additional event 7 must 
be inserted, resulting in the dummy activity 7–8, which is shown as a dashed 
line in Figure 9.4.

4. Define schedule constraints. Let us assume that the project kickoff 
cannot take place before January 1 and the total project should be completed 
by December 31. Therefore, the earliest start (ES) = week 1, and the lat-
est finish (LF) = week 52. These are the schedule limitations or constraints 
that must be specified, together with the start and finish events (or event 
numbers).

5. Generate computer inputs and process data. The computer must 
be instructed regarding (1) how the network is constructed and (2) the time 
duration for each activity. The network topology is defined by the preceding 
and succeeding event numbers that tell the computer which activities are 
executed sequentially and which are in parallel. Technically, the PERT com-
puter software needs only data from Table 9.4, columns 5, 6 and 7 (duration, 
PE & SE) to calculate all PERT/CPM results. However, to generate more 
user-friendly outputs, such as shown in Table 9.4, the first seven columns of 
Table 9.3 should be uploaded to the PERT/CPM software. The computer can 
now generate a PERT-table, as shown in Table 9.4, based on formulas and 
calculations summarized in Table 9.5.

Interpretation of results. Looking at the earliest start (ES) and earliest 
finish (EF) figures, identify the specific week when we plan to start the proj-
ect and will actually finish. The latest start (LS) and latest finish (LF) figures 
identify the specific week when we should start the project in order to finish 
as we want to by the end of week 52. Specifically, the following conclusions 
can be drawn from the computer-generated Table 9.4:

 ■ Project duration: 57 weeks. We find this result by examining the ear-
liest finishing (EF) times. The largest number (week 57) indicates 
that the field services activity is the last one to finish at the end of 
week 57. This is 5 week later than we want to finish the program.

 ■ Project start and finish: If we start the project at the beginning of 
week 1 (as planned), we will finish at the end of week 57 (as dis-
cussed above). However, if we want to finish at the end of week 52 
(planned), we will have to start the project 5 weeks earlier, at week 
-4 (please note that “week 0” is the week prior to “week -1.” This often 
causes confusion for manual calculations, but is necessary to make 
the formulas consistent and workable for both positive and negative 
dates).
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 ■ Total slack (TS): The TS-column indicates the amount of extra time 
we have for each activity before the project exceeds the schedule 
constraint (becomes late). For example, TS = −5 indicates that the 
design activity is already 5 weeks late, while production-I is just on 
time (TS = 0) and marketing has 18 weeks of extra time on hand.

 ■ Free slack (FS): The FS-column (also called float) indicates the 
amount of extra time we have for each activity, before it affects 
the actual project finish date. For example, let’s take a look at the 
FCC approval activity. While this activity is actually one week late, 
according to the desired project finish time, the field service activity 
(that enters the same event), finishes even later, exactly five weeks 
late (TS = −5). Therefore we could spend an additional four weeks 
on the FCC approval before it impacts the overall project schedule.

 ■ Critical path (CP): As a common definition, any activity with a total 
slack of zero or less is critical. That is, activities on the critical path 
will directly impact the planned finish time of the project, if they 
experience any delay. Without any other critical path information 
given, this definition applies. However, project managers can set 
their own level of criticality, such as TS < 3 weeks, or whatever they 
deem appropriate.

 ■ Most critical path (MCP): This is the longest activity path through 
the network. We can quickly identify the MCP by examining the total 

Table 9.5 Formulas used in PerT Analysis

Formulas:
ES = EFn−1 + 1

EFn = ESn + te – 1

LSn = LFn – te + 1

LFn = LSn=1 – 1

TSn = LF – EF = LS – ES

FSn = TSn – TSMCP

Within the string of networked 
 activities, n – 1 represents the preced-
ing activity, and n + 1 the succeeding 
activity.

Legend:
ES = Earliest start

EF = Earliest finish

LS = Latest start

LF = Latest finish

TS = Total slack

FS = Free slack

CP = Critical path

MCP = Most critical path, this is the 
longest network path

PE = Preceding event

SE = Succeeding event

P = Number of full-time personnel 
available

SW = Work effort in staff-weeks

TSMCP = Total slack of activities on 
the most critical (longest) path in the 
network

te = Expected duration (in weeks)
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slack (TS) or free slack (FS) columns. Under total slack, all activi-
ties with the lowest TS (e.g., most negative) are on the most critical 
path. Alternatively, all activities with zero free slack are on the most 
critical path. By definition, any delay of activities on the most critical 
path will directly delay the actual finish time of the project.

The Benefits of PerT/CPm

The full benefits of PERT/CPM and other network techniques are only real-
ized on larger and more enterprise-integrated programs that can also utilize 
the PERT/CPM system for overall contract management, customer reporting, 
procurement, and contractor management. In our small example, the infor-
mation gleaned from the PERT-table might not look like a big deal and or 
seem like it would be much help to project managers. However, when track-
ing thousands of activities, this type of bookkeeping is very helpful and leads 
to other types of automatic recordings, checks, and balances.

The more powerful indicators are the slack figures. Total slack indicates 
the number of time units that we can spare and still meet the schedule con-
straints. In our example, a TS of −5 for the design activity indicates that we 
will be 5 weeks behind schedule with this activity and any other activity 
in the same path, unless we shorten the expected duration of te. Therefore 
scanning the TS column assists in identifying which activities need help and 
where we have the luxury of slack, and therefore could “borrow” resources. 
Any activity with negative total slack is termed a critical activity. The activi-
ties on the longest path, that is, those activities that are most negative or 
least positive. are called most critical.

Free slack indicates the amount of additional time we have available, with-
out impacting the schedule outcome. For example, the FCC activity will be late 
by one week, as indicated by TS = −1. However, the field service activity will 
be late by five weeks (TS = −5). Therefore, the FCC activity really has another 
four weeks before an impact on the delivery date of the overall project is felt.

9.2.3 resource management Tools

Cost, together with time, is one of the major constraints or boundary condi-
tions imposed on most projects. The third variable affecting cost is the project 
scope. Defining and effectively documenting the resource requirements, con-
sistent with the project scope, its objectives and time constraints, is a difficult 
task that must be fully integrated with the overall project management sys-
tem. Four of the most common tools used for project resource management will 
be discussed in detail: budgets, cost accounts, cost baselines, and earned value.

Project Budgets

Project budgets are important management tools for defining resource 
requirements in support of project justification, initiations, planning, tracking 
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and execution. Budgets are based on cost estimates, summarized in various 
detail, formats and formalities. In many cases, the first basic cost estimate 
is needed to support a feasibility analysis of project selection decision, long 
before the project baseline is fully defined. Such early cost estimates are 
referred to as budgetary estimates or rough order of magnitude (ROM) esti-
mates. Later on, during the project definition phase, when the project require-
ments are known in sufficient detail, a more accurate estimate (often called 
a bottom-up estimate), can be developed. For these bottom-up budgets, costs 
estimates are assigned to the lowest WBS-level tasks. Costs are then accu-
mulated to determine sub-system budgets, and eventually the total project 
budget. Budgets provide a critical input to management decisions on bidding, 
pricing, new product development, strategic business plans, and the project 
management process.

For clarity and manageability, project budgets should be modular (similar 
to the discussion on schedules). That is, budgets should be broken into sub-
sets following established project decompositions, such as execution phases 
or work breakdown structure (WBS) segments.

Regardless of the specific format chosen, project budgets usually include 
the following information:

•	 Cost line items or elements of cost of activities included in the cost 
breakdown (detail)

•	 Each line item should include (1) labor, (2) material and (3) other cost
•	 Each line item should be numbered and referenced to the work break-

down structure (WBS)
•	 Budgets should include general overheads, either as a separate cost or 

as part of each line item
•	 Project budgets should show project administration as a separate line 

item
•	 Project budgets should show the accumulate total cost projected for the 

project

A typical budget template is shown in Table 9.6.

Cost Accounts

The cost account usually is the lowest level at which resources are measured, 
managed, and reported. However, it can also refer to any project component. 
Cost accounts represent a specific task, which is referenced to the work 
breakdown structure (WBS). Aside from resource data, cost accounts often 
show associated schedule, task, accountability, and organizational informa-
tion. Resources identified in a cost account are often time-phased over the 
project life cycle, creating a cost baseline. Especially for larger technology 
programs, cost accounts become the focal point for project budget planning, 
cost control, and reporting.
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Table 9.6 Project Budget example Summarizing Level-1 of the Laptop Project shown 
on the WBS of Figure 9.1

Activity WBS Labor 
(K$)

Material 
(K$)

Other 
(K$)

Total 
(K$)

Remarks

Design and 
development

1.0 $6,500 2,800 1,000 10,300

Production 2.0 4,000 5,000 500 9,500 Include 
only pilot 
production

Marketing 3.0 3,700 3,200 5,100 12,000

Field support 4.0 1,100 600 800 2,500

Project 
administration

— 1,000 230 200 1,430

Total Budget $16,300 $11,830 $7,600 $35,730

A simple but effective cost-tracking mechanism is the conventional time 
card system, or its electronic equivalent, that exists for record-keeping in 
most organizations. If project personnel, or their supervisors, are required 
to submit these “time records,” the number of hours worked on each task, 
referenced to a cost account, defines all cost information needed for data pro-
cessing. Subsequently, cost reports can be generated on a weekly, monthly, or 
as-needed basis, providing various summaries for convenient cost tracking 
and control. Examples are:

•	 Actual total project cost versus planned cost, both in weekly increments 
and cumulatively

•	 Variance reports
•	 Weekly expenditures by task categories and project subsystems
•	 Listing of project personnel, together with their tasks, budgets, and 

time allocations

If established properly within the organizational support system, tools 
such as project dashboards and enterprise cost accounts and their reporting 
systems, are powerful tools to the project manager for measuring and control-
ling project cost.

Project Baseline

The project baseline is defined as the original scope, cost, and schedule allo-
cated across the project lifecycle. In a more narrow definition, the cost base-
line refers only to the time-phased project budget. Either way, the baseline 
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is an important tool for planning, monitoring, and managing projects, includ-
ing change control. The cost baseline is developed by estimating project cost, 
or sub-system cost, across specific time periods. Therefore it represents an 
expenditure profile of costs, showing when they are supposed to occur across 
the project lifecycle. Quite commonly, the cost baseline is communicated as 
a chart of project sub-systems, work packages, or tasks against their bud-
geted expenditures over given time periods. The cost baseline can also be 
displayed graphically, showing cost projections versus time, which facilitates 
comparison of planned versus actual expenditures. It can also be expanded 
to display other cost performance data, such as earned value analysis. Very 
large projects often have multiple cost baselines, separating different parts of 
the project with different accounting systems or cash flow models that might 
account also for revenue flow in addition to expenditures.

earned Value

Earned value management (EVM), also referred to as earned value project/
performance management (EVPM), is a management tool for measuring and 
tracking project performance. It combines cost, schedule, and scope measure-
ments to calculate technical progress measures and current project perfor-
mance against an established baseline. The system also forecasts performance 
for the remaining project lifecycle. Some of the key variables tracked by  
the EVM system are: planned value (PV), earned value (EV), percent com-
plete (%), cost variance (CV), schedule variance (SV), cost performance index 
(cPI), schedule performance index (sPI), total estimated cost at completion 
(EAC), cost performance index (cPI), and schedule performance index (sPI). 
The earned value measurement (EMS) system has its roots in cost accounting. 
Its history can be traced back to the factory applications in the 1800s, track-
ing production targets by comparing planned against actual output, timing, 
and cost. Later the system became known as line of balance (LOB). In 1967 
EVM was introduced by the U.S. government as part of its cost/schedule con-
trol system criteria (C/SCSC) and performance measurement system (PMS) 
for tracking contract performance. Today, EVM techniques find increasing 
acceptance and use among project managers of all industries, especially for 
large projects and virtually all major U.S. government contracts. Many con-
temporary project management systems include EVM as an integrated as 
part of their computer-supported enterprise system, allowing them to gener-
ate sophisticated analysis, statistics, and graphics in support of their project 
management activities.

How does it work? While some advanced and specialized applications can 
get complicated, the basic EVM methodologies and calculations are straight-
forward. They consist of measuring technical progress against an established 
budget and schedule baseline. However, the crucial and important assump-
tion for EVM to produce meaningful results is the ability to assess technical 
progress. This is difficult and challenging for most projects, especially for the 
more complex and technology-intensive undertakings.
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The following example will illustrate the system. Let us assume that the 
spending profile of an engineering project was originally planned as shown 
in Figure 9.5 and resource expenditures were planned and spent as shown in 
Table 9.7. The objective is to perform a project status assessment in May, by 
the end of the scheduled milestone B. The original project plan calls for a proj-
ect completion by the end of October.

Each of the milestones A, B, C. and D, is associated with specific  
measurable deliverables, so that a judgment on the “percent of completion” 
can be made for each milestone at any point in the project life cycle. The  
budgets originally established for each set of milestone tasks are as follows:  
A = $20,000, B = $40,000, C = $10,000 and D = $30,000, leading to the 
“planned” spending profile shown in Table 9.7 with a total budget of $100,000. 
The cost report, presented at the review time in May, shows an actual expen-
diture of A’ = $22,000, B’ = $16,000, C’ = $1000, and D’ = $3000. These  
expenditures add up to a total of $42,000 versus a planned expenditure of 
$65,000, which is shown graphically in Figure 9.5. Although we spent less 
money than budgeted, obviously we cannot draw any conclusions on project 
performance, since we do not yet know the technical progress, that is, how 
much work has been completed.

R
ev

ie
w

 D
at

e

Projected
cost growth
(overrun)

cV
Cost  Variance

ACWP = Actual Cost

CAC = Cost at Completion

EV = Earned Value

PB = Project Budget 

sV
Schedule
Variance  

J     

BCW
P = E

V

BCWS = Plan

Pr
oj

ec
te

d 
Ex

pe
nd

itu
re Pro

jec
te

d 
EV

F M A A S O N D JM J J

A B C DMilestones
Time (Months)

120

110

100

90

80

70

60

50

40

30

20

10

0

E
xp

en
d

it
u

re
 (

k
$)

Figure 9.5 expenditure profile of sample project

c09.indd   197 25-02-2014   17:46:39



198 THe TooLS For InTeGrATed ProJeCT PLAnnInG And ConTroL 

At this point let us assume that we can actually measure the status of 
all tasks and their deliverables leading to each of the four milestones:  
A = 90 percent complete, B = 30 percent complete, C = 20 percent complete, 
and D = 10 percent complete. These measurements are the only subjective 
data in the earned-value system. All other figures are calculated.

The first important figures which can be calculated are the earned values 
for each milestone and the project. The formula is

Earned Value (EV) = (%-complete) × (Agreed-on Budget [BAC])

It should be noted that earned value has nothing to do with the actual 
expenditures, but depends only on the technical performance against the 
agreed-upon budget. According to this definition the earned values are as fol-
lows: A = $18,000, B = $12,000, C = $2,000 and D = $3,000, adding up to a 
total value of $35,000 for the project. Now we have a basis for assessing project 
performance. While we spent $42,000, we earned only $35,000. The $35,000 is 
the amount that can be billed to the customer if we work on a contract.

Now we can compute three performance indices, which are ratios defined 
as follows:

Table 9.7 Summary data for earned Value Calculations

Parameter Cost and Performance Measures  
For Each Milestone

Total 
Project

A B C D

Agreed-upon budget $20,000 $40,000 $10,000 $30,000 $100,000

Actually spent by 
May

$22,000 $16,000 $1,000 $3,000 $42,000

Percent-complete 
by May (for each 
milestone)

90% 30% 20% 10%

Earned value $18,000 $12,000 $2,000 $3,000 $35,000

Cost at completion $24,400 $53,300 $5,000 $30,000 $112,700

Cost to complete $2,400 $37,300 $4,000 $27,000 $70,700

Cost Performance Index (cPI) =       Earned Value (EV)
 Actual Cost of Work Performed (ACWP)
 = 35
  42

  = .83 (= 83%)

Schedule Performance Index (sPI) =  Earned Value (EV)
 Planned Value (PV)
 = 35
 65 

= .54 (= 54%)

Total Performance Index (TPI) = (cPI)(sPI) = .83 × .54 = .45 (= 45%)
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In these formulas, the actual cost of work performed (ACWP) is the amount 
of money spent on the project so far (by May), and the planned value (PL) is 
the amount of money that was budgeted to be spent by May. From the calcu-
lations at our May review we can draw the following conclusions:

•	 Our cost performance index (cPI) for the total project is 35/42 = 0.83, 
indicating that we earned just 83 percent of the value, relative to what 
we spent; or we are working just 83 percent cost-efficient;

•	 Our schedule performance index (sPI) for the total project is 35/65 = 
0.54, indicating that we accomplished just 54 percent of the planned 
results; or we are working just 83 percent time-efficient;

•	 Our overall performance index (TPI) for the total project is .83 × .54 = 
.45, indicating that the project is running at an overall efficiency of  
45 percent, measured in overall resource utilization.

With the given data on money spent for each milestone so far and each 
percent-complete estimate, we can also calculate the estimated cost at com-
pletion (CAC), cost to complete (CTC), cost variances (cV), and the aggregated 
percent-completion for the total project as follows:

Cost at Completion (CAC) = Actual Cost of Work Performed (ACWP) ;
Percent − Complete (%)

Cost to Complete (CTC) =  Cost at Completion (CAC) 
− Actual Cost of Work Performed (ACWP).

Cost Variance (cV) =  Earned Value (EV) 
− Actual Cost of Work Performed (ACWP).

Total Project % − Completion = Actual Cost of Work Performed (ACWP)
 Cost at Completion (CAC)

 =  42,000
112,700 

= .37 (= 37%)

The calculated results are shown in Table 9.7 and the definitions for  
all major EVM variables are summarized in Table 9.8. In the final analy-
sis, the calculations show that the project is only 37 percent complete with  
42 percent of its budget spent. The new estimated cost at completion is 
$112,700 indicates that we will need $12,700 of funding in addition to the 
originally agreed-on project budget of $100,000.

Project management Benefits

Project status reviews and subsequent controls focus on measuring actual 
performance versus expended resources and schedule. The earned-value 
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Table 9.8 eVm Variables defined

EVM Variable Definition

BAC—Budgeted cost at 
completion

Originally planned and agreed-upon budget 
for total project

ACWP—Actual cost of work 
performed

Resources (cost) actually spent to-date

BCWC—Budgeted cost of work 
completed

Budgeted cost of the work actually completed 
over time, that is, how much budget did we 
originally plan and allocate for the work  
completed so far.

BCWC = EV = (BAC) × (% complete)

BCWS—Budgeted cost of work 
scheduled

Original budget baseline, planned resource 
expenditure over time

PV—Planned value Budgeted cost of work scheduled;

PV = BCWS

CAC—Estimated cost at 
completion

Revised total cost estimate (projection) for 
project at completion time.

CAC = ACWP + CTC

CTC—Cost to complete Estimated cost to complete project, looking 
forward from a known point in the lifecycle

cV—Cost variance Difference between earned value and actual 
cost.

cV = EV—ACWP

sV—Schedule variance Cost measure comparing planned and actual 
work; sV = BCWS—BCWP

EV—Earned value Budgeted cost of the work actually completed.

EV = BCWP = % BAC

cPI—Cost performance index Measure of resource effectiveness;

cPI = EV/ACWP

sPI—Schedule performance 
index

Measure of resource efficiency against sched-
ule time line;

sPI = EV/PV = EV/BCWS

TPI—Total performance index Measure of overall resource efficiency;

TPI = cPI × sPI

system provides a framework for quantifying and summarizing project per-
formance data, performing variance analysis, re-budgeting and reschedul-
ing, and negotiating changes with the sponsor. Above all, the analysis shows 
the manager where the project is heading in terms of overall schedule and 
budget, providing a basis for renegotiations with the sponsor and redirection 
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of the efforts at selected points in the project life cycle. The ability to sum-
marize the performance data in terms of earned value, performance index, 
estimated cost to complete, estimated cost at completion, cost variance, and 
schedule slippage is especially useful for multiproject management and large 
programs that need to be measured and controlled both top-down and at 
the sub-system level. The validity of the earned value management system 
hinges, however, on the ability to measure technical progress, which is related 
to the ability and willingness of the team to define measurable milestones, a 
topic that will be further discussed in subsequent chapters.

9.2.4 Tools for managing People and organizations

All project team members and their support personnel must understand 
where they fit in the organization. While the traditional organizational chart 
is a common and useful device to define the command channels of conven-
tional superior-subordinate relations, additional tools are needed to describe 
the specific authorities, responsibilities, and interfaces associated with each 
key position within the project organization. Project charters, task rosters, 
task matrices, and job descriptions are common devices for delineating 
the roles of key project personnel and for communicating them to all team 
members. In addition, companies may use management directives to clarify 
 definitions, organizational processes and relations.

Project Charter

The project charter is a particularly useful and powerful tool for identify-
ing and communicating the top-down mission, authority structure and key 
parameters of a project (Anderson 2003). Eventually these project charters 
include the names of key personnel, while at the early stages of a project 
definition the charter serves as a top-down planning document. It is also very 
useful in identifying and negotiation key team members. Project charters 
are similar to operating charters, which are more focused on the individ-
ual who holds the office. Operating charters were already discussed earlier  
in the project organizations chapter with examples shown in the appendix of 
this book.

Project Policies and Procedures

Policies and procedures are sets of management tools for defining the process 
of managing a project and for describing the inner working of the project 
organization. They provide operating guidelines for running the business in 
a proven, standard way. The depth of these documents can range from sim-
ply acknowledging project activities, to detailed procedural guidelines that 
carry the project team through the complete project life cycle. Unless there 
are extenuating circumstances, project personnel must follow these policies 
and procedures. At the same time, these documents must be written broadly 
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TASK MATRIX

Program: Laptop Computer NPD

Project Manager: Jill Brown

Customer/Sponsor: Business Unit 007

Cost Center: 1203

Legend:
P = Prime Responsibility

S = Supporting Responsibility

Task Resources

Description WBS 
Reference

R&D System 
Design

Engg 
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Testing Quality 
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Table 9.9 Segment of Task matrix Based on Work Breakdown Structure (WBS, Figure 1)
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enough to leave operating leeway to management and to accommodate the 
variety of projects that run through the organization. Further, to ensure 
proper integration of these policies and procedures with the enterprise sys-
tem, they should be tested and fine-tuned before being formally issued.

Project managers who find themselves without adequate guidelines often 
develop and issue their own procedures at the project level. This is an excel-
lent way to communicate the established operating standards. Further, these 
task-level procedures often become test cases for more formal, higher-level 
directives.

Task matrix

The task matrix is a simple but powerful tool to define responsibility relation-
ships among the various program tasks and the performing organizations. 
The task matrix, also known as responsibility matrix or linear responsi-
bility chart, evolved out of frustrations over conventional organization  
charts, which do not show relationships within and between organizational 
subsystems—that is, they do not show who is responsible for what at the 
task level. Equally important, the task matrix has a great amount of flex-
ibility and does not restrain the system by emphasizing status and position, 
which is an awkward limitation of conventional organizational charts. The 
task matrix is derived from the work breakdown structure. Therefore all task 
descriptions should correspond to the WBS. Table 9.9 illustrates this man-
agement tool by defining the task responsibilities for the laptop development 
which we discussed earlier based on the work breakdown in Figure 9.1.

The task descriptions on the left-hand side of the matrix are derived 
directly from the work breakdown structure and should correspond exactly 
to its reference numbers and structured hierarchy as shown in the WBS 
of Figure 9.1. The right-hand side shows either the responsible organiza-
tions with their section heads or individual task managers. This structure 
should correspond to the actual performing organizations, which might be 
submerged within a functional, projectized, or matrix framework. The rela-
tionship between tasks and responsibilities is indicated be a symbol in the 
matrix. It is common to use P for “prime responsibility” and S for “support-
ing responsibility.” However, quite elaborate schemes for identifying various 
degrees of responsibility and participation can be devised if needed.

During the program planning phase, the task matrix can be used effec-
tively as a cost model for budgeting. Cost estimating data are collected by 
recording the working hours, dollar estimates, or budgets needed to perform 
the task at the crossing points of the task and responsibility. Adding up the 
rows and columns provides a convenient summary of the estimated cost, for 
all task and performing organizations.

In summary, the task matrix provides a single framework for plan-
ning and negotiating project assignments and resources throughout the 
enterprise, including support departments, subcontractors, and the cus-
tomer. Furthermore, the task matrix provides excellent visibility of who is 
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responsible for what, throughout the organizations. It also provides some 
information on organizational interfaces for integrating particular subtasks.

Task roster

An alternative to the task matrix is the task roster. It’s clear and simple 
format makes it especially attractive for smaller projects. As shown in 
Table 9.10, the task roster is a listing of the project team members, includ-
ing their organizational affiliation, telephone number, and email addresses 
next to their task responsibilities with reference to the WBS. Although the 
task roster is less sophisticated, it is often preferred over the task matrix 
because of its clarity and change flexibility. The task roster is, furthermore, 
a team-building tool. It summarizes in a simple format, usually on one sheet 
of paper, who is responsible for what. It recognizes the project contributors 
individually and as a team, regardless of their status and position within the 
company, and their duration on the project. More than any other manage-
ment tool, the task roster fosters a sense of belonging, pride, ownership, and 
commitment to the project. Because of these motivational benefits, the task 
roster is often used in large projects in addition to the task matrix.

Table 9.10 Task roster (Based on Laptop example)

Task Roster Laptop Computer NPD

Customer/Sponsor: Business Unit 007

Project Manager: Jill Brown

Cost Center: 1203 WBS Reference

Responsible 
Individual

Organization/Telephone Task WBS Ref

Al Syst Des x364 Syst Des 1

Beth Eng-I x733 E-Parts 1.1.1

Charlie Mfg. x445 Vol Prod 2.2

Don Quality Ass x233 QC 2

Eric Testing x521 Prototype 2.1

Fran Testing x633 Test+Integr 2.1

George Eng-II x375 Software Des 1.1.3

Helena Eng-II x387 Controls 1.3

Ian Syst Des x745 Sys D&D 1.2.1

Jeff Mfg. x488 Logistics 2.3

Karen Marketing x333 Prod Plan 3.1

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .
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n-Square Chart

The N2 chart, also referred to as N 2 diagram, is a two-dimensional interface 
chart showing the input/output requirements among project subsystems. It 
is used to systematically define the required (1) inputs to each subsystem or 
task group from any other project group/team, including deliverable data, 
hardware, software, and other requirements, together with a timetable for 
each item, and (2) outputs from each sub-system to any other sub-system of 
the project. The data being transmitted can be defined in each square marked 

 = input or  = output respectively, as shown in Figure 9.6.
The N2 chart is credited to the work of Robert J. Lano (1977), working 

at TRW in the 1970s. Although originally developed primarily for identify-
ing software project interfaces, today the concept is being used extensively  
for managing interfaces on all types of projects, especially complex and  
technology-intensive undertakings.

9.3 uSInG ProJeCT mAnAGemenT TooLS ProPerTy

Fundamentally, project management tools are communication devices. They 
have been designed to define and communicate the requirements to all par-
ties involved, to measure performance, and finally to direct and control the 
effort toward the pre-established requirements. Effective project manage-
ment tools have the following characteristics:

Design & 
Develop-

ment

Mar-
keting

Field 
Support

Project 
Manage-

ment

Pro-
duction

Figure 9.6 n-Square chart identifying project interface responsibilities
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•	 They assure measurability of all parameters used
•	 They use standard formats for all tools throughout the organization
•	 They use a uniform number system for project elements, consistent 

with all tools (e.g., a project subsystem number should be the same in 
the work breakdown structure as it is in the statement of work or cost 
account).

•	 They do not clutter the manager’s tools with too much detail. They use 
modular concepts.

•	 They keep the manger’s documents current.

The following suggestions should help in utilizing project management 
tools effectively and in building a high-performing project organization:

1. An agreed-upon program plan is absolutely essential. The plan defines 
the requirements in measurable steps and is the key to successful project 
performance. Measurability of technical status is crucial for engineering 
 projects. If we cannot measure, we cannot control.

2. The use of standard formats for all tools is recommended. Nothing can 
be more confusing than looking at two different schedule or budget forms 
for the same project. It is the responsibility of the project manager to issue a 
standard set of forms if the organization does not have the planning process 
already proceduralized.

3. Number systems are often another area of unnecessary conflict and 
confusion. Many of the tools, such as schedules, work breakdown struc-
tures, and task matrices, label each task with a number. There is no need to 
label a particular task differently in the work breakdown structure than in  
the schedule for example. All tasks should be easily traceable throughout  
the project plan.

4. Use modular concepts to break down the complexity of our plans. For 
example, rather than showing all activities in a schedule in detail, partition 
the schedule in to a master schedule, which provides just an overview, a sub-
system. A schedule, a subsystem B schedule, and so on. Or, alternately, use 
time phasing to break down the complexity, issuing a system design schedule, 
prototype design schedule, prototype fabrication schedule, and so on.

5. Keep your documents current. Nothing outlives its usefulness faster 
than an outdated document. Review your plans regularly and make revisions 
as needed. A document control system should be maintained by an assigned 
individual such as a secretary, who makes sure that agreed-upon changes get 
properly recorded and distributed.

9.4 A modeL For ProJeCT PerFormAnCe

Based on the preceding discussion, this chapter stressed the import role of 
project management tools and techniques to establish order and discipline 
for defining, tracking, communicating and managing projects through their 
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lifecycles. Yet these tools are just templates and procedures that must be 
integrated with the organizational system, its people, cultures and value sys-
tems. The people in the organization must feel that the documented work 
processes, tools and techniques in use reflect the way they actually work, and 
that the tools help them to accomplish their tasks more effectively. While we 
will revisit the issues of effective project management in later chapters under 
the topics of project control and team leadership, I would like to establish this 
important perspective on the proper use of management tools at the end of 
this chapter.

Performance is the aggregated result of many organizational systems 
interacting and collaborating effectively as graphically shown in Figure 9.7: 
(1) the people of the project team and their support organizations, (2) project 
leadership, (3) project tools and techniques, and (4) business processes that 
power and support the project activities; these four categories are overlap-
ping and intricately affected by (5) the organizational infrastructure and 
support systems, (6) managerial support, (7) project complexity, and (8) the 
overall business environment. These categories not only determine project 
performance, but also hold the DNA for the type of leadership style best 
suited for managing projects though their lifecycles.

The model shown in Figure 9.7 emphasizes the human side as critically 
important to successful project execution. The project team attitude, effort 
and commitment, are all influenced by managerial leadership and the work 
environment, which in turn influences team effectiveness and overall project 
performance. Research shows consistently and measurably that the strongest 
drivers toward project performance are derived from the work itself, includ-
ing personal interest, pride and satisfaction with the work, professional 
work challenge, accomplishments and recognition (see Thamhain 2002, 2011, 
2013). Other important influences include effective communications among 

Business
Process

PM Tools &
Techniques

Org’l
Support

People

Project
Performance

Leadership

Figure 9.7 Influence on project performance
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team members and support units across organizational lines, good team 
spirit, mutual trust and respect, low interpersonal conflict, opportunities for 
career development and advancement, and to some lesser degree, job secu-
rity. All of these factors help in building a unified project team that can lever-
age the organizational strengths and competencies.

Other critical factors relate to the organizational structure and business 
process, including the technology transfer system, which by-and-large relies 
on the tools and techniques of modern project management. These tools are 
the backbone of any project management system. They must be carefully 
defined, developed and integrated with the enterprise and its culture and 
value system.

9.5 SummAry oF Key PoInTS And ConCLuSIonS

The following key points were made in this chapter include:

•	 The management of complex and technology-intensive projects is sup-
ported by a highly diverse set of sophisticated tools and techniques that 
need to be carefully fine-tuned and integrated with the enterprise and 
its culture.

•	 There is a built-in relationship among project management tools that 
helps to connect the two project management sub-systems of: (1) criti-
cal project parameters defining the scope and quality of work, timing, 
and (2) critical processes for project planning, tracking and control. 
However, to fully utilize these linkages, project management tools must 
be custom-fitted to the organizational environment and the specific 
projects to be managed.

•	 The work breakdown structure is the backbone of ant project plan and 
its execution.

•	 Project planning and tracking systems must be able to measure work 
quality, timing and resources as an integrated set. For example, the project 
leader must be able to determine at any given time (1) the amount of work 
that has been completed, (2) the actual cost of the work completed against 
budgeted cost, and (3) the schedule of actual work completed against the 
original schedule.

•	 Deliverables are specific outputs or results of the project activity, useful 
for determining progress, and for providing visibility and recognition 
for team accomplishments. Deliverables must be tangible and measur-
able, and should be associated with specific milestones.

•	 The human side is critical to project success. Team involvement in scope 
definition, resource estimating and scheduling is crucial to the develop-
ment of realistic project plans, team ownership and commitment.

•	 Project plans are living documents that must be reviewed on a regular 
basis and updated to reflect changing requirements, objectives and con-
ditions in the project environment.
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•	 The project information system provides an important tool set for col-
lecting, processing, storing and distributing the information needed for 
effective project management. Yet, it is the project manager, not the com-
puter, who by skill, experience and team leadership defines the frame-
work of the project and its environment, including scope, work flow, team 
organization and interfaces.

•	 Team resistance to the introduction of new project management tools 
is natural. It can be minimized by involving the people, who will be 
affected by the new tools, in the selection, testing and fine-tuning of 
these tools.

•	 The shift to more sophisticated project management processes requires 
a radical departure from traditional management practices and leader-
ship styles. The methods of communication, decision-making, solicit-
ing commitment, and risk sharing are continuously shifting away from 
a centralized, autocratic management style, to a team-centered, more 
self-directed form of project leadership.

•	 The strongest drivers toward project performance are derived from 
the work itself, including personal interest, pride and satisfaction 
with the work, professional work challenge, accomplishments and 
recognition.

9.6 QueSTIonS For dISCuSSIon

 1. Why is the work breakdown structure called “the backbone of the project 
plan?”

 2. What is the role and significance of the WBS numbering system?
 3. Why is the WBS called a “cost model?”
 4. Compare the three popular scheduling tools (1) milestone chart, (2) Gantt 

chart and (3) PERT/CPM network diagram regarding their strength, 
weaknesses and limitations.

 5. What type of tools would you suggest for summarizing a $100M technol-
ogy project on one page?

 6. Why is modularity within a project plan an important feature?
 7. What benefits do you gain from establishing a project management infor-

mation system?
 8. How does modern information technology affect managerial power and 

leadership style?
 9. How do you overcome team member resistance to accept or use a new 

project management tool, such as following a new design review process 
or using a new method for reporting progress or changes?

9.7 PMBOK® reFerenCeS And ConneCTIonS

In discussing the tools and techniques for project planning and control-
ling, this chapter focusses on the process groups of planning, executing and 
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monitoring. The tools cut across virtually all of the 10 knowledge areas. 
However, it connects most strongly with project scope management (area  
#2), project time management (area #3), project cost management (area #4) 
and project stakeholder management (area #10) as defined by PMBOK. In 
studying for the PMP® exam, an understanding of the concept, structure and 
proper application of the following tools (selected from the large set tools 
covered in this chapter) might be especially beneficial: scope definition and 
statement, bar graph, network techniques, especially PERT, budget, cost 
account, project baseline, and earned value.
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Chapter 10

Defining the Project

Chevrolet Volt eleCtriC Cars DeveloPment

Motor trend magazine named the new 
Chevrolet volt the “2011 motor trend Car of 
the Year®.” the annual award was one of the 
most prestigious honors bestowed in the auto 
industry. “the future is here, and america is 
back in the game,” says General motors.

as of october 2013, 50,000 volt electric 
cars were delivered in the United states since 
Chevrolet introduced the car in 2010. With 
combined global sales of more than 60,000, the 
volt is the top selling plug-in electric vehicle in 

the world. however, success did not come by luck or chance. it is the result of a care-
fully planned project that dates back to earlier Gm pilots, such as the ev1 electric car 
produced between 1996 and 1999. after killing the ev1, Gm had to come a long way 
to earn back the trust of electric-car lovers. But the volt just might do it. With carefully 
laid plans and strong resource commitments, Gm moved the project from concept to 
production in under four years. Before developing the vehicle for volume production, 
Chevrolet introduced its first “series plug-in hybrid car,” as a “concept car” at the 
north american international auto show in 2007.

most of the volt initial design parameters defined for the concept car (referred to 
as “iCar”), were kept throughout the design process up to the final production ver-
sion. however, by comparison to the ev1 of the 1990s, the volt had significantly 
enhanced features, such as four doors with a rear liftgate and seating for four pas-
sengers. the top speed was increased to 100 miles per hour and the battery pack 
size was reduced, from about 10.6 cft in the ev1, to just 3.5 cft in the volt. a key 
design parameter was the all-electric range of 40 miles, using a lithium-ion battery 
packs with a storage capacity of 16 kWh. and regenerative braking contributes to 
the on-board electricity generation. another key design decision was to standardize 

© GM Corp

 Sources: GM Chevrolet 2011a,b; Walsh 2007; Wikipedia 2013.
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the electric powertrain components for future electric vehicles. the new drive sys-
tem, originally called “e-Flex systems” but later renamed voltec, has the poten-
tial of adapting the vehicles to pure battery electric, or fuel cell-powered or other 
sources of energy, such as generators fueled by gasoline, diesel, biodiesel, ethanol 
fuel, or flex-fuel. according to General motors, the effective gasoline fuel economy 
was estimated at 150 mpg for the volt, based on a 60-mile total daily drive, with 
40 all-electric miles included.

however, during these early engineering developments General motors was 
cautious, noting that actual production of the volt would depend on further bat-
tery developments to source the required high-capacity rechargeable batteries, 
which did not exist at that time. eventually most of these issues were resolved and 
General motors started extensive battery testing for two years. starting in april 
2008, the battery packs were tested to an equivalent of 150,000 road miles and 
10 years of use, including vibration to simulate potholes and temperatures varying 
from −40 °F to +116 °F, simulating driving conditions from the alaska tundra to the 
mojave Desert.

in June 2009 the first preproduction car was built in Warren, michigan, and on 
november 30, 2010, General motors held a ceremony at its hamtramck assembly 
Plant in Detroit to celebrate the first Chevrolet volt rolling off the assembly line 
under the direction of tony Posawatz, volt line director from 2006 to 2012, who 
had led the team from concept to production.

in 2011, production had to be halted for one month at the Detroit/hamtramck 
assembly plant to complete facility upgrades which increased volt production 
to150 units per day, triple the previous rate. a year later, slow sales forced plant 
shutdowns in the spring and fall of 2012, affecting approximately 1,500 workers. 
Yet, despite of these challenges, U.s. sales reached the 50,000 unit milestone in 
october 2013, and Gm is projecting strong sales for 2014. however, this favorable 
projection comes with a price. to compete effectively with the toyota Prius and 
nissan leaf, Gm had to reduce the price of its 2014 Chevrolet volt by $5,000.

10.1 the neeD For a Clear Plan

Looking at the given scenario, it is clear that an agreed-on project plan is abso-
lutely essential before GM can start executing the project. Although not every 
project is as broad in scope and complexity as the Chevrolet Volt, the cross-
functional challenges, multidisciplinary intricacies, technological difficulties, 
systems integration, contractor and partner coordination, and market uncer-
tainties are typical for today’s technology-driven projects. Even well-defined 
plans do not guarantee success. But, without them, effective project execution is 
virtually impossible. Projects must be planned to an appropriate level of detail 
before they can enter the execution stage. This is also consistent with the guide-
lines given in established project management standards, such as PMBOK, 
PPINCE2, and ISO 21500. Typically, project-planning activities occur mostly 
after project initiation but before project execution as shown in Figure 10.1. 
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This model also fits the project life cycle stages discussed in Chapter 8, and the 
project development stages defined by PMI’s PMBOK (2013) as process groups. 
However, in spite of the linear structure of the model, it is quite common for 
overlaps and iterations to occur between the life cycle stage or process groups.

Fundamentally, project plans are communication tools, designed to define 
the project requirements for sharing among all stakeholders and useful for 
effectively organizing, monitoring, and controlling a project toward desires 
results.

10.2 BUilDinG the ProJeCt Plan

Project plans are not created in a vacuum. They are the end product of an 
ongoing collaborative process of defining a roadmap for producing specific 
results within given time and resource constraints. Any project has clients or 
customers that can be internal or external to the enterprise. These parties, 
together with all the other stakeholders, need to be included in the planning 
process to make the project plan realistic and to obtain commitment to its 
execution.

Although preliminary project planning often starts a long time before the 
formal project plan is being developed (e.g., bid proposals, strategic planning, 
customer inquiries, exploratory assessments), formal project planning usu-
ally starts with a management decision addressing three areas:

 1. Exploration of a particular project endeavor
 2. Appointment of a project leader
 3. Allocation of resources for exploring the project opportunity and pos-

sibly the project plan

Initiating

Executing
Monitoring
Controlling

Planning

Closing

Figure 10.1 Project planning an integrated part of the Process Groups  
within the project life cycle
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10.2.1 the Four-Phase Planning Process

Resource commitment could be for the full planning cycle or any part of it. 
However, regardless of the funding arrangements, most project plans are 
developed via a four-phase process:

Phase I Preliminary analysis and feasibility assessment
Phase II Project definition (developing the detailed plan)
Phase III Team organization
Phase IV Project kickoff

A detailed description of the recommended activities for developing the 
project plan along the four phases is provided next.

Phase i. Preliminary analysis and Feasibility assessment

No major project can be organized without first establishing some basic feasi-
bility and desirability for the effort. The starting point for this phase is often 
the emergence of a new contract opportunity or the need for a new product 
development, or the redirection of an ongoing project. The objective of the 
preliminary analysis is twofold:

 1. Establish the management decisions basis for committing to and fund-
ing of the project.

 2. Define the scope and baseline for the project, hence generating the 
inputs for the project definition phase, which will include detailed plans 
for the project startup or formal bid proposal.

The preliminary analysis of an upcoming project is a project by itself 
with specific deadlines, resource allocations, responsibilities, and deliver-
able results. Like any other activity group, the preliminary analysis var-
ies in scope and deliverables, depending on the nature of the upcoming 
project. However, a 5 to 15 percent resource requirement relative to the 
main project is typical. This range can even exceed 15 percent, depending 
on the scope of the analysis, which might vary from simple brainstorm-
ing and calculations to elaborate simulations, field studies, and concept 
design work. Yet, in principle, the objectives and results expected from a 
preliminary analysis are very similar for many projects, as summarized in 
Table 10.1.

The outcome of this preliminary analysis is usually a concise report 
that scopes the proposed project regarding technical, resource, and tim-
ing requirements. This is often referred to as requirements analysis. It is 
also common for the report to discuss the rational for selecting the project, 
and to compare the requirements with the enterprise capabilities, hence 
assessing overall business success, including its risks and alternatives. In 
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table 10.1 scope of Preliminary Project analysis: objectives and results

Objective (Type of Effort) Results

Determine user/sponsor 
requirements:

•	 Baseline configuration
•	 Specifications
•	 Functional description
•	 Features
•	 Schedules and deadlines
•	 Budget
•	 Special needs and requirements

Assess technical feasibility: •	 Feasibility study
•	 Simulation results
•	 Concept design
•	 R&D report
•	 Prototype

Determine resource require-
ments: (preliminary, rough order 
of magnitude)

•	 Key personnel
•	 Staffing level
•	 Facilities
•	 Support services
•	 Special resource requirement
•	 Budget estimate

Assess risks and opportunities:: •	 Rational for project undertaking
•	 Technical risk analysis
•	 Project/operational risks
•	 Market/competitive risk
•	 Financial risks (capital requirements, cash 

flow, ROI)
•	 Political risks

Assess project/program feasibility 
and success:

•	 Requirements versus capability assess-
ment (technical, timing, cost, resources)

•	 Competitive assessment
•	 Product acceptance by customer or market
•	 Financial performance
•	 Total project life cycle assessment

Analyze alternatives: •	 Different technical approaches & features
•	 Tradeoff analysis (concepts, products, 

vendors, etc.)
•	 Make-buy analysis
•	 Teaming, partners, joint ventures
•	 Project timeframe

(Continued)
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table 10.1 scope of Preliminary Project analysis: objectives and results

Objective (Type of Effort) Results

Define project management 
approach:

•	 Project team organization

•	 Key interfaces

•	 Project tracking and control method

•	 Enterprise command and reporting 
structure

•	 Basic project charter

Define project definition/planning 
phase:

•	 Planning process, procedure

•	 Responsibilities, budget, and schedule for 
project plan development.

table 10.1 (Continued)

essence, the preliminary analysis and feasibility phase addresses the fol-
lowing questions:

•	 What are the project requirements?
•	 Can we do it?
•	 Should we do it?
•	 What are the alternatives?

The report provides a basis for managerial decision making on whether 
and how to proceed with the project. Or, in situations of competitive bidding, 
the report supports the bid decision process.

Performing a preliminary project analysis is hard work and critical to the 
enterprise’s effectiveness in its competitive environment. An inaccurate anal-
ysis can lead to the wrong go/no-go decision, costing the enterprise millions in 
wasted resources or lost opportunities.

Because of its multidisciplinary nature, a single person can seldom 
do an adequate analysis. It requires the participation of key personnel 
from the sponsor and all supporting organizations, internal and external, to 
the enterprise. The leader of this preliminary project analysis (who might 
also be appointed as project manager) often acts just as facilitator who 
brings together the right people from the sponsor, functional organizations, 
contractors, and top management. Moreover, the process of determining, 
matching, and fine-tuning the sponsor or customer requirements with the 
performing organization is highly iterative. It usually takes several rounds 
of meetings and deliberations before an agreement on the project baseline 
is reached, agreeable to all stakeholders. This process creates involvement 
at all organizational levels with some important side benefits. It stimulates 
critical thinking and creates visibility throughout the enterprise. It is a 
highly pervasive process that unifies the stakeholder community behind 
the emerging project plan and builds the basis for organizational commit-
ment to the plan.
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Phase ii. Project Definition

The project definition phase is often the first organized effort of defining what 
needs to be done, how we can accomplish the objectives most effectively, and 
who is best qualified to lead the project. The end product of this phase is 
the formal project plan. Although the basic framework and components for 
the project plan might have been developed already during the preliminary 
project analysis phase, they need to be formally organized and detailed in a 
standardized format to serve as a roadmap and effective communications tool 
during the project execution across the team organization. Project definition 
is a complex, well-orchestrated “impedance matching process” between (1) 
customer/sponsor requirements and (2) enterprise capabilities and desires.

Using the tools already described in Chapter 9, the project plan must 
define the four key dimensions of the project:

•	 Work/Scope . . . . . . . . What
•	 Timing . . . . . . . . . . . . When
•	 Cost/resources . . . . .  How much
•	 Responsibilities . . . . Who

In addition, the project plan should define the following:

•	 Work transfer and integration process
•	 Project monitoring and controlling process

The specific processes, responsibilities, templates, tools, and techniques 
required to develop these components of the project plan are summarized in 
Table 10.2.

Similar to the previous discussion in Phase I, developing the project plan is 
not a one-person job. This highly multidisciplinary document requires the par-
ticipation of all key people who will eventually be contributing to the project. 
Ideally all key personnel, from the core team members to the support organiza-
tions, contractors, and customers, should participate in the plan development 
and its validation. The project manager provides the direction and leadership 
for orchestrating the planning effort. Especially for complex projects, the plan 
does not develop linearly, but evolves incrementally and iteratively. That is, 
one should not expect to produce a perfect scope statement before going to 
develop a perfect WBS, before going to the schedule, and so on. Typically, all 
of the components of the project plan evolve incrementally via multiple meet-
ings, estimates, analyses, deliberations, and other forms of communications. 
This cross-functional involvement leads to a better collective understanding 
of the plan, which helps to validate its reality and workability and unifies the 
project team behind the project plan and its objectives.

Especially for larger projects or programs, the project plan can be very sub-
stantial in volume. Whether published on paper or electronically, the docu-
ment should be divided into sections and modules addressing the various 
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table 10.2 Components of the Project Plan

Component Tools and Templates 
Used for Data 
Summary and 
Communications

Organizational 
Processes

Work/scope

Defines the boundaries of work 
to be completed during the 
project life cycle

Scope statement

Statement of work (SOW)

Specifications

Work breakdown struc-
ture (WBS)

Work package

Task authorization

List of deliverables

Quality plan

Risk management plan

Requirements 
analysis

Multiorganizational 
meetings

User centered 
design (UCD)

Voice of the cus-
tomer (VOC)

Bid proposal 
analysis

Project feasibility 
analysis

Timing

Defines time duration and 
sequencing of project tasks, 
critical for project monitor-
ing, tracking, reporting and 
controlling.

Milestone schedule

Bar graph/Gantt chart

Network diagram  
(i.e. PERT, CPM, 
GERT)

Work breakdown struc-
ture (WBS)

Time estimating:

•	 History data

•	 Expert estimates

•	 Parametric

•	 Simulation

Cost/resources

Defines the financial resources 
required for project execution. 
Processes include cost esti-
mating, budgeting, monitor-
ing, tracking, reporting and 
controlling.

Budget

Cost accounts

Project baseline

Earned value

Work breakdown struc-
ture (WBS)

Cost estimating 
(labor, material, 
other):

•	 History data

•	 Expert estimates

•	 Parametric

•	 Simulation

Responsibilities

Defines specific responsi-
bilities, authorities, reporting 
relations and organizational 
interfaces for all project team 
members, including support 
organizations.

Project charter

Policies and procedures

Task matrix

Task roster

N-square chart

Work breakdown struc-
ture (WBS)

Established pro-
cesses for working 
within organiza-
tional structures:

•	 Matrix

•	 Projectized

•	 Hybrid

•	 Project manage-
ment office

•	 Negotiations
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table 10.2 Components of the Project Plan

Component Tools and Templates 
Used for Data 
Summary and 
Communications

Organizational 
Processes

Work transfer and integration

Defines the processes and 
activities necessary for trans-
ferring data and work compo-
nents among project groups, 
and for coordinating and 
integrating the work toward 
the end deliverable.

Interface definition

Work/data transfer 
protocol

Work process definition

N-square chart

Work breakdown struc-
ture (WBS)

Enterprise project man-
agement (web-based, 
central) Project man-
agement dashboard

Cross-functional 
meetings

Cross-functional 
collaboration

Management by 
wandering 
around

Management and 
leadership

Co-locating 
team, central 
workspace

Project monitoring and 
controlling

Defines the processes, activi-
ties and techniques for track-
ing and controlling the project 
against established plans 
throughout its life cycle.

Project review

Design review

Gate review

Progress report

Action list

Prototyping, simulation, 
testing

Enterprise project man-
agement (web-based, 
central) Project man-
agement dashboard

Cross-functional 
meetings, 
reviews

Cross-functional 
collaboration

Management by 
wandering 
around

Managerial guid-
ance, support 
and leadership

Effective work 
process and 
environment

Change control

Risk management

components of the plan, such as scope, schedule, budget, and risk. Following 
are content examples of a detailed outline, typical for a major project.

Section 1. Executive Summary
This section provides a top-level overview of the project, summarizing 

its scope, timing, resource requirements, rationale, and management 
approach.

 ■ Project overview
 ■ Primary objectives and deliverables
 ■ Enterprise perspective
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 ■ Resource requirements
 ■ Key milestones
 ■ Project organization
 ■ Management team
 ■ Technical approach
 ■ Management approach
 ■ Risk assessment
 ■ Customer interface and communications

Templates and tools included: Work breakdown structure (WBS), master 
schedule, summary budget, project organization chart, requirements 
analysis, bid proposal.

Section 2. Project Scope
This section describes the work to be performed and deliverables to be 

produced over the life cycle of the project
 ■ Statement of work (SOW)
 ■ Project objectives
 ■ Deliverables, results
 ■ Listing of subsystems
 ■ Enterprise perspective on project work to overall mission and busi-

ness strategy
 ■ Financial and schedule boundaries

Templates and tools included: Work breakdown structure (WBS), state-
ment of work (SOW), specifications, technical plans, diagrams, work 
packages, task authorizations, list of deliverables, quality plan, risk 
management plan, references to work details

Section 3. Project Schedules
This section discussed the project master schedule with its key milestones 

and project integration points. It also lists all subordinate schedules and 
their reference documents.

 ■ Master schedule
 ■ Listing of sub-schedules
 ■ Critical path analysis
 ■ Method of time estimating and assumptions
 ■ Schedule risks and contingency plan
 ■ Schedule control and management

Templates and tools included: Master schedule, milestone chart, Gantt 
chart, PERT/CPM diagram, work breakdown structure (WBS), risk 
management plan

Section 4. Resource Requirements and Budgets
This section summarizes the resource requirements for the project, 

time phased over the project life cycle, and itemized for each project 
subsystem.

 ■ Overall budget summary
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 ■ Project baseline
 ■ Budget details along WBS components
 ■ Contractor and vendor budget
 ■ Overhead costs
 ■ Method of cost estimating and assumptions
 ■ Cost credibility assurance
 ■ Risks and contingency plan

Templates and tools included: Budget charts, weekly labor charts, cost 
estimating model and software, cost accounts, work breakdown struc-
ture (WBS), risk management plan

Section 5. Project Organization Staffing
This section describes the structure of the project organization, including 

reporting and authority relations, staffing, and team development.
 ■ Project organization/structure within the enterprise
 ■ Authority and reporting relations
 ■ Key interfaces to support organizations, contractors and sponsor
 ■ Key personnel
 ■ Team staffing and development
 ■ Performance appraisals and awards
 ■ Management approach and commitment

Templates and tools included: Organization chart, project charter, job 
description, task matrix, task roster, staffing plan, work breakdown 
structure (WBS), master schedule

Section 6. Project Support and Facilities
This section describes the project support requirements, facilities and 

 special resources needed over the project life cycle.
 ■ Facility plan (project team)
 ■ Support organizations
 ■ Outsourced services
 ■ Leasing and renting
 ■ Special resources (e.g., R&D, laboratories, design support CAD/CAM, 

testing, prototyping, IT, transportation, field support)
Templates and tools included: Organization chart, project charter, depart-

ment charters, facility plan, plant and office layout, work breakdown 
structure (WBS), master schedule references to work details

Section 7. Technical Approach
This section describes the work to be performed and the integration 

 processes to meet the project objectives.
 ■ Technical objectives and approach to implementation
 ■ Description (technical) of project entity or mission
 ■ Design and development plan
 ■ Configuration management and document control
 ■ Systems integration and testing
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 ■ Quality and reliability
 ■ Risk assessment and management

Templates and tools included: Requirements documents, statement of 
work (SOW), specifications, diagrams, flow charts, systems interface 
documents, list of deliverables, design/development policies and proce-
dures, user-centered design (UCD) guideline

Section 8. Project Management
This section describes how the project will be managed, tracked and con-

trolled to achieve the objectives. This section refers to and integrates 
other parts of the project plan.

 ■ Project management approach
 ■ Project management structure
 ■ Enterprise and customer interfaces and communications
 ■ Progress measurements, monitoring, evaluating and reporting
 ■ Management control systems (i.e. cost, schedule, quality control)
 ■ Leadership team
 ■ Risk management
 ■ Advisory groups and committees

Templates and tools included: Project charter, requirements analysis, work 
breakdown structure (WBS), master schedule, summary budget, project 
dashboard, all components of this project plan.

Another way to break down the complexity of large project plans is to 
divide the total plan into subplans. This can be done by various means. For 
example, (1) along the project life cycle phases, such as development plan, 
test plan, production plan, or roll-out plan, or (2) along subsystem lines, 
such as concept development, central processor development, or software 
development, or (3) along operational aspects, such as project integration 
plan, subcontractor plan, configuration management plan, facility plan, 
quality plan, and logistics support plan. These are just a few examples of 
how the complexity of a project plan can be reduced while simplifying read-
ing and improving clarity for those responsible for just one specific part of 
the project.

In parallel to the project plan, the network for customer/sponsor communi-
cations must be defined and developed. This is a complex process that defines 
the key interface personnel between the project team and the customer, spon-
sor and user community. Initial contact meetings provide the communication 
vehicle for establishing formal interface relations among all parties of the 
greater project community. These relations are necessary for developing and 
validating the details of the project plan, matching and fine-tuning the cus-
tomer requirements with the contractor capabilities, available resources, and 
timing. These initial contacts also lead to the involvement of all parties in the 
project, building interest and potential for greater collaboration and desire 
for success. It also builds the basis for joint-reviews, collective problem solv-
ing, and customer-centered design later during project execution.
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Phase iii. team organization and startup

The primary objective of this phase is to define the operating environment for 
the project team. Many of the team organization and startup activities over-
lap with the project definition phase, and sometimes continue into the project 
execution. However, typically the efforts of team organization and startup 
include the following steps:

 1. Project baseline. Finalize the project baseline definition, which includes 
the technical description of the project work, its scope, requirements, 
specifications, and so on.

 2. Project charter. Write the project charter and obtain management 
endorsement (for charter example see Appendix).

 3. Direct reports. Define all activities and functions that will directly 
report to the project office or project manager.

 4. Support services. Define all activities and functions that provide sup-
port services to the project. Also define the shared responsibilities, 
accountabilities and controls between the project office and the func-
tional organization or sub-contractor.

 5. Project organization plan. Develop a project organization plan, consis-
tent with the project charter and established power sharing, includ-
ing the team structure, key responsibilities, reporting relations and 
controls.

 6. Project plan integration. Integrate the project organization plan with 
the project plan. Review both plans for consistency.

 7. Direct reports. Define key team member positions. Write job descrip-
tions for all personnel directly reporting to the project manager. Define 
candidates and negotiate assignments.

 8. Staff requirements. Define work-force (team) requirements over the 
project life cycle. The inputs for these requirements come primarily 
from the project task leaders who were identified in the previous step, 
or earlier in the planning process. Develop staffing plan in cooperation 
with task leaders and functional resource managers. Obtain manage-
ment approval and commitment to the staffing plan.

 9. Finalize project team. Organize project team with the help of task 
leaders (e.g., task managers) and the project manager’s direct reports. 
Establish project task roster.

 10. Task authorizations. Develop or finalize task authorizations for all major 
project subsystems (also called work packages or clusters). Preliminary 
task descriptions should be available from the project plan, providing a 
good starting point the task authorization development.

 11. Project control. Extracting from the control system that has already 
been defined in the project plan, develop a project tracking, reporting, 
and control system specifically fine-tuned for your project organization.

 12. Kickoff meeting. Organize and conduct formal project kickoff meet-
ing (although this is a logical point in time for holding the project 
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kickoff, it can take place earlier or later, or at multiple times, such as 
a planning kickoff, mission kickoff, or general kickoff). While kickoff 
meetings are symbolic, they play an important role in unifying the 
team and demonstrating the importance and management commit-
ment of the effort, benefiting future cross-functional collaboration and 
support.

One of the key issues in setting up the project organization is the span of 
control of the project manager or the project management office, all the way 
down the WBS chain of command. The span of control is conventionally being 
determined by the number of subsystems or tasks to be integrated under 
the direction of one individual. As a guideline, I suggest aiming for 8, but 
10 subsystems should be the upper limit. For larger projects, subsystems or 
tasks can be clustered, creating an additional activity layer and integrator 
point. This creates additional overhead and complicates the command and 
communications structure. But, it might be the only way to get around an 
unmanageably large number of subsystems to be directed and integrated by 
one person.

For very large projects, where subsystem layering is unavoidable, addi-
tional support personnel can help to make project administration more effec-
tive and manageable. Yet, project overhead is an issue that must be taken 
into account. As a guideline, the overhead for project administration should 
not exceed 6 to 10 percent of the total project budget. In fact, already 8 per-
cent will be considered generous in most situations. Translating this statistic 
to staff-level numbers, a small project with 10 full-time team members (let’s 
assume labor-intensive for simplicity), can barely afford one full-time admin-
istrator, such as the project manager. That is why we see, for smaller proj-
ects, team leaders also taking on technical responsibilities for design, testing, 
analysis, or other contributions, while allocating only part of their time to the 
function of project management.

Project support staff For larger projects, administrative support staff 
is not only affordable but also essential for effective management of the 
project. These project administrators provide vital support to the overall 
management of the project by taking on time-consuming but important 
functions, such as collecting and progressing progress data, updating proj-
ect documents, following up on issue resolutions, organizing review meet-
ings, carrying out liaison activities, maintaining websites, and generating 
reports. The following administrative positions can provide effective proj-
ect support and should be considered, depending on actual needs and bud-
get constraints:

Project manager
Deputy project manager
Technical project manager or technical project director
Administrative manager or assistant to project manager
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Contracts manager
Configurations manager (change management)
Financial analyst

These position titles vary considerably from industry to industry and are 
not necessarily indicative of the responsibility, power, or prestige carried by 
the position. The word manager is often replaced by the word administrator 
or lead or engineer, depending to a large degree on the prevailing organiza-
tional culture. However, when used within the same organization, the title 
of manager carries more weight and prestige than the administrator title. 
Many of these support functions can also be filled with part-time appoint-
ments that are shared among several projects. These services can also be 
provided cost-effectively by a central project management office (PMO). Cost-
effective project administration is still an important issue. The 10 percent 
rule is a good checkpoint, at least for the initial assessment. Later, the need 
for a specific support function might emerge, and a cost-benefit–based man-
agement decision will be made.

subplans Somewhere during the project planning process, the leadership 
team must find time to establish the required subplans, such as quality plan, 
test plan, systems integration plan, agency certification plan, and so on. 
Often, it is impossible, however, to develop these plans in detail this early in 
the project life cycle because of technical detail or staff specialties that will 
come forward only later in the project execution. In this case, it is important 
to define at least the type of subplans needed, together with the basic content 
and schedule for development.

Phase iv. Project Kickoff

The project kickoff meeting is an effective and logical way to transition from 
the planning to the execution phase. However, operationally, there is no great 
significance to its timing, and the kickoff can take place earlier or later, or at 
multiple times, such as a planning kickoff, mission kickoff, or general kickoff. 
Yet, the kickoff meeting is more than just symbolic. It plays an important role 
in unifying the team and demonstrating the importance and management 
commitment of the effort, benefiting future cross-functional collaboration 
and support. If planned properly, it provides excellent focus on the project 
objectives and significance of the project to the enterprise.

The advantage of bringing all team members together at the beginning 
of the execution phase is generating a sense of unity, importance, and com-
mitment, which is further amplified by senior management attendance and 
comments. A well-organized kickoff meeting will also validate the project 
plan and its workability in the minds of the people. It will set the stage 
for the subsequent project execution effort, unifying the project team and 
building the team spirit for collaborative, committed work toward desired 
results.
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10.3 a liFe CYCle aPProaCh to ProJeCt PlanninG

Projects evolve. Over their life cycles, project environments and the dynamics 
of project work and their outcomes change. No one can predict all the contin-
gencies and changes that become essential during the execution of a project. 
Therefore, project plans must be flexible. This is not to say that front-end 
accuracy doesn’t matter. On the contrary: Project plans are blueprints of the 
upcoming execution. They provide the roadmap for allocating resources and 
efforts toward desired objectives. They provide de facto a contractual basis 
between the project team and its management for delivering specific results. 
They also provide the basis for individual and team performance evaluation 
and reward. For that reason, project plans are important management tools.

However, project plans must also be flexible to be relevant in times of 
change. Flexibility doesn’t mean casual, sloppy, or broad-brushed. It means 
being prepared to cope effectively with a situation that requires a change 
in plan, such as an unexpected market development, an unfavorable test 
result, a changing technology, or a new opportunity. As a result, we have to 
design into our project plans mechanisms for identifying changing situations 
in their early stages of development and for effectively responding to these 
situations and requirements.

Many of these mechanisms for identifying change are part of the conven-
tional project management system. They include regular reviews, expert 
audits, early concept testing, user-centered design (UCD), and design-built 
processes. Yet, they should also include the people side of dealing with 
change. One of the important lessons learned from agile is to build a col-
laborative project environment with motivated people who can work as a 
complex adaptive system. Building such a collaborative team environment 
where people continuously watch for changes, threats and opportunities, and 
deal with these situations as they develop requires sophisticated leadership, 
resulting in a work environment conducive to effective cross-functional com-
munications and collaboration among all stakeholders.

10.4 sUmmarY oF KeY Points anD ConClUsions

The following key points were made in this chapter:

•	 Project plans are blueprints for the upcoming execution. They provide 
a roadmap for allocating resources and efforts toward desired objec-
tives. Yet, plans have to be flexible to cope with changing situations and 
requirements during their life cycles.

•	 Project planning should be a collaborative effort among all stakehold-
ers with consensus to the final document.

•	 Most project plans are developed via a four-phase process: (1) prelimi-
nary analysis and feasibility assessment, (2) project definition (or plan 
development), (3) team organization, and (4) project kickoff.
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•	 The preliminary analysis and project feasibility assessment are 
 necessary and important activities prior to committing project 
funding.

•	 At the minimum, a project plan must define the four project dimen-
sions of (1) work/scope, (2) timing, (3) cost/resources, and (4) respon-
sibilities, plus the processes for work monitoring, integrating, and 
controlling.

•	 Dividing the total plan into subplans, such as plans for development, 
testing, production or rollout, can help to break down the complexity, 
especially for large projects.

•	 The project charter, team roster, and work breakdown structure pro-
vide the key tools for organizing the project team.

•	 The span of control of the project manager or any of his/her task leaders 
should not exceed 10.

•	 As a guideline, the overhead for project administration should not 
exceed 6 to 10 percent of the total project budget.

•	 The project kickoff meeting is an effective and logical way to transition 
from the planning to the execution phase. However, the kickoff can take 
place earlier or later during the front-end preparation period.

•	 A well-organized kickoff meeting will set the stage for the subse-
quent project execution effort, unifying the project team and build-
ing the team spirit for collaborative, committed work toward desired 
results.

•	 Although project planning should be collaborative among all stakehold-
ers, it should be performed under the direction and leadership of the 
project manager, supported by senior management.

10.5 QUestions For DisCUssion anD exerCises

 1. Describe the characteristics of an effective project plan.
 2. Write an outline of table of contents for a project plan of a project you are 

currently working on. Alternatively, use the lead-in scenario of the Volt 
electric car development as background to develop your outline. Feel free 
to make any assumptions.

 3. How would you use information technology (IT) for defining and commu-
nication your project plan?

 4. What can you do as project leader to reduce project-related overhead 
during the project definition phase?

 5. What actions can you take as project manager to create an organiza-
tional environment conducive to cross-functional participation and col-
laboration in your project planning effort? What type of situations and 
issues would hinder such collaboration?

 6. Write an agenda for a project kickoff meeting for a project that you are 
familiar with (or use the Volt e-car lead-in scenario). What type of kickoff 
support would you ask from your senior management?
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10.6 PMBoK® Guide reFerenCes anD ConneCtions

The topic of project definition cuts across most of the 10 knowledge areas 
defined by PMBOK. Similar to Chapter 8 on “setting up an effective planning 
and control cycle,” it connects most strongly with project integration manage-
ment (area #1), project scope management (area #2), project time management 
(area #3), project cost management (area #4), project communications man-
agement (area #7) and project stakeholder management (area #10). It also 
addresses the first two processing groups: initiating and planning. Many of 
the topics covered in this chapter address the context of project management. 
That is the way projects are planned, documented, communicated, and orga-
nized in preparation for project execution. This broad contextual understand-
ing of project management is necessary for effectively applying the PMBOK 
standards to the day-to-day management of projects and to study effectively 
for PMP® certification. In studying for the PMP® exam, an understanding 
of the following concepts will be beneficial: (1) activity definition and scope 
planning, (2) elements of a project plan (e.g., work breakdown structure, 
scope statement, schedule and budget); (3) change management, (4) project 
plan development, (5) resource definition, people, facilities, (6) stakeholder 
participation in project planning, (7) relationship of project planning within 
the five project management process groups, and (8) human resource plan 
development.

internet linKs anD resoUrCes

Carnegie Mellon University. “Detailed Project Plan.” www.cmu.edu/computing/ppmo/
project-management/life-cycle/planning/detailed-project-plan.html

GM Chevrolet. 2011. “Development History of the 2011 Volt.” Dailymotion: www 
.dailymotion.com/video/xg4toj_the-development-history-of-the-2011-chevrolet-
volt_auto

GM Chevrolet. 2011. “Making of the 2011 Chevy Volt,” YouTube. www.youtube.com/
watch?v=s3dZfvTLbBE/

Wikipedia. 2013. “New Product Development.” http://en.wikipedia.org/wiki/
New_product_development

Wikipedia. 2013. “Project Planning.” http://en.wikipedia.org/wiki/Project_planning
Wikipedia. 2013. “Chevrolet Volt,” http://en.wikipedia.org/wiki/Chevrolet_Volt

reFerenCes anD aDDitional reaDinGs

Brooke, Lindsay. 2011. Chevrolet Volt—Development Story of the Pioneering Electrified 
Vehicle. Warrendale, PA: SAE International.

Cano, J., and I. Lidon. 2011. “Guided Reflection on Product Definition.” International 
Journal of Project Management 29(5): 525–535.

Gido, J., and J. P. Clements. 2012. “Initiating a Project.” Part 1 in Successful Project 
Management. Mason, OH: South-Western Cengage Learning.

c10.indd   230 25-02-2014   14:48:43

http://www.cmu.edu/computing/ppmo/project-management/life-cycle/planning/detailed-project-plan.html
http://www.cmu.edu/computing/ppmo/project-management/life-cycle/planning/detailed-project-plan.html
http://www.dailymotion.com/video/xg4toj_the-development-history-of-the-2011-chevrolet-volt_auto
http://www.dailymotion.com/video/xg4toj_the-development-history-of-the-2011-chevrolet-volt_auto
http://www.dailymotion.com/video/xg4toj_the-development-history-of-the-2011-chevrolet-volt_auto
http://www.youtube.com/watch?v=s3dZfvTLbBE/
http://www.youtube.com/watch?v=s3dZfvTLbBE/
http://en.wikipedia.org/wiki/New_product_development
http://en.wikipedia.org/wiki/New_product_development
http://en.wikipedia.org/wiki/Project_planning
http://en.wikipedia.org/wiki/Chevrolet_Volt


 10.6 PMBoK® Guide references and Connections 231

Gil, N., I. Tommelein, and L. Schruben. 2006. “External Change in Large Engineering 
Design Projects: The Role of the Client.” IEEE Transactions on Engineering 
Management 53(3) (August): 426–437.

Kloppenborg, T. J. 2012. “Planning Projects.” Part 2 in Contemporary Project 
Management, Mason, OH: South-Western Cengage Learning.

Lewis, J. 2011. Project Planning, Scheduling, and Control: The Ultimate Hands-On 
Guide to Bringing Projects in On Time and On Budget. New York: McGraw-Hill.

Musser, G. 2004. “The Spirit of Exploration.” Scientific American 290 (1): 52–57.
Naderi, F. 2001. “Mars Exploration.” Robotics & Automation Magazine (IEEE) 13(2): 

72–82.
Philipenko, R., J. Acharya, and P. Srivastava. 2012. “Define Your Project—Reduce the 

Risk.” Cost Engineering 54(4) (Jul/Aug): 25–35.
Platje, A., H. Seidel, and S. Waldman. 1994. “Project and Portfolio Planning Cycle: 

Project-Based Management for the Multiproject Challenge.” International Journal 
of Project Management 12(2) (May): 100–106.

Project Management Institute (PMI). 2013. A Guide to the Project Management 
Body of Knowledge (PMBOK® Guide), Fifth Edition. Newtown Square, PA: Project 
Management Institute.

Rad, P.F., and V. S. Anantatmula. 2006. Project Planning Techniques. Tysons Corner, 
VA: Management Concepts Press.

Thamhain, H., and I. Kruglianskas. 2000. “Managing Technology-Based Projects in 
Multinational Environments.” IEEE Transactions on Engineering Management 47 
(1): 55–64.

Walsh, B. 2007. “General Motors Green Leap Forward.” Time 170(17) (October 22).

c10.indd   231 25-02-2014   14:48:43



232

Sources of chapter introduction minicase: Google (2012); Google (2013); Newsweek (2006).

Chapter 11

Resource Estimating and Budgeting

At GooGlE, tEchnoloGy pRojEcts ARE donE  
on A RApid schEdulE.

since its start-up days in 1995 at susan 
Wojcicki’s garage in Menlo park, and 
founding as a company in 1998, Google 
has grown enormously. today, a $50 bil-
lion company, Google offers dozens of 
products from search engines to Gmail 
and Maps, and keeps continuously search-
ing for new products and better ways to 
leverage technology. “our goal is to make 
it as easy as possible for you to find the 

information you need and get the things you need to do done,” says larry page, 
Google’s co-founder and cEo. “We pride ourselves on our ability to develop and 
launch new products and features at a very fast pace. this is made possible in part 
by our world-class engineers, but our approach to software development enables 
us to balance speed and quality, and is integral to our success. our obsession for 
speed and scale is evident in our developer infrastructure and tools. developers 
across the world continually write, build, test and release code in multiple program-
ming languages like c++, java, python, javascript and others, and our Engineering 
tools team, for example, is challenged to keep this development ecosystem running 
smoothly. We share technical knowledge and the lessons learned along the way.”

At Google most projects have time horizons of just 6 to 12 months. the aim is 
to deliver results quickly and iterate if necessary. Although some project groups do 
work on longer-term developments, nearly all projects are “bottom-up” efforts, 
started by a few Googlers who want to tackle a new problem. We’re very light on 
management. We have more problems than we have people, so there’s always a 
big backlog of problems to be solved.
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11.1 Why WE nEEd BudGEts

Regardless of the type of project, we need to establish budgets to allocate spe-
cific resources. Whether Google considers the development of a new search 
engine or NASA proposes the Mars rover Curiosity, we need a resource esti-
mate for many reasons: to (1) determine the desirability, (2) affordability of 
the project, (3) compare alternatives and support funding decisions of one 
program over another, (4) determine resource allocation type and timing, and 
(5) develop a performance measurement baseline.

It is tempting to take shortcuts in the budgeting process, especially when 
understaffed or under time pressure, like Google developing new products at 
internet time. However, running projects without a reasonable feeling for the 
resource requirements can be very costly, ranging from pursuing the wrong 
opportunity to excessive and unexpected resource requirements, organiza-
tional conflict and poor overall enterprise performance. Yet, in many cases 
it is impossible or impractical to generate a perfect resource estimate. In 
fact, perfection is not required, and often interferes with effectiveness. In the 
Google situation, with many projects waiting for resourcing and fast-moving 
opportunity windows, it is important to minimize front-end estimating, plan-
ning, and organizing time. Maybe in the spirit of agile or Tom Peters’s “ready-
fire-aim,” one can develop preliminary results and some feasibility quickly, 
without much front-end delay, then iterate and fine-tune later if necessary. 
This is perfectly acceptable and desirable for certain projects. Yet, we should 
not embark on a project with an open-ended resource plan. There are many 
effective “quick” or preliminary budgeting techniques, such as using historic 
cost, parametric estimating, fixed-budget exploratory development, and initial 
funding via memorandum of understanding, which get you started, but also 
set resource boundaries. In fact, many projects, especially large ones, need 
some seed money up front to scope the proposed effort and to determine a 
rough resource estimate for the new project (rough order of magnitude, ROM), 
before a preliminary go/no-go decision can be made and the required resources 
for a formal budgeting effort can be allocated. Regardless how preliminary or 
final it is, the established project budget is an important management tool to 
monitor and guide the project, and to serve as an early warning system.

11.1.1 the Role of cost Estimates

Cost estimates are key components to the project budgeting process. 
They also provide critical inputs to the front-end project selection, project  
planning, and overall life cycle cost (LCC) management. Obtaining accurate 
cost estimates is difficult, especially for large and more complex undertakings  
that involve new technologies, long life cycles, and lots of uncertainties. 
Developing accurate cost estimates is often difficult. The challenges range 
from difficulties of interpreting customer requirements to forecasting tech-
nological advances, market trends, competitive reactions and economic 
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conditions, to judging work complexity, schedule requirements, and support 
needs. Other issues are psychological. Managers might feel pressured to pro-
vide optimistic time or cost estimates to influence project approval. However, 
inaccurate cost estimates will eventually lead to unrealistic project plans 
that cannot be executed within the established constraints. They are running 
the risk of feasibility reassessment, replanning, or, worse, cancellation with 
dire consequences to all parties involved.

Overestimating costs is another problem. Managers might overestimate 
costs, fearing budget overruns during the execution. Or, the overestimate might 
just be a result of inaccurate or missing information about the project and its 
environment, the same issues that caused underestimating. Either way, cost 
overestimating creates an unnecessarily unfavorable cost image that nega-
tively influences the affordability and ultimately the funding of the project.

Taken together, accurate, reliable cost estimating is critical to realis-
tic project planning, effective project management, and customer/sponsor 
satisfaction.

11.2 cost EstiMAtinG MEthods

Managers have a large number of methods available for estimating cost 
and resource requirements for their projects. According to PMBOK (2013), 
it is one of the three activities that need to be performed as part of the cost 
management function. However, in spite of the sophistication and variety of 
approaches and computer support, cost estimating is still an art, at least to 
some degree. Furthermore, the method, extent, and accuracy of the estimate 
depend on many factors, including the type of the project, time and resources 
available for the estimate, and the purpose of the estimate. Because of these 
different needs and approaches, it is useful to establish classes of cost esti-
mating methods. Among the many classification systems in use today, the 
system developed by the American Association for Cost Engineers (AACE) 
in the late 1960s has become a national standard, published by ANSI (2012) 
since 1972. The system divides cost-estimating methods into five classes, 
depending on the level of accuracy and end-use of the estimate as summa-
rized in Table 11.1. The classification acknowledges the fact that different 
management situations require different levels of budget accuracy, as well 
as different levels of effort, which according to AACE can vary by a factor of 
100 between a “best-judgment” estimate (Class-5) and a “detailed determinis-
tic” estimate of Class-1. The classification also points at different estimating 
methods, which will be discussed next.

11.2.1 A Variety of Estimating Methods for different situations

The ability to select the right estimating method is critical to project manage-
ment effectiveness. Aiming for too much accuracy early in project definition 
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cycle can be unnecessarily costly and might even be impossible to achieve 
because of incomplete scope or requirements definition or lacking specialists 
who are skilled to perform a detailed estimate. In most cases, the question is 
not to prepare an estimate, but what method to use to estimate the resource 
requirements for a specific application.

This section discusses seven cost estimating methods, which vary in detail, 
accuracy, effort, and application. The discussion topics are sequenced some-
what by accuracy, starting from top-down estimates.

Expert judgment Estimating

This top-down method relies on the subject knowledge and field experience 
of an individual or group of individuals to estimate the time, resource, or 
cost of a specific project component or the total project, without going into the 

table 11.1 classification of cost-Estimating Methods

Estimating 
Class

Characteristics

Level of 
Project 

Definition(a)

Typical 
End-
Use of 
Estimate

Estimating 
Method

Expected 
Accuracy(b)

Estimation 
Effort(c)

Class 5 0–2% Project 
screen-
ing for 
feasibility

Stochastic or 
judgment

10–20 1

Class 4 1–15% Concept 
study or 
feasibility

Primarily 
stochastic

3–12 2–4

Class 3 10–40% Budget 
authori-
zation or 
contract

Mixed, but 
primarily 
stochastic

2–8 3–10

Class 2 30–70% Contract 
or bid 
tender

Primarily 
deterministic 
(knowing 
actual cost)

1–3 5–20

Class 1 50–100% Final 
budget or 
contract 
payment

Deterministic 
(knowing 
actual cost)

1 10–100

(a) Percentile of project definition available relative to a complete project definition.  
(b) Example: If the accuracy for a Class-1 estimate is 5%, then the accuracy for a Class-5 
 estimate is 10 to 20 times less accurate, or between 50% and 100% of its expected final 
value. (c) Example: If a Class-5 estimating effort requires 1 staff-hour, a Class-1 effort would 
require between 10 and 100 staff-hours.
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task-by-task details. With several experts making an anonymous estimate, 
which is later averaged, the process is known as the Delphi method. However 
the technique can also be used in face-to-face discussions, leading to a collec-
tive judgment, which is called estimate-talk-estimate (ETE) or mini-Delphi, 
a method widely used for forecasting in a wide range of business situations. 
With the right people, any these forms of expert judgment are very effective 
and reliable for obtaining a quick cost estimate, especially pragmatic at the 
very front-end of a new project proposal.

It is also interesting to notice that while an expert judgment is labeled in 
this section as a “top-down” method, it is the same expert judgment that is 
used in “bottom-up” estimates, integrating detailed task estimates into the 
total project cost.

Rule of thumb Estimating

Rules of thumb are very general measures and ratios among certain met-
rics. As an example, The US government suggests in its Cost Estimating 
and Assessment Guide that “as a typical rule of thumb, the lower and upper 
bounds estimated by experts should be interpreted as representing the 15 
percent and 85 percent levels, respectively, of all possible outcomes.” This 
doesn’t mean that it is always 15 and 85 percent, but it is a good general rule 
or sanity check. It is also a good starting point if no other information is avail-
able. There are rules of thumb for many project-based measures and param-
eters ranging overhead to profit and meeting duration to risk handling. Rules 
of thumb are experience-based, common-sense yardsticks that provide both a 
quick up-front calibration and a benchmark for reality checks.

past performance Estimating

Past performance estimating, also known as analogy estimating, is a top-
down method, which relies on historic cost data of similar projects. It is simi-
lar in concept to parametric estimating, but looks more at whole subsystems 
or even the whole project for cost data, rather than trying to isolate specific 
parameters for cost modeling. The method builds on the notion that virtu-
ally no project, no matter how state-of-the-art, represents a totally new sys-
tem, but just represents a new combination of existing components. If this 
assumption holds, we can use the actual costs from a similar project, or its 
components, adjusted for any differences, to estimate the cost of the new proj-
ect. This method is often part of continuous improvement processes, utilizing 
learning curves and experience curves. Past performance estimating is espe-
cially effective for projects similar to those already completed.

three-point Estimating

Three-point estimating combines expert judgment with analytical methods. 
Three judgments are made to determine the (a) best-case estimate, (m) most 
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likely estimate and (b) worst-case estimate. The three estimates are com-
bined to calculate a summary statistics of the three-point distribution, such 
as mean, standard deviation, and percentage points. A triangular distribu-
tion is commonly used for calculating the expected cost (E):

E = (a + m + b)/3.

Alternatively, others calculate the expected cost (E′) as the approximate mean 
of an assumed beta-distribution, together with a standard deviation (SD):

E′ = (a + 4m + b)/6
SD = (b − a)/6

The same statistics is also used to determine expected values for Project 
Evaluation and Review Techniques (PERT).

It should be emphasized, however, that regardless of the distribution used, 
the accuracy of the estimate can be no better than the accuracy obtained 
with the three initial estimates, which points at the limitations of this esti-
mating method.

In addition, the method has a built-in psychological bias. Estimators are 
tempted to go more conservative than justified at the worst-case estimate, 
and therefore skewing the distribution toward a higher expected value. In 
statistical terms, the greater the distance between the best-case and worst-
case value, the greater is the risks of the cost estimate not being realized. 
However, in the hands of skilled estimators and in combination with other 
methods, the three-point method is an effective and popular estimating tool.

parametric Estimating

In its pure form, parametric estimating is very technical (ISPA 2008). It 
develops cost estimates by examining statistical relationships among techni-
cal, programmatic, and cost data from previously completed (similar) proj-
ects to build a cost model which is adjusted for complexity and other factors. 
The cost derived for a specific parameter, or group of parameters, is then 
scaled up or down to calculate the cost of the new project. To illustrate, let’s 
assume that in the past we constructed 50 buildings of different sizes, but 
similar type, and the construction cost for each building, regardless of size, 
comes to $100 +/–5 percent per square foot floor space, including labor, mate-
rial, architectural services, permitting, infrastructure, and contingencies, 
for turn-key delivery. Hence, $100/sq ft +/–5 percent is a reliable parameter 
for estimating the cost of the next building, if we can determine its floor 
space. Obviously, determining floor space is a lot simpler and more reliable 
than estimating the detailed labor and material cost of thousands of items 
required to construct the new building. The example illustrates the power of 
parametric estimating, but also its limitations. The assumption is that we can 
find a parameter, or set of parameters, that provides a good cost model. This 
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seems to be easier for construction and infrastructure projects than for other 
technology projects, such as product developments, service-based undertak-
ings and R&D. However, in combination with other top-down methods, such 
as expert judgment and past performance-based methods, parametric esti-
mating can be a very powerful and effective estimating tool. As an example, 
software developments often use cost per line of coding as a parameter to 
obtain a “rough order of magnitude” cost estimate for a new project. Overall, 
I find most project managers can identify experientially certain parameters 
on their specific class of projects for a quick thumbnail resources estimate of 
a new project.

detailed Roll-up cost Estimating

This method assumes that we can determine the cost for lower level compo-
nents and subsystems of the project with reasonable accuracy. Then, using a 
cost model, such as the work breakdown structure (WBS), we can roll up and 
integrate all the sublevel costs into the total project or program cost. Roll-up 
estimates do not necessarily have to start at the lowest task or cost element 
of the project. However, the estimate should be reasonably accurate at what-
ever level we estimate in order to arrive at a reliable estimate at the top, 
otherwise we might be better off to rely on a top-down method.

deterministic cost Estimating

This method produces by definition the most accurate estimate. But, it is 
also most time-consuming and costly. Deterministic cost estimating requires 
detailed knowledge of all project tasks and components, so that the actual 
cost can be determined, and when rolled up, will result in an accurate 
estimate of the total project. It usually requires detailed estimates at the 
lowest cost account, including labor time, specific resource requirements, 
labor rates, material, and other costs. This is a very labor-intensive, time-
consuming, and costly effort. Therefore, this type of cost estimate is rarely 
undertaken early in the project feasibility or initiation stage, but reserved 
for a later time in the project formation or bid proposal phase when organi-
zational desirability and feasibility of the project has been established with 
certainty.

11.3 WhERE to BEGin?

Eventually, we must define the budget and cost baseline for our project, which 
shows the type and quantity of resources, when they are needed and how 
much they cost. We have to do this for all cost accounts, rolled-up through the 
various subsystems, and integrated at the project level. This is very laborious 
and time-consuming even for small projects. It can be outright overwhelming 
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for larger projects, especially when attempted in a single step. Therefore, 
ground rule #1 is to break the budgeting process along two dimensions:

Cost estimating (first) . . .. Budgeting (second)
Top-down (first) . . .. Bottom-up, detailed (second)

To keep the process manageable and effective, we should start with cost 
estimating and with a top-down approach first. Then iterate toward a more 
detailed estimate and eventually develop the complete project budget, simi-
lar to the process diagram suggested in Figure 8.2.

11.3.1 project Budgeting step-by-step

Regardless of the level of estimating detail chosen, the process cannot be per-
formed without a clear project definition at the level of the required estimate 
and a selection of the estimating method. Therefore, any budgeting process 
includes four parts or process steps:

Step-I Project definition
Step-II Selection of estimating method
Step-III Cost estimation
Step-IV Budgeting

This is consistent with established standards for project budgeting, such 
as PMBOK (2013), GOA (2009), and NASA (2008). It follows most closely 
NASA’s guidelines provided in their 2008 NASA Cost Estimating Handbook.

step 1—project definition

This step defines the project at the level of required estimating detail. This 
includes the project objectives, scope, customer requirements, technical 
description, timing, and reason for the estimate. The work breakdown struc-
ture (WBS), detailed to the desired level of estimate, serves as the cost model.

step 2—selection of Estimating Method

This step defines the estimating method appropriate for the chosen level of 
detail. It also includes the ground rules and assumptions, and validates the 
cost model. This step establishes the framework for the estimate. However, it 
is likely that the method selection and assumptions needs to be revisited and 
fine-tuned during the subsequent cost estimating process.

step 3—cost Estimation

At this step the actual cost estimates are developed based on the chosen 
level of detail and estimating method, including appropriate validation and 
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summary documentation. When this step is performed at a detailed project 
level, specific materials, facilities, and human resource allocations must be 
considered, including their quantity, skill sets, and time needed.

step 4—Budgeting

The project budget is the total amount of monetary resources authorized 
and allocated to a project over its life cycle, providing the basis for resource 
planning, project monitoring, tracking, and control. Budgets are crucial man-
agement tools, not only for the project organization, but also for supporting 
resource departments throughout the enterprise, contractors, and partner 
organizations. The budgeting process starts with the cost baseline, that is 
the aggregation of cost estimates for all cost accounts (e.g., work packages 
and subsystems), across all stages of the project life cycle. However, bud-
gets usually differ from cost estimates because they should include lessons 
learned, funding limitations, risk factors, and other business considerations 
that affect the budged realities beyond itemized cost estimating. Therefore, 
the cost baseline needs to be reviewed and modified to be consistent with 
the budget. Because of these dynamics, many of the interdependent project 
planning activities, such as scoping, scheduling, cost estimating, and budget-
ing, are being performed concurrently. When working the budgeting process, 
it is further important for the project manager to collaborate with the team 
members responsible for implementing the plan regarding scoping the work 
and schedule to fit the budget constraints and ensure cost-realism. The bud-
geting process is filled with emotions. Each group is trying to get its “fair 
share” of the available resources. Matching the scope and schedule with the 
budget usually requires considerable negotiations among all parties, project 
leaders, team members, supporting resource managers, senior management 
and the sponsor organization. While often stressful and time-consuming, this 
total team involvement has important side benefits of leading to consensus 
on the budget and ultimately commitment to the project plan that should be 
an updated document reflecting all adjustment made to the project scope, 
schedule, cost structure, and other elements that define the project require-
ments and its performance.

11.4 cost EstiMAtinG And BudGEtinG philosophy

Cost estimating and budgeting are difficult tasks. Understanding the com-
plexities provides management perspective, a conduit linking the art and 
science of these intricate processes. Although computers and sophisticated 
analytical tools provide the “technical” support for the budgeting process, 
we still need a great deal of intuition, leadership, and judgment to generate 
meaningful data, integrated into an executable budget, seen as realistic with 
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buy-in from all team members. This takes a lot of experience and specialized 
skills. From field observations, we find the following driving forces toward 
realistic, quality estimates:

•	 Estimators have solid knowledge of the project baseline, scope, and 
requirements

•	 Estimating team includes experienced, trained cost analysts, and sub-
ject experts, individuals assigned to perform project work

•	 Estimators have prior experience with projects of similar size and 
complexity

•	 Specialists from related disciplines (other projects) are involved in the 
estimating process

•	 Historic cost data for similar undertakings are available
•	 Accurate cost model (e.g., WBS) at the level of estimate
•	 Sufficient funding of cost estimating and budgeting as part of the proj-

ect planning phase
•	 Estimating methods are appropriate for the level of estimating  

detail
•	 Use of multiple estimating methods
•	 Integration of analytical and judgmental methods
•	 Resisting pressures for over- or underestimating
•	 Costs, budget, and schedule constraints are dealt with via formal 

design-to-cost or plan-to-cost processes and reflected in adjustments to 
scope and schedule (cost integrity)

•	 Avoid estimating at an unknown level of detail
•	 A rough expert estimate is better than a precise value based on an 

uncertain cost model
•	 Use of phased approaches to budgeting and resource commitments
•	 Project life cycle cost (LCC) management principles are observed
•	 Risks and uncertainties are identified and considered
•	 Cost and budget allocations have team agreement
•	 Work environment is conducive to teamwork, mutual trust, and  

respect
•	 Estimates are kept current
•	 The enterprise evaluates and tracks cost estimating and budgeting 

performance for continuous process improvement

One especially important criterion for effective estimating is the involve-
ment of the project team in the process, a topic that will be discussed in 
more detail in the next section. Without such an involvement, the credibility 
of perceived reality of the estimate and subsequent budget item does not 
exist. Therefore, soliciting team member participation, input, and coopera-
tion during the estimating process is crucial to obtaining buy-in ultimate 
commitment to any budget item. It is also critical to developing workable 
design-to-cost solutions budget cuts or other resource constraints.
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11.4.1 Who should perform the Estimate?

Ultimately the project manager is the person responsible to senior manage-
ment for producing the cost estimate, and developing and producing a work-
able budget. However, there are many stakeholders to the budget, ranging 
from the core team to the supporting resource groups, outside contractors, 
customer organization, and senior management. There are also staff groups, 
such as cost accounting, cost engineering, and specialists from the project 
management office (PMO) that may support and orchestrate the estimating 
effort. The critical question is, who should make the estimate, and at what 
level of detail? The answer depends on the detail of the project concept and 
its requirements available at the time of the estimate. Ideally, we should 
have all the information to define the project at the necessary level of detail 
to completely and accurately estimate the required resources. However, this 
is seldom possible. Bid proposals, advanced developments, and R&D under-
takings are just some of the examples where complete details are usually not 
available. Also, for most projects, especially complex ones, we need at least a 
rough estimate, often called order-of-magnitude, before we can even make a 
preliminary funding decision. Therefore, cost estimates are usually made in 
stages, depending on the life cycle stage the project is in. This also influences 
who should perform the estimate.

During the early stages of project formation, very little detail is known. 
The estimate should be performed at a very general project level, top-down 
by a few senior people who understand the project, its scope and require-
ments, and ideally, can also relate to previously undertaken similar projects. 
Dividing the overall project into major subsystems or execution phases, such 
as documented in a level-1 work breakdown structure, would provide a suf-
ficient and useful cost model.

At a later project phase, or after a preliminary funding decision has been 
made, a more detailed estimate is needed, maybe as part of a formal project 
definition and planning effort to establish operating budgets, cost controls or 
the price of a contract in a bid proposal effort. In either case, the estimating 
detail depends on the level of intended cost control. The lowest level of project 
work for which cost is authorized, reported, analyzed, and controlled is called 
the cost account. Therefore, for most projects it doesn’t make sense to esti-
mate resources below the cost account level, although some projects go below 
this level for additional accuracy and the ability to root-cause performance 
problems further.

Specific cost estimating requirements and approaches vary to some extent 
across companies, and even among government organizations, because many 
of these companies have their own cost accounting system. Furthermore, for 
contract work and bid proposals the customer often specifies the cost-esti-
mating detail.

Before we can address the question of who should make the estimate at 
the cost account, we have to clarify what is being estimated. Usually this is 
not the dollar amount, but a complex derivative consisting of task definition, 
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duration, labor categories, skill levels, pay rates, materials, facilities, task 
integration and other costs. While I already stressed the importance of task 
specialists to be actively involved in the estimating process, these specialists 
might not be the best people to develop the estimate single-handed. The task 
specialist is definitely qualified to estimate time duration, material, and other 
straightforward cost items. But his or her estimates need to be reviewed, cali-
brated, and upgraded by someone who has broad organizational perspective, 
can judge interdisciplinary support and integration efforts, shortcuts, risks, 
and special needs. Above all, this lead-estimator can motivate task specialists 
and support personnel to provide realistic resource estimates, and to agree to 
final budgets. Taken together, resource estimating is teamwork. The effort is 
led by a senior manager or skilled cost accounting professional, supported by 
the task specialists assigned to the job and cost accounting analysts prepar-
ing the quantitative analysis and cost details.

11.4.2 the Role of computers

Cost estimating is complex not only in its management process, but also in its 
data processing. The use of computers is a necessity for virtually every project 
that goes through a final budget development. First, the measures for labor, 
time, material, travel, overhead and other items need to be analyzed, risk-
adjusted and translated into a currency, such as dollars, so resources can be 
tracked and controlled in a normalized way. This is a lot of number crunching 
for just one cost account. A modest-size project with just five subsystems that 
should be controlled at the work breakdown level-3, might have at least 5 × 5 
× 5 =125 cost accounts. Manual data processing is not a good option, especially 
in light of over 100 sophisticated computer software programs, available with 
specialized applications for project resource estimating, tracking and control-
ling. These applications not only perform all the cost data processing reliably, 
quickly, and professionally formatted, but also perform a variety of analyses, 
such as parametric comparisons, relative cost distribution, ranking of cost 
drivers, and other checks and balances. In addition, once the electronic cost 
database has been established, any changes in the project configuration—or 
the original cost estimates or their dependencies—can be assessed very quickly 
and reliably, together with effective comparisons of different options. These 
are valuable and powerful features, especially for incremental and iterative 
cost estimating and budgeting, which is typical for today’s complex projects.

11.5 suMMARy of KEy points And conclusions

The following key points were made in this chapter:

•	 Budgets are important management tools for the project selection, 
planning, and control.
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•	 Cost estimates and budgets are usually developed incrementally and 
iteratively, matching the evolving management desirability for and 
commitment to the project.

•	 Initial cost estimates at the early stage of project evaluation are usu-
ally “quick” top-down expert judgments, parametric estimates, or esti-
mates based on comparison with similar undertakings from the past.

•	 Cost estimating methods are categorized into five classes, ranging from 
very low accuracy (class-5) to very high accuracy (class-1), each class 
suitable for a different level of project definition maturity.

•	 The seven popular cost estimating methods are: (1) expert judgment, 
(2) rule of thumb, (3) past performance, (4) three-point, (5) parametric, 
(6) roll-up, and (7) deterministic. They are ranked, with (7) to be most 
accurate.

•	 To keep the budgeting process manageable, one should start a new proj-
ect with top-down cost estimating, Then iterate toward a more detailed 
estimate and eventually develop the complete project budget.

•	 Regardless of the project size and level of detail desired, the budgeting 
process goes through four steps: (1) project definition, (2) estimating 
method selection, (3) cost estimation, and (4) budgeting.

•	 The budgeting process is filled with emotions. Each group is trying to 
get its “fair share.” Matching the scope and schedule with the budget 
requires considerable negotiations among all parties, project leaders, 
team members, supporting resource managers, senior management, 
and the sponsor organization.

•	 While task specialists should be active participants in the estimating 
process, they might not be the best choice for developing the estimate 
single-handed.

•	 Cost estimating is teamwork, led by a senior manager or skilled cost 
accounting professional, supported by task specialists and cost account-
ing analysts.

•	 Cost estimating is very inefficient and unreliable when performed 
manually. Computer support is strongly recommended. We can choose 
from over 100 sophisticated computer programs with specialized appli-
cations for project resource estimating, tracking, and controlling. These 
applications perform cost data processing reliably, quickly, and profes-
sionally formatted, plus a variety of analyses, such as parametric com-
parisons, relative cost distribution, ranking of cost drivers, and other 
checks and balances.

11.6 QuEstions foR discussion And ExERcisEs

 1. Assuming that you are a product manager at Google. You are evaluat-
ing a proposal for a new product development similar in complexity to 
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Google Maps but very different in its application. Your gut feeling is that 
this development shouldn’t cost more than $5 million. What approach 
would you take to estimate the total development cost in support of a 
project selection and funding decision to be made by Google senior 
management?

 2. How does the classification of the five different cost estimating methods 
help in managing a cost estimate?

 3. How does the budget help in controlling project cost during the execution 
phase?

 4. What are the assumptions for “expert judgment estimating” to work? 
What are the limitations?

 5. What guidelines would your give for performing a parametric cost esti-
mate for the project proposal described in Question #1?

 6. What environment is conducive to effective and realistic cost estimating? 
What are the barriers to effective cost estimating and how can we elimi-
nate these barriers?

 7. How can project managers encourage their team members to estimate 
“realistically?”

 8. How can we develop cost-estimating skills? What kind of a professional 
cost estimator development program would you suggest?

11.7  PMBOK® GuidE REfEREncEs And  
connEctions

The topic of cost estimating connects most strongly with the 4th PMBOK 
Knowledge Area of COST. It also addresses the first two processing groups: 
initiating and planning. Much of the discussion of this chapter is about the 
context of project planning. That is the way projects are planned, documented, 
and communicated in preparation for project execution. This broad contex-
tual understanding of project management is necessary for effectively apply-
ing the PMBOK standards to the day-to-day management of projects and to 
study effectively for PMP® certification. In studying for the PMP® Exam, an 
understanding of the following concepts will be beneficial: (1) project plan-
ning, (2) cost estimating, (3) budget determination, (4) activity-based cost, (5) 
cost baseline, (6) should-cost, and (7) risk management.
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Chapter 12

Monitoring and Controlling 
Technology-Intensive Projects

PraIrIe WaTers ProjeCT WIns PMI’s 
ProjeCT of The Year aWard

“When you manage a project, fully compliant and $100 million under budget, your 
stakeholders will be thrilled. shave another $100 million from the budget and the 
entire project management profession will take notice,” said Cyndee Miller, senior 
editor of PMI’s PM Network (2011). This is exactly what happened. on october 
23, 2011, the lead team of the Prairie Waters Project of aurora, Colorado, was 
named 2011 PMI® Project of the Year in recognition of their outstanding achieve-
ments. When asked to explain the superior performance that set this project aside 
from other well-executed contracts, Larry Catalano, manager of the capital projects 
division for the city of aurora, said, “excellent project management and a little bit 
of luck.” Management, yes. Luck (?) . . . well, it doesn’t hurt. however, to execute 
an $850 million project, involving 5 engineering firms, 7 general contractors, 36 
regulatory agencies, 410 permits, and 140 property easements, plus 11 city council 
members and 4 city project managers; plus meeting or exceeding all requirements 
ahead of schedule and $200 million under budget, takes more than a “bit of luck.” 
It requires an exceptionally well-planned and organized effort, sophisticated man-
agement, and collaboration among all stakeholders.

six years ago, the city of aurora, Colorado, located in an arid environment, 
had to find innovative ways to ensure sustainable, long-term water supply for its 
population of approximately 300,000. “our growing population caused an urgent 
need for more water, while preserving the established high standards for water 
quality,” said Larry Catalano, city manager of capital projects. In order to deliver 

Sources: PMI Press Release of October 24, 2011, authored by Carey Learnard and Megan 
Maguire Kelly, “Prairie Waters Project Receives Project Management Institute’s Prestigious 
2011 PMI Project of the Year Award.” Newtown Square, PA: PMI. For more detailed discussion 
of the Aurora Waters project, see Kevin Allen (2011) and articles of the project published on the 
website of the CH2M HILL Company (2012).
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50 million gallons of drinking water per day, the project required the engineering 
design and construction of 34 miles of pipeline, four pump stations and the most 
technologically advanced water-treatment facility. from the project management 
perspective, the complexities included stringent cost constraints, pressures for fast 
implementation, stakeholder involvement, and environmental restrictions. The 
consulting firm CH2M HILL of englewood, Colorado, was chosen among several 
bidders to lead and manage the project. during the project’s design phase, the city 
council required to cut Us$100 million from the initial project budget of Us$854 
million. Project leaders accomplished these savings during the construction phase 
by creating contractor incentives for more cost effectively deliveries. additional 
savings of $100 million were realized by skillfully managing the project across its 
interfaces, and by rigorous application of project management standards and pro-
cesses, and the use of earned value management (eVM) techniques, which also 
helped to fast-track the project two months ahead of schedule, without compro-
mising quality and safety.

“The City of aurora’s Prairie Waters Project clearly illustrates how project man-
agement standards and practices, properly applied and combined with hard work, 
collaboration and dedication can help deliver a solution that is transformative 
to a community,” said Mark Langley, president and Ceo of PMI. “This project 
demonstrates best practice solutions that show agility and effective stakeholder 
engagement. PMI commends aurora Waters and the entire project team for these 
outstanding results.”

12.1  The ChaLLenges of ManagerIaL ConTroL

The word control has many connotations. In management, it implies influ-
encing the outcome of a process or operation. This can be difficult if the 
forces that define the outcome are not within our sphere of influence, which 
is often the case for project management. Satisfying customer requirements 
within schedule and budget constraints can be challenging, even for small 
projects, especially when dealing with uncertainties and diverse customer 
communities, typical for today’s projects. Adding complexity, technology, and 
competitive pressures toward better, faster, cheaper execution, can create 
mega-challenges for project managers. Especially the dynamics of our busi-
ness environment and the unknown factors require project leaders to go often 
beyond conventional techniques of budget and schedule control. Although 
accurate tracking of project progress is still extremely important, it is the 
innovative way of dealing with constraints, obstacles and risk factors, and 
the skillful leadership ensuring team dedication, commitment, collaboration, 
and stakeholder engagement, that is often even more important to success, 
as we have noticed in the Aurora Waters project.

I have chosen an infrastructure scenario as lead-in project to this chapter 
to show that technology and complexity impact not just computers and IT 
developments, but virtually every major project from healthcare to election 
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campaigns, and from retailing to construction. The challenges presented 
in the Aurora Waters project are typical for today’s undertaking. Resource 
limitation, end-date-driven schedules, changing requirements, and the need 
for innovative solutions are quite common together with pressures for cost 
effectiveness, quality, and implementation flexibility. It is also no coincident 
that the human side and organizational dynamics were critical factors in 
the team’s success that led to the Project of the Year Award. As shown in the 
 lead-in scenario, sophisticated control processes and the latest project man-
agement technology are critically important, but no substitute for unified 
buy-in and commitment of team personnel to the project plan and its mission 
objectives. Without this collaboration, dedication, and innovative engage-
ment of team members, it is difficult, if not impossible, to maintain control, 
especially in complex and dynamic mission environments.

12.1.1  defining Project Control

As a working definition, project control is the process of taking the neces-
sary actions for implementing a plan and reaching its objectives, in spite of 
changing and often unpredictable conditions. This statement implies many 
assumptions. First, we must have a plan. Second, we must be able to measure 
current status and performance in order to determine possible deviations 
from our plan and to assess their impact. Third, we assume that the root 
cause of the plan deviation can actually be determined and corrective mea-
sures be found. Finally, there is a whole spectrum of assumptions that relate 
to the organization and its culture, values, and people.

12.1.2  Why Is Control so difficult?

Project control is no trivial matter. Even with the best preparation, detailed 
planning, and team involvement, managers find it hard to control projects, 
achieving desired results. To complicate matters, it seems to be difficult to 
root-cause these problems. When ask, project managers are likely to blame 
external factors (e.g., changing requirements, shifting markets, changing 
technology, or insufficient resources) for performance problems and failures, 
as summarized in Table 12.1.

These are merely conditions of the project environment, not necessarily the 
reason for failure. We can certainly find teams that perform well under the same 
tough conditions that are blamed for performance issues by others. Further, it 
is interesting to note that while project leaders blame performance problems 
predominately on “external” factors outside their sphere of control, senior man-
agement points at the project leaders. Senior managers argue that projects 
fail, by and large, because of insufficient planning, tracking, control, poor com-
munication, and weak leadership. Yet, a third perspective can be obtained from 
observations during field research, which examines the root causes of many of 
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the project performance problems and failures (Thamhain 2002, 2008, 2011). 
It traces the problems to the broader issues of understanding and communi-
cating the complexities of the project. It also points at the limited capacity of 
project managers to deal with risks and contingencies, to sustain support from 
resource groups and to engage stakeholders. While the field studies produced 
a long list of subtle issues related to project performance, we found insufficient 
front-end preparation and managerial leadership a common denominator to 
many of these issues, as summarized in part three of Table 12.1.

The challenge is for project managers to apply the available tools and tech-
niques effectively, together with skillful leadership toward collaboration and 
commitment of the greater project community. These challenges exist for all 
projects. Yet, they seem to increase with project complexity and the dynamics 
and uncertainties of the business environment.

12.2  WhaT We KnoW aboUT ManagerIaL 
ConTroL of CoMPLex ProjeCTs

The concepts and methods of managerial control have been known for a long 
time (Randolph and Posner 1988). Great philosophers from Confucius to 

Table 12.1 Primary reasons for Poor Project Performance or failure

Project  
Managers’  
Perspective

Senior  
Managers’ 
Perspective

Field Researcher’s 
Independent 
Perspective

•	 Too many changes and 
contingencies (e.g., require-
ments, scope, budget, tech-
nology, market, etc.)

•	 Unrealistic budgets and 
schedules

•	 Lacking senior management 
support

•	 Multinational complexities

•	 Insufficient help in dealing 
with issues early

•	 Shifting priorities

•	 Lacking specialty skills 
among team members

•	 Underestimating project 
complexity

•	 Incompatible administra-
tive processes, power issues 
and politics

•	 Insufficient, inac-
curate planning

•	 Insufficient 
performance 
measurements 
and tracking

•	 Weak cross-
functional 
communications

•	 Lack of candor 
and transpar-
ency in tracking 
and reviews

•	 Weak change 
control

•	 Weak project 
leadership

•	 Unrealistic 
expectations

•	 Unclear requirements

•	 Inability to deal effec-
tively with risks and 
contingencies

•	 Underestimating 
required effort, com-
plexities and resource 
requirements

•	 Insufficient front-end 
planning

•	 Weak project 
leadership

•	 Limited ability to 
sustain support from 
resource groups

•	 Weak sponsor and 
top management 
commitment
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Aristotle have offered insight and advice to leaders on the art and science of 
controlling activities, processes, and people. These control philosophies and 
methods dominated management practices and project control from ancient 
times up to the twentieth century.

With the onset of modern project management in the 1950s, new tools, 
such as formal scheduling and budgeting, introduced new, but also very 
narrow focus to project control. As a result, project control focused, by and 
large, on tracking of schedule, resource data and deliverables, without too 
much concern about true project performance, flexibility, and responsive-
ness to dynamically changing business environments. However, starting 
with the 1980s, the business environment changed dramatically. New tech-
nologies, especially computers and communications, have radically changed 
the workplace and transformed our global economy to include more service 
and knowledge work, with a high mobility of resources, skills, processes, 
and technology itself. Traditional controls, based on central command 
structures, authority, and narrow performance measures, such as the triple 
constraint of time, resources, and deliverables, no longer worked effectively. 
Companies were forced to rethink their management concepts and business 
practices.

As a result, starting with the 1980s, new project management tools, tech-
niques, and practices evolved that were more agile and integrated with the 
business process, offering more sophisticated capabilities for project tracking 
and control in an environment that became not only different in culture, but 
also had to deal with a broad spectrum of new contemporary challenges, such 
as time to market, accelerating technologies, innovation, resource limitations, 
technical complexities, social and ethical issues, operational dynamics, risk, and 
uncertainty.

In response to these challenges, special processes, such as concurrent 
engineering, computer-aided design (CAD), computer-aided manufacturing 
(CAM), information resource management (IRM), manufacturing resource 
planning (MRP), and design for manufacture and assembly (DFM/A) evolved. 
In recent years, new highly complex organizational forms and work processes 
emerged with our increasingly global project environment. These forms sup-
port communications, managerial control, and work integration across wide 
geographic and multinational regions. These concepts gradually replaced 
many of the traditional, hierarchically structured organizations and their 
linear work processes. This shift also significantly affected management 
styles and the tools and techniques for orchestrating and controlling complex 
projects.

12.3  WhaT do We WanT To ConTroL?

In our highly connected, hypercompetitive world, project success is a complex 
variable driven by an intricately connected set of factors and conditions. The 
time-honored triple constraint of delivering agreed-on results within given 
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time and budget is certainly a good starting point. However, for most proj-
ects success includes a much broader set measures that are often linked to 
long-term benefits and values of the enterprise and its client organization far 
beyond the delivery point of the project. Furthermore, customer satisfaction, 
a key measure of project success, has many dimensions and is a perception 
of many stakeholders in the customer community. Yet, in spite of very clear 
signals from the field of project management, the project management litera-
ture has been quite divided on this topic, and as of today there is no uniformly 
accepted set of measures for project performance or project success. However, 
extensive field studies by researchers, such as Shenhar and Dvir (2008), 
Milosevic and Srivannaboon (2006), Patanakul et al. (2010), Shenhar et al. 
(2007) and Thamhain (2011, 2013a) have identified specific variables and 
organizational conditions that are used by project management professionals 
for assessing project performance and success during the execution phase 
and beyond. These contemporary measures of project performance were fur-
ther investigated in a field survey of 530 project managers (Thamhain 2010). 
The results are listed here as reference metrics for benchmarking. They may 
also serve as a framework for designing contemporary project control sys-
tems. It should be noticed that, depending on their interpretation, many of 
these performance measures overlap and appear linked, which is indicative 
of the intricate nature of project performance.

Contemporary measures of project performance (listed in order 
of importance and frequency by project managers):
•	 Producing agreed-on results (deliverables) on time and within budget 

(triple constraint)
•	 Innovative, value-added project plan implementation
•	 Producing benefits and values to client organization beyond triple 

constraint
•	 Ability to accelerate project schedule
•	 Capturing opportunities for time and cost savings via innovative 

execution
•	 Quality concerns and enhancements of deliverables
•	 Technological advances utilized for value added
•	 Ability to deal with complexity, innovation, and uncertainty
•	 Ability to work dynamically and incrementally toward objectives and 

target results
•	 Ability to deal with risks and contingencies
•	 Ability to deal with conflict and organizational politics
•	 Reaching stretch goals
•	 Recognizing changing environment and responding proactively
•	 Recognizing new market opportunities and technological trends
•	 Flexibility toward customer requirements (e.g., change orientation)
•	 Recognizing and capturing follow-on business
•	 Minimizing organizational disruptions and interferences
•	 Engaging stakeholders and building collaborative project environments
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•	 Creating synergism among enterprise units (e.g., leveraging resources)
•	 Aligning project work with enterprise strategy
•	 Long-term benefits and values to the enterprise and its client organiza-

tion beyond the project delivery
•	 Concern for natural environment
•	 Capturing experiences for future projects and organizational learning
•	 Developing project organization and personal skill sets

Clearly, there are great differences among projects in terms of complexity, 
size, technology, risk, and other variables. Therefore, “one size does not fit 
all.” Performance measures need to be fine-tuned to be relevant for judging 
project performance and organizational effectiveness, and for determining 
fair and equitably awards to individuals and project teams.

12.4  aVaILabLe TooLs and TeChnIqUes

Driven by the changing business environment, advances in technology and 
increasing project complexity, managerial methods for project control have 
expanded continuously. Many companies have invested heavily in new man-
agement tools and techniques, promising more effective alternatives and 
enhancements to traditional forms of project control. The most popular proj-
ect management tools used today are summarized in the appendix to this 
chapter. For ease of discussion, these tools are grouped into three categories: 
(1) analytical tools and techniques, (2) procedural tools and techniques, and 
(3) people-oriented tools and techniques. This grouping also provides descrip-
tive focus and a convenient way to catalog these control tools (Thamhain 
2005). However, it should be noticed that applications overlap a great deal 
among these categories.

Many of the most popular tools, such as design reviews, and schedule and 
budget tracking have been around for a long time. However, in recent years 
virtually all of the traditional project management tools have been redefined 
and enhanced with information technology and sophisticated computer soft-
ware to fit the contemporary challenges of today’s business environment 
more appropriately, and to work flexibly and effectively with complex pro-
cesses, human factors, and cross-functional alliances.

12.4.1  Popularity and Value of Project Control Techniques

Effective project management involves a great variety of tools and methods 
as summarized in the appendix of this chapter. Table 12.2 lists these tools 
once more, rank-ordered by popularity. The listing is based on two field stud-
ies (Thamhain 2005) and recent action research (Thamhain 2011, 2013b) that 
together involve over 1,500 project managers. It is interesting to note that 
traditional project management tools and techniques, such as budget/schedule 
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Management 
Technique % Skill Type & Level Needed Value

MT Popularity Analytical
Business 

Admin
Team 

Leadership

Senior 
Management 

Support
Project 

Management V

Schedule tracking 99 2.00 1.00 3.00 2.00 3.50 3.25

Project definition 98 3.00 2.75 2.00 2.25 3.00 3.75

Project review 93 2.75 3.25 3.25 3.00 2.75 3.15

Budget tracking 92 2.00 1.50 2.50 2.00 1.50 3.25

Design review 87 3.00 2.00 2.75 2.25 3.00 3.50

Prototyping 82 3.50 1.00 1.50 1.00 1.50 3.25

Status assessment 82 3.25 2.50 3.00 2.00 3.00 3.75

Computer software 71 3.75 2.25 2.00 1.50 1.75 2.50

Deficiency report 68 1.50 0.75 0.50 0.50 1.00 2.50

Action Item Report 65 1.00 1.00 0.50 0.50 0.50 3.00

Requirements Analysis 52 3.25 2.75 2.00 1.50 1.50 3.15

Benchmarking 52 3.25 2.50 1.00 1.75 1.75 1.50

PERT/CPM 42 3.00 1.75 2.00 0.75 1.75 1.50

Agile/scrum 40 2.00 2.00 3.75 3.00 3.75 3.20

Earned value analysis 41 2.50 0.50 2.75 0.75 2.00 1.75

Stage-Gate process 40 3.50 3.25 3.25 3.50 3.25 3.15

Variance analysis 39 2.50 1.50 1.50 0.75 1.75 1.50

Core team 38 2.25 2.75 3.25 3.75 3.25 2.35

Table 12.2 Management Techniques: Popularity, skill Level, and Value

255

(Continued)
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Management 
Technique % Skill Type & Level Needed Value

MT Popularity Analytical
Business 

Admin
Team 

Leadership

Senior 
Management 

Support
Project 

Management V

Interface chart 38 2.00 1.50 2.00 2.00 2.00 2.00

Stage-Gate review 35 3.25 3.25 3.00 3.25 3.00 3.15

Critical path analysis 32 1.75 0.50 0.25 0.50 0.00 2.00

Concurrent engineering 32 3.25 3.25 3.50 3.25 3.75 2.00

Rapid prototyping 31 3.50 1.50 1.50 1.25 2.50 3.10

Quality function (QFD) 28 3.25 3.50 3.25 3.25 3.25 2.00

Focus group 28 2.50 1.25 1.50 1.25 1.75 2.00

Voice of the customer 25 2.75 3.00 1.75 2.25 2.25 2.75

Self-directed team 23 2.25 2.50 3.50 3.25 3.50 2.50

Design/build 18 2.75 3.25 3.25 3.50 3.50 3.00

Schedule compression 
analysis

18 1.75 0.25 0.25 0.50 0.25 1.00

Joint performance 
evaluation

15 3.00 3.25 2.75 3.75 3.00 2.25

Out-of-bounds review 12 1.50 1.00 2.50 2.75 2.25 2.25

All skill levels and values are perceptions of project leaders and have been measured on a five-point scale, 0–4: 0 = little or no skills or value, 
1 = some, 2 = considerable, 3 = high/significant, 4 = very high and critical.

The percentile figures (%) in the Popularity column refer to the number of project professionals actually using the tool or technique.

Table 12.2 (Continued)
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tracking and project reviews are still very popular and valued. They are among 
the most frequently used and top-rated tools in the list of 31 items, in spite of 
their limitations. However, the effectiveness of project management tools can-
not be determined by examining them strictly as a single entity. Each tool has 
its own strength and weakness, which also depends on the type of project and 
its situation. It is the combination of tools and techniques in a specific project 
environment that determines collectively the value for managerial control. 
Nevertheless, Table 12.2 provides some insight into the popularity and value 
of specific tools, relative to the broad spectrum of available items. The signifi-
cance of this survey is in identifying the relative use and perceived value of 
the different control methods, providing awareness and information for bench-
marking with implications for training and organization development.

Yet another aspect to popularity is familiarity. We find that for both proj-
ect managers and team members, lower popularity of certain tools is related 
to less familiarity, especially for the more contemporary techniques. In fact, 
familiarity explains 82 percent of the variance between using and not using 
a particular technique. That is, on average, 82 percent of project leaders who 
choose not to use a particular technique are also not familiar with its appli-
cation. The significance of this finding is for judging value. Clearly, it would 
be inappropriate to determine the value of a particular technique from a 
population that is not familiar with it. Realizing these biases, we used inter-
views and observations during the field study to ensure that we included 
only judgments from people who were familiar with the technique and used 
it appropriately. Interestingly, we found some of the most enthusiastic sup-
porters or rejecters of particular techniques among those who have tried a 
particular technique with either great success or marginal results, respec-
tively. To minimize biases related to unfamiliarity, we used interviews and 
observations during the field study to determine the degree of familiarity, 
proper application, business process integration, and senior management 
support. Therefore, Table 12.2 includes only carefully screened value judg-
ments from managers who are familiar with the technique and actually use 
them appropriately. The results show that 85 percent of the tools summa-
rized in Table 12.2 are perceived as having “significant value and importance 
(or better) for managing their projects effectively.” It is also interesting to 
note that the traditional project-management techniques are not only among 
the most popular ones, but also among the most valued techniques. Although 
all of this is clearly an area of further research, it also suggests that project 
management tools might be underutilized because project managers have 
insufficient familiarity with them. The finding shows that for over half of the 
less popular tools, fewer than 25 percent of the project managers interviewed 
are familiar with these tools.

In summary, the 12 most important techniques, rank-ordered by value, 
include: (1) project definition, (2) status assessment, (3) design review, 
(4) project review, (5) schedule tracking, (6) budget tracking, (7) prototyping, 
(8) agile/scrum, (9) stage-gate process, (10) Stage-Gate review, (11) require-
ments analysis, and (12) rapid prototyping.
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All 12 techniques were rated on average as “significant” and “important” 
to project success (average score = 3.3), with the top half of these techniques 
receiving ratings of 3.5 or better, that is close to the rating of “very highly 
significant and crucial to achieving planned project performance.”

12.4.2  how to Use These Tools effectively

Management tools do not come with a user’s manual. Few guidelines have 
been published in the literature on how and where to use these tools and 
techniques most appropriately. Perhaps one of the greatest challenges for 
management is to seek out management tools and techniques that meet three 
key conditions:

 1. Compatible with the business environment, processes, cultures, and 
values

 2. Conducive to specific problem solving, which usually involves a whole 
spectrum of factors from innovation to decision making, cross- functional 
communications, and dealing with risks and uncertainty

 3. Useful for tacking and controlling the project according to established 
plans

The second major challenge is for management to implement selected proj-
ect control tools and techniques as an integrated part of the business process. 
For project control to work effectively, it must be congruent with the business 
process and the human side of management, a conclusion that is supported 
by other field research (Weisinger and Traut 2003; Davenport 1998; Schultz, 
Slavin, and Pinto 1987). This involves careful integration of the tools with the 
various physical, informational, managerial, and psychological subsystems 
of the enterprise. It also requires a system that is trusted and respected by 
the users. Therefore, it is not surprising that many of the control techniques 
depend on a whole spectrum of people issues: clear direction and guidance; 
ability to plan and elicit commitments; communication skills; assistance in 
problem solving; ability to deal effectively with managers and support per-
sonnel across functional lines, often with only little or no formal authority; 
information-processing skills, the ability to collect and filter relevant data 
valid for decision making in a dynamic environment; and the ability to inte-
grate individual demands, requirements, and limitations into decisions that 
benefit the overall project. It further involves the project manager’s ability to 
resolve intergroup conflicts and to build multifunctional teams. These find-
ings are further supported by other researchers (Doolan and Hacker 2003, 
McDonough and Leifer 1986) who consistently emphasize the people side of 
project control, including the important role of organizational and cultural 
factors, such as mutual trust, respect, candor, risk sharing, and the ability 
to fail safely. In response to these challenges, an increasing number of com-
panies are focusing on self-forcing control, which relies on work challenge, 
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personal pride, and commitment as critical conditions and catalysts to mana-
gerial control.

The third major challenge is for management to create and facilitate a 
learning process so that these tools and techniques become institutionalized. 
As a result, people in the organization see how these tools help to get proj-
ects done more effectively and how they create visibility and recognition for 
their work.

Many of these contemporary tools also require new administrative skills 
and a more sophisticated management style. All of this has a profound 
impact on the way that project leaders must manage toward desired results. 
The methods of communication, decision making, soliciting commitment, and 
risk sharing are shifting constantly away from a centralized, autocratic man-
agement style to a team-centered, more self-directed form of project control. 
Equally important, project control has radically departed from its narrow 
focus of satisfying schedule and budget constraints to a much broader and 
more balanced managerial approach, which focuses on the effective search 
for solutions to complex problems, as reflected by the performance metrics 
in Table 12.2. This requires tradeoffs among many parameters, such as 
 creativity, change-orientation, quality, and traditional schedule and budget 
constraints. Project control also requires accountability and commitment 
from the team members toward the project objectives.

12.4.3  Characteristics of effective Project Controls

Managerial controls have many dimensions and formats. Traditionally, bud-
gets, schedules, and performance appraisals were primarily used in  addition to 
reports, procedures, and directives to control the implementation of manage-
rial plans. These conventional tools still provide the foundation for managerial 
control. However, given the complexities, dynamics, risks, and uncertainties of 
technology-intensive work, these conventional tools needed to be upgraded 
and augmented with contemporary tools that can deal with a broader set of 
information and the human side of project control.

Every manager has his or her own set of criteria for effective project con-
trol. Yet, despite the differences in projects and their environments, to be 
effective these controls will have these characteristics in common:

•	 Realistic plans. Plans are implemented by people. It is difficult, if 
not impossible, to control activities toward desired objectives, if these 
objectives are perceived as unrealistic. People who are ultimately 
held accountable for achieving the results, should be involved in the 
planning. This personal involvement leads to a better understanding 
of the requirements, and hopefully to a commitment of the plan and 
its objectives. It also results in a more realistic plan because of team-
member participation in estimating and validating the elements of the 
project plan.
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•	 Commitment. Control of complex work, such as technology-based 
projects, depends a great deal on self-imposed control. Personal com-
mitment is a strong intrinsic driver toward self-direction and control. 
Without this commitment, controls will focus more on the cause and 
perpetrators of a problem than its correction. Commitment is also 
expected from senior management regarding resources, priorities, and 
contingency support.

•	 Competence. The people using the tools and implementing the plan 
must be professionally competent. The best plan and most sophisti-
cated tools are meaningless unless the people have the capacity to 
perform. Attracting and holding high-quality people is a primary mis-
sion of management. Furthermore, the sign-on process for introducing 
personnel to a new task or project can help considerably in match-
ing personal skills, capabilities, and interests with the project and its 
requirements.

•	 Measurability. “If you can’t measure it, you can’t control it.” Any 
assignment of an activity, project, milestone, or mission must have 
measurable results. These deliverables should be compared against the 
plan, including its resources and timing, on an ongoing basis.

•	 Appropriate controls. Management controls must be meaningful 
and appropriate for the type of project and its mission. This includes 
both managerial action and timing. For example, close supervision and 
incentive bonuses might be appropriate for a beta site test operation, 
but of much less value in R&D. Many controls work only in combination 
with other methods, such as review meetings, focus groups, reports, and 
management actions.

•	 Focus on key objectives. According to Peter Drucker, “Control must 
follow strategy.” Managerial control should be related to key objectives. 
Trivia should not be measured or controlled. It only dilutes the prin-
cipal objectives and leads into an “activity trap!” That is, we are busy 
earning Brownie points, following procedures and writing progress 
reports, rather dealing with risks, implementation challenges, and con-
tingencies, which is the essence of managerial control toward desired 
results.

•	 Simplicity and adaptability. Management controls must be simple. 
Their purpose is to identify problems early and to take corrective actions. 
Good controls produce a quick reaction to potential problems. They 
have a feedback mechanism. They also have some built-in automatic 
problem detection system that provides early warnings and adapts 
dynamically to changing situations and emerging problems. Examples 
of such in-process controls are process action teams and rapid proto-
typing. Further, Stage-Gate® and agile/scrum-based processes have this 
kind of adaptability to some degree built into their systems.

•	 Early problem detection. Controls should focus on problem preven-
tion and early detection. Direct management involvement and review 
meetings are more likely to have this desired focus than reports that 
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concentrate more on the documentation and analysis of the problem, 
rather than its resolution.

•	 Controlling authority. Management controls should be in the hands 
of the people who are accountable for results. As we move up the orga-
nization, senior management is responsible for more general business 
results, and therefore should provide more guidance and support rather 
than micromanagement.

12.5  reCoMMendaTIons for UsIng ProjeCT 
ConTroLs effeCTIVeLY

The pressures for improving business performance, combined with the emer-
gence of new tools and techniques that promise more effective project  control, 
have prompted management to cautiously shift their focus away from oper-
ational processes that narrowly emphasize schedule/budget performance 
measures.

To be successful in implementing managerial controls, business leaders 
must pay attention to three important criteria that are often overlooked: 
First, tools and techniques must be properly integrated with the business 
process. Second, the impact on intrinsic project performance must be consid-
ered. That is, the impact of a control process on innovation, creativity, quality, 
customer relations, and the ability to cope with changing requirements must 
be evaluated and the tools fine-tuned to minimize undesired side effects. 
Third, the human side of managerial control must be carefully considered. 
Especially when introducing new managerial controls, as minor as a new 
weekly review procedure or as massive as changing to concurrent engineer-
ing, involves organizational change, a process that is often poorly managed 
or outright ignored.

Any new requirement for project tracking or control is associated with 
hopes, fears, anxieties, likes and dislikes, plus a good dose of organizational 
politics. One of the strongest messages from field research points at the fact 
that people are still the most vital part of any managerial control system. 
A new system has a chance for consideration if the project team believes in 
the value of the tool for making their job easier and more effective, helping to 
produce desired results, visibility, and recognition, while minimizing anxiet-
ies and fears over administrative burden, restrictions of freedom and auton-
omy, and any negative impact on personal growth and security. Unfortunately, 
research shows that few companies have systematically attacked these softer, 
more subtle issues of project control and tool implementation, which are 
 crucial for overall business performance, especially in technology-based envi-
ronments. These issues often need special attention and resources to ensure 
effective integration of these tools into the business process and effective use 
by project team members.

A number of recommendations for effective implementation and use of 
managerial controls for technical projects are summarized. The focus of this 
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section is on the use of managerial controls, both for existing systems and for 
the introduction of new tools. The discussion will be expanded in future chap-
ters to explore the people side of controlling technology-based projects. For 
this section, the focus is on the tools. These suggestions are based on several 
decades of field research and observation of project management practices. 
They should help both project leaders and their managers to understand the 
complex interaction of organizational and behavioral variables involved in 
the control of technology-based projects and the implementation of appro-
priate managerial tools and techniques. The findings should increase the 
awareness of what works and what doesn’t, and help to fine-tune project 
management systems toward high performance. Finally, the findings should 
also help management scholars who study these concepts to better under-
stand the complexity and dynamics of project control, and to obtain ideas for 
further research. The recommendations for controlling technology-intensive 
work are summarized as follows:

•	 Involve the team. Make your people part of the tool selection and 
implementation process. Both project team and the project manager 
should be involved in assessing the project situation and evaluating 
new control tools. Critical factor analysis, focus groups, and process 
action teams are good vehicles for such team involvement and collec-
tive decision making. These actions lead to ownership, greater accep-
tance of the selected tool, and a willingness to work toward continuous 
improvement and effective use.

•	 Make tools consistent with the work process. Management con-
trols should be an integral part of the business process. Particular 
attention should be paid to the workability of the tools and techniques 
for integrating tasks and transferring technology across organizational 
lines.

•	 Build on existing tools and systems. The highest levels of accep-
tance and success are found in areas where new management tools are 
added incrementally to already existing control systems. These situa-
tions should be identified and addressed first.

•	 Connect with established management practices. Team mem-
bers feel more comfortable with management procedures that they 
have familiarity with and can relate to their work. To minimize anxiet-
ies, suspicions, and the risk of rejection, management should refer to 
established project management practices when introducing new tools 
or techniques. For example, an organization implementing a Stage-
Gate process should make an effort to integrate it into the process 
already established and proven procedures for project definition, docu-
mentation, status reports, reviews, and sign-offs. This will make the 
new management process look evolutionary rather than like a radical 
change. Thus, if done right, management can use the existing project 
management system to build on, and incrementally enhance and test, 
new managerial tools and techniques.
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•	 Make tools user-friendly. New project management tools or tech-
niques are more likely to be accepted if they are easy to use and produce 
results that are helpful to the users and their work, who include the 
organization’s senior management.

•	 Anticipate anxieties and conflicts. Especially when introducing 
new tools and techniques (e.g., a new concurrent engineering system 
discussed in Chapter 4), project leaders should anticipate anxieties and 
conflict among their team members. These negative biases come from 
uncertainties associated with new working conditions and require-
ments. They range from personal discomfort with skill requirements to 
anxieties over the impact of the tool on the work process and personal 
performance evaluation. These problems should be anticipated and 
dealt with in a straightforward manner as early as possible.

•	 Ensure that there is no threat. Management must foster a project 
team environment of mutual trust and cooperation, an environment 
that is low on personal conflict, power struggles, surprises, unrealistic 
demands, and threats to personal and professional integrity. Cooperation 
with a new (or existing) tool or technique, and commitment to it, can be 
expected only if its use is relatively risk-free to the user. Unnecessary 
references to performance appraisals, tight supervision, reduced per-
sonal freedom and autonomy, and overhead requirements should be 
avoided, and any concerns dealt with promptly on a personal level.

•	 Foster challenging work environment. Professionally interest-
ing and stimulating work appears to be one of the strongest drivers 
toward desired results. Verified by several field studies, we find consis-
tently that the degree of interest and excitement derived from work is 
directly related to personal effort, the level of team involvement, cross-
functional communication, commitment toward established plans, and 
creativity. Work challenge also produces higher levels of cooperation 
and some tolerance for risk and conflict. Taken together, work challenge 
seems to foster a desired behavior conducive to exploring new methods 
and innovatively applying them to project situations. Further, people 
who are strongly engaged with their work have a more positive atti-
tude toward change. Therefore, work challenge seems to be a catalyst 
for integrating team members’ personal goals with project objectives 
and organizational goals. All of this fosters a favorable climate toward 
acceptance and effective use of managerial controls. Project leaders 
should try to accommodate the professional interests and desires of 
their personnel whenever possible. One of the best ways to ensure that 
the work is interesting to team members is to match carefully their 
personal interests with the scope and needs of the tasks when “signing 
on” team personnel. In addition, managers should build a project image 
of importance and high visibility, which can elevate the desirability of 
participation and contribution.

•	 Pretest new tools and techniques. Preferably, new concept should 
be tried first with a small project and an experienced, high-performance 
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project team. Asking such a team to test, evaluate, and fine-tune the 
new tool for the company is often seen as an honor and professional 
challenge. Further, it usually starts the implementation with a positive 
attitude and can create an environment of open communications and 
candor.

•	 Continuous improvement. Project management tools and techniques 
are part of the continuously changing business process. Provisions must 
be made for updating and fine-tuning these tools on an ongoing basis to 
ensure relevancy to today’s project management challenges.

•	 Senior management support. Management tools require top-down 
support to succeed. Through its involvement and communications, 
management can stress the importance of these tools to the organiza-
tion, span organizational and cultural boundaries, and unify objectives.

•	 Ensure proper direction and leadership. Throughout the imple-
mentation phase of a new management tool or technique, managers 
can influence the attitude and commitment of their people toward a 
new concept by their own actions. Concern for project team members, 
assistance with the use of the tool, and enthusiasm for the project 
and its administrative support systems can foster a climate of high 
motivation,  involvement with the project and its management, open 
 communications, and willingness to cooperate with the new require-
ments and  ability to use them effectively.

12.6  ConCLUsIon

The proper implementation and use of an effective project management 
control system, including its tools and techniques, can critically determine 
the success of any project, especially for technology-based undertakings. 
Successful application of these management controls involves a complex set 
of variables. The tools must be consistent with the work process and be 
an integrated part of the existing managerial control and personal reward 
system. Most importantly, managers must pay attention to human factors. 
To enhance cooperation with the evaluation, implementation, and effective 
use of project management controls, management and team leaders must 
foster a work environment where people find the controls useful, or at least 
not threatening or interfering with the work process. Further, profession-
ally stimulating work, refueled by visibility and recognition, is conducive 
to change and cooperation. Such a professionally stimulating environment 
seems to lower anxieties over managerial controls, reduce communications 
barriers and conflict, and enhance the desire of personnel to cooperate and 
to succeed. It also seems to enhance organizational awareness of the sur-
rounding business environment and the ability to prepare and respond to 
these challenges effectively by using modern project management tech-
niques. Further, effective use of modern project control techniques requires 
administrative skills for planning and defining project efforts properly and 
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realistically, as a prerequisite for tracking the project through its life cycle. 
Effective project leaders understand the interaction of organizational and 
behavioral variables and can foster a climate of active participation 
and  minimal dysfunctional conflict. They also build alliances with support 
organizations and upper management to ensure organizational visibility, 
priority, resource availability, and overall support for the multifunctional 
activities of the project throughout its life cycle.

In the decades ahead, the ability to effectively manage complex projects, 
for both internal and external clients, will play a critical role in separat-
ing winning companies from losers. Largely because of new technology in 
computers and communications, project management tools are expected to 
 further proliferate and connect even more broadly across the enterprise. The 
sophistication and effectiveness with which these tools are used will pro-
foundly influence the way companies (1) do business, (2) utilize resources, 
(3) handle project complexity, (4) achieve quality, and (5) respond to market 
requirements with speed and accuracy. These challenges will be true for any 
enterprise, but they will be especially amplified in technology-intensive busi-
ness environments.

12.7  sUMMarY of KeY PoInTs and ConCLUsIons

The following key points were made in this chapter:

•	 Managerial control is the process of implementing a plan and reaching 
its objectives, in spite of changing conditions.

•	 Effective controls have some common characteristics such as: (1) realis-
tic plans, (2) commitment, (3) competence, (4) measurability, (5) mean-
ingful tracking systems, (6) focus on key objectives, (7) simplicity and 
adaptability, (8) early problem detection, and (9) controlling authority.

•	 New organizational forms, such as concurrent engineering, special pro-
cesses, and self-directed teams, have emerged, gradually replacing tra-
ditional, more hierarchically structured organizations and their linear 
work processes.

•	 Today’s technology projects rely to a considerable extent on member-
generated performance norms and evaluations, rather than hierarchi-
cal guidelines, policies, and procedures.

•	 Traditional management tools (e.g., schedules and budgets), designed 
largely for top-down centralized command, control, and communica-
tions, by themselves, are no longer sufficient for managing projects effec-
tively, but need to be augmented with tools that can better deal with the 
dynamics of our business environment, including risks and changes.

•	 New project management techniques are often more integrated with 
the business process, offering more sophisticated capabilities for proj-
ect tracking and control.

•	 Driven by business pressures and advances in information technology, 
many companies have invested heavily in new management tools and 
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techniques, promising more effective alternatives and enhancements to 
traditional forms of project control.

•	 One of the greatest challenges for management is to seek out tools and 
techniques that meet the three key conditions: (1) compatible with the 
business environment, processes, culture and values, (2) conducive to 
specific problem solving, and (3) useful for tackling and controlling the 
project according to established plans.

•	 Project control has radically departed from its narrow focus of sat-
isfying schedule and budget constraints, shifting to a much broader 
and more balanced managerial approach that focuses on the effective 
search for solutions to complex problems.

•	 Project management tools are underutilized because of insufficient 
familiarity on the part of project leaders.

•	 Project control must be congruent with the business process and the 
human side of management to work effectively.

•	 Field research consistently emphasizes the importance of organiza-
tional and cultural factors for managerial control, including mutual 
trust, respect, candor, risk sharing, and the ability to fail safely.

•	 Self-forcing or self-directed control uses work challenge, personal 
pride, and commitment as motivators for team self-governance and 
accountability.

•	 Project control requires work processes with effective communication 
channels and cross-functional linkages, interconnecting people, activi-
ties, and support functions.

•	 Few companies go into a major restructuring of their business processes 
lightly. At best, the introduction of a new project control technique is 
painful, costly, and disruptive to ongoing operations. At worst, it can 
destroy existing managerial controls.

•	 The reasons for underusing or rejecting project controls can be divided 
into four classes: (1) lack of confidence that tools will produce benefits, 
(2) anxieties over potentially harmful side effects, (3) conflict among 
users over method or results, and (4) concern that the method is too 
difficult or interferes with the work process.

•	 People are still the most vital part of any managerial control system.
•	 Effective project leaders understand the interaction of organizational 

and behavioral variables and can foster a climate of active participa-
tion and minimal dysfunctional conflict.

12.8  qUesTIons for dIsCUssIon

 1. Why is it so difficult to control technology-intensive activities and projects 
according to established plans? What is different from low- technology 
projects?

 2. Define a very basic (minimal) control system for managing high- technology 
projects.
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 3. Why can a narrow focus on budget and schedule parameters be coun-
terproductive to project performance, especially in high-tech work 
environments?

 4. How does a professionally stimulating work environment enhance team 
self-direction and project control?

 5. Discuss the organizational environment and management style most 
conducive to self-controlled teamwork.

 6. What conditions in the work environment are most conducive to per-
sonal commitment to project goals and objectives?

 7. Define some guidelines for an R&D team for “self-managing” a one-year 
project.

 8. Why are project team members often reluctant to cooperate with a new 
project control technique, such as a new method for budget or schedule 
tracking?

 9. Discuss the challenges of implementing a new gate review process for a 
given work environment (select a work environment that you know or 
can identify with). Could you build on existing tools and make the pro-
cess congruent with the “old” work environment?

 10. How can you make a process for budget or schedule tracking more user-
friendly? What issues (barriers) can you identify that cause anxieties, 
conflict or interference with the work process? What can you suggest to 
remove these barriers?

 11. Discuss risk sharing. What does risk sharing among members of a new 
product development team mean? How can you encourage risk sharing 
among these team members?

 12. Discuss methods for pretesting of a new design review process.
 13. Discuss ways to encourage and engage team members to make continu-

ous improvements in their project tracking and control system.

12.9  PMBOK® referenCes and ConneCTIons

The topic of project monitoring and controlling connects directly with the 
fourth PMBOK process group of the same name. The topic cuts across virtu-
ally all of the 10 knowledge areas. However, it connects most strongly with 
project integration management (area #1), project time management (area 
#3), project cost management (area #4), project communications manage-
ment (area #7), and project stakeholder management (area #10) as defined by 
PMBOK. Although this chapter is consistent with the PMBOK Guide, much 
of the discussion on tools and methods of project control go beyond the content 
of PMBOK. Yet, in terms of context it relates strongly to the five knowledge 
areas and directly to the process group of monitoring and controlling. That 
is the way projects are monitored, tracked, and controlled. Communication 
issues (knowledge area #7) are a strong focus in all discussions. In studying 
for the PMP® exam, an understanding of the following concepts will be ben-
eficial and is supported by this chapter: (1) monitoring and controlling project 
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work, (2) collecting performance data, (3) performance reporting, and (4) cost, 
and schedule tracking.
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12.10  aPPendIx: ManageMenT TeChnIqUes for 
ProjeCT ConTroL

Part I: analytical Management Techniques for Project Control

Action item/Report: A memo or report defining specific action items agreed 
upon with the resolver, necessary to move the project forward or to correct a 
deficiency.

Elements of control:
 ■ Responsibility identification
 ■ Personal commitment
 ■ Peer pressure

Prerequisites and conditions:
 ■ Individual commitment
 ■ Management support
 ■ Incentives

Computer software: Computer software to support project planning, track-
ing and control. Provides various reports of project status and performance 
analysis, and documentation.

Elements of control:
 ■ Schedule
 ■ Budget
 ■ PERT/CPM
 ■ Resource leveling
 ■ Scheduling
 ■ $/t tradeoff

Prerequisites and conditions:
 ■ Ability to measure status
 ■ Valid input data
 ■ Willingness to correct 

deviations
 ■ Leadership

Critical path analysis: Analysis of the longest paths within a network 
schedule with the objective of (1) determining the impact of task delays, prob-
lems, contingencies and organizational dependencies, (2) finding solutions, 
and (3) optimizing schedule performance.

Elements of control:
 ■ Schedule
 ■ Budget
 ■ Deliverables
 ■ Cost-time tradeoff

Prerequisites and conditions:
 ■ Accurate estimates of effort, 

cost, and duration. 

Budget tracking: Analysis of planned versus actual budget expenditures 
relative to work performed. The objective is to detect and correct project per-
formance problems and to deal with projected cost variances in there early 
developments.

Elements of control:
 ■ Cost
 ■ Budget
 ■ Deliverables
 ■ Project status

Prerequisites and conditions:
 ■ Accurate estimates of effort, 

cost, and duration
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Deficiency report: Description of an emerging deficiency (work, timing, or 
budget), including impact analysis and recommended resolution.

Elements of control:
 ■ Schedule
 ■ Costs
 ■ Configuration management
 ■ Impact analysis

Prerequisites and conditions:
 ■ Candor
 ■ Commitment to plan
 ■ Management direction

Earned value analysis: Comparison of project completion status to budget 
expenditure. The regular calculation and analysis of earned value and per-
formance index allows projections of cost variances and schedule slips and 
serves as an early warning system of project performance problems.

Elements of control:
 ■ Schedule
 ■ Budget
 ■ Deliverables
 ■ Cost-time  

tradeoff

Prerequisites and conditions:
 ■ Measurable milestones
 ■ Ability to estimate cost and 

time-to-complete
 ■ Trust
 ■ Risk sharing
 ■ Ownership

Interface chart: A chart of N × N elements defining the inputs, outputs, and 
timing to and from N interfacing work groups. Chart can also be used as part 
of QFD to define and manage the “customers” of the business process.

Elements of control:
 ■ Task leaders
 ■ Cross-functional 

communications
 ■ QFD framework

Prerequisites and conditions:
 ■ Established cross-functional 

linkages
 ■ Management support and 

leadership

PERT/CPM: Time-activity network showing task flow, interfaces and depen-
dencies. Used for comprehensive analysis of project schedules and schedule 
changes.

Elements of control:
 ■ Schedule
 ■ Budget
 ■ Deliverables
 ■ Cost-time tradeoff

Prerequisites and conditions:
 ■ Accurate cost, time, and 

technical performance data
 ■ Measurable milestones

Schedule compression analysis: Graphical technique for showing com-
pression of overlapping activities due to slippage of earlier or preceding mile-
stones. Serves as early warning system for runaway schedules and costs.
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Elements of control:
 ■ Milestones
 ■ Deliverables

Prerequisites and conditions:
 ■ Accurate cost, time, and 

technical performance data
 ■ Measurable milestones

Schedule tracking: Incremental tracking of activities through time by 
measuring predefined partial results against plan.

Elements of control:
 ■ Measurable milestone
 ■ Deliverables
 ■ Micro schedule

Prerequisites and conditions:
 ■ Accurate cost, time, and 

technical performance data

Simulation: Simulation of a technical, business, or project situation based 
on some form of a model. Applications range from a simple test to computer 
assisted analysis of complex business scenarios.

Elements of control:
 ■ Advanced results
 ■ Feasibility
 ■ Technology transfer

Prerequisites and conditions:
 ■ Relevant input data and 

appropriate model
 ■ Meaningful interpretation

Status assessment: Systematic comparison of technical progress with proj-
ect schedule and budget data. Analysis of status against plan and possible 
revision of plan, scope, and business strategy.

Elements of control:
 ■ Valid project plan
 ■ Review process
 ■ Earned value
 ■ Variance analysis

Prerequisites and conditions:
 ■ Accurate cost, time, and 

technical performance data
 ■ Measurable milestones

Variance analysis: Analysis of causes of cost and schedule variances, cost-
at-completion, earned value, percent of project completion and performance 
index. Applied to project status assessment, reporting, and control.

Elements of control:
 ■ Schedule
 ■ Costs
 ■ Configuration management
 ■ Impact analysis
 ■ Management

Prerequisites and conditions:
 ■ Accurate cost, time, and 

technical performance data
 ■ Measurable milestones

c12.indd   272 24-02-2014   12:12:14



 12.10 appendix: Management Techniques for Project Control 273

Part II: Process-oriented Techniques for Project Control

Agile/Scrum: Project execution in highly flexible and interactive manner (in 
opposite to traditional pm processes, such as “waterfall”) providing regular 
adaptation to changing circumstances.

Elements of control:
 ■ Sustainable development
 ■ Constant pace
 ■ Cooperation among 

stakeholders
 ■ Negotiations
 ■ Guidelines/method: Agile 

Manifesto

Prerequisites and conditions:
 ■ Suitable project and 

environment
 ■ Self-managed motivated 

teams
 ■ Customer collaboration,
 ■ Management engagement

Benchmarking: Comparing one system, process or practice to another one 
(usually best-in-class) with the objective to improve performance.

Elements of control:
 ■ Performance  

metrics
 ■ Business  

process 

Prerequisites and conditions:
 ■ Measurability of compara-

tive metrics
 ■ Ability to diagnose/analyze 

the cause of differences
 ■ Ability to adopt tool or 

method

Concurrent engineering: In-parallel/concurrent execution of project 
phases; “seamless product development.” Objectives: reducing project cost 
and cycle time, increasing responsiveness to customer/market dynamics. 
Also, an effective tool for multifunctional integration and technology transfer.

Elements of control:
 ■ Input–output definition
 ■ Interface definition
 ■ QFD concepts
 ■ Rapid prototyping
 ■ Structured analysis

Prerequisites and conditions:
 ■ Org interface agreement
 ■ Personal commitment
 ■ Effective communications 

and organizational linkages

Design review: Review of the project baseline at various stages of develop-
ment, such as preliminary, critical or final design review. Objective: Examine 
and predict functionality of the deliverable system early in the project cycle.

Elements of control:
 ■ Baseline
 ■ Design parameters
 ■ Documentation
 ■ Multifunctional reviewers
 ■ Agenda

Prerequisites and conditions:
 ■ Multidisciplinary prepara-

tion and participations
 ■ Competence
 ■ Senior management 

involvement
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Out-of-bounds review: Critical review and impact assessment of a situa-
tion declared as out-of-bounds.

Elements of control:
 ■ Review
 ■ Analysis
 ■ Corrective action plan
 ■ Visibility
 ■ Peer pressure
 ■ Management  

control

Prerequisites and conditions:
 ■ Mutual trust and  

respect among  
team members

 ■ Power sharing among  
managers and with  
team 

Project definition: Front-end planning of a project and its resource and 
timing requirements. Objective: project definition/organization, task delega-
tion, project tracking and control:

Elements of control:
 ■ Schedule
 ■ Budget
 ■ Task roster
 ■ Task matrix
 ■ Statement of work
 ■ Task authorization
 ■ Resource leveling

Prerequisites and conditions:
 ■ Team involvement
 ■ Desire to participate
 ■ Risk and power sharing
 ■ Senior management involve-

ment and support 

Project review: Technical and contractual review of project status against 
established plans.

Elements of control:
 ■ Professional review
 ■ C/SCSC
 ■ PERT/CPM
 ■ Variance  

analysis

Prerequisites and conditions:
 ■ Team involvement
 ■ Risk and power sharing 

among managers and with 
team

 ■ Senior management 
involvement

Prototyping: Advanced build of a design for the purpose of testing function-
ality and performance prior to production or deployment.

Elements of control:
 ■ Design process
 ■ Simulation
 ■ CAD/CAM
 ■ Project management

Prerequisites and conditions:
 ■ Relevant baseline
 ■ Effective prototype testing 

and evaluation

Quality function deployment (QFD): TQM concept, known as house 
of quality. Used for mapping the technology transfer flow throughout an 
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organization and its markets, identifying for each organizational unit: inputs, 
outputs and specific “internal customers” and their requirements.

Elements of control:
 ■ Organizational interface and 

input–output definition
 ■ Internal and external cus-

tomer focus 
 

Prerequisites and conditions:
 ■ Team involvement
 ■ Desire to participate
 ■ Risk sharing and power 

sharing among managers 
and with team

 ■ Senior management involve-
ment and support

Rapid prototyping: Quick fabrication of a physical part or assembly, using 
solid free-form manufacturing techniques, such as stereolithography or 3-D 
printing, using CAD data. In project management, rapid prototyping often 
refers any method of “quick prototype” for testing and concept validation.

Elements of control:
 ■ Tangible model
 ■ Measurements
 ■ Early testing
 ■ Validation of specs
 ■ Early design validation

Prerequisites and conditions:
 ■ Available digitized design
 ■ Available method or process 

for rapid prototyping
 ■ Acceptability of results

Requirements analysis: Distinct project planning phase that defines the 
specific technical, resource, market and timing requirements for the project 
baseline. Often coupled with voice of the customer and strategic assessment.

Elements of control:
 ■ Needs assessment
 ■ Voice of the customer
 ■ Project planning 

 

Prerequisites and conditions:
 ■ Team involvement
 ■ Customer and management 

participation
 ■ Risk and power sharing 

among managers and with 
team

Stage-Gate® process: Phased approach to project planning and manage-
ment. Defines “gates” for consecutive stages that check the feasibility, and 
provide implementation focus and control.

Elements of control:
 ■ Phased planning
 ■ Modular work plan
 ■ Deliverables
 ■ Check points
 ■ Sign-offs
 ■ Gate reviews

Prerequisites and conditions:
 ■ Org interface agreement
 ■ Personal commitment
 ■ Effective cross-functional 

communications
 ■ Management involvement
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Stage-Gate® review: Specific review at the end of a project stage with deliv-
erables and checkpoints, predefined as part of the stage-gate process. Can 
incorporate other project or design reviews.

Elements of control:
 ■ Stage-Gate® Process
 ■ Focus groups
 ■ Multidisciplinary teams
 ■ Management

Prerequisites and conditions:
 ■ Cross-functional collabora-

tion, commitment
 ■ Management participation

Voice of the customer: Distinct project planning phase that defines the 
specific technical, resource, market and timing requirements for the project 
baseline, with focus on the specific customer needs.

Elements of control:
 ■ Needs assessment
 ■ Market analysis
 ■ Focus group
 ■ Survey
 ■ Customer feedback

Prerequisites and conditions:
 ■ Team involvement
 ■ Customer and management 

participation
 ■ Risk and power sharing 

among managers and with 
team

Part III:  People-oriented Management Techniques for 
Project Control

Core team: A team of resource managers responsible for planning, organiza-
tion and execution of many projects of a similar nature.

Elements of control:
 ■ Dedicated functional man-

agement team
 ■ Minimum cross-functional 

impedance 

Design/build: Typically used in product development projects, new team 
members are integrated into the project team as it moves from the prod-
uct design to the product build stages, while retaining key members from 
the earlier project stages. The term design/build is also used for concurrent 
design-build processes, similar to rapid prototyping.

Elements of control:
 ■ Shared multifunctional 

experience
 ■ Project/team ownership
 ■ High technical competence 

of team

c12.indd   276 24-02-2014   12:12:15



 12.10 appendix: Management Techniques for Project Control 277

Focus group: A group of stakeholders within a project organization or its 
support functions, engaging in self-study and analysis of the project manage-
ment system or the business process with the objective to improve it.

Elements of control:
 ■ Problem ownership
 ■ Pride

 ■ Personal/professional  
needs

 ■ Will to change status quo

Joint performance evaluation: Both project performance and individual 
performance are defined in terms of end-objectives, hence including multi-
functional measures. The objective is to enhance cross-functional cooperation 
and team integration.

Elements of control:
 ■ Stakeholder/ownership
 ■ Mutual dependency

 ■ Risk sharing.
 ■ Internal customer 

orientation

Self-directed team: Individual team members and the project teams as a 
whole are given high levels of autonomy and accountability (empowerment) 
toward plan implementation. This forces higher degrees of multidisciplinary 
decision making and work integration at the operational level.

Elements of control:
 ■ Stakeholder/ownership
 ■ Mutual dependency
 ■ Risk sharing

 ■ Personal commitment and 
drive

 ■ Team communication and 
collective decision making

Prerequisites and conditions for all Part III techniques:
 ■ Proper team design and charter
 ■ Effective communication channel, internal and external
 ■ Competent team members and desire to participate
 ■ Risk sharing and power sharing among managers and within team
 ■ Autonomy
 ■ Senior management involvement and support
 ■ Effective conflict management system
 ■ Team-based evaluations and awards
 ■ Minimum fear
 ■ Reasonable job security
 ■ Managerial checks and balances
 ■ Team leadership
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Chapter 13

Concurrent Engineering and Other Project 
Management Systems

ThE PEnTagOn RECOnSTRuCTiOn PROjECT

When hijacked american airlines flight 77 slammed in the west face of the 
Pentagon on September 11, 2001, over 400,000 square feet of office space was 
destroyed, together with the communications, command, and control technol-
ogy infrastructure, and an additional 1.6 million square feet of working facilities 
was damaged. The very same day, project “Phoenix” was formed with the mis-
sion of reconstructing the west face of the Pentagon. “Without any preplanning, 
budgets, or contract approvals; it was an unconventional start of an extraor-
dinary project” says former Phoenix Deputy Program Manager Mike Sullivan. 
The primary constraint for the completion of this project was a one-year dead-
line requested by the u.S. government. Fortunately for the Phoenix Project, the 
nearly completed Wedge 1 Project (part of the 20-year Pentagon Renovation 
Program, PenRen), was still active. On the very day of the attack, resources 
from PenRen were quickly reallocated to form the Phoenix integrated project 
team (iPT). “With all of the stakeholders around the table,” says Clark Sheakley, 
a client liaison with general Dynamics, “it was possible to create and update 
plans on the fly and to keep everyone informed.” The schedule and other parts 
of the project plan were very informal during the first month after the attack. 
Virtually overnight the budget to reconstruct the Pentagon was estimated, based 
on historic cost data from the ongoing PenRen Project, and submitted to the uS 
Congress, which authorized $700 million in emergency funds. Once the Federal 
Bureau of investigation released the site, the project plan went through a more 
formal development.

The project’s tight schedule led to concurrent scope and plan development in 
parallel to project execution. “Before plans are finalized or even in draft form, 

Background and additional information on this project can be found at The National 9/11 
Pentagon Memorial website, “The Phoenix Project,” and articles by Natalie Bauer (2004) and 
Linda Kozaryn (2002).
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the project was already under way,” says Sheakley. To accelerate the schedule, 
an “ultra-fast-track schedule” was developed. For example, reconstruction was 
divided into three horizontal stages. The structure of the three outer rings of the 
building complex were sequenced independently, allowing early installation of 
the limestone façade, main electric and communication vaults, and mechanical 
and roofing systems, concurrently. in addition, smaller sections of concrete were 
poured so that crews could work simultaneously, rotating through each of the 
construction sequences rather than waiting for an entire floor to be completed 
before sending in the subsequent crew.

Due to the fast pace of the project, keeping the schedule current was  difficult. 
Many times it served more as a benchmark than a primary guide. “at times, the 
schedule could not keep up with the work because it was so far ahead,” says 
Sullivan.

Yet another dimension of the fast-track process included the procurement 
plan. The government Program Office was exempt from systems integration 
responsibilities. Contractors were fully responsible for the integration of sys-
tems, subsystems, equipment, and support equipment, and they had to validate 
full system performance after integration. This approach decreased implemen-
tation time, increased product quality, and reduced engineering changes, pro-
gram office staff, and overall project cost. “it was a challenge to manage all the 
resources at any specific point in the project, given the number of resources,” 
Sullivan says. “But, the bottom line is that you hire good people, and you let 
them do their jobs.”

The design-build approach adopted here allowed design and construction to 
operate as a single entity under one contract, contrasting with the standard gov-
ernment approach of design-bid-build, which can create startup delays and conflict 
between contractors and owners.

Taken together, the 3,000-member project team completed the demolition and 
reconstruction of the damaged west face section of the Pentagon 28 days ahead 
of schedule and $194 million under budget. The Phoenix management team says 
that success comes down to two central elements: people and procedure. Project 
management molded the team into a tangible process conducive to optimum 
utilization of all available resources. according to Deputy Program Manager Mike 
Sullivan, “The lesson is that if you get a bunch of people who are dedicated and 
committed to achieve a clearly defined goal, within a well-defined work process, 
you can accomplish almost anything!”

13.1  ThE nEED FOR EFFECTiVE PROjECT ManagEMEnT 
PROCESSES

Not every project is as urgent and time-critical as the reconstruction of the 
nation’s center of defense. Yet, many enterprise missions are under similar 
pressure to perform against end-date-driven schedules. They bear the same 
necessity for accelerating project execution, utilizing resources effectively, 
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and minimizing implementation risks. The message is clear, virtually every 
organization in our fiercely competitive business environment is under pres-
sure to do more things faster, better, and cheaper. Speed has become one of the 
great equalizers in competitiveness and is a key performance measure. New 
technologies, especially in computers and communications, have removed 
many of the protective barriers to business, creating enormous opportuni-
ties and challenges, and transformed our global economy into a hypercom-
petitive enterprise system. To survive and prosper, the new breed of business 
leaders must deal effectively with time-to-market pressures, innovation, 
cost, and risks in an increasingly fast-changing global business environment. 
Concurrent engineering has gradually become the norm for developing and 
introducing new products, systems, and services (Dourado and Silva 2011, 
Haque et al. 2003). It is also the basis for a wide spectrum of contemporary 
management systems, ranging from Stage-Gate® to agile.

13.1.1 Moving toward Concurrent Execution

Whether we look at the implementation of a new product, process, or  service, 
or we want to rebuild the Pentagon, create a new movie, or win a campaign, 
reducing project cycle time translates most likely into cost savings, risk 
reduction, market advantages, and strategic benefits. Bottom line: “Time is 
money,” to paraphrase Benjamin Franklin.

Project management has traditionally provided the tools and techniques 
for executing specific missions, on time and resource efficiently. These tools 
and techniques have been around since the dawn of civilization, leading to 
impressive results ranging from Noah’s Ark and the ancient pyramids, and 
military campaigns to the Brooklyn Bridge and Ford’s Model-T automobile. 
While the first formal project management processes emerged during the 
Industrial Revolution of the eighteenth century, with focus on mass produc-
tion, agriculture, construction, and military operations, the recognition of 
project management as a business discipline and profession did not occur 
until the 1950s, with the emergence of formal organizational concepts such 
as the matrix, projectized organizations, life cycles and phased approaches 
(Morris 1997).

These concepts established the organizational framework for many of the 
project-oriented management systems in use today, providing a platform for 
delivering mission-specific results. Beginning in the 1980s, dramatic changes 
in the business environment required that the process of project manage-
ment be reengineered to deal effectively with new challenges (Denker  
et al. 2001; Nee and Ong 2001; Rigby 1995; Thamhain 2002) and to balance 
efficiency, speed, and quality (Atuahene-Gima 2003). As a result, many new 
project management tools and delivery systems evolved under the umbrella 
of integrated product development (IPD). These systems, however, are not 
just limited to product development, but can be found in a wide spectrum of 
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modern projects, ranging from construction to research, foreign assistance 
programs, election campaigns, and IT systems installation (Koufteros et al. 
2000; Nellore and Balachandra 2001). The focus that all of these IPD applica-
tions have in common is the effective, integrated, and often-concurrent multi-
disciplinary project team effort toward specific deliverables, the very essence 
of concurrent engineering processes.

13.2  a SPECTRuM OF COnTEMPORaRY ManagEMEnT 
SYSTEMS

Driven by the need for effective multidisciplinary integration and the associ-
ated economic benefits, many contemporary project execution methods have 
evolved akin to both integrated product development (IPD) and concurrent 
engineering (CE). These methods often focus on specific project environ-
ments such as manufacturing, marketing, software development, or field 
services (Gerwin and Barrowman 2002). As a result, many mission-specific 
project management platforms emerged under what is today characterized 
as the IPD umbrella, long before IPD had been recognized as a formal con-
cept. These well-established platforms include systems such as design for 
manufacture (DMF), just-in-time (JIT), continuous process improvement 
(CPI), integrated product and process development (IPPD), structured sys-
tems design (SSD), rolling wave (RW) concept (see Githens 1998), phased-
developments (PD), Stage-Gate® processes (see Cooper 2008), integrated 
phase-reviews (IPR), and voice-of-the-customer (VOC), just to name a few 
of the more popular concepts. Other contemporary project management 
concepts, such as agile/scrum (Beck 2001), spiral processes (Boehm 1988; 
Muench 1994), and extreme project management (XPM) (DeCarlo 2004), rely 
at least in part on the same concept of flexible, concurrent execution of over-
lapping processes.

Many of these concepts have a specific application focus or managerial phi-
losophy. However, what all of these systems have in common, is the emphasis 
on effective cross-functional integration and incremental, iterative imple-
mentation of project plans with emphasis on strong human interaction and 
collaboration. For the remainder of this chapter, I will use the terms concur-
rent engineering (CE) and integrated product development (IPD) to refer to 
the broader spectrum of concurrent management processes used in contem-
porary project management.

13.2.1  Concurrent Engineering—a unique Project Management 
Concept

Concurrent engineering, CE, is an extension of the multiphased approach 
to project management. Although the concept gained formal recognition 
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only during the 1980s, its roots go back to the era of early industrial-
ization at the end of the nineteenth century (Smith 1997). At the heart 
of its concept is the concurrent execution of tasks segments, which cre-
ates overlap and interaction among the various project teams. It also 
increases the need for strong cross-functional cooperation, integration and 
team involvement, which creates both managerial benefits and challenges  
(Wu, Fuh, and Nee 2002).

Although concurrent engineering was originally seen as a method for pri-
marily reducing project cycle time and accelerating product development 
(Prasad 2003, Smith 1997), today, the concept refers quite generally to the 
many resource- and time-efficient execution of multidisciplinary undertak-
ings. Moreover, the CE concept has been expanded from its original engi-
neering focus on a wide spectrum of projects, ranging from construction and 
field installations to medical procedures, theater productions, and financial 
services (Haas and Sinha 2004; Pham, Dimov, and Setchi 1999; Pilkinton 
and Dyerson 2002; Prasad and Rao 2004). The operational and strategic 
values of concurrent engineering are much broader than just a gain in lead 
time and resource effectiveness. They include a wide range of benefits to 
the enterprise. These benefits are primarily derived from effective cross-
functional collaboration, and full integration of the project management 
process with the total enterprise and its supply chain (Prasad 2002, 2003; 
Prasad and Rao 2004). In this context, concurrent engineering provides a 
process template for effectively managing projects. Virtually any project 
can benefit from this approach, as pointed out by the Society of Concurrent  
Product Development (www.scpdnet.org). As a working definition, the  
following statement brings the management philosophy of concurrent engi-
neering into perspective:

Concurrent engineering provides the managerial framework for effective, 
systematic, and concurrent integration of all functional disciplines neces-
sary for producing the desirable project deliverables, in the least amount 
of time and resource requirements, considering all elements of the project 
life cycle.

In essence, concurrent engineering is a systematic approach to integrated 
project execution that emphasizes parallel, integrated execution of project 
phases, replacing the traditional linear process of serial engineering and 
expensive design-build-rollout rework. The process also requires strong 
attention to the human side, focusing on multidisciplinary teamwork, power 
sharing, and team values of cooperation, trust, respect, and consensus build-
ing, engaging all stakeholders in the sharing of information and decision 
making, starting during the early project formation stages and continuing 
over the project life cycle.
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The concurrent engineering process is graphically shown in Figure 13.1, 
depicting a typical product development. In its basic form, the process pro-
vides a template or roadmap for guiding multiphased projects from concept 
to final delivery. One of the prime objectives for using concurrent engineer-
ing is to minimize “downstream” uncertainty, risk, and complications, and 
hence make the project outcome more predictable (Aiguier 2012; Guirad  
et al. 2007; Moffat 1998; Nahm and Ishikawa 2004; Noori, Munro, and Deszca 
1997). However, concurrent execution and integration of activities does not 
just happen by drawing timelines in parallel, but is the result of carefully 
defined cross-functional linkages and skillfully orchestrated teamwork. 

Potential Benefits of ConCurrent engineering

•	 Better cross-functional communication and integration
•	 Decreased time to market
•	 Early detection of design problems, fewer design errors
•	 Emphasis on human side of multidisciplinary teamwork
•	 Greater power sharing, cooperation, trust, respect, and consensus 

building
•	 All stakeholders engaged in information sharing and decision 

making
•	 Enhanced ability to support multisite manufacturing
•	 Enhanced ability to cope with changing requirements, technology, 

and markets
•	 Enhanced ability to execute complex projects and long-range 

undertakings
•	 Enhanced supplier communication
•	 Fewer engineering changes
•	 High-level of organizational transparency, R&D-to-marketing
•	 Higher resource efficiency and personnel productivity; more 

resource-effective project implementation
•	 Higher project quality, measured by customer satisfaction
•	 Minimized “downstream” uncertainty, risk and complications, 

making the project outcome more predictable
•	 Minimized design-build-rollout reworks
•	 Ongoing recognition and visibility of team accomplishments
•	 Promotion of total project life cycle thinking
•	 A template or roadmap for guiding multiphased projects from con-

cept to final delivery
•	 Systematic approach to multiphased project execution
•	 Shorter project life cycle and execution time
•	 Validation of work in progress and deliverables
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Moreover, concurrent phase execution makes several assumptions regarding 
the organizational system and its people, as discussed in the next section.

13.3 CRiTERia FOR SuCCESS

For simplicity, concurrent engineering is often shown as a linear process, with 
overlapping activity phases, scheduled for concurrent execution, as shown in 
Figure 13.1. However, to make such concurrent project phasing possible, the 
organizational process must be designed to meet specific criteria that establish 
the conditions conducive to concurrent, incremental implementation of phased 
activities. These conditions are very similar to conventional modern project 
management, which provides the operating platform for concurrent engineer-
ing. By its very definition, concurrent engineering is synonymous with cross-
disciplinary cooperation, involving all project teams and support groups of the 
enterprise, internally and externally, throughout the project life cycle. The CE 
process relies on organizational linkages and integrators that help in identify-
ing problems early, networking information, transferring technology, satisfying 
the needs of all stakeholders, and unifying the project team. It is important to 
include all project stakeholders in the project team and its management—not 
only enterprise-internal components, such as R&D, engineering, manufactur-
ing, marketing and administrative support functions, but also external stake-
holders, such as customers, suppliers, regulators and other business partners.
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figure 13.1 graphical presentation of concurrent execution of project phases
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Criteria for suCCessful ManageMent of ConCurrent 
engineering ProjeCts

Concurrent engineering teams and their leaders must be 
able to:
•	 Allocate sufficient time and resources for up-front planning
•	 Identify major task teams, their mission, and interfaces at the 

beginning of the project cycle
•	 Work out the logistics and protocol for concurrent phase 

implementation
•	 Lay out the master project plan (top level) covering the project 

life cycle
•	 Establish a consensus on a project plan among project team 

members
•	 Be willing to work with partial, incremental inputs and evolving 

requirements throughout the team organization, throughout the 
project life cycle

•	 Identify all project-internal and -external “customers” of its work 
and establish effective communication linkages and ongoing 
working relationships with these customers

•	 Work flexibly with team members and customers, adjusting to 
evolving needs and requirements

•	 Share information and partial results regularly during the  project 
implementation

•	 Identify the specific deliverables needed by other teams  
(and individuals) as inputs for their part of the project, including 
the timing for such deliverables

•	 Establish effective cross-functional communication channels and 
specific methods for work transfer

•	 Establish techniques and protocols for validating the work and its 
appropriateness to its “customers” on an ongoing basis

•	 Work with partial results (deliverables) and incremental updates 
from upstream developments

•	 Reiterate or modify tasks and deliverables to accommodate 
emerging needs of downstream task teams and to optimize the 
evolving project outcome

•	 Prepare for its mission prior to receiving mission details (e.g., 
manufacturing is expected to work on pilot production setup prior 
to receiving full product specs or prototypes)

•	 Work as an integrated part of a unified and agreed-on project  
plan

•	 Have tolerance for ambiguity and uncertainty
(Continued)
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Taken together, the core ingredient of successful concurrent engineering is 
the development and effective management of organizational interfaces. For 
most organizations, these challenges include strong human components that 
are more difficult to harness and to control than the operational processes 
of project implementation (Nandedkar and Deshpande 2012, Prasad 2002, 
 Shi-Jie and Li 2004). They involve many complex and constantly changing 
variables that are hard to measure and even more difficult to manage, espe-
cially within self-directed team environments that are often required for 
realizing the concurrent engineering process (Bauly and Nee 2000, Hull et al.  
1996, Yassine and Braha 2003). Procedures are important. They provide  
(1) the baseline and infrastructure necessary to connect and integrate the 
various pieces of the multidisciplinary work process, and (2) an important 
starting point for defining the communication channels necessary for effec-
tively linking the core team with all of its support functions. Yet, it should  
be realized that the resulting process is only as good as the people who 
 implement it.

13.4  DEFining ThE ManagEMEnT PROCESS—a 
TEaM-BaSED EFFORT

After reaching a principle agreement with major stakeholders, the concurrent 
engineering process should be defined, showing the major activity phases or 
stages of the project to be executed. Even more advantageous for future proj-
ects would be the ability to define phases that may be common to a class of 
projects that are being executed by the enterprise over time. To illustrate, 
let us use the example of a new product development, shown in Figure 13.1. 
The concurrent engineering process proceeds through five project phases:  
(1) concept development, (2) detailed development, (3) pilot production,  
(4) product rollout, launch, and marketing, and (5) field support. Each phase 
or stage is defined in terms of scope, objectives, activities, and deliverables, 
as well as functional responsibilities. Each project phase must also include 
cross-functional interface protocols, defining the specific collaborations and 
organizational linkages needed for the concurrent development. While the 
principal cross-functional interfaces can be summarized graphically, as shown 

•	 Establish reward systems that promote cross-functional coopera-
tion, collaboration, and joint ownership of results

•	 Have top management buy-in and support the concurrent engi-
neering process

•	 Have established a uniform project management system through-
out the concurrent engineering team/organization

(Continued)
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in the upper part of Figure 13.1, more sophisticated group technology tools, 
such as the quality function deployment (QFD) matrix, shown in Figure 13.2, 
are usually needed for defining (1) the specific cross-functional requirements,  
(2) the methods of work transfer (often referred to as technology transfer), 
and (3) the stakeholder interactions necessary for capturing and effectively 
dealing with the changes that ripple through the product design process.

The best time for setting up these interface protocols is during the defi-
nition phase of a specific project when the team organization is most flex-
ible regarding lines of responsibility and authority. To illustrate, Figure 13.2 
shows the specific inputs and outputs required during the various phases of 
a product development process. Each arrow indicates that a specific input/
output requirement exists for that particular interface. Most likely, some 
interface requirements exist from each project phase to each of the others. In 
our example, the total number of potential interfaces is defined by the 5 × 5 
matrix, which equals 25 interfaces (this explains why the QFD matrix is also 
referred to as N-squared chart). The QFD matrix is a useful tool for identify-
ing specific interface personnel and input/output requirements. That is, for 
each interface, key personnel from both teams have to establish personal 
contacts and negotiate the specific type and timing of deliverables needed. In 
many cases, multiple interfaces exist simultaneously, necessitating complex 
multiteam agreements over project integration issues. An additional chal-
lenge is the incremental nature of deliverables resulting from the concurrent 
project execution. For downstream phases, such as production, to start their 
work concurrently with earlier project phases, such as product development, 
it is necessary for all interfaces to define and negotiate (1) what part of the 

Concept

Develop-
ment

Pro-
duction

Roll-out

Field 
Support

figure 13.2 Quality function deployment (QFD) matrix, a tool for defining interfaces
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phase deliverables can be transferred early, (2) the exact schedule for the 
partial deliverable, and (3) the validation, iteration, and integration process 
for these partial deliverables.

Yet, another important condition for concurrent engineering to work is 
the ability of “downstream task leaders” to guide the “upstream” design pro-
cess toward desired results, and to define the “upstream” gate criteria on 
which they depend as “customers.” This interdisciplinary integration is often 
accomplished by participating in project and design reviews, by soliciting 
and providing feedback on work in progress, and by cross-functional involve-
ment with interface definitions and technology transfer processes. Interface 
diagrams, such as the QFD matrix shown in Figure 13.2, can help to define 
the cross-functional roadmap for establishing and sustaining the required 
linkages for each task group.

13.5 unDERSTanDing ThE ChallEngES

Implementing or improving a concurrent engineering process is about 
organizational development. It’s similar to any other business process 
improvement. Potential benefits, such as higher quality, speed, resource 
effectiveness and cycle time, are very attractive to management, but they 
are also associated with high implementation risk, a natural byproduct of 
the organizational development and change process. Often, the new process 
does not work as well as the old one, or worse, is a complete disaster. That’s 
why few companies go into a major reorganization lightly. At best, introduc-
ing a new system is painful, disruptive, and costly. At worst, it can destroy 
existing operational effectiveness and the ability to compete successfully in 
the market place. Seasoned managers understand the many challenges of 
working with these contemporary business systems:

•	 Strong autonomy of task teams makes system integration a shared 
responsibility of all team leaders.

•	 Power and resource sharing among task leaders and resource manag-
ers requires a more sophisticated management style and the ability to 
deal with inevitable organizational conflict and politics.

•	 The focus on process templates (e.g., CE) tends to make project execu-
tion ridged.

•	 CE process templates tend to isolates task teams within their program 
activities

•	 Objectives focus on phase outputs, such as deliverables, rather than on 
overall project and mission objectives.

•	 The need for self-directed teamwork limits top-down and central 
control.

•	 The need to work with incremental, partial inputs, and outputs at the 
task level, makes project planning, measurements, and progress report-
ing of more difficult.
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•	 Intricate work processes, such as concurrent engineering require addi-
tional administrative support, management, and resources.

•	 Implementing and sustaining concurrent engineering requires senior 
management involvement and support, and long-term organizational 
commitment.

Experienced managers evaluate these challenges against current business 
scenarios. They also root-cause any known problems and failures of others, 
before they dive into reorganizing their own business process.

Some of the toughest challenges of concurrent engineering (CE), and its 
broader umbrella of integrated product development (IPD), relate to com-
patibility issues with the organizational culture. Concurrent engineering 
requires a collaborative culture with a great deal of organizational resource 
and power sharing. This is often not present to the degree needed for con-
current engineering to succeed. Designing, customizing, and implementing 
a new project management system usually affects many organizational sub-
systems and processes, from innovation to decision making, and from cross-
functional communications to the ability of dealing effectively with risk and 
organizational conflict. Hence, integrating concurrent engineering with the 
business process and its physical, informational, managerial, and psychologi-
cal subsystems, without compromising business performance, is an important 
challenge that must be dealt with during the implementation phase. Strong 
involvement of people across the organization is required for concurrent engi-
neering to become acceptable by the people, and hence to become institution-
alized and to succeed as a viable business process in an organization.

13.6  unDERSTanDing ORganizaTiOnal linkagES 
anD BEnEFiTS

While these challenges are more visible to managers, the benefits (i.e., poten-
tial benefits of concurrent engineering), are not always obvious just by look-
ing at the basic concept of concurrent engineering. In fact, these benefits are 
often derivatives of more subtle organizational processes that unfold within a 
well-executed concurrent project management system. These processes need 
to be understood and skillfully exploited by project leaders and managers to 
gain the full benefits of concurrent engineering. Breaking the benefits down 
and relating them to organizational process might help in gaining additional 
insight into the workings of concurrent engineering:

 1. Uniform process model. The concurrent engineering concept  
provides a uniform process model or template for organizing and 
executing a predefined class of projects, such as specific new product 
developments.

Primary benefit: Time and resource savings during the project/ 
product planning and startup phase.
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Secondary benefits: A standardized process model breaks the project 
cycle into smaller, predefined modules or phases, resolving some of the 
project complexities, predefining potential risks and areas requiring 
managerial interactions and support. Standardized platform for proj-
ect execution provides basis for continuous process improvement and 
organizational learning.

 2. Integrated product development, IPD. Because of its focus on 
cross-functional cooperation, concurrent engineering promotes an inte-
grated approach to product development and other project work.

Primary benefits: Promotes unified, collective understanding of 
project challenges and search for innovative solutions. Helps in team 
integration: identifying organizational interfaces, lowering risks, and 
reducing cycle time.

Secondary benefit: Responsibilities for team and functional support 
personnel are more visible.

 3. Gate functions. The concurrent engineering platform is similar to 
other multi-phased project management concepts, such as Stage-Gate®, 
structured systems design, or rolling wave concepts, hence encouraging 
the integration of predefined gates, providing for performance reviews, 
sign-off criteria, checkpoints, and early warning systems.

Primary benefits: Ensures incremental guidance of the product/ 
project execution and early problem detection; provides cross-functional 
accountability; helps in identifying risk and problem areas; minimizes 
rework; highlights organizational interfaces and responsibilities.

Secondary benefits: Stimulates cross-functional involvement and vis-
ibility; identifies internal customers, promotes full life cycle planning, 
focuses on win-win strategy.

 4. Standard project management process. The concurrent engineering 
concept is compatible with the standard project management process, 
its tools, techniques, and standards. Predefined gates provide perfor-
mance and sign-off criteria, checkpoints, and early warning systems, 
ensuring incremental guidance of the product development process and 
early problem detection.

Primary benefits: Provides cross-functional accountability; helps in 
identifying risk and problem areas; minimizes rework; highlights orga-
nizational interfaces and responsibilities.

Secondary benefits: Stimulates cross-functional involvement and vis-
ibility; identifies internal customers, promotes full life cycle planning, 
focuses on win-win strategy.

 5. QFD approach. Using the quality function deployment (QFD) concept 
built into the concurrent engineering process helps you to define cross-
functional interfaces and pushes both the performing and the receiving 
organization toward closer cooperation and “upstream” guidance of the 
product development.

Primary benefits: Provides an input/output model for identifying 
workflow throughout the project/product development process, and 
identifies organizational interfaces and responsibilities.
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Secondary benefits: Stimulates cross-functional involvement and vis-
ibility; identifies internal customers, promotes full life cycle planning.

 6. Early testing. Concurrent engineering encourages early testing of 
overall project or product functionality, features, and performance. 
These tests are driven by team members of both “downstream” and 
“upstream” project phases. Downstream members seek assurances for 
problem-free transfer of the work into their units, and upstream mem-
bers seek smooth transfer and sign-off for their completed work.

Primary benefits: Early problem detection and risk identification, 
opportunity to “fail early and cheap,” less rework.

Secondary benefits: Stimulates cross-functional involvement and 
cooperation, assists system integration.

 7. Total organizational involvement and transparency. Because of 
its emphasis on mutual dependencies among the various phase teams, 
strong cross-functional involvement and teamwork is encouraged, 
enhancing the level of visibility and organizational transparency.

Primary benefits: Total development cycle/system thinking; enhanced 
cross-functional innovation; effective teamwork, enhanced cross- 
functional communications and product integration; early warning 
system, improved problem detection and risk identification; enhanced 
flexibility toward changing requirements.

Secondary benefits: Total team recognition; enhanced team spirit and 
motivation; conducive to self-direction and self-control.

Taken together, the top benefits of concurrent engineering refer to time, 
resource, and risk issues, that ultimately translate into increased project 
 performance: (1) reducing project startup time, (2) reducing project cycle time, 
(3) detecting and resolving problems early, (4) promoting system integra-
tion, (5) promoting early concept testing, (6) minimizing rework, (7) handling 
more complex projects with higher levels of implementation uncertainty,  
(8) working more resource effective, and (8) gaining higher levels of customer 
satisfaction.

13.7  RECOMMEnDaTiOnS FOR SETTing uP anD 
Managing COnTEMPORaRY SYSTEMS

A number of specific suggestions may help managers to understand the 
complex interaction of organizational and behavioral variables involved in 
establishing a contemporary project management system, such as concur-
rent engineering, and managing effectively in it. The sequence of recommen-
dations follows to some degree the chronology of on organizational system 
design, its implementation and managerial application. Although each orga-
nization is unique with regard to its business, operation, culture, and man-
agement style, field studies show a general agreement on the type of factors 
that are critical to effectively organizing and managing projects in concur-
rent multiphase environments (Ainscough et al. 2003, Bowonder and Sharma 
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2004, Ching-Chow 2007, Denker et al. 2001, Nellore and Balachandra 2001, 
Nahm and Ishikawa 2004, Pillai et al. 2002, Ratchev and Pawar 2004).

13.7.1 Phase i: Organizational System Design

Take a Systems approach

The concurrent engineering system must eventually function as a fully inter-
connected subsystem of the organization, and should be designed as an inte-
grated part of the total enterprise (Haque, Pawar, and Barson 2003). Field 
studies emphasize consistently that management systems function subopti-
mal, at best, or fail due to a poor understanding of the interfaces that connect 
the new system with the total business process (Kerzner 2011, Moffat 1998). 
System thinking, as described by Senge and Carstedt (2001), Gharajedaghi 
(2011), and Checkland (1999), provides a useful approach for front-end analy-
sis and organization design.

Build on Existing Management Systems

Radically new methods are usually greeted with anxiety and suspicion. If 
possible, the introduction of a new organizational system, such as concur-
rent engineering, should be consistent with already established project 
management processes and practices within the organization. The more 
congruent the new operation is with the already existing practices, proce-
dures, and distributed knowledge within the organization, the more coop-
eration management will find from their people when implementing the 
new system.

The highest level of acceptance and success is found in areas where new 
procedures and tools are added incrementally to already existing manage-
ment systems. These situations should be identified and addressed first. 
Building on an existing project management system also facilitates the incre-
mental enhancement, testing, and fine-tuning of the new concurrent engi-
neering process. Particular attention should be paid to the cross-functional 
workability of the new process.

Custom Design

Even for apparently simple situations, a new concurrent engineering pro-
cess should be customized to fit the host organization, its culture, needs, 
norms, and processes. For reasons discussed in the previous paragraph, the 
new system has a better chance for smooth implementation and for gain-
ing organizational acceptance if the new process appears consistent with 
already-established values, principles, and practices, rather than a new order 
to be imposed without reference to the existing organizational history, values, 
or culture (Swink, Sandvig, and Mabert 1996; Kerzner 2011).
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13.7.2 Phase ii: System implementation

Define implementation Plan

Implementation of the new concurrent engineering system is by itself a 
complex, multidisciplinary project that requires a clear plan with specific 
milestones, resource allocations, responsibilities, and performance metrics. 
Further, implementation plans should be designed for measurability, early 
problem detection and resolution, and visibility of accomplishments, provid-
ing the basis for recognition, and rewards.

Pretest the new Technique

Preferably, any new management system should be pilot tested on small proj-
ects with an experienced project team. Asking a team to test, evaluate, and 
fine-tune a new concurrent engineering process is often seen as an honor 
and professional challenge. It also starts the implementation with a positive 
attitude, creating an environment of open communication and candor, and a 
focus on actions leading toward success.

Ensure good Management Direction and leadership

Organizational change, such as the implementation of a concurrent engi-
neering system, requires top-down leadership and support to succeed. Team 
members will be more likely to help implement the concurrent engineering 
system, and cooperate with the necessary organizational requirements, if 
management clearly articulates its criticality to business performance and 
the benefits to the organization and its members. People in the organization 
must perceive the objectives of the intervention to be attainable and have a 
clear sense of direction and purpose for reaching these goals.

Senior management involvement and encouragement are often seen as an 
endorsement of the team’s competence and recognition of their efforts and 
accomplishments (Thamhain 2008, 2011). Throughout the implementation 
phase, senior management can influence the attitude and commitment of their 
people toward the new concept of concurrent engineering. Concern for project 
team members, assistance with the use of the tool, enthusiasm for the proj-
ect and its administrative support systems, proper funding, help in attracting 
and retaining the right personnel, support from other resource groups, all will 
foster a climate of high involvement, motivation, open communications, and 
desire to make the new concurrent engineering system successful.

involve People affected by the new System

The implementation of a new management system involves considerable 
organizational change with all the expected anxieties and challenges. Proper 
involvement of relevant organizational members is often critical to success 

c13.indd   293 25-02-2014   17:50:37



294 COnCuRREnT EnginEERing anD OThER PROjECT ManagEMEnT SYSTEMS

(Barlett 2002, Nandedkar and Deshpande 2012, Nellore and Balachandra 
2001). Key project personnel and managers from all functions and levels of 
the organization should be involved in assessing the situation, evaluating the 
new tool, and customizing its application. Although direct participation in 
decision making is the most effective way to obtain buy-in toward a new sys-
tem (Pham, Dimov, and Setchi 1999), it is not always possible, especially in 
large organizations. Critical factor analysis, focus groups, and process action 
teams, are good vehicles for team involvement and collective decision mak-
ing, leading to ownership, greater acceptance, and willingness to work toward 
successful implementation of the new management process (Thamhain 2011).

anticipate anxieties and Conflicts

A new management system, such as concurrent engineering, is often per-
ceived as imposing new management controls, being disruptive to the work 
process, and creating new rules and administrative requirements. People’s 
responses to such new systems range from personal discomfort with skill 
requirements to dysfunctional anxieties over the impact of tools on work 
processes and performance evaluations (Sundaramurthy and Lewis 2003). 
Effective managers seem to understand these challenges intuitively, antici-
pating the problems and attacking them aggressively as early as possible.

Managers can help in developing guidelines for dealing with problems, 
and establishing conflict resolution processes, such as informational meet-
ings, management briefings, and workshops, featuring the experiences of 
early adopters. They can also work with the system implementers to foster 
an environment of mutual trust and cooperation. Buy-in to the new process 
and its tools can be expected only if its use is relatively risk-free (Stum 2001, 
Thamhain 2013). Unnecessary references to performance appraisals, tight 
supervision, reduced personal freedom and autonomy, and overhead require-
ments should be avoided, and specific concerns dealt with promptly on a 
personal level.

Detect Problems Early and Resolve

Cross-functional processes, such as concurrent engineering, are often highly 
disruptive to the core functions and business process of a company (Denker 
et al. 2001, Haque et al. 2003). Problems, conflict, and anxieties over tech-
nical, personal, or organizational issues are very natural and can be even 
healthy in fine-tuning and validating the new system. In their early stages, 
these problems are easy to solve, but usually hard to detect. Management 
must keep an eye on the organizational process and their people to detect 
and facilitate resolution of dysfunctional problems.

Round-table discussions, open-door policies, focus groups, process action 
teams, and management by wandering around are good vehicles for team 
involvement. They can lead to organizational transparency and a favorable 
ambience for collective problem identification, analysis, and resolution.
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Encourage Project Teams to Fine-Tune the Process

Successful implementation of a concurrent engineering system often requires 
modifications of organizational processes, policies, and practices. In many 
of the most effective organizations, project teams have the power and are 
encouraged to make changes to existing organizational procedures, report-
ing relations, and decision and work processes. It is crucial, however, that 
these team initiatives be integrated with the overall business process and 
supported by management. True integration, acceptance by the people,  
and sustaining of the new organizational process will only occur through the 
collective understanding of all the issues and a positive feeling that the pro-
cess is helpful to the work to be performed.

To optimize the benefits of concurrent engineering, it must be perceived 
by all the parties as a win-win proposition. Providing people with an active 
role in the implementation and utilization process helps to build such a 
favorable image for participant buy-in and commitment. Focus teams, 
review panels, open discussion meetings, suggestion systems, pilot test 
groups, and management reviews are examples for providing such stake-
holder involvement.

invest Time and Resources

Management must invest time and resources for developing a new organiza-
tional system. An intricate system, such as concurrent engineering, cannot 
be effectively implemented just via management directives or procedures, 
but instead requires the broad involvement of all user groups, helping to 
define metrics and project controls. System designers and project leaders 
must work together with upper management toward implementation. This 
demonstrates management confidence in, ownership of, and commitment to 
the new management process. This will also help to integrate the new system 
with the overall business process.

As part of the implementation plan, management must also allow time 
for the people to familiarize themselves with the new vision and process. 
Training programs, pilot runs, internal consulting support, fully leveraged 
communication tools such as groupware, and best-practice reviews are exam-
ples of action tools that can help in both institutionalizing and fine-tuning 
the new management system. These tools also help in building the necessary 
user competencies, management skills, organizational culture, and personal 
attitudes required for concurrent engineering to succeed.

13.7.3 Phase iii: Managing in Concurrent Engineering

Plan the Project Effectively

As with any other project management system, effective project planning and 
team involvement is crucial to success. This is especially important in the 
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concurrent engineering environment where parallel task execution depends 
on continuous cross-functional cooperation for dealing with the incremental 
work flow and partial result transfers. Team involvement, early in the project 
life cycle, will also have a favorable impact on the team environment, build-
ing enthusiasm toward the assignment, team morale, and ultimately team 
effectiveness. Because project leaders have to integrate various tasks across 
many functional lines, proper planning requires the participation of all stake-
holders, including support departments, subcontractors, and management. 
Modern project management techniques, such as phased project planning  
and Stage-Gate concepts, plus established standards such as PMBOK,  
provide the conceptual framework and tools for effective cross-functional 
planning and organization of the work for effective execution.

Define Work Process and Team Structure

Successful project management in concurrent engineering requires an infra-
structure conducive to cross-functional teamwork and technology transfer. 
This includes properly defined interfaces, task responsibilities, reporting 
relations, communication channels, and work transfer protocols. The tools for 
systematically describing the work process and team structure come from the 
conventional project management system. They include: (1) project charter, 
defining the mission and overall responsibilities of the project organization, 
including performance measures and key interfaces, (2) project organization 
chart, defining the major reporting and authority relationships, (3) responsi-
bility matrix or task roster, (4) project interface chart, such as the N-squared 
chart discussed earlier, and (5) job descriptions.

Develop Organizational interfaces

Overall success of concurrent engineering depends on effective cross- 
functional integration. Each task team should clearly understand its task 
inputs and outputs, interface personnel, and work transfer mechanism. Team-
based reward systems can help to facilitate cooperation with cross-functional 
partners. Team members should be encouraged to check out early feasibility 
and system integration. QFD concepts, N-square charting and well-defined 
phase-gate criteria can be useful tools for developing cross-functional link-
ages and promoting interdisciplinary cooperation and alliances. It is criti-
cally important to include in these interfaces all of the support organizations, 
such as purchasing, product assurance, and legal services, as well as outside 
contractors and suppliers.

Staff and Organize the Project Team

Project staffing is a major activity, usually conducted during the project for-
mation phase. Because of time pressures, staffing is often done hastily and 
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prior to defining the basic work to be performed. The result is often team 
personnel that are suboptimally matched to the job requirements, resulting 
in conflict, low morale, suboptimum decision making, and ultimately poor 
project performance. While this deficiency will cause problems for any project 
organization, it is especially unfavorable in a concurrent engineering proj-
ect environment that relies on strong cross-functional teamwork and shared 
decision making, built on mutual trust, respect and credibility.

Team personnel with poorly matched skill sets for the job requirements are 
seen as incompetent, affecting their trust, respect, credibility, and ultimately 
their “concurrent team performance.” For best results, project leaders should 
negotiate the work assignment with their team members one on one, at the 
outset of the project. These negotiations should include the overall task, its 
scope, its objectives, and performance measures. A thorough understanding  
of the task requirements often develops as the result of personal involvement 
in the front-end activities, such as requirements analysis, bid proposals, proj-
ect planning, interface definition, or the concurrent engineering system devel-
opment. This early involvement also has positive effects on the buy-in toward 
project objectives, plan acceptance, and the unification of the task team.

Communicate Organizational goals and Objectives

Management must communicate and update the organizational goals and 
project objectives. The relationship and contribution of individual work to 
overall business plans and their goals, as well as of individual project objec-
tives and their importance to the organizational mission, must be clear 
to all team personnel. Senior management can help in unifying the team 
behind the project objectives by developing a “priority image,” through their  
personal involvement, visible support, and emphasis of project goals and mis-
sion objectives.

Define Work interfaces and Effective Communication Channels

Interdisciplinary transparency is a critical prerequisite for concurrent engi-
neering. Effective cross-functional communication is crucial to the intensive 
information sharing and joint decision making needed during a concurrent 
project execution. In addition to modern technology, such as voice mail, e-mail, 
electronic bulletin boards and conferencing, and process tools, such as the 
N-square chart, management can facilitate the free flow of information, both 
horizontally and vertically, by workspace design, regular meetings, reviews, 
and information sessions (Hauptman and Hirji 1999; Keller 2001; Sarin and 
O’Connor 2009).

Ensure Senior Management Support and leadership

You must win the hearts and minds of your work team before it supports 
and uses a new management system. Senior managers, by their enthusiasm, 
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commitment, sense of purpose, and urgency, provide a strong emotional 
driver toward acceptance of a new organizational process. This visible man-
agement involvement and support also lowers the anxieties and doubts over 
the organizational value and stability of the new tool and helps to unify the 
team behind its implementation and effective utilization.

Manage Conflict and Problems

Conflict is inevitable in the concurrent engineering environment, with its 
complex dynamics of power and resource sharing and incremental decision 
making. Project managers should focus their efforts on problem avoidance. 
They should recognize potential problems and conflicts early in their devel-
opment, and deal with them before they become big and their resolutions 
consume a large amount of time and effort. Focus team sessions, brainstorm-
ing, experience exchanges, and process action teams can be powerful tools for 
developing the concurrent workgroup into an effective, fully integrated, and 
unified project.

Encourage Continuous Fine-Tuning and improvement

In addition to the implementation phase, the actual working process of con-
current engineering provides excellent opportunities for continuous improve-
ment of the system and fine-tuning it to the specific project work at hand 
and its organizational host environment. Managers can encourage project 
leaders and their teams to examine the new process for weaknesses and 
potential improvements. It is important to establish support systems, such as 
discussion groups, action teams, suggestion systems and post project review 
sessions, to capture and leverage the lessons learned, and to fine-tune the 
system as part of a continuous improvement process.

13.8 COnCluSiOn

Having the “right” management system is critical to expedient and resource-
effective project execution in today’s hypercompetitive business environ-
ment. The selection, proper implementation, and skillful use of the right 
system is the foundation for effective project management. Many application- 
specific contemporary project management concepts share the same philoso-
phy of flexible concurrent execution of overlapping phases, with a great deal of 
attention to the people side of project work. This chapter used the framework 
of concurrent engineering to discuss the wide range of contemporary project 
management approaches. Although most of these concepts stress the cost and 
time advantages, the full range of benefits is in fact much broader than just 
a gain in lead-time and resource effectiveness. It includes a wide spectrum  
of competitive advantages to the enterprise, ranging from increased quality of  
project deliverables to the ability to execute projects of higher complexity 

c13.indd   298 25-02-2014   17:50:37



 13.8 Conclusion 299

and with higher customer satisfaction. These benefits are primarily derived 
from effective cross-functional collaboration and full integration of the proj-
ect management process with the total enterprise and its partners, including 
its customer community and supply chain. However, these benefits do not 
occur automatically!

Designing, implementing, and managing in contemporary systems, such 
as concurrent engineering, requires more than just writing a new procedure, 
delivering a best-practice workshop, or installing new information technol-
ogy. It requires the ability to engage the organization in a systematic evalu-
ation of specific competencies, assessing opportunities for improvement, and 
designing a project management system that is fully integrated with the 
overall enterprise system and its business model. Too many managers end 
up disappointed that the latest management techniques did not produce the 
desired result. Regardless of its conceptual sophistication, concurrent engi-
neering is just a framework for processing project data, aligning organiza-
tional strategy, structure, and people. To produce benefits for the firm, these 
tools must be fully customized to fit the specific business process and be con-
gruent with the organizational system and its culture.

One of the most striking findings, from both the practice and the research 
of contemporary project management systems, is the strong influence of 
human factors on project performance. The organizational system and its 
underlying process of concurrent engineering is equally critical, but must be 
effectively integrated with the human side of the enterprise. Effective man-
agers understand the complex interaction of organizational and behavioral 
variables. During the design and implementation of the concurrent engineer-
ing system, they can work with the various resource organization and senior 
management, creating a win-win situation between the people affected by the 
intervention and senior management. They can shake up conventional think-
ing and create a vision without upsetting established cultures and values. To 
be successful, both implementing a contemporary system and managing proj-
ects through the system requires proactive participation and commitment of 
all stakeholders. It also requires congruency of the system with the overall 
business process and its management.

Taken together, leaders must pay attention to the human side. To enhance 
cooperation among the stakeholders, managers must foster a work environ-
ment where people see the significance of the intervention for the enter-
prise, and personal threats and work interferences are minimized. One of 
the strongest catalysts to successful implementation and use of the proj-
ect management system is professional pride and excitement of the peo-
ple, fueled by visibility and recognition of work accomplishments, a finding 
that will be further discussed in the following chapters. Such a profession-
ally stimulating environment seems to lower anxieties over organizational 
change, reduce communications barriers and conflict, and enhance the 
desire of personnel to cooperate and to succeed, a condition critically impor-
tant for developing the necessary linkages for effective cross-functional 
project integration.
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Although no single set of broad guidelines exists that guarantees suc-
cess, project management is not a random process! A solid understanding 
of modern project management concepts, their tools, support systems, and 
organizational dynamics, is one of the threshold competencies for leverag-
ing project control. It can help managers both in developing better project 
management systems and in leading projects most effectively through their 
execution cycles.

13.9 SuMMaRY OF kEY POinTS anD COnCluSiOnS

The following key points were made in this chapter:

•	 Concurrent engineering is a specific management concept, which 
focuses on the effective execution of overlapping processes.

•	 The concurrent engineering process and management philosophy is the 
basis for a wide spectrum of contemporary management systems, rang-
ing from Stage-Gate® to agile.

•	 Concurrent engineering is an extension of the multiphased approach to 
project management.

•	 Concurrent engineering provides the managerial framework for  
concurrent integration of all activities necessary for producing the 
desirable results, in the shortest time and best resource utilization.

•	 Many mission-specific project management platforms, similar to con-
current engineering, emerged under the integrated product develop-
ment (IPD) umbrella. They include: design for manufacture (DMF), 
just-in-time (JIT), continuous process improvement (CPI), integrated 
product and process development (IPPD), structured systems design 
(SSD), rolling wave (RW) concept, phased-developments (PD), Stage-
Gate® processes, integrated phase-reviews (IPR), and voice-of-the- 
customer (VOC), extreme project management (XPM). Spiral processes 
and agile.

•	 All of these contemporary systems emphasize effective flexible cross-
functional integration, and incremental, iterative implementation 
of project plans with great emphasis on the human side of project 
management.

•	 The top benefits of concurrent engineering refer to time, resource, and 
risk issues that ultimately translate into increased project perfor-
mance. However, the benefits include a wider spectrum, ranging from 
increased quality of project deliverables to the ability to execute proj-
ects of higher complexity and with higher customer satisfaction.

•	 The core ingredient of successful concurrent engineering is the develop-
ment and effective management of organizational interfaces.

•	 The best time for setting up these interface protocols is during the  
definition phase of a specific project.
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•	 The QFD matrix is a useful tool for identifying specific interface  
personnel and input/output requirements.

•	 To work effectively, most contemporary project management systems 
(i.e., concurrent engineering) require a collaborative culture and a 
great deal of organizational power sharing.

•	 Strong involvement of people from all organizational levels is required 
to institutionalize a new project management system, or to upgrade an 
existing one, and to ensure cooperation of the project team.

•	 A new project control system is more likely accepted if it is consistent 
with already established project management processes and practices, 
and is consistent with the culture, needs, norms, and business processes 
of the host organization.

•	 New project controls, such as concurrent engineering, are highly dis-
ruptive to the core functions and business process of an enterprise. 
Conflict and anxieties over administrative, personal, or organizational 
issues are very natural and can be even helpful in fine-tuning and vali-
dating the new system.

•	 The tools for systematically describing the work process and  
team structure come from the conventional project management  
system; they include: project charter, project organization chart, 
responsibility matrix or task roster, project interface chart, and job 
descriptions.

•	 A solid understanding of modern project management concepts, their 
tools, support systems, and organizational dynamics is one of the 
threshold competencies for managing projects effectively through any 
contemporary control system.

13.10 QuESTiOnS FOR DiSCuSSiOn

 1. What are the reasons behind concurrent engineering’s ability to acceler-
ate project execution and increase resource effectiveness?

 2. Discuss methods for enhancing cross-functional collaboration and 
integration.

 3. Develop a procedure for defining work interfaces based on the N-squared 
chart.

 4. What are the major challenges of managing projects within a contempo-
rary system, such as concurrent engineering?

 5. Discuss some of the barriers to implementing a contemporary project 
management system such as concurrent engineering.

 6. Discuss managerial leadership styles most conducive to concurrent 
 project execution.

 7. How can top management facilitate effective project management within 
a contemporary system, such as concurrent engineering?
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13.11 PMBOK® REFEREnCES anD COnnECTiOnS

The topic of Concurrent Engineering and Other Contemporary Project 
Management Systems addresses three PMBOK® processing groups: plan-
ning, executing, and monitoring/controlling. The topic cuts across many of the 
10 knowledge areas defined by PMBOK®. However, it connects most strongly 
with project integration management (area #1), project scope management 
(area #2), project time management (area #3), project cost management (area 
#4), project communications management (area #7) and project stakeholder 
management (area #10). Much of the discussion in this chapter addresses 
the context of project management. That is the way projects management 
systems are designed and implemented for effective projects execution. This 
broad contextual understanding of project management is necessary for 
effectively applying the PMBOK standards to the day-to-day management 
of projects and to study effectively for PMP® certification. In studying for the 
PMP® Exam, an understanding of the following concepts will be beneficial:  
(1) project phases and project life cycle, (2) Stage-Gates, (3) stakeholder 
 management, (4) organizational culture and influence, (6) elements of project 
control, (6) project monitoring and control, (7) socioeconomic influences, and 
(8) customizing management processes.
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Chapter 14

Managing Risk and Uncertainty

Risk-Taking in new PRodUcT develoPMenTs  
is PaRT of sTaying coMPeTiTive aT inTel

in 2002 intel committed some $28 billion to a new product development, includ-
ing new plant construction and R&d. The company decided that notebook com-
puters needed a boost to ensure sales growth for its own Pentium® chips. while 
Bluetooth technology was already available, laptops weren’t yet mobile network-
able device. intel saw this as a new market opportunity, deciding to pursue a new 
product development called centrino®. it combines intel’s Pentium® processor chip 
with its other networking systems to create a new oeM product targeting com-
puter companies, enabling them to build the next generation of laptops, using 
the centrino® wireless mobile computing platform. The result of this initiative 
was the first-generation centrino®, a 130nm, 77 million-transistor chip, based on 
the Pentium micro architecture (code-named Banias), operating at a bus clock of 
400MHz in 2004. This was just the beginning of intel’s highly successful wire-
less product line. in 2013 intel introduced the ninth-generation centrino, code 
named “shark Bay.” Based on Haswell microarchitecture, this centrino uses a  
22nm chip topology and 3.7 gHz clock rate, faster than existing mobile celerons. 
all of this helped intel to increase its market share in global processor market to 82 
percent, a fantastic success story.

However, things did not always look that certain. when intel decided to go 
ahead with the centrino development and committed billions of dollars in 2002, 
ceo craig R. Barrett was deeply concerned. intel management had no idea when 
the semiconductor industry’s longest slump would end. weak demand could have 
meant doom as those new semiconductor plants began ramping up production. 
But Barrett plowed ahead. “The only question was when overall business would 
begin to pick up. a three-year recession in our industry is about twice as long than 
the worst i can remember,” he said. while things looked pretty dicey for some 
time, by now it turns out that Barrett put his chips in the right place. Today, intel 
is working hard to satisfy demands for its centrino notebook package. Barrett’s 
push to build highly efficient factories means that intel can churn out chips at costs 

Source: Intel’s Centrino Mobile Technology website: www.intel.com/products/mobiletechnology/.

c14.indd   307 24-02-2014   12:15:24

http://www.intel.com/products/mobiletechnology/


308 Managing Risk and UnceRTainTy

way below those of competitors. with 62 percent gross margins, intel is enjoying 
earnings of $11 billion on revenues of $53 billion in 2012. outstanding results in 
a challenging business environment, as announced by Paul otellini, intel president 
and ceo in his annual report to shareholders: “we continued to execute through 
a challenging environment. we made tremendous progress across the business in 
2012 as we entered the market for smartphones and tablets, worked with our 
partners to reinvent the Pc, and drove continued innovation and growth in the 
data center. as we enter 2013, our strong product pipeline has us well positioned 
to bring a new wave of intel innovations across the spectrum of computing.” intel 
is also pushing into consumer electronics, set-top boxes, and cell phones. High-risk 
strategies? yes. But, also high potential for gains.

14.1 THe Role of UnceRTainTy in Managing 
PRojecTs

Looking at a major undertaking, such as Intel’s Centrino® technology, risks 
lurk throughout the project life cycle, affecting everything from technical 
feasibility to cost, market timing, financial performance, and strategic objec-
tives (Hillson 1999, Loch et al. 2008, Thieme et al. 2003). Uncertainty is both 
a reality and great challenge for most projects (Chapman and Ward 2003, 
Hillson 2010). Research groups like Standish (2012) show that on average 
less than 50 percent of new product development projects succeed, blam-
ing much of the failure on the inability to deal effectively with risks. Other 
researchers see the ability to deal effectively with risks as a prime factor 
for predicting project success or failure (Pantil et al. 2012; Shenhar et al. 
2001, 2007; Srivannaboon and Milosevic 2006, Buchanan and O’Connell 
2006). Yet, for Intel, failure was not an option. In fact, across the world mil-
lions of projects, from simple to complex, succeed despite of these challenges, 
while others see risk even as an opportunity, exploiting it strategically. What  
lessons can we learn? Unfortunately, there are no quick answers because 
critical success factors, even for smaller projects, involve a highly complex 
and intricately linked set of variables (Nellore and Balachandra 2001; 
Thamhain 2007, 2013).

14.1.1 a changing Paradigm

Yet, in spite of these complicated processes, most managers understand the 
critical importance of dealing with risks, and it is not surprising that leaders 
in virtually all organizations, from commerce to government, spend much 
of their time and effort to deal with risks-related issues. Examples can be 
traced back to ancient times. Writings by Sun Tzu articulated specific risks 
and suggested mitigation methods already 2500 years ago (Hanzhang and 
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Wilkinson 1998). To be sure, risk management is not a new idea. However, in 
today’s globally connected, fast-changing business world with broad access 
to resources anywhere, and pressures for quicker, cheaper, and smarter solu-
tions, projects have become highly complex and intricate. Many companies 
try to leverage their resources and accelerate their schedules by forming alli-
ances, consortia, and partnerships with other firms, universities, and gov-
ernment agencies that range from simple cooperative agreements to open 
innovation, a concept of scouting for new product and service ideas, anywhere 
in the world. In such an increasingly complex and dynamic business envi-
ronment, risks lurk in many areas, not only associated with the technical 
part of the work but also including social, cultural, organizational, and tech-
nological dimensions. In fact, research studies have suggested that much of 
the root cause of project-related risks can be traced to the organizational 
dynamics and multidisciplinary nature that characterizes today’s business 
environment, especially for technology-based developments (Cooper, Edgett, 
and Kleinschmidt 2001; Torok et al. 2011).

14.1.2 why These difficulties?

The involvement of many people, processes, and technologies spanning dif-
ferent organizations, support groups, subcontractors, vendors, government 
agencies, and customer communities compounds the level of uncertainty and 
distributes risk over a wide area of the enterprise and its partners (Thamhain 
2004; Thamhain and Wilemon 1999), often creating surprises with potentially 
devastating consequences. Moreover, contingencies are often caused by a mul-
titude of issues that were difficult to predict or could not be corrected earlier 
in the project life cycle. The resulting problems might be small initially, but 
often cascade, compound, and become intricately linked. Many of the examples 
shown in “How Contingencies Affect Project Performance” illustrate the large 
multiplier effect on performance. As the disturbance propagates through the 
project organization, it can impact broader performance areas, contributing 
to schedule delays and system integration problems, time-to-market delays, 
missed sales opportunities, and ultimately unsatisfactory performance in the 
market or customer environment. In addition, these contingencies are dis-
ruptive to the project organization, causing confusion, conflict, sinking team 
spirit, and fading commitment, hence creating additional negative influences 
on project performance.

These new business dynamics led to a changing paradigm of risk man-
agement. To be effective in dealing with the broad spectrum of risk factors, 
project leaders must go beyond the mechanics of analyzing the work and its 
contractual components of the triple constraint of cost, schedules and deliv-
erables. They must also examine and understand the sources of uncertainty 
before attempting to manage them. This requires a comprehensive approach 
with sophisticated leadership, integrating resources and a shared vision of 
risk management across organizational borders, time, and space.
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How ContingenCies AffeCt ProjeCt PerformAnCe

(examples of the multiplier effect: Contingency problems cascade, 
compound, and interconnect)

•	 A computer disk drive needed to be reworked at a cost of $2 million 
at the rollout stage, to incorporate new technologies not foresee-
able at earlier development stages.

•	 A special instrument development, although technically success-
ful, missed the NASA launch date, due to technical difficulties 
during the assembly and test stage.

•	 A new ultraportable CD player failed in the market because of 
higher-than-expected unit production cost.

•	 A computer chip development resulted in a marginally competi-
tive product, because of unpredictable changes in IC support 
technologies.

•	 A new mutual fund product failed in the market, because of chang-
ing investor needs and economic conditions.

•	 A new drug development was terminated during the clinical trial 
stage, because FDA approval became very unlikely.

•	 A telecommunications satellite development resulted in a large 
financial loss due to rework resulting from regulatory changes.

•	 An automobile industry supplier lost a production contract to a 
competitor, after investing $5 million in the product development 
effort.

•	 A supersonic passenger jet development was canceled after expen-
ditures of $1 billion, because of changing conditions in the airline 
industry.

•	 A medical equipment development failed to gain acceptance 
among doctors because of operational complexities and costly 
maintenance procedures.

•	 A new chemical product development, once announced as “critically 
important to the company’s core business and long-range strategy,” 
was terminated because of changing corporate priorities.

•	 A new Web-based banking support system received only 12 per-
cent satisfaction rating from the bank’s customers, resulting in a 
major overhaul of the system, doubling its original development 
budget.

•	 An application software development project failed in the market 
because of interconnectability problems and user-unfriendliness.

•	 A new computer operating system failed at the system integration 
stage, requiring additional design work, resulting in six months’ 
schedule delay and $2 million budget overrun.
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14.2 wHaT we know aBoUT Risk ManageMenT

Currently, we are quite good in identifying and analyzing known risks, but 
weak in dealing with the hidden, less obvious aspects of uncertainty, and 
in proactively dealing with risks in their early stages (Smith and Merritt 
2002). Yet, some organizations seem to be more successful than others in 
dealing with the uncertainties and ambiguities of our business environment, 
an observation that was explored in several field studies (Thamhain 2013; 
Thamhain and Skelton 2007), resulting in actionable lessons for effective risk 
management, summarized at the end of this chapter. Let’s take a top-down 
look how we deal with risk in complex project situations, where we are effec-
tive and where we are weak and deficient.

14.2.1  we are efficient in identifying and analyzing  
known Risk factors

With the help of sophisticated computers and information technology, we have 
become quite effective in dealing with risks that can be identified and described 
analytically. Examples range from statistical methods and simulations to busi-
ness case scenarios and user-centered design. Each category includes hundreds 
of specialized applications that help in dealing with project risk issues, often 
focusing on schedule, budget, or technical areas (Barlett 2002, Barber 2005, 
Dey 2002, Elliott 2001). Risk management tools and techniques have been dis-
cussed extensively in the literature (Bstieler et al. 2005; Cooper et al. 2005; 
Hilson 2000, 2003, 2010; Jaofari 2003; Kallman 2006). Examples include criti-
cal path analysis, budget tracking, earned value analysis, configuration con-
trol, risk-impact matrices, priority charts, brainstorming, focus groups, online 
databases for categorizing and sorting risks, and sophisticated Monte Carlo 
analysis, all designed to make project-based results more predictable. In addi-
tion, many companies have developed their own policies, procedures, and man-
agement tools for dealing with risks, focusing on their specific needs and unique 
situations. Especially in the area of new product development, contemporary 
tools such as phase-gate processes, concurrent engineering, rapid prototyping, 
early testing, design-build simulation, CAD/CAE/CAM, spiral developments, 

•	 A new oil refinery was delayed by two years at the pilot  operation, 
because of newly discovered environmental concerns.

•	 A new TV consumer product failed in the market, because of 
 reliability problems that did not surface during the product 
 development or rollout stages.
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voice-of-the-customer, user-centered design (UCD), agile concepts, and scrum 
have been credited for reducing project uncertainties. Furthermore, industry-
specific guidelines (e.g., DOD Directive 5000 2007), national and international 
standards (e.g., ANSI, CSA and ISO), and guidelines developed by professional 
organizations (PMI PMBOK 2013), have all contributed to the knowledge base 
and broad spectrum of risk management tools available today.

14.2.2 we are weak in dealing with Unknown Risks

These are uncertainties, ambiguities, and arrays of risk factors that are often 
intricately connected. They most likely follow nonlinear processes that develop 
into issues that ultimately affect project performance (Apgar 2006). A typical 
example is the 2010 Deepwater Horizon accident in the Gulf of Mexico. In hind-
sight, the catastrophe should have been predictable and preventable. In reality, 
the loss of 11 workers and an environmental disaster of devastating proportion 
came as a “surprise.” While the individual pieces of this risk  scenario appeared 
to be manageable, the cumulative effects, leading to the explosion, were not. 
They involved multiple interconnected processes of technical, organizational, 
and human factors, all associated with some imperfection and risk. Even in 
hindsight, tracing the causes and culprits was difficult. Predicting and control-
ling such risks appears impossible with the existing organizational systems 
and management processes in place.

14.2.3  we are getting Better at integrating experience  
and judgment with analytical Models

With the increasing complexity of projects and business processes, managers 
are more keenly aware of the intricate connections of risk variables among 
organizational systems and processes, which limit the effectiveness of ana-
lytical methods. Managers often argue that no single person or group within 
the enterprise has all the smarts and insight for assessing these multivari-
able risks and their cascading effects. Further, no analytical model seems 
sophisticated enough to represent the complexities and dynamics of all risk 
scenarios that might affect a major project. These managers realize that, 
while analytical methods provide a critically important toolset for risk man-
agement, it also takes the collective thinking and collaboration of all the 
stakeholders and key personnel of the enterprise and its partners to iden-
tify and deal with the complexity of risks in today’s business environment. 
As a result, an increasing number of organizations are complementing their 
analytical methods with managerial judgment and collective stakeholder 
experience, moving beyond a narrow dependence on just analytical models. 
In addition, many companies have developed their own “systems,” uniquely 
designed for dealing with uncertainties in their specific projects and enter-
prise environment. These systems emphasize the integration of various tools, 
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often combining quantitative and qualitative methods to cast a wider net 
for capturing and assessing risk factors beyond the boundaries of conven-
tional methods. Examples are well-known management tools, such as review 
meetings, Delphi processes, brainstorming, and focus groups, which have 
been skillfully integrated with analytical methods to leverage their effective-
ness and improve their reliability. In addition, a broad spectrum of new and 
sophisticated tools and techniques, such as user-centered design (UCD), voice 
of the customer (VoC), and phase-gate processes evolved that rely, by and 
large, on organizational collaboration and collective judgment processes to 
deal with the broad spectrum of risk variables that are dynamically distrib-
uted throughout the enterprise and its external environment.

14.2.4 The Missing link

In spite of extensive studies on project risks and its management practices 
(Wideman 1992; Hilson 2000, 2010; Jaofari 2003; Kallman 2006), relatively 
little has been published on the role of collaboration across the total enter-
prise for managing risk. That is, we know little about organizational processes 
that involve the broader project community in a collective cross-functional 
way for dealing with risks identification and mitigation. Moreover, there is no 
framework currently available for handling risks that are either unknown or 
too dynamic to fit conventional management models. The missing link is the 
people side as a trans-functional, collective risk management tool, an area 
that was investigated in a recent field study (Thamhain 2013), focusing on the 
conditions in a project environment that are most conducive to dealing with 
risk issues, including managerial leadership.

14.3 key vaRiaBles affecTing Risk ManageMenT

By definition, risk is a condition that occurs when uncertainties emerge with 
the potential of adversely affecting one or more of the project objectives and 
its performance within the enterprise system (ISO 3100 2009; PMBOK 2013). 
Risk can occur in many different forms, such as known or unknown, quan-
titative or qualitative, and even real or imaginary (see Shaw et al. 1999). In 
any case, risk is derived from uncertainty. It is composed of a complex array 
of variables, parameters, and conditions that have the potential of adversely 
impacting a particular activity or event, such as a project. At the minimum, 
three interrelated sets of variables affect the cost and overall ability of deal-
ing with risk, as graphically shown in Figure 14.1:

 1. Degree of uncertainty (variable set #1)
 2. Project complexity (variable set #2)
 3. Impact (variable set #3)
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Understanding these variables is important for selecting an appropriate 
method of risk management, and for involving the right people and organiza-
tions necessary for effectively dealing with a specific risk situation.

14.3.1 degree of Uncertainty (variable set #1)

For the purpose of discussion we can divide the degree of uncertainty into four 
categories (rank-ordered from low to high uncertainty), which may impact 
various segments of the project or the whole business enterprise.

 1. Variations. Variations of known variables, such as cost, timing or tech-
nical requirements. The degree of risk varies with the level uncertainty 
and magnitude of the expected variation, and the potential impact on 
the project. However, by definition, the variables are well understood 
and the model for project performance impact in known. This is an area 
where analytical methods, and conventional methods of project plan-
ning, execution and control are usually highly effective.

 2. Contingencies. These are known events that could occur and negatively 
impact project performance. However the probability of occurrence and 
magnitude of impact are not known. Or, the cost and effort of deter-
mining probable occurrence and impact are too great, or stakeholders 
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simply have chosen not to deal with this contingency for the time being. 
Examples are customer changes, design failures and contractor issues 
that could have been anticipated, but catch project leaders by surprise. 
This is an area where better management discipline, policies and pro-
cedures can be effective. In addition, certain analytical method, such as 
PERT and computer simulations can help in anticipating and dealing 
with these risk factors.

 3. Accidents. These are events that can be identified in principle, but the 
probability of occurrence and its specific scope and impact on proj-
ect performance are difficult if not impossible to predict. A somewhat 
simplified but graphic example might be a motorist planning for a car 
accident. One could make an argument that a savvy driver proactively 
deals with this risk factor by carrying insurance, emergency medical 
kit, flash light, cell phone, and so on and drives carefully to avoid acci-
dents. However, reality is, that car accidents happen even to the most 
skilled and careful drivers. When they happen, they were not “antici-
pated,” and a contingency plan might be of little or no value. Projecting 
this example to a complex project venture, such as off-shore oil drilling 
or outer space exploration, provides the type of scenario, were the pos-
sibility of accidents is certainly recognized, but its scope and impact is 
very difficult to predict.

 4. Unknown-unknowns. These are event that were not known to the 
project team before they occurred, or were seen as impossible to hap-
pen in a specific project situation. Examples might be the failure of 
a certified component with proven liability in similar applications, a  
sudden bankruptcy of a customer organization, or a competitor’s 
break-through invention/innovation that undermines the value of your 
current project or threatens a major line of business. By definition, 
unknown-unknowns are not foreseeable and therefore cannot be dealt 
with proactively.

This classification was developed during an earlier research study 
(Thamhain and Skelton 2007), were it helped in characterizing various 
types of uncertainties and in setting specific boundaries for various levels 
of uncertainty, hence establishing a conceptual framework and basis for 
further  discussion. However, it should be pointed out that the boundaries 
are rather fluid with a wide range of overlaps among the categories. In fact, 
these four categories of uncertainty, described above, blend into a continuous 
spectrum ranging from “predictable and manageable” to “unforeseeable and 
unpreventable.” The degree of overlay among these classifications depends on 
managerial skill sets, experiences and organizational environments, which is 
yet another set of variables affecting uncertainty. That is, events that seem to 
be manageable to one team, might appear as a complete surprise (unknown-
unknowns) to another, an interesting reality that will be discussed further in 
this paper.
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14.3.2 Project complexity (variable set #2)

The scope and complexity of the project undertaking is yet another dimen-
sion likely to influence the ability of dealing with risk issues (Geraldi 2007, 
Haas 2009, Thomas and Mengel 2008). Formal studies of project-related 
complexity have focused on two aspects: “complexity in projects” and “com-
plexity of projects” (Cooke-Davis, Ciemil, Crawford and Richardson, 2007). 
The first focus aims by-and-large at the complexities surrounding the proj-
ect organization, such as its socio-economic and political environment, its 
dynamics and changes, both internal and external to the enterprise (Ciemil 
and Marshall 2005; Cooke-Davis et al. 2007; Maylor, Vidgen, and Carver 
2008). The second stream of research looks more specifically at the project, 
trying to characterize and classify its complexity (Geraldi and Adlbrecht 
2007, Jaofari, 2003, Shenhar and Dvir, 2007, Williams 2005, Williams and 
Sumset 2010). Among the many streams of complexity research, the clas-
sifications along structural lines, such as the task-project-program-array 
shown in Figure 14.1, seems to be most common. It is also part of the 
popular Diamond Model (Shenhar and Dvir 2007, 2010) which suggests a 
broader scope for characterizing project complexity along four dimensions: 
(1) structural complexity (low: assembly, medium: system, high: array), (2) 
novelty or innovation (derivative-platform-breakthrough), (3) pace (regular-
fast-blitz), and (4) technology (low-medium-high-super high). All of these 
models help in establishing some metric for classifying the degree of “proj-
ect difficulty,” providing useful parameters for discussing risk in the context 
of project complexity.

14.3.3  Risk impact on Project and enterprise Performance  
(variable set #3)

Although complex projects are likely to have a larger impact on the enterprise, 
smaller projects or risk issues can also impact large segments of the enter-
prise. An example is the Toyota acceleration problem, caused by a relatively 
small component of the automobile. Yet, it impacted the image and financial 
performance of the whole enterprise. Four specific categories of risk have been 
suggested in prior studies (Thamhain and Skelton 2007) as a framework for 
discussing the situational nature of risk and its potential impact on project 
and enterprise performance:

•	 Category I Risk: Little or no impact on project performance. Category-I 
risks are potentially harmful events that can be identified and dealt 
with before impacting project performance.

•	 Category II Risks: Potential for limited impact on project performance. 
These risk issues can be dealt with at a lower level of project activity, such 
as a task or subsystem, before they impact overall project performance. 
Examples are technical issues that can be solved locally. The impact on 
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cost, time, quality, and other performance parameters is limited to a sub-
set of the project.

•	 Category III Risks: Potential for significant impact on project perfor-
mance. The contingency is expected to affect the project significantly, 
affecting overall project performance, such as causing critical schedule 
delays and budget overruns.

•	 Category IV Risks: Potential for significant irreversible impact on 
project and overall enterprise performance. The effects could be imme-
diate or cascading, as we have seen in Toyota’s “accidental acceleration 
issue,” which started out as an “unknown-unknown” risk factor that 
appeared to be limited to some technical issues, but eventually affected 
overall enterprise performance extensively.

The importance of establishing categories of risks with defined impact 
boundaries is in describing and comparing the impact of a specific contin-
gency. These four categories are suggested as a measure for communicating 
the degree of risk impact. As an analogy, this is similar to the use of categories 
for storms or earthquakes to describe the potential for damages resulting 
from the event. Similarly, risk categories identify the degree of potential prob-
lems caused to our projects and enterprise systems. The four risk categories 
will be used later in this chapter to build a model explaining the dynamics 
and cascading effects of risk events affecting projects and their enterprise 
systems.

14.4 a siMPle Risk-iMPacT Model

“Risks do not impact all projects equally.” This observation is strongly sup-
ported by formal field research (Thamhain 2011, 2013). The managerial 
actions of dealing with the event, such as eliminating or working around the 
contingency, greatly influence the ability to minimize the magnitude of prob-
lems and their cascading effects throughout the organization. The dynamics 
of these processes is illustrated in Figure 14.2, which shows the influences 
of both the external and internal business environment. The conceptual 
development of this model goes back to a 2007 study (Thamhain and Skelton 
2007) that was further validated in 2013 (Thamhain 2013). The model sug-
gests that contingencies affecting one part of a project have the tendency 
of cascading throughout the project organization, causing increasingly 
unfavorable impact on project performance, and eventually affecting the  
whole enterprise.

14.4.1 four Risk categories

Based on the performance impact, the model identifies four distinct risk cat-
egories, which were briefly mentioned before.
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category i Risk: no impact

A Category 1 risk has no impact on project performance. Two types of risks 
fall into this category. First, events might occur in the external or internal 
project environment with a potentially harmful impact on project perfor-
mance in the future. These contingencies, such as a delayed contract delivery, 
labor dispute, technical issue or priority change, are lurking in the environ-
ment, whether they are anticipated or not. But they have not yet occurred, 
and therefore have not yet impacted project performance. By anticipating 
these contingencies, management can take preventive actions to mitigate 
the resulting impact in case the event occurs. Second, events that actually 
occurred are identified and dealt with before they affect project time, cost, or 
other performance parameters.

category ii risk: impact on Task or Project subsystems only

The risk events have occurred in the external or internal project environ-
ment with potentially harmful impact on project performance. However, by 
definition these risk issues occurred at a lower level of project activity, such 
as a task or subsystem, and have not yet affected overall project performance. 
Examples are delayed contract deliveries, labor disputes, technical issues, 
or priority changes that can be solved locally. Although the resolution might 
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figure 14.2 Model of risk impact on project performance
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require extra time, it is not part of a critical path, and therefore the perfor-
mance impact is limited to a subset of the project. A similar situation exists 
for issues that affect cost, quality, or other performance parameters at the 
local level only. Thus, while these risks are expected to impact the whole proj-
ect, they have not yet affected overall project performance. Therefore, timely 
managerial actions could minimize or even avoid such performance impact.

category iii Risk: impact on Project Performance

Events that occurred in the external or internal project environment did 
impact project performance, such as schedules, budgets, customer relations, 
or technical issues. The impact on project performance could have been a 
direct result of a contingency, such as a failure to obtain a permit, or resulting 
from an issue at a lower level, but propagating to a point that affects total 
project performance. Examples are test failure on a critical activity path, or 
problems caused at a lower-level that propagate to a point where they affect 
total project performance. However, by definition the impact is still contained 
within the project, without affecting enterprise performance. Proper timely 
management actions can lessen the impact on overall project performance, 
and possibly minimize or avoid any harmful impact on the enterprise.

category iv Risk: impact on Project and enterprise Performance

Events have significantly impacted overall project performance and the per-
formance of the entire enterprise. Similar to Category III, the effects could be 
immediate or cascading (e.g., Toyota’s “accidental acceleration”). Proper man-
agement actions can lessen the final impact on both project and enterprise 
performance, but by definition, a certain degree of irreversible harm has been 
done to the project and the enterprise.

14.4.2 example illustrating the dynamics and cascading effects

Using the model shown in Figure 14.2, we can follow the cascading effects 
of a contingency through a time cycle. Let us assume that an OEM supplier 
runs into manufacturing issues now (time t0) that could affect the delivery 
of a critical component to your system five months from now. However, you 
learn about the supply issue one month after it occurred and decide on reme-
dial action at month #2. That is, the contingency with potentially undesir-
able consequences (Category I risk) occurs at time t0 and is recognized at 
t1 = month #1. Its actual impact of the contingency on project performance 
(occurring at t5 = month #5) will depend on the managerial actions of dealing 
with the event at time t2. These actions could range from (1) eliminating the 
risk issue (e.g., switching to an alternate supplier), to (2) project replanning, 
or (3) innovative work-around. Hence, depending on the effectiveness of the 
project team and its leadership, the contingency occurring at t0 may or may 
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not impact project performance at time t5. However, if it does, the situation is 
classified as a Category III risk.

Assuming this situation is being recognized at t6, the managerial actions 
taken between t7 and t14 will determine whether the risk is contained within 
the project or escalates further, affecting enterprise performance, such as 
cash flow and future business between t15 through t17. If such impact on enter-
prise performance occurs, the situation would be classified as Category-IV 
Risk. Depending on the type of contingency, the complexity of the project and 
the managerial interventions, the cascading of impacts may continue further. 
These cascading effects of contingencies propagating through the work pro-
cess and compounding at higher project breakdown levels have been clearly 
identified and verified during participant observation and interviewing as 
part of the field study. It also supports the comments frequently heard from 
managers, that “performance problems caused by contingencies are likely to 
cascade, compound, and become intricately linked.”

significance

The model underscores the importance of recognizing risk factors and their 
potential performance impact early in the project life cycle. It also points to 
the people side of risk management. That is, the attitude and sensitivity of 
team members toward early warning signs and first-order effects is critically 
important. The model further provides a framework for integrated enterprise 
risk management (ERM) by highlighting the importance of collective cross-
functional involvement toward risk identification and impact assessment, 
emphasizing the benefits of cross-organizational collaboration for early risk 
detection and effective treatment. The model also supports the need for stra-
tegic alignment of the project with the enterprise objectives. Only with the 
help of senior management is it possible to see the potential impact of evolv-
ing risk on overall enterprise performance and long-range mission objectives. 
On the operational side, the model provides a guideline for assessing the proj-
ect execution process regarding its work flow, interfaces, transparency and 
effectiveness of providing useful downstream results and upstream guidance, 
consistent with well-established models, such as voice of the customer (VOC), 
quality function deployment (QFD), and Stage-Gate® processes.

Robustness and limitations

Although the risk-impact model is relatively simple in comparison to the com-
plexities, dynamics and nonlinearity of today’s project undertakings, it pro-
vides critical insight into the dynamics of risk propagation and its effects on 
project performance, as well as a framework for tracking risk issues impact-
ing project performance and analyzing risk management effectiveness. Some 
of the positive features of the risk-impact model are its simple construct, 
clarity and robustness, which should be helpful for work process analysis and 
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improvement. However, this is also an area for further research, fine-tuning 
the model and extending it toward managerial leadership style assessment.

14.5  How do Risks affecT PRojecT 
PeRfoRMance?

During a series of field studies (Thamhain 2008, 2011, 2013; Thamhain 
and Skelton 2007) managers identified over 1,000 unique contingencies or 
risk factors with potential of unfavorably impacting project performance. 
These contingencies were grouped into 14 sets, or classes of risks, based on 
their root-cause similarities. A graphical summary shows the 13 classes in  
Figure 14.3, ranked by average frequency as observed over a project life cycle. 
Typical project performance impact includes schedule slippage, cost overruns 
and customer dissatisfaction. In addition, risks affect broader enterprise 
performance, such as market share, profitability, and long-range growth. On 
average, project leaders identified six to seven contingencies that occurred 
at least once over the project life cycle. However, it should be noticed that 
not every contingency or risk event seems to impact project performance, 
as discussed in the previous section. As a most striking example, project  
managers reported “the loss or change of team members” (see Figure 14.3, 
set #6) to occur in 38 percent of their projects, an event described as a major 
risk factor with potentially “significant negative implications to project per-
formance.” Yet only 13 percent of these projects actually faced “considerable” 
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figure 14.3 Risk classes, frequency and impact on project performance
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or “major” performance issues, while 22 percent experienced even less of 
an issue, described as “little” or “no” impact on project performance. Hence,  
60 percent of projects with lost or changed team members experienced little 
or no impact on project performance. For most of the other 13 sets of con-
tingencies, the statistics is leaning more toward a “negative performance 
impact.” On average, 61 percent of the contingencies observed in the sample 
of 35 projects caused considerable or major impact on project performance. 
The most frequently reported contingencies or risks fall into three groups: 
(1) changing project requirements (78 percent), (2) changing markets or cus-
tomer needs (76 percent), and (3) communications issues (72 percent). These 
are also risk areas that experience the highest negative impact on project 
performance. They include approximately 80 percent of all projects with “con-
siderable” or “major” performance issues.

The specific statistics observed across all contingencies or risks recog-
nized by project leaders in all 35 projects, are as follows: (1) 9 percent of the  
contingencies had no impact on project performance (Category I risks),  
(2) 16 percent of the contingencies had some manageable impact on proj-
ect performance (mostly risk Category II plus some Category III), (3) 14 
percent of the contingencies had substantial, but still manageable impact 
on project performance (Category III risks), (4) 49 percent of the contin-
gencies had a strong, irreversible impact on project and enterprise perfor-
mance (Category IV risks), and (5) 12 percent of the contingencies resulted in  
project failure (mostly Category IV risks).

14.5.1 Mixed Performance impact

While the number of risk occurrences (frequency) was approximately equally 
observed by all project leaders, the reported impact distribution was more 
skewed, with 20 percent of the project leaders reporting 71 percent of all 
considerable and major performance problems. This provides also sup-
port for observations made in my field research that “contingencies in the 
project environment do not impact the performance of all projects equally” 
(Thamhain 2013). It is further interesting to note that while all projects (and 
their leaders) reported more or less the same amount of contingencies with 
normal distribution across the 14 categories, some projects were hit much 
harder on their performance (i.e., those 12 percent that failed). This suggests 
differences in organizational environment, project leadership, support sys-
tems, and possibly other factors that influence the ability to manage risks.

14.5.2 senior Management Perception

When analyzing the survey responses from senior managers separately, we 
find that senior managers rate the performance impact on average 30 per-
cent lower than project managers. That is, senior management perceives less 
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of a correlation between contingencies and project performance. Additional 
interviews with senior managers and root-cause analysis of project fail-
ures strongly confirm this finding. While senior managers and project leaders 
exhibit about the same statistics regarding (1) the number of contingencies 
and risks occurring in projects and (2) the distribution of risks across the 
14 categories (as tested by Kruskal-Wallis analysis of variance by rank), 
senior managers perceive fewer performance issues directly associated with 
these risks. That is, they are less likely to blame poor performance on changes 
or unforeseeable events (risks), but more likely are holding project leaders 
accountable for agreed-on results, regardless of risks and contingencies. The 
comment made by one of the marketing directors might be typical for this 
prevailing perspective: “Our customer environment is quite dynamic. No 
product was ever rolled out without major changes. Our best project lead-
ers anticipate changing requirements. They set up work processes that can 
deal with the market dynamics. Budget and schedule problems are usu-
ally related to more conventional project management issues, but are often 
blamed on external factors, such as changing customer requirement.” This 
has significance in three areas: (1) perceived effectiveness of project manage-
ment performance, (2) conditioning of the organizational environment, and 
(3) enterprise leadership.

First, project leaders should realize that their performance is being 
assessed largely on the basis of project outcome, not the number and magni-
tude of contingencies that they had to deal with. Although overall complexity 
and challenges of the project are part of the performance score card, they are 
also part of the conditions accepted by the project leader at the beginning of 
the project, and therefore not a “retrospective” performance measure. Second, 
less management attention and resources might be directed toward condi-
tioning the organizational environment to deal with risks that specifically 
affect projects, because senior managers perceive less of a linkage between 
risk and project performance. This connects to the third area, the overall 
direction and leadership of the enterprise, which affects policies, procedures, 
organizational design, work processes, and the overall organizational ambi-
ence for project execution and control, an area that probably receives less 
attention from the top but could potentially influence project performance 
significantly, an area that should be investigated further in future research 
studies.

14.6  Managing Risks in PRojecTs: lessons 
fRoM THe field

Seasoned project leaders understand the importance of dealing with project 
risks. They take their responsibility very serious. However, foreseeing contin-
gencies and effectively managing the associated risks is difficult and challeng-
ing (Maylor et al 2008; Thamhain 2007, 2011). It is both an art and a science 
to bring the effects of uncertainty under control before they impact the project 
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and its deliverables and objectives. Given the time and budget pressures of 
today’s business environment, it is not surprising that project managers focus 
most of their efforts on fixing problems after they have impacted performance 
(see field study, Thamhain 2013). That is, while the majority of project leaders 
understand the sources of risks well, they focus their primary attention on 
monitoring and managing the domino effects of the contingency rather than 
dealing with its root causes. It is quite common for these managers to deal 
with problems and contingencies only after they have impacted project per-
formance, such as schedule delays and budget overruns, and therefore have 
become Category II or III risks. Field studies show that only one-quarter of 
these managers feel they could have foreseen or influenced the events that 
eventually impacted project performance adversely (Hillson 2010, Thamhain 
2013). It is further interesting to note that many of the organizational tools 
and techniques that support early risk detection and management—such as 
spiral processes, performance monitoring, early warning systems, contingency 
planning, rapid prototyping, and CAD/CAM-based simulations— readily exist 
in many organizations as part of the product development process or embed-
ded in the project planning, tracking, and reporting system. Taken together, 
here are some lessons learned from the field.

14.6.1 decoupling Risks from Projects: cause-effect dynamics

Field studies, such as those cited in this chapter, provide an interesting insight 
into the cause and effect of contingencies on project performance, including 
their dynamics and psychology. Whether a risk factor actually impacts proj-
ect performance depends on the reaction of the project team to the event, as 
graphically shown in Figure 14.2. It also seems to depend on the judgment 
of the manager whether or not a particular contingency is blamed for subse-
quent performance problems. Undesirable events (contingencies) are often 
caused by a multitude of problems that were not predictable or could not be 
dealt with earlier in the project life cycle. During a typical project execution, 
these problems often cascade, compound, and become intricately linked. It 
is also noticeable that the impact of risk on project performance seems to 
increase with project complexity, especially technology content of the under-
takings. From the interviews and field observations it was clear that even 
small and anticipated contingencies, such as additional design rework or 
the resignation of a key project team member, can lead to issues with other 
groups, confusion, organizational conflict, sinking team spirit, and fading 
commitment. All of these factors potentially contribute to schedule delays, 
budget issues, and system integration problems that may cause time-to-mar-
ket delays and customer relation issues that ultimately affect project per-
formance. Realizing the cascading and compounding effects of contingencies 
on project performance, the research emphasizes the importance of identify-
ing and dealing with risk early in the project life cycle to avoid problems at 
more mature stages. The study also acknowledges the enormous difficulties 
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of actually predicting specific risk situations, their timing, root cause, and  
dysfunctional consequences, and to take appropriate actions before they 
affect project performance.

14.6.2  Performance issues are differently assessed by Project 
Managers and senior Managers

Project leaders and senior managers differ in their “true cause” assessment of  
performance problems, as was shown in the statistical analysis of Figure 14.3.  
Yet there are additional implications to the perception of what causes perfor-
mance issues. These perceptions affect the managerial approaches of dealing 
with risk. Specifically, we learn from the discussions and field interviews that 
project leaders blame project performance problems and failures predomi-
nately on contingencies (risk situations) that originate outside their sphere 
of control, such as scope changes, market shifts, and project support prob-
lems, while senior management points directly at project leaders for not man-
aging effectively. That is, senior management blames project managers for 
insufficient planning, tracking and control, poor communications, and weak 
leadership. Even more subtle, many of the project performance problems and 
failures are root-caused to the broader issues and difficulties of understanding 
and communicating the complexities of the project, its applications and sup-
port environment, including unrealistic expectations for scope, schedule and 
budget, underfunding, unclear requirements, and weak sponsor commitment.

The significance of these findings is in several areas. First, the polarized 
perspective between project leaders and senior managers creates a potential 
for organizational tension and conflict. It also provides an insight into the 
mutual expectations. Senior management is expected to provide  effective proj-
ect support and a reasonably stable work environment, while project leaders 
are expected to “manage” their projects toward agreed-on results. The reality 
is, however, that project leaders are often stretched too thin and placed in 
a tough situation by challenging requirements, weak project support, and 
changing organizational conditions. Moreover, many of the risk factors have 
their roots outside the project organization, and are controlled by senior man-
agement. Examples are contingencies that originate with the strategic plan-
ning process. Management, by setting guidelines for target markets, timing, 
ROI, and product features, often creates conflicting target parameters that 
are also subject to change due to the dynamic nature of the business environ-
ment. In turn, these “external changes” create contingencies and risks at the 
project level. Existing business models do not connect well between the stra-
tegic and operational subsystems of the firm, and tend to constrain the degree 
to which risk can be foreseen and managed proactively at the project level 
(Hillson 2003, Shenhar, Milosevic et al. 2007). It is therefore important for 
management to recognize these variables and their potential impact on the 
work environment. Organizational stability, availability of resources, manage-
ment involvement and support, personal rewards, stability of organizational 
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goals, objectives and priorities, are all derived from enterprise systems that 
are controlled by general management. It is further crucial for project leaders 
to work with senior management, and vice versa, to ensure an organizational 
ambience conducive to cross-functional collaboration.

14.7 cRiTeRia foR effecTive Risk ManageMenT

In spite of the challenges and uncertainties associated with complex proj-
ects, success is not random. One of the strong conclusions from empirical 
research is this: Risks can be managed. However, to be effective, especially in 
complex project environments, risk management must go beyond analytical 
methods. While analytical methods provide the backbone for most risk man-
agement approaches, and have the benefit of producing relatively quickly an 
assessment of a known risk situation, including economic measures of gains 
or losses, they also have many limitations. The most obvious limitations are 
in identifying potential, unknown risk situations and reducing risk impact 
by engaging people throughout the enterprise. Because of these limitations 
and the mounting pressures on managers to reduce risk, many companies 
have shifted their focus from “investigating the impact of known risk factors” 
to “managing risk scenarios” with the objective to eliminate potential risks 
before they impact organizational activities. As a result, these companies 
have augmented conventional analytical methods with more adaptive, team-
based methods that rely to a large degree on (1) broad data gathering across 
a wide spectrum of factors, and (2) judgmental decision making. Examples of 
such approaches aimed at the reduction or even elimination of risks are: sim-
plifying work processes, reducing development cycles, and testing product fea-
sibility early in the development cycle. Often, companies combine, fine-tune 
and integrate these approaches to fit specific project situations, their people, 
and cultures, to manage risks as part of the total enterprise system. The cri-
teria for effective risk management are summarized as follows, together with 
some recommendations. I have labeled these criteria as critical success factors 
(CSF), emphasizing the complex organizational processes involved in dealing 
effectively with project-related risks and uncertainties. This summary is the 
result of years of collective experiences and formal studies by many research-
ers, including my own work. It should help management practitioners and 
scholars to better understand the complex organizational processes, provide 
benchmarks, and stimulate thoughts for contemporary risk management 
practices, new tool developments, and future research.

14.7.1 csf #1: early Recognition

Early recognition of undesirable events is a critical pre-condition for manag-
ing risk. In addition, project leaders must not only recognize potential risk 
factors in general, but also know when they will most likely occur in the 
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project life cycle. Recognizing specific issues and contingencies before they 
occur or early in their development is critical to the ability of taking preven-
tive actions and decoupling the contingencies from the work process before 
they impact any project performance factors. Examples include the anticipa-
tion of changing requirements, market conditions or technology.

If the possibility of these changes is recognized, their probability and impact 
can be assessed, additional resources for mitigation can be allocated, and plans 
for dealing with the probable situation can be devised. This is similar to a fire 
drill or hurricane defense exercise. When specific risk scenarios are known, 
preventive measures, such as early warning systems, evacuation procedures, 
tool acquisitions and skill developments, can be put in place. This readiness 
will minimize the impact, in case the risk situation actually occurs. While most 
managers acknowledge the difficulties of recognizing risk factors ahead of time, 
it is fundamental to any risk management approach. It is also a measure of 
team maturity and competency and gives support to the field observation cited 
earlier that “contingencies do not impact performance of all projects equally.”

14.7.2 csf #2: Unrecognized contingencies

Unrecognized risk factors are common in complex project environments. 
Contingencies (even after affecting project performance) often go unrecog-
nized. Field studies show that more than half of the contingencies that occur 
were not anticipated before causing significant performance issues (Category 
III Risk or higher). Most commonly, the impact is on cost, schedule, and risk 
escalation.

“Delayed risk recognition is more difficult and costly to correct than contin-
gencies treated early in their development,” was a remark often heard during 
field interviews and in group discussions. To minimize these problems, more 
collective, team-centered approaches of monitoring the project environment 
are needed. This includes effective project reviews, design reviews, focus 
groups, action teams, gate reviews, and “management by wandering around” 
(MBWA). All of these approaches are catalysts toward making the project 
organization more transparent, agile and alert to changes and issues in the 
work environment.

14.7.3 csf #3: Unchecked contingencies

Unchecked contingencies tend to cascade and penetrate wider project areas. 
Contingencies occurring anywhere at a project have the tendency to pen-
etrate into multiple subsystems (domino effect) and eventually affect overall 
project performance. Many of the contingencies observed in this field study, 
such as design rework of a component, a minor requirements change, or the 
resignation of a team member, may initially affect the project only at the sub-
system level. These situations might even be ignored or dismissed as issues 
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of no significance to the project as a whole. However, all of these contingen-
cies can trigger issues elsewhere, causing workflow or integration problems, 
and eventually resulting in time-to-market delays, missed sales opportuni-
ties and unsatisfactory project performance. Moreover, surprises, no matter 
how small, often have psychological effects on the organization, leading to 
confusion, organizational conflict, sinking team spirit, fading commitment 
and excuses to change prior agreements.

All of these issues eventually translate into reduced organizational effi-
ciency and lower performance. Recognizing the cascading nature and mul-
tiple performance impact of contingencies provides a starting point for 
devising an effective risk management strategy. It also helps in conditioning 
the team toward collective monitoring of the potential problem areas and 
effective early intervention.

14.7.4 csf #4: cross-functional collaboration

Cross-functional collaboration is an effective catalyst for collectively deal-
ing with threats to the project environment. The project planning phase 
appears to be an effective vehicle for building such a collaborative culture 
early in the project life cycle. The active involvement of all stakeholders—
including team members, support functions, outside contractors, customers, 
and other partners—in the project planning process leads to a better, more 
detailed understanding of the project objectives and interfaces, and a better 
collective sensitivity where risks lurk and how to deal with the issues effec-
tively. Collaboration is especially essential for complex and geographically 
dispersed projects with limited central authority, and limited ability for cen-
trally orchestrated control. Throughout the project life cycle, collaboration is 
a catalyst for identifying risks early. It helps to create transparency through-
out the organization, unifies team members behind the requirements, and 
enhances the team’s ability of collectively recognizing and dealing with risks 
in the broader project environment.

14.7.5 csf #5: senior Management

Senior management has a critical role in conditioning the organizational 
environment for effective risk management. Many risk factors have their 
roots outside of the project organization, residing in the domain of the broader 
enterprise system and its environment. Examples are functional support 
systems, joint reviews, resource allocations, facility and skill developments, 
as well as other organizational components that relate to business strategy, 
work process, team structure, managerial command and control, technical 
direction, and overall leadership. All of these organizational subsystems have 
their locus outside of the project organization, controlled to a large extent 
by senior management. In addition, a natural “impedance barrier” seems to 
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exist between the enterprise systems and the project organization, which 
makes external risks less recognizable and manageable in their early stages.

Since early risk detection and mitigation depends to a large degree on 
the collective multifunctional involvement and collaboration of all stakehold-
ers, it is important for management to foster an organizational environment 
conducive to effective cross-functional communications and cooperation. In 
addition, senior management can unify the project community behind the 
broader enterprise objectives by clearly articulating business strategy and 
vision, a contemporary process that is known as strategic alignment (Shenhar 
et al. 2007). Taken together, senior management—by their involvement and 
actions—can develop personal relations, mutual trust, respect, and credibil-
ity among the various project groups, its support functions and stakeholders, 
a critical condition for building an effective partnership among all members 
of the project community. This is an ambiance supportive to collective initia-
tives and outreach, conducive to early risk detection and management.

14.7.6 csf #6: People skills

People are one of the greatest sources of uncertainty and risk in any proj-
ect undertaking, but also one of the most important resources for reducing 
risk. The quality of communications, trust, respect, credibility, minimum con-
flict, job security and skill sets, all of these factors influence cooperation and 
the collective ability of identifying, processing, and dealing with risk factors. 
Field studies found that many of the conditions that stimulate favorably risk 
management behavior are enhanced by a professionally stimulating work 
environment, including strong personal interest in the project, pride and sat-
isfaction with the work, professional work challenge, accomplishments and 
recognition. Other important influences include effective communications 
among team members and support units across organizational lines; good 
team spirit, mutual trust, respect, low interpersonal conflict, plus opportuni-
ties for career development and advancement, and to some degree, job secu-
rity. All of these factors seem to help in building a unified project team that 
focuses on cross-functional cooperation and desired results. Such a mission-
oriented environment is more transparent to emerging risk factors and more 
likely to have an action-oriented, collaborative nature that can identify and 
deal with emerging issues early in their development.

14.7.7 csf #7: authority to adapt

Project leaders should have the authority to adapt their plans to changing 
conditions. By definition, projects are conducted in a changing environment 
of uncertainty and risk. No matter how careful and detailed the project 
plan is laid-out, contingencies will surface during its execution that require 
adjustment. The project managers and their teams should not only have the 
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authority to adapt to changing conditions but also be encouraged to identify 
potential contingencies and propose plan changes for eliminating risks before 
they impact the work process.

14.7.8 csf #8: Test early and often

Testing project feasibility early and frequently during execution reduces 
overall project risk. Advances in technology provide opportunities for accel-
erating feasibility testing to the early stages of a project life cycle. Examples 
are system integration, market acceptance, flight tests, and automobile crash 
tests that traditionally were performed only at the end of a project subphase 
or at a major integration point. However, with the help of modern computer 
and information technology, many of the companies in our study were able 
to reduce risks considerably by advancing these tests to the front end of the 
project or to the early stages of a product or service development. Examples 
are CAD/CDE/CAM-supported simulations, and product/service application 
modeling. A simulated jet flight or automobile crash test is not only much less 
costly and less time consuming than the real thing, but also yields valuable 
information for the improvement and optimization of the product design at 
its early stages, long before a lot of time and resources have been expended.

Technology also offers many other forms and methods of early testing and 
validation, ranging from 3-D printing, stereo lithography and holographic 
imagery for model building, to focus groups and early design usability test-
ing. These technology-based methods also allow companies to test more proj-
ect and product ideas, and their underlying assumptions for success, in less 
time and with considerably less resources than with traditional “end-of-the-
development” test methods.

14.7.9 csf #9 simplification

Reducing work complexity and simplifying work processes will most likely 
reduce risk. Uncertainties originate within the work itself. That is, the project 
work together with its complexities and processes, contributes especially heav-
ily to the uncertainties and risks affecting project success. Whatever can be 
done to simplify the project, its scope, deliverables, and work process will mini-
mize the potential for problems and contingencies, make the project more man-
ageable, and increase its probability of success. Work simplification comes in 
many forms, ranging from the use of prefabricated components, to subcontract-
ing, snap-on assembly techniques, material choices, and high-level program-
ming languages. Any innovation that reduces complexity, development time, 
resource requirements, testing, production setup, or assembly also reduces the 
risk of contingencies to occur over the development cycle. In addition, risk and 
uncertainties can be reduced by streamlining the work processes. Contemporary 
project management platforms, such as concurrent engineering, Stage-Gate® 
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processes, or agile/scrum, in their right setting, can simplify the work process, 
reduce development time, and enhance organizational transparency.

14.8 a final noTe

Risks do not affect all projects equally. The actual impact depends on both, 
the risk event and managerial actions taken, including the timing, that influ-
ence the magnitude of problems caused and the cascading effects within the 
project organization. The risk impact on performance provides a framework 
for describing the dynamics and cumulative nature of contingencies affecting 
project performance. Because of the complex, intricately linked set of vari-
ables, simple analytical approaches are unlikely to produce desired results, 
but need to be augmented with more adaptive methods that rely on broad 
data gathering across a wide spectrum of the enterprise and its environment. 
The methods also have to connect effectively with the organizational process 
and the people-side of project management.

Some of the strongest influences on risk management seem to emerge from 
three enterprise areas: (1) work process, (2) organizational environment, and 
(3) people. Many approaches to effectively reducing risk rely on simplifying 
the work and its transfer processes, shortening development cycles, and test-
ing project feasibility early. Another lesson from the field is the critical impor-
tance of identifying and dealing with risks early in the development cycle. 
This requires broad scanning across all segments of the project team and 
its environment and creative methods for assessing feasibilities early in the 
project life cycle.

Many risk factors originate outside of the project organization, residing 
in the broader enterprise and its environment. Therefore, it is important for 
management to foster an organizational environment conducive to effective 
cross-functional communications and collaboration among all stakeholders, a 
condition especially important to early risk detection and risk management.

While no single set of broad guidelines exists that guarantees project suc-
cess, the process is not random! A better understanding of the organizational 
dynamics that affect project performance and the issues that cause risks 
in complex projects is an important prerequisite and catalyst to building 
a strong cross-functional team that can collectively deal with risk before it 
affects project performance.

14.9 sUMMaRy of key PoinTs and conclUsions

The following key points were made in this chapter:

•	 Risks and uncertainties exist throughout the project life cycle, affecting 
everything from technical feasibility to cost, market timing, financial 
performance, and strategic objectives.
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•	 Risk occurs when uncertainties emerge with the potential of adversely 
affecting business activities performance.

•	 In today’s globally connected, fast-changing business world risks span 
across wider areas of the enterprise and its partners, compounding the 
level of uncertainty.

•	 Project leaders often understand the sources of risks well, but focus 
their attention on monitoring the “derivatives of the cause,” such as 
schedules and budgets.

•	 Managers are good in dealing with risks that can be identified and 
described analytically, but weak in dealing with unknown risks.

•	 Project leaders blame performance problems and failures predomi-
nately on situations outside their sphere of control, while senior man-
agement points at project managers for insufficient planning, tracking, 
and control, poor communication, and weak leadership.

•	 Analytical approaches are important tools for risk management and 
are predominately used for quantifying probabilities of risk.

•	 The ultimate usefulness of analytical methods depends on the assump-
tion that risks factors and their underlying parameters, such as eco-
nomic, social, political, and market factors can actually be quantified 
and reliably forecasted over the project life cycle.

•	 Many contemporary approaches to risk management go beyond identi-
fying risk factors and try to eliminate the cause of risk.

•	 The risk DNA consists of a complex, intricately linked array of variables. 
Simple analytical approaches are unlikely to produce solutions, but 
need to be augmented with more adaptive methods that rely on broad 
data gathering across a wide spectrum of the enterprise environment.

•	 Three sets of variables affect the ability of dealing with risk: (1) degree 
of uncertainty, (2) project complexity, and (3) impact on project and 
enterprise performance.

•	 Degrees of uncertainty can be classified into four categories: (1) varia-
tions (known uncertainty), (2) contingencies (uncertainty is known but 
difficult to quantify), (3) accidents (known or unknown uncertainty 
with unknown timing and impact), and (4) unknown-unknowns (risk is 
unknown and unexpected).

•	 The impact of a particular risk event on the project and its enterprise 
can be classified into four categories: (1) Category I risk has no impact on 
project performance, (2) Category II risk has some impact on project per-
formance, limited lower-level project activities, (3) Category III risk has 
significant impact on overall project performance, and (4) Category IV risk 
has irreversible impact on project and overall enterprise performance.

•	 The most frequently experienced contingencies or risks that cause 
major project performance problems are: changing project requirements, 
changing markets or customer needs, and communications issues.

•	 Not all contingencies cause performance problems. Some teams seem to 
manage risks better than others.

c14.indd   332 24-02-2014   12:15:26



 14.10 Questions for discussion 333

•	 Successful risk managers are able to identify and deal with risks early 
in the development cycle.

•	 Senior managers rate the performance impact lower than project man-
agers, and blame performance issues on weak project management 
rather than on contingencies.

•	 The strongest influences on risk management emerge from three 
 enterprise areas: (1) work process, (2) organizational environment, and 
(3) people.

•	 Effective risk managers are capable of more than understanding the 
tools and techniques of enterprise risk management. They also under-
stand the dynamics of their organizations and can deal with the com-
plex social, technical, and economic issues that determine the culture 
and value system of the enterprise.

•	 Effective risk management focuses on risk reduction via simplifying 
the work and its transfer processes, shortening development cycles, 
and testing project feasibility early.

•	 Successful methods of risk management involve effective cross-func-
tional communications and collaboration among all stakeholders.

14.10  QUesTions foR discUssion

 1. Discuss the type of risks that may occur in a high-tech product develop-
ment project of your choice (e.g., computer, pharmaceutical, automotive, 
etc., or, use the chapter lead-in Intel Centrino® scenario).

 2. What kind of similarities and differences do you see in the type of risks 
between hardware, software, and service product developments? Discuss.

 3. What kind of an “early warning system” could you implement to detect 
the type of risks discussed in question 1?

 4. Discuss risk management approaches within the five categories of 
(a)  identifying and managing risk factors, (b) simplifying the product 
and product design, (c) simplifying the development process, (d) reduc-
ing product development time, and (e) testing product feasibility early. 
Choose a project or mission similar to the one you used in question 1 
or select an industry group such as computers, pharmaceuticals, or 
automotive.

 5. Discuss the type of risks that may originate with each of the three areas 
within the enterprise (a) work and its process, (b) analytical tools and 
methods, and (c) people. Refer to a specific situation, such as chosen in 
question 1.

 6. Discuss managerial leadership styles most conducive to risk manage-
ment. What type of team environment would be most effective? How can 
you foster such an environment?

 7. How can top management facilitate effective risk management at the 
project team level?
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14.11 PMBOK® RefeRences and connecTions

The topic of risk management focuses specifically on the PMBOK® Knowledge 
Area #8 with the same title. The topic also cuts across all five PMBOK® 
processing groups, connecting most strongly with: planning, executing and 
monitoring/controlling. Much of this chapter addresses the context of project 
management, discussing the challenges and managerial actions of effective 
risk management, going beyond the framework set forth in the PMBOK stan-
dards. The broader perspective of risk management provided in this chapter 
should be helpful to effectively applying the PMBOK standards to the day-to-
day management of projects and to study effectively for PMP® certification. 
In studying for the PMP® Exam, an understanding of the following concepts 
will be beneficial: (1) definition of risk in projects and the notion of risk man-
agement, (2) identifying risks, (3) risk analysis, both quantitative and quali-
tative. (4) tools for risk quantification, and (5) risk management plan.
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Chapter 15

Managing by Commitment  
and Collaboration

Wind EnErgy rEsEarCh

“if you could close your eyes for just a moment like rip Van Winkle, and blink 
them open in 2023, you might see a very different energy world,” says Clifford 
Krauss (2013) in a New York Times editorial on energy and environment. among 
the many changes, he also foresees “explosive growth” in renewable energy for 
electricity, with wind generation systems now running at a cost below that of many 
older power plants. “We are going to see a lot of change in power generation 
over the next 10 years,” he said. however, progress does not come by chance or 
luck, it is driven by systematic, well-coordinated and collaborative efforts. One 
of the organizations facilitating, stimulating, and promoting industry-wide efforts 
of renewable energy development is the national renewable Energy Laboratory 
(nrEL). Funded by the Us department of Energy, nrEL’s efforts at the national 
Wind Technology Center (nWTC) have contributed to numerous successes. in 
addition to helping its industry partners develop commercially successful wind tur-
bines, nrEL has developed award-winning components and modeling software. 
The Laboratory also engages in deployment activities that help schools, communi-
ties, and utilities understand the benefits of wind energy and how it can be suc-
cessfully integrated into our nation’s electrical system to provide for a cleaner, more 
secure energy future.

Many of nrEL’s r&d projects focus on reducing the cost of wind technology 
and expanding access to wind energy technology. “Our specialized technical 
expertise, comprehensive design and analysis tools, and unique testing facilities 
help industry overcome challenges to bringing new wind technology to the mar-
ketplace,” explains nrEL’s website:

We also work closely with universities and other national laboratories supporting 
fundamental research in wind technologies, including aerodynamics, aeroacoustics, 

Source: National Renewable Energy Laboratory (NREL). “Success Stories and Accomplishments:” 
www.nrel.gov/about/accomplishments.html.
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and material sciences essential in the development of new blade technologies 
and advanced controls, power electronics, and testing to further refine drivetrain 
topology. specifically, we work with industry to (1) reduce the cost of wind tur-
bine technology, (2) increase wind energy system reliability and operability, (3) 
lower risk and validate performance and design, (4) improve power transmis-
sion and grid integration issues, (5) mitigate wind plant siting and environmental 
issues, and (6) expand wind energy markets.

Current research includes a wide range of projects from offshore wind energy 
to wind turbine research, utility grid integration, environmental impacts, and 
international research collaborations. To be successful, all of these projects 
require extraordinary collaboration and commitments from many government 
agencies and the participating companies to overcome key barriers that include 
the relatively high cost of energy, the mitigation of environmental impacts, 
technology development, technical difficulties of project installation, and grid 
interconnection.

15.1  ThE CriTiCaL rOLE OF COMMiTMEnT  
and COLLabOraTiOn

It’s easy to lose sight of what really drives project performance in large, 
complex projects. While technical skill sets, management tools, and effec-
tive work processes are absolutely critical, the work environment and 
leadership style that fosters commitment and collaboration are equally 
important. As we can imagine, successfully managing complex, multia-
gency projects, such as NREL’s wind energy technology developments, 
takes more than a sophisticated project control system. Even the best proj-
ect management technology and most skillfully applied scheduling and 
budgeting tools will not be sufficient to orchestrate the various US govern-
ment departments, nongovernment organizations (NGOs) and participat-
ing companies to execute these project according to the established plans 
and mission objectives. For the conventional project management system 
to work, we need an additional system of “self-forcing control.” We have to 
foster a culture of collaboration and commitment across the whole proj-
ect community and its support functions. Let’s take a specific look at the 
challenges.

15.1.1 issues and Challenges

There is little argument: Commitment is critical to project success in today’s 
complex business environment. However, it is also difficult to obtain and  
to sustain because it deals with many issues outside the framework of  
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traditional managerial control. This is especially true for large, complex, 
or multinational endeavors that typically require the integration of many 
activity sets and subsystems across geographically dispersed areas and  
countries, involving many stakeholders such as contractors, customers, gov-
ernment agencies, and globally distributed work groups with different cul-
tures, enterprise systems, and leadership personnel. It also requires dealing 
effectively with political, social, and economic processes, resource sharing, 
multiple reporting relationships, and broadly based alliances across the 
enterprise and its partners.

15.1.2 definitions

Although the process for gaining commitment and gaining collaboration is 
very similar for both, the outcome is different.

Commitment—A psychological contract between individuals or groups to 
reach an agreed-on goal or objective. In the strongest sense, individuals or 
groups will try their utmost to reach the goal regardless of any obstacles, 
personal hardship, or cost. Commitments are difficult and costly to reverse, 
and they restrict future options for the individuals or groups who committed 
to a certain act or goal.

Collaboration—An attitude of individuals or groups toward actions that 
support others to reach a common goal. Although collaboration might also 
require some personal effort and cost, it is much less intense and less psycho-
logically engaged than commitment.

The process of building commitment or collaboration is similar for both. It 
involves the conditioning of individuals or groups toward buy-in or accepting 
certain objectives. This process unifies the team and transforms the goals 
and energies of all project stakeholders toward specific objectives and desired 
results.

Commitment and collaboration are characterized by a broad spectrum of 
components and challenges that define their nature. They are powerful man-
agement tools critical to project success, but also difficult to obtain, and the 
personal efforts are often underestimated.

Characteristics of Commitment and Collaboration

Commitment and collaboration have similar characteristics and affect the 
project outcome in a similar way. Yet by definition the psychological contract 
between the parties is much stronger and more costly to reverse for commit-
ments than they are for collaboration. Both collaboration and commitment 
encompass a broad spectrum of overlapping components that characterize 
their nature and define the process of transforming the goals and energies 
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of all project stakeholders toward specific objectives. The statements below 
include the responses of a field study of 500 project leaders characterizing 
collaboration and commitment.

Characteristics and Dimensions of Collaboration:
•	 People or organizations work together to realize shared goals
•	 Involves processes of integrating people (cross-functionally) to achieve 

common goals
•	 Strong collective determination to reach a common goal or objective
•	 Succeeds only is participants’ goals are compatible
•	 Creates expanded vision of issue or mission
•	 Requires accountability to desired results
•	 Increases team effectiveness and synergy
•	 Involves effective communications and feedback
•	 Involves knowledge sharing, learning and consensus building
•	 Promote learning, knowledge creation, and knowledge sharing
•	 Promotes a professionally stimulating environment and makes work 

more enjoyable
•	 A mindset, an attitude, and behavior that can be developed and 

conditioned
•	 Embedded in the culture and promoted by example
•	 Different meanings, so definition and expectations must be clear

Characteristics and Dimensions of Commitment:
•	 An emotionally binding contract or promise to engage in a specific 

activity or work toward a specific goal
•	 A collaborative effort with colleagues toward specific goals
•	 Binding yourself, intellectually and emotionally specific goals or 

actions
•	 A moral contract or obligation to a course of action
•	 Determination to work hard toward an agreed-on goal
•	 Supporting team decisions, agenda or agreed-on plans, even though 

these plans may not entirely reflect own position
•	 Accepting joint responsibilities for team agenda
•	 Working in partnership with team and management
•	 Promoting a climate of teamwork and collaboration
•	 Pursuing the effective use of common resources
•	 Sharing of information, concerns, and support
•	 Providing support to others
•	 Reaching out to deal with and resolve issues
•	 Helping to share risks with others by supporting decisions
•	 Full participation, engagement, and dedication in/to a given project
•	 Open and candid communication
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15.2  WhaT dO WE KnOW abOUT COLLabOraTiOn 
and COMMiTMEnT?

Despite of all the recent attention by management researchers and practi-
tioners, collaboration and commitment are not new ideas. They have been 
used effectively for thousands of years by emperors, religious leaders, archi-
tects, and merchants to create and unify stakeholder communities across 
geographic borders and cultures. Already 2,500 years ago, the great Chinese 
military strategist Sun Tzu, who I cited already in Chapter 14 on risk man-
agement, utilized collaboration as a powerful tool for “unifying objectives 
across distance, technology . . . and building committed alliances” (Hanzhang 
and Wilkinson 1998). In more modern times, starting with some subtle refer-
ences by Igor Ansoff in 1965 and Walton’s classic 1985 article “From Control 
to Commitment in the Workplace,” commitment has become a major building 
block of organizational theory and management practice.

More recently, much of the theoretical framework for commitment and 
collaboration has been established under the umbrella of organizational 
stakeholder relations (Harrison and Freeman 1999), with a good part of the 
body of knowledge summarized in the writings of Donaldson and Preston 
(1995), Jones and Wicks (1999), Luoma and Goldstein (1999), and Mitchell 
et al. (1997). Although most of the earlier research focused on either social 
or economic implications of stakeholder commitment (Berman et al. 1999; 
Luoma and Goldstein 1999), or more general aspects of employee commit-
ment grounded in the construct of social exchange theory (Lambert 2000), 
the increased complexities of today’s business environment that changed the 
project dynamics and work processes have forced management to expand 
attention from a traditional, trait-oriented focus to a broader spectrum of 
influences that include the team ambience and overall enterprise environ-
ment. Therefore, it is not surprising that in today’s multinational and techno-
logically complex business environment, both collaboration and commitment 
are being recognized as essential management tools for transforming multi-
functional groups of individuals with different interests, needs, backgrounds, 
and expertise into integrated, collaborative project teams (Anconda and 
Bresman 2007, Hackman 2002, Kruglianskas and Thamhain 2000).

Because of this strong managerial interest and the impact on business results, 
a substantial body of knowledge evolved in the broader area of  project teamwork 
and team leadership related to both commitment and collaboration. Scholar 
such as Armstrong (2000), Barkema, Baum, and Mannix (2002), Dillon, 2001), 
Hilton (2008), Kearney et al. (2009), Kirkman and Shapiro (2001), Sawhney 
(2002), Shim and Lee (2001), Siders et al. (2001), Sidle (2009), and Thamhain 
and Wilemon (1999) have studied project teams extensively, root-causing their 
successes and failures and identifying organizational conditions for effective 
teamwork, including the critical role of collaboration and commitment (Anconda 
et al. 2007, Hackman 2002, 2006, Kruglianskas and Thamhain 2000).

Indeed, the existing literature on commitment and collaboration is quite 
extensive in discussing the broad issues and in establishing a theoretical 
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framework. Yet despite of all this research, only one in eight project managers 
feels confident of building and sustaining commitment or full collaboration 
among the members of their project community (Thamhain 2013). Many of 
these managers lament that not enough guidelines, perspectives, tools, and 
techniques are available to help in dealing with the complex issues of com-
mitment and collaboration.

15.2.1 The Missing Link

Although we have gained sophisticated knowledge and substantial insight 
into the effects and organizational dynamics of managing project teams, 
including the role of commitment and collaboration in specific segments 
of the business process and its support functions, such as manufacturing, 
marketing, human resources, finance, and accountancy (Hausknecht et al. 
2008, Burgess and Turner 2000, Keil et al. 2000), we have been largely 
unable to define specific commitment-performance relationships (Schmidt 
and Calantone 2002, Benkoff 1997, Gregersen 1993, Siders et al. 2001). 
That is, relatively little is known about the effectiveness of team leadership 
styles and the organizational conditions most conducive to team collabora-
tion and commitment, and their effects on project performance in complex 
business environments. The missing link is the influence of leadership style, 
work environment, and project characteristics on the strength of commit-
ment and its impact on project performance, an area that is being discussed 
in the remaining chapter as part of a recent field study (see Appendix of 
this chapter, 15.11).

15.3  driVErs and barriErs TO COLLabOraTiOn 
and COMMiTMEnT

The initial focus of this discussion is on commitment. As we investigated both 
commitment and collaboration in parallel, we found that the same conditions 
that drive commitment also support collaboration. However, obtaining and 
sustaining commitment is more difficult than collaboration. And once you 
have commitment, you also get collaboration. Let’s focus on commitment first.

Using primarily data from the recent field study, Table 15.1 summarizes 
the basic drivers of commitment in complex project environments. Specifically, 
content analysis of the survey data was obtained from three sources: (1) inter-
views, (2) questionnaires, and (3) observations, to identify the most common 
components that support and drive individual, as well as team commitment. 
The data are organized into two categories: primary drivers and secondary or 
derivative drivers. Primary drivers were obtained during the interviews with 
project leaders and team members by asking, “What conditions in the team 
environment are important for getting individual or collective team member 
commitment?” To learn about secondary drivers, we ask, “For the conditions 
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Table 15.1 drivers toward Commitment

Primary Drivers Secondary Drivers

Team/project 
 environment has . . .

Team/project environment is high on . . .

Personal qualities:

•	 Trust

•	 Respect

•	 Competence

•	 Credibility

•	 Charisma

•	 Empathy

•	 Benefits

Project characteristics:

•	 Interesting, 
 professional 
 stimulating work

•	 Recognition of 
accomplishments

•	 Visibility

•	 Priority

•	 Success image

•	 Management 
Involvement

•	 Low risk

•	 Low organizational 
and personal conflict

•	 Accomplishments

•	 Autonomy and freedom, 
flexibility

•	 Clear project goals and 
plans

•	 Clear project objectives 
and directions

•	 Conflict resolution

•	 Contingency planning 
and handling

•	 Continuous improve-
ment of work process

•	 Cross-functional 
interfaces

•	 Effective communica-
tion channels

•	 Fair, equitable 
 performance measures/
evaluation

•	 Good team spirit and 
morale

•	 Good work environment

•	 Help/support to problem 
solving

•	 Job security

•	 Knowledge, skills, skill 
development

•	 Personal/team pride 
and ownership

•	 Professional 
advancement

•	 Professionally stimulat-
ing, interesting, chal-
lenging work

•	 Recognition

•	 Rewards and satisfac-
tion of needs

•	 Risk sharing

•	 Smooth project 
administration

•	 Sufficient resources

•	 Team and work 
visibility

•	 Team involvement in 
work

•	 Team member support 
and cooperation

•	 Unified team 
environment

•	 Upper management 
endorsement of pm 
leadership

•	 Upper management 
support of work

•	 Winning team image 
and attitude

Team/project environment is shielded from . . .
•	 Conflict, organizational tension, and politics

•	 Excessive demands and performance pressures

•	 Organizational instability

•	 Unrealistic project requirements and changes
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of commitment just identified, what is necessary, in terms of leadership and 
organizational support, to create these conditions?”

While the primary conditions are rank-ordered by frequency of reported 
answers, the secondary conditions are just being listed alphabetically.  
The alphabetical listing seem to be the best option to avoid false rank-order 
representation, given the subtitle connections between primary and second-
ary frequencies and some other interview related issues. The significance of 
listing both primary and secondary conditions is to show some of the depth 
and breadth that lies behind the criteria that drive or hinder commitment. 
Further, it shows that primary conditions cannot be created in isolation, but 
must be carefully “cultivated and earned.” Hence, the primary drivers to 
commitment, such as trust, respect, and credibility, are only derivatives of a 
much larger set of conditions that must be present to develop the principle 
or primary drivers. Another interesting finding is the discrepancy between 
team leader and team member responses. Team members identified at a 100 
percent higher frequency (twice as often) the importance of trust, respect, 
credibility, accomplishments, recognition, and probability of success than 
their team leaders. Interestingly, these were also the conditions that were 
identified in the correlation analysis of this study (see correlation tables in 
the chapter appendix) as the strongest drivers toward gaining and sustain-
ing commitment. In addition, we noticed that only few of the project leaders 
are sufficiently familiar with the broad spectrum of components that support 
or hinder team commitment, which suggests that many of these managers 
might not be effective in applying commitment processes in their organiza-
tions. On average, less than one-third of the project leaders interviewed could 
name more than half of the components shown in Table 15.1. All of this might 
explain, at least in part, why many project leaders have difficulties getting 
commitment from their teams.

Obviously, understanding these drivers, their sources, and secondary 
 influence factors is an important prerequisite for gaining and maintaining 
commitment from the team, and hence a critical success factor for leading 
project teams effectively toward desired results.

Many observations from this study point to the importance of a workable 
plan and “can-do” project situation that is reasonably low on risk, anxiety, 
and interpersonal conflict, as conducive to team commitment and high proj-
ect performance. Equally important seems to be interesting, professionally 
 stimulating work, which is high on recognition, accomplishments, and man-
agement involvement. These conditions seem to affect motivation of indi-
vidual team members toward participation in the project and the desire to  
achieve the necessary results. They also have favorable effects on team spirit,  
team unification, cross-functional communications, and other components 
that ultimately support the ability to gain and sustain commitment. These 
conditions seem to be especially critical for maintaining commitment in situ-
ations involving stretch goals. This was also confirmed with the statistical  
tests. The Kendall tau analysis, summarized in the chapter appendix, mea-
sures the association among variables of the work environment, leadership 
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style, commitment, and project performance. The results show indeed that 
those conditions, which are conducive to risk reduction and a professionally  
stimulating work environment, also lead to higher levels of (1) initial com-
mitment and (2) sustained commitment. The same conditions also correlate 
strongly to (3) team performance and (4) an image of project success. Equally 
important, we find that the same conditions that support commitment also 
facilitate collaboration. In fact, we find that collaboration is an embedded 
function of commitment. That is, individuals and teams must buy into a plan 
and its objectives before they are willing and ready to collaborate. Yet, in 
comparison to collaboration, commitment requires a much stronger psycho-
logical bond or contract, which in turn requires higher levels of risk sharing, 
management support, personal confidence and trust, to ensure that the psy-
chological cost of commitment is not too high.

15.4 Managing by COMMiTMEnT

Project managers point out consistently that for today’s complex and tech-
nology-based undertakings, success is no longer the result of a few expert 
contributors and skilled project leaders. Rather, project success depends on 
effective multidisciplinary collaborative efforts, involving teams of people 
and support organizations interacting in a highly complex, intricate, and 
sometimes even chaotic way. This is especially true for multinational efforts 
with widely distributed power and resources, and managerial controls that 
can no longer be directed top-down but must be shared among team leaders 
at the local level. This is a process that requires experiential learning, trial 
and error, risk taking, as well as the cross-functional coordination and inte-
gration of technical knowledge, information and components. Yet, in spite of 
all of these challenges, many project teams are highly effective, producing 
great results within agreed-on budget and schedule constraints. This sug-
gests that even complex, multinational, and technology-based projects can be 
managed toward agreed-on results, given the right team environment. One 
characteristic that these high-performing teams seem to have in common is 
the commitment to desired results and overall project success.

Based on the lessons learned from this field research and other studies of 
best practices, we can suggest some answers to two important questions that 
were raised at the beginning of this chapter regarding the ability to control 
projects and to drive project performance:

•	 What conditions in the project environment are conducive to gaining 
and sustaining team commitment and collaboration?

•	 How does project leadership style influence commitment and 
collaboration?

Specific suggestions will be discussed with focus on three categories: peo-
ple, organizational process, and work/task related influences to commitment.
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15.4.1 People-Oriented influences

Factors that satisfy professional interests and needs seem to have the stron-
gest effect on the ability to obtain and eventually sustain commitment over 
the project lifecycle. The most significant drivers are derived from the work 
itself, including personal interest, pride and satisfaction with the work, profes-
sional work challenge, accomplishments and recognition, as well as the trust, 
respect and credibility placed in the team leader. Other important influences 
include effective communications among team members and support units 
across organizational lines, good team spirit, mutual trust, low interper-
sonal conflict and personal pride, plus opportunities for career development, 
advancement, and, to some degree, job security. These conditions serve as 
bridging mechanisms, helpful in enhancing project performance, especially 
in complex project environments that involve technology and multinational 
settings. All of these factors help in building a unified project team that can 
leverage the organizational strengths and competencies effectively, and pro-
duce integrated results that support the organization’s mission objective.

What lessons can effective team leaders take away from this? Creating 
such a climate and culture conducive to quality teamwork involves multi-
faceted management challenges, which increase with the complexities of the 
project and its organizational environment. No longer will technical expertise 
or good leadership alone be sufficient, but excellence across a broad range of 
skills and sophisticated organizational support is required to manage project 
teams effectively. Hence, it is critically important for project leaders to under-
stand, identify and minimize the potential barriers to team development. 
Leading such self-directed teams can rarely be done “top-down,” but requires 
a great deal of interactive team management skills and senior management 
support at the local level of the multinational team.

15.4.2 Organizational Process, Tools, and Techniques

Successful management of culturally diverse project teams requires a 
unified managerial process. This includes organizational structures and 
technology transfer processes that relies, by-and-large, on modern project 
management techniques. Although the research did not favor specific proj-
ect structures and processes over others, it specifically pointed at effective 
project planning and support systems, clear communication, organizational 
goals and project objectives, and overall managerial leadership as important 
conditions for effectively gaining and sustaining commitment. An effective 
project management system also includes effective cross-functional support, 
joint reviews and performance appraisals, and the availability of the neces-
sary resources, skills, and facilities. Other crucial components that affect the 
organizational process and ultimately commitment are team structure, man-
agerial power, and its sharing among the team members and organizational 
units, autonomy and freedom, and most importantly technical direction and 
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leadership. This requires a skillfully designed management system with 
enough flexibility and adaptability to local leadership while functioning con-
sistently within established organizational norms and cultures. This is a 
big challenge, especially for multinational companies; it requires resources 
and senior management support toward the development of a unified work 
process. Focus groups, organizational studies, internal and external consul-
tants, process action teams, and professional training and teambuilding ses-
sions all are powerful tools for unifying and optimizing the work flow and 
managing process.

Many of the variables related to organizational process are primarily 
under the control of senior management. They are often a derivative of the 
company’s business strategy developed by top management. It is important 
for management to recognize that these variables affect the team’s percep-
tion of the work environment, such as organizational stability, availability of 
resources, management involvement and support, personal rewards, orga-
nizational goals, objectives and priorities, and therefore have a direct effect 
on commitment. Hence, it is important for management to understand the 
personal and professional needs and wants of their team members, and to 
foster an organizational environment conducive to these needs. Proper com-
munications of organizational vision and perspective is especially important. 
The relationship of managers to staff and people in their organizations is 
critical to building an effective partnership between the project team and its 
management and sponsor organization, as are mutual trust and respect.

15.4.3 Work and Task-related influences

Commitment also has its locus in the work itself. This is highlighted in 
the correlations of Tables 15.2 through 15.6 in the appendix (section 15.9).  
The statistical tests, supported by interviews and observations clearly shows 
that those variables associated with the personal aspects of work—such as 
interest in the project, ability to solve problems, minimize risks and uncer-
tainties, job skills, and experience—are statistically significant in driving 
commitment. Many other work-related variables from the structural side, 
such as project size, complexity, and work process, had no statistically signifi-
cance for gaining or sustaining commitment.

The managerial significance of this finding is in two areas. First, project 
leaders must be able to attract and hold people with the right skill sets, 
appropriate for the work to be performed. They must also invest in maintain-
ing and upgrading job skill and support systems. Second, managers must 
effectively partition and assign the work. That is, while the total task struc-
ture and the development process is fixed and more difficult to change, the 
way managers distribute, assign, and present the work is flexible. Therefore, 
promoting a climate of high interest, involvement, and support might be 
easier to achieve than redefining the project or reengineering the work pro-
cess, yet it might have a higher impact on the commitment process.
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15.5 COnCLUsiOn

Taken together, effective project managers understand the nature and power 
of commitment and collaboration and can foster an organizational ambience 
that unifies the greater project team behind the established mission objec-
tives. Such collaborative, committed teams are “self-controlling,” providing 
early warning systems and engaging in proactive problem solving. This 
creates a critical reinforcement of the conventional project management 
system that is effective in communicating and analyzing information but 
weak in identifying issues in their early stages and proactively dealing with 
these issues. Fostering such a self-controlling project environment requires 
carefully developed skills in leadership, administration, organization, and 
technical expertise. It further requires the project leader’s ability to involve 
top management, to ensure organizational visibility, resource availability, 
and overall support for the project throughout its life cycle.

People cannot be programmed to collaborate. Building commitment and 
collaboration requires a leadership style that relies, to a large degree, on 
shared power and earned authority. By understanding the criteria and orga-
nizational dynamics that drive people toward commitment, managers can 
examine and fine-tune the work environment and leadership style. Team 
leaders can also build alliances with support organizations and upper man-
agement to ensure organizational visibility, priority, resource availability, 
and overall support for the project and its people throughout its life cycle. 
These are some of the important criteria for gaining and sustaining and com-
mitment, and for building a collaborative culture within today’s tightly inter-
connected project teams—conditions that are crucial to project success.

15.6 sUMMary OF KEy POinTs and COnCLUsiOns

The following key points were made in this chapter:

•	 Management by commitment provides a “self-forcing” control environ-
ment that reinforces the conventional project management system.

•	 Commitment is a psychological contract between individuals or groups 
to reach an agreed-on goal or objective.

•	 Collaboration is an attitude of individuals or groups toward actions 
that support others to reach a common goal.

•	 The same conditions that drive commitment also support collaboration. 
However, obtaining and sustaining commitment is more difficult.

•	 The theoretical framework for commitment and collaboration has been 
established under the umbrella of organizational stakeholder relations. 
However, relatively little is known about leadership effectiveness and the 
organizational conditions conducive to team collaboration and commitment.

•	 The primary drivers toward commitment derive from two sources: (1) 
management/people: trust, respect, competence, credibility, charisma, 
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empathy, benefits; and (2) work environment: accomplishments, recog-
nition, visibility, priority, success image, management involvement, low 
risk, conflict, and anxiety.

•	 Factors that satisfy professional interests seem to have the strongest 
effect on the ability to obtain and sustain commitment.

•	 The most significant drivers to commitment are derived from the work  
itself, including personal interest, pride and satisfaction with the  
work, accomplishments and recognition, plus the trust, respect, and 
credibility of the team leader.

•	 People cannot be programmed to collaborate. Building commitment and 
collaboration requires a leadership style that relies, to a large degree, 
on shared power and earned authority, and a skillfully designed man-
agement system with enough flexibility for people to interact effectively.

•	 Appropriate skill sets and competence of the work force are critical to 
obtaining true team commitment.

•	 Many of the variables related to commitment and collaboration connect 
with organizational processes under the control of senior management 
(i.e., resource availability, management support, personal rewards, organi-
zational goals, objectives, and priorities). It is important for management 
to recognize these linkages and to provide favorable conditions if possible.

15.7 QUEsTiOns FOr disCUssiOn

 1. Discuss why and how commitment and collaboration help in execut-
ing/controlling projects according to established plans, on schedule and 
within budget?

 2. Why is commitment especially important for managing complex or 
multinational projects?

 3. What kind of provisions could you suggest to ensure that the organi-
zational structure and work process is conducive to commitment and 
collaboration?

 4. What advice would you give to a newly appointed project manager to 
build trust, respect, and credibility with the team?

 5. Discuss the characteristics of a team leadership style conducive to 
building a culture of commitment and collaboration. What are some of 
the dos and don’ts?

 6. How can top management help in facilitating a project environment 
conducive to commitment and collaboration?

15.8 PMBOK® rEFErEnCEs and COnnECTiOns

The topic of commitment and collaboration focuses on three PMBOK® knowl-
edge areas: #6 (project human resource management), #7 (project communi-
cations management), and #10 (project stakeholder management). The topic 
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also cuts across three PMBOK® processing groups: planning, executing, and 
monitoring/controlling. Much of this chapter focuses on the context of project 
planning, executing, and monitoring/controlling, discussing the need for team 
collaboration and commitment, and the role for project control. The manage-
rial perspectives presented in this chapter should be helpful in connecting 
the PMBOK standards to best practices of project management, and to study 
effectively for PMP® certification. In studying for the PMP® Exam, an under-
standing of the following concepts will be beneficial: (1) managing stakeholder 
expectations, (2) project plan communications, (3) managing project execu-
tion, and (4) project monitoring and controlling.
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15.9  aPPEndix: FiELd rEsEarCh sUMMary On 
COMMiTMEnT

This appendix summarizes one of my field studies (2013) in support of 
the discussions, concepts and recommendations presented in this chapter. 
(Thamhain 2013). The results provide insight into the dynamics and the spe-
cific project management skill sets needed to foster a culture of collaboration 
and commitment across intricate organizational boundaries connecting sup-
port functions, suppliers, customers, and partners.
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research design

An exploratory field research format was chosen for this empirical investiga-
tion. The format involves a combination of questionnaires and two qualitative 
methods: participant observation and in-depth retrospective interviewing. 
Specifically, data were captured between 2007 and 2012 from 35 product 
development teams and their management. These NPD projects were part of 
large multinational corporations (FORTUNE-1000 category) headquartered 
in the United States, Brazil, or European Union (EU). The projects involved 
high-technology product/service developments, such as information system, 
computer and pharmaceutical products, and financial services with project 
budgets averaging $1.4 million and life cycles of 1.6 years.

For each of these organizations, the research was conducted in three stages. 
In the first stage, interviews with project leaders and project team personnel, 
together with hands-on participant observations, helped to (1) understand 
the specific nature and challenges of the project work undertaken, (2) gain 
insight into the multinational nature and strategic linkages of their projects 
with the enterprise, (3) prepare for the design of the questionnaire and its 
proper introduction, and (4) design follow-up interviews. During the second 
stage, data were collected as part of a management consulting or training 
assignment, using questionnaires, observations, and expert panels. The third 
stage relied mostly on in-depth retrospective interviewing, providing per-
spective and additional information for clarifying and leveraging the data 
captured in stage one and two. As part of the action research, the data collec-
tion included other relevant source material, such as project progress reports, 
company reports, design review memos, committee action reports, financial 
statements, and information from the public media. This combined method is 
particularly useful for new and exploratory investigations, such as the study 
reported here, which is considerably outside the framework of established 
theories and constructs.

The questionnaire was designed to measure the (1) characteristics of  
the work environment, (2) leadership style, (3) level of commitment, and 
(4) project performance. To minimize potential biases that might result from 
the use of social science jargon, specific statements were developed to describe 
each of the variables of the work environment and team-performance, such 
as shown in the correlation tables. The format and process of the specific 
questionnaires and in-depth semi-structured interviews used in this study 
were developed and tested in previous field studies of R&D and NPD man-
agement, similar in context to the current investigation (Kruglianskas and 
Thamhain 2000; Thamhain 2002, 2003, 2007, 2009b).

statistical Tests

Tables 15.2, 15.3, 15.4, 15.5, and 15.6 summarize the results of the Kendall 
tau analysis, measuring the association among variables of the work 
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environment, leadership style, commitment, and project performance. 
The results show that those conditions, which are conducive to risk reduc-
tion and a professionally stimulating work environment, also lead to 
higher levels of (1) initial commitment and (2) sustained commitment. 
The same conditions also correlate strongly to (3) team performance and  
(4) an image of project success.

The strength of variables displayed in Tables 15.2 through 15.6 has 
been measured with descriptive statements on a five-point Likert scale:  
(1) strongly disagree, (2) disagree, (3) neutral, (4) agree, and (5) strongly 
agree, unless indicated differently (e.g., project size and duration). The agree-
ment/disagreement judgment on these descriptive statements was made by 
team members (T), project managers (PM) or team leaders, or senior manage-
ment (SM), as indicated.

Inputs were solicited from the individuals who could most appropriately 
judge the variable under investigation. For example, team members were 
asked to judge the quality of the work environment, such as communication 
effectiveness and leadership, and senior management was asked to judge the 
level of team performance and project success. Both senior management and 
project managers judged the team’s commitment level.

Correlation statistics

To break down the complexity, the statistical data have been divided into 
the five tables, showing project-related variables (Table 15.2), team-related 
variables (Table 15.3), team-leader-related variables (Table 15.4), leadership 
style-related variables (Table 15.5), and benefit/reward-related variables 
(Table 15.6). As indicated by the strong positive correlation, conditions that 
create a favorable image of the project, enhance the projection of success, or 
fulfill professional esteem needs seem to have a particularly favorable influ-
ence on the ability to obtain and sustain commitment from team members. 
These are also the conditions that produce the highest level of team perfor-
mance and project success. The four most significant sets of associations are: 
(1) ability to minimize risks of project failure and uncertainties (Table 15.2,  
τ = 0.55 and 0.65); (2) ability to develop clear, agreed-on plans with measur-
able milestones (Table 15.5, τ = 0.62, 0.55, 0.78, 0.55, 0.37 and 0.40); (3) abil-
ity to foster a professionally stimulating and challenging work environment 
that is high on recognition of accomplishments, and opportunities for skill 
enhancement and career development (Table 15.6, τ = 0.43, 0.47, 0.47, 0.49, 
0.45, 0.47 and 0.38), also low on conflict, effective in communications, and 
high on team morale and spirit (Table 15.2, τ = 0.43, 0.48, 0.38, 0.42 and 0.34); 
and (4) team leader’s image of a sound, experienced project manager who 
enjoys the trust, respect, and credibility of the team and senior management 
(Table 15.4, τ = 0.37, 0.55, 0.43, 0.51, 0.45 and 0.40).

Many of the factors that correlate favorably to commitment and team per-
formance appear to deal favorably with the integration of team members’ 
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Table 15.2 descriptive statistics and Correlation of Project-related Variables and Commitment

Variables  
(Grouped by Categories)

Mean 
(μ)

s.d 
(σ)

1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 7.0 8.0 9.0 10.0

1.0 Project [T, PM, SM]

1.1 Importance 3.2 .5 1.0

1.2 State-of-the-art 3.1 .6 .37 1.0

1.3 Size (relative to others) 3.4 .7 .04 –.05 1.0

1.4 Duration (yrs) .85 .4 .22 .04 .57 1.0

1.5 Success image 4.3 .5 .35 .18 .21 –.08 1.0

1.6 Complexity 4.2 .4 .08 .02 .27 .20 –.07 1.0

1.7 Uncertainties, risk 2.8 1.6 –.17 .20 .07 .11 –.37 .10 1.0

1.8 Interruptions and changes 2.1 1.1 –39 .18 .15 .17 –.43 .21 .54 1.0

1.9 Professionally interesting 3.7 .7 .41 .37 .33 –.09 .35 .33 –.18 –.23 1.0

7.0 Initial Commitment [PM, SM] 3.9 1.0 .39 .27 .05 .14 .39 .33 –.55 –.33 .40 1.0

8.0 Sustained Commitment [PM, SM] 3.1 .7 .42 .20 .12 –.22 .31 .26 –.65 –.38 .42 .38 1.0

9.0 Project Team Performance [SM] 4.0 .5 .30 .15 .00 .05 .40 .06 .15 –.28 .33 .35 .45 1.0

10.0 Project Success Projection [SM] 4.2 .3 .25 –.22 –.11 –.24 .32 .20 –.45 –.20 .41 .28 .49 .65 1.0
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Table 15.3 descriptive statistics and Correlation of Team-related Variables and Commitment

Variables  
(Grouped by Categories)

Mean 
(μ)

s.d 
(σ)

2.1 2.2 2.3 2.4 2.5 2.6 7.0 8.0 9.0 10.0

2.0 Team Members [T]

2.1 Co-located 3.7 .9 1.0

2.2 Low conflict 3.9 1.4 .21 1.0

2.3 Effective communications 4.2 .8 .24 .27 1.0

2.4 Competency 3.6 .7 –.08 .13 .20 1.0

2.5 Self-directed 3.4 .8 .08 –.15 .26 –.04 1.0

2.6 Moral and team spirit 4.1 .8 .30 .17 .32 .29 .24 1.0

7.0 Initial Commitment [PM, SM] 3.9 1.0 .28 .43 .38 .24 –.08 .11 1.0

8.0 Sustained Commitment [PM, SM] 3.1 .7 .31 .48 .42 –.37 –.09 .34 .38 1.0

9.0 Project Team Performance [SM] 4.0 .5 .03 .19 .32 .55 .13 .38 .35 .45 1.0

10.0 Project Success Projection [SM] 4.2 .3 –.07 .20 –.27 .50 .07 .22 .28 .49 .65 1.0
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Table 15.4 descriptive statistics and Correlation of Team-Leader-related Variables and Commitment

Variables  
(Grouped by Categories)

Mean 
(μ)

s.d 
(σ)

3.1 3.2 3.3 3.4 3.5 3.6 7.0 8.0 9.0 10.0

3.0 Team Leader [T]

3.1 Tenure with team (yrs) .8 .3 1.0

3.2 PM experience (yrs) 4.2 1.8 .09 1.0

3.3 Trust 4.3 .3 .34 .22 1.0

3.4 Respect and credibility 4.2 .5 .20 .12 .67 1.0

3.5 Liked by team members 4.1 .4 .08 –12 .57 .22 1.0

3.6 Gender (F = 0, M = 10) 8.3 — .03 .29 .12 .10 –.09 1.0

7.0 Initial Commitment [PM, SM] 3.9 1.0 .21 .37 .55 .51 .40 .10 1.0

8.0 Sustained Commitment [PM, SM] 3.1 .7 .15 .35 .43 .45 .27 –15 .38 1.0

9.0 Project Team Performance [SM] 4.0 .5 .10 .25 .32 .17 .20 .01 .35 .45 1.0

10. Project Success Projection [SM] 4.2 .3 .12 .31 –.15 .15 .10 .12 .28 .49 .65 1.0
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Table 15.5 descriptive statistics and Correlation of Leadership style Variables and Commitment

Variables  
(Grouped by Categories)

Mean 
(μ)

s.d 
(σ)

4.1 4.2 4.3 4.4 4.5 4.6 4.7 7.0 8.0 9.0 10.0

4.0 Team Leadership Style [T]

4.1 Clear plan and objectives 3.2 .8 1.0

4.2 Agreement on p-plan 2.7 .8 .45 1.0

4.3 Regular reviews 4.2 .3 .11 .03 1.0

4.4 Measurable milestones 3.7 .7 .23 .33 .43 1.0

4.5 Resolves technical problems 2.6 .8 .05 .22 .33 .51 1.0

4.6 Resolves conflict 2.1 1.3 .35 .09 .46 .37 .32 1.0

4.7 Good leadership 4.1 .3 .27 .20 .18 .23 .21 .39 1.0

7.0 Initial Commitment [PM, SM] 3.9 1.0 .62 .78 .28 .37 .30 .60 .43 1.0

8.0 Sustained Commitment [PM, SM] 3.1 .7 .55 .55 .38 .40 .42 –.62 .49 .38 1.0

9.0 Project Team Performance [SM] 4.0 .5 .30 .17 .37 .31 .24 .20 .39 .35 .45 1.0

10.0 Project Success Projection [SM] 4.2 .3 .39 .05 .42 .27 .33 .31 .22 .28 .49 .65 1.0
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Table 15.6 descriptive statistics and Correlation of Team benefit-related Variables and Commitment

Variables  
(Grouped by Categories)

Mean 
(μ)

s.d 
(σ)

5.1 5.2 5.3 5.4 5.5 5.6 7.0 8.0 9.0 10.0

5.0 Benefit of Participation [T]

5.1 Monetary benefit 1.7 .6 1.0

5.2 Recognition 4.1 .3 .29 1.0

5.3 Career development 3.9 .8 .16 .41 1.0

5.4 Professionally stimulating 4.2 .4 –09 .55 .29 1.0

5.5 Skill enhancement 4.3 .7 .03 .34 .09 .31 1.0

5.6 Job security 2.6 .9 –16 .33 .34 .34 .38 1.0

7.0 Initial Commitment [PM, SM] 3.9 1.0 .38 .47 .38 .45 .32 .29 1.0

8.0 Sustained Commitment [PM, SM] 3.1 .7 .20 .49 .25 .47 .20 .09 .38 1.0

9.0 Project Team Performance [SM] 4.0 .5 .12 .36 .21 .39 .20 –.11 .35 .45 1.0

10.0 Project Success Projection [SM] 4.2 .3 .18 .33 .13 .38 .08 –.08 .28 .49 .65 1.0

All variables were measured with descriptive statements on a five-point Likert scale: (1) strongly disagree, (2) disagree, (3) neutral, (4) agree, 
(5) strongly agree. Some variables were measures on an absolute scale as notes. Statements were judge by [T] team members, [PM] project managers 
or team leaders, and [SM] senior management, as indicated. Statistical significance: p = .10 (τ ≥ .20), p = .05 (τ ≥ .31), p = .01 (τ ≥ .36). Correlation of 
p = .01 or stronger is marked in bold italics.
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personal goals and needs with the project goals. In this context, these more 
subtle factors seem to become catalysts for cross-functional communica-
tions, information sharing, and ultimate integration of the project team with 
focus on desired results. All associations shown as “most significant” (italics), 
have p-values of p = .01 or better. The implications and lessons gleaned from  
the broader context of this field study are summarized in the next section. 
The implications of these results to commitment and collaboration are dis-
cussed in the main part of this chapter.
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Chapter 16

Managing People and Interfaces

At GE, MAnAGEMEnt PhIlosoPhy  
FocusEs on PEoPlE

“GE can execute on a scale few can match,” says cEo Jeff Immelt in his address to 
shareowners at the 2013 annual meeting in new orleans. “It starts with a culture—
the foundation for any successful enterprise—a culture that inspires our people to 
improve every day. our team is mission-based: We build, move, power and cure the 
world. We believe in a better way: We constantly learn from our customers, our com-
petition and each other. We seek solutions for our customers and society. And we are a 
“We company.” We know that strong teams with great people outperform individu-
als. that is why GE works. It is driving accountability for outcomes. It is fostering smart 
risk-taking and business judgment. our ability to create our own future is why GE can 
win in any environment. We put our scale, industry expertise, technology and—most 
of all—the ingenuity of our people to work, creating a world that works better.”

With close to $150 billion in revenues in 2012 and $16 billion profits, GE is 
envied by many as an effectively run diversified technology company in global 
markets. organized into five business segments of Energy Infrastructure, Aviation, 
Healthcare, Transportation, Home and Business Solutions, and GE Capital, its prod-
ucts and services range from household appliances to aircraft engines, energy gen-
eration, medical systems, and consumer financing. All of these businesses depend 
on project management for effectively executing everything from new business 
acquisitions to R&D, product developments and roll-outs. GE’s leadership team rec-
ognizes the importance of people and managerial leadership as critical components 
that drive organizational performance.

16.1  chAnGInG RolEs AnD chAllEnGEs 
oF MAnAGERIAl lEADERshIP

General Electric is not the only company emphasizing the human side of busi-
ness management. Virtually every organization in today’s ultra-competitive 

Source: GE 2012 Annual Report.
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environment recognizes the critical importance of people, their attitudes, 
personal efforts, and collaboration within the enterprise for producing “bet-
ter, faster, cheaper.” This couldn’t be more obvious than in project environ-
ments where time and resource effectiveness are critical components of 
performance. Business leaders and scholars agree (Anconda and Bresman 
2007, Kruglianskas and Thamhain 2000, Nellore and Balachandra 2001, 
Nurick and Thamhain 2006; Schmid and Adams 2008, Shenhar 2011, Sidle 
2009, Thamhain 2011). Yet, managing people effectively is very difficult. It is 
especially challenging in today’s complex business environment with many 
operations distributed across the globe. This requires working with people 
from different support organizations, vendors, partners, customers, and gov-
ernment agencies; it requires effective networking and cooperation among 
organizations with different cultures, values, and languages (Armstrong 2000, 
Barkema et al. 2002, Barner 1997, Bhatnager 1999, Dillon 2001, Gray and 
Larson 2000, Shenhar 2011, Thamhain 2002). Thus, managers today, espe-
cially in engineering and technology, must be capable of dealing with not just 
the technical challenges, but also economic, political, social, and regulatory 
issues, and the associated uncertainties and risks (Keller 2001, Manning et 
al. 2008, Newell and Rogers 2002, Thamhain 2009a). In such a challenging, 
competitive environment, managers have to work effectively with people. In 
fact, people are our most valuable asset. They are the heart and soul of the 
company’s core competency, critical to the successful implementation of any 
strategic plan, operational initiative, and especially cross-functional project 
undertaking. The real value of this human asset is measured in terms of 
integrated skill sets, attitudes, ambitions, and compassions for the business. 
Many of the issues overlap between functional and project management since 
the project organization is, by-and-large, an overlay to the functional organi-
zation, depending on establishing the needed resources and developing the 
required skill sets, which is also emphasized in “Core Management Issues and 
Challenges.”

16.1.1  core Management Issues and challenges

Manage technical work content. Any job has technical content. But, 
especially in engineering and technology, projects are technologically intense 
and complex. The ability to manage the technical work, on an individual job 
level and collaboratively throughout the organization, is a threshold compe-
tency, critically important to the success of any technology-based business. 
Managerial work issues relate to staffing, task assignments, professional 
development, support technologies, innovation, and risk management.

Manage talent. While equipment, buildings, and infrastructure are impor-
tant, businesses succeed because of their people, their ideas, and actions that 
bring the system alive. For many technology companies, talent is everything! 
The type of talent, and its fit with the business needs and organizational cul-
ture, determines everything from idea generation to problem resolution and 
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business results. Talent does not occur at random. Nor should it be taken for 
granted. It needs to be searched out, attracted, developed, and maintained. 
An organization’s personal policies and award systems must be consistent 
with the talent objectives. Losing a top talent is a sin! Companies like GE 
conduct postmortems on every top talent loss, and hold their management 
accountable for those losses.

Manage knowledge. Technology companies are knowledge factories. 
In essence, they buy, trade, transfer, and sell knowledge. Their value lies 
increasingly in the collective knowledge that becomes the basis for creating 
new ideas, concepts, products, and services. The emphasis must be on orches-
trated management of this collective multidisciplinary knowledge. New prod-
ucts and services usually do not come from a single brilliant idea, but are the 
result of broad-based collaborative efforts throughout the organization. They 
are the result of an intricately connected, vast knowledge network with high 
interconnectivity and low cross-organizational impedance. Setting up effec-
tive support systems and managing the development, processing, filtering, 
sharing, and transferring knowledge toward desired results is a very impor-
tant and challenging task that requires sophisticated people skills.

Manage information. Similar to knowledge, information management 
has a strong human side, which often does not receive sufficient attention. 
Regardless of the available technology, people are involved in gathering, 
transferring, interpreting, sharing, and acting on information.

Manage innovation and creativity. The important role of technologi-
cal innovation for business success has been long recognized (Drucker 2006). 
Innovation can generate competitive advantages for one firm while eroding the 
market position for another, which is especially true for enterprises that derive 
their added value from technology. In an address to GE stockholders, Immelt 
said, “Our technology, reach, and resources aren’t enough to make us the global 
best. It’s all about people, nurturing, energizing, and inspiring then to search 
for ideas and to cooperate. It’s about creating a culture that brings everyone 
into the game across the organization.” This statement captures the critical 
role of innovation in today’s ultra-competitive world of business. However, gen-
erating such a competitive advantage from innovation is an intricate and risky 
process. The companies that will survive and prosper in the decades ahead will 
be those that can manage innovation and derive business benefits from it. They 
must do this in spite of the complex organizational processes, increasing risks, 
uncertainties, and rapidly changing markets and technology.

Manage communications. Communication is the backbone of a firm’s com-
mand and control structure. It is the catalyst toward crucial integration of orga-
nizational efforts toward unified results. This is especially critical in technology 
firms with their unconventional organizational structures and strong need for 
cross-functional coordination. While strongly supported by IT, communication 
systems are much broader in scope. They include everything from digitized sys-
tems to focus groups, task action teams, and old-fashioned group meetings.

Build a supportive organizational environment. Successful com-
panies have cultures and environments that support their people. These 
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companies provide visibility and recognition to their people. They also show 
the impact of these accomplishments on the company’s mission and project-
related objectives. This creates an ambiance where people are interested and 
excited about their work, which produces higher levels of ownership, cross-
functional communications, collaboration, and commitment. These are also 
the conditions for unifying team members behind the requirements and 
keeping the project effort focused and synchronized.

Ensure direction and leadership. Managers themselves are change 
agents. Their concern for people, assistance to problem solving, and enthu-
siasm for the enterprise mission and objectives can foster a climate of high 
motivation, work involvement, commitment, open communications, and will-
ingness to cooperate across the organization.

All of this has an impact on managerial education, training, and skill 
development. Not too long ago, managers could successfully lead their work 
groups toward desired results by focusing on the work requirements, tim-
ing, and resource constraints. However, these traditional approaches are no 
longer sufficient. They have become threshold competencies, critically impor-
tant, but unlikely to guaranty by themselves success.

The mandate for managers is clear: they must weave together the best 
practices and programs for continuous development of their people toward 
highest possible performance. However, even the best practices and most 
sophisticated methods do not guarantee success. They must be carefully 
integrated with the business process, its culture, and its value system. The 
challenges are especially felt in today’s technology organizations, which have 
become highly complex internally and externally, with a bewildering array of 
multifaceted activities, requiring sophisticated cross-functional cooperation, 
integration, and joint decision making.

Because of these dynamics, technology organizations are seldom struc-
tured along traditional functional lines. Rather, they operate as matrices or 
hybrid organizations with a great deal of power and resource sharing, as dis-
cussed in previous chapters. In addition, lines of authority and responsibility 
blur among formal management functions, project personnel and other sub-
ject experts, leading to a more empowered and self-directed workforce with a 
much higher bandwidth of skills to solve operational problems, responsive to 
the needs of our ultra-competitive business environment.

New technologies, especially computers and communications, have radi-
cally changed the workplace and transformed our global economy, focusing 
on effectiveness, value, and speed. These new technologies offer advanced 
capabilities for cross-functional integration, resource mobility, effectiveness, 
and market responsiveness, but they also require more sophisticated skill 
sets both technically and socially, dealing effectively with a broad spectrum 
of contemporary challenges, including managing conflict, change, risks, and 
uncertainty. As a result of this paradigm shift, the dynamics of how people 
work together has changed, and managerial focus has shifted from effi-
ciency to effectiveness, and from traditional performance measures, such as 
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the quadruple constraint (deliverables, budget, and schedule), to include a 
broader spectrum of critical success factors that support process integration 
effectiveness, organizational collaboration, innovation, human factors, and 
overall business process effectiveness and strategic objectives. These issues 
involve great challenges that define a new management frontier.

16.2  WhAt DRIvEs PERFoRMAncE In 
tEchnoloGy-BAsED tEAMs

Project managers in engineering and technology see themselves different 
from those in less technical environments. Their work requires unique orga-
nizational structures, policies, and interaction among people. Their manage-
ment style and leadership must not only be consistent with the nature of the 
work and the business process but also conducive to the special needs  of 
the people, and consistent with the unique culture of the technology-based 
organization and its values.

Responding to these special needs, many technology-based organizations 
have evolved over time with their own somewhat unique characteristics, as 
discussed in Chapter 5, making engineering and technology management a 
specific discipline, different from other types of management. As an extension 
of the people-work-process-tools model introduced in Chapter 1, Figure 16.1 

Leadership Style

Organizat’l Culture
and Environment

Work
(Type & Complexity)

People
(Skills & Traits)

Team
Characteristics 

Team/Work
Environment

Team Performance

External
Environment
(Influences) 

Business Process
(Work Flow, Management

Tools & Techniques) 

Figure 16.1 Influences affecting work group characteristics and performance in 
technology-Intensive organizations
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shows six of the most influential organizational subsystems: (1) people, 
(2) work, (3) business process, (4) organizational culture, (5) leadership, and 
(6) external business environment. These affect the work environment, team 
characteristics, project success, and ultimately enterprise performance as 
discussed in the following sections.

16.2.1  People (skill sets, traits and Attitudes)

Because of the type of its work and challenges, technology-oriented environ-
ments attract different people, with specialized knowledge and skill sets. 
Usually, they are better educated, self-motivated, and require minimum 
supervision. They enjoy problem solving and find technical challenges moti-
vating and intellectually stimulating. They enjoy a sense of community and 
team spirit, while having low tolerance for personal conflict and organiza-
tional politics.

Managerial Impact

Because of the complexity of the work and the intricate decision-making 
processes, these workgroups rely to a considerable extent on member-
generated norms and performance evaluations, rather than on hierarchi-
cal guidelines, policies and procedures (Anconda et al. 2007, Hilton 2008, 
Sawhney 2002, Sawhney and Prandelli 2000, Thamhain 2011). As a result, 
decision-making power and responsibility for achieving specific outcomes 
are more distributed among team members who function more autonomous. 
These self-directed workgroup models have become increasingly popular, 
especially for orchestrating and controlling complex projects (Tomkovich 
and Miller 2000). As these contemporary teams replace traditional, hier-
archical work groups, effective leadership requires a more sophisticated 
management style that relies strongly on group interaction, resource and 
power sharing, individual accountability, commitment, conflict handling, 
cross-functional linkages and cooperation, technology transfer models, top 
management involvement, and design/build approaches (Debruyne et al. 
2002). For example, traditional management tools, such as static project 
plans and linear performance measures—designed largely for conventional 
management systems, with clearly defined horizontal and vertical lines of 
communication, and centralized command and control system—are no lon-
ger effective in these contemporary situations (Hackman 2002, 2006). They 
are being replaced with more team-based and agile management processes, 
ranging from concurrent engineering to stage reviews and spiral processes. 
Many of these management systems, tools, and techniques are under con-
tinuous review and adjustment to adapt to the changing nature of the busi-
ness environment, dynamically impacting organizational structure, work 
process, personnel recruiting and advancement, skill development, manage-
ment style, and organizational culture.
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16.2.2  Work (type, nature and complexity)

The nature of technology-driven work is complex and outcomes cannot always 
be predicted or achieved with certainty. When describing their work, man-
agers point to technical difficulties, high levels of innovation and creativ-
ity, evolving solutions, complex decision processes, uncertainty, and highly 
sophisticated forms of work integration. Much of technology-intensive work 
is conducted in projects, organized and executed by a multidisciplinary team. 
This involves additional challenges of resource and power sharing, intricate 
technology transfer networks, complex support systems, and highly sophisti-
cated forms of performance measurements (Manning et al. 2008; Solomond 
1996; Keller 2001; Thamhain 2003, 2008).

Managerial Impact

Because of the complexity and multidisciplinary nature of work, technology 
organizations look for a broad talent pool, often reaching across time zones 
and multinational boarders to form joint-ventures, consortia and partner-
ships. This leads to more organizational complexity and work process dynam-
ics, which, in turn, require more sophisticated managerial skills to facilitate 
work integration, cross-functional collaboration and control of the work 
toward desired results.

16.2.3  Business Process (Workflow and Managerial tools)

Team dynamics is affected by several business processes. The way work is 
organized, flows through the organization, and connects with its support 
systems, are examples. In addition, the technologies used for supporting the 
work, facilitating interdisciplinary communications, and integrating work 
components affect the effectiveness of the management style. To illustrate, 
a commercial airplane development results in very different organizational 
interactions than a pharmaceutical project with multinational R&D partners 
(Arranz and de Arroyabe 2008). A matrix-organized microprocessor rollout 
results in different work processes than a projectized electric car develop-
ment. While many of the managerial processes, tools, and techniques are also 
used in other environments, the unique nature of technology and engineering 
requires special tools and application. Spiral planning, stakeholder mapping, 
concurrent engineering, and integrated product developments are just a few 
examples of the specialized nature of tools needed to produce team-based 
solutions to complex technical problems.

Managerial Impact

The work process design directly affects people issues, management style, 
and organizational culture. New organizational models and management 
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methods, such as Stage-Gate, concurrent engineering, and design-build pro-
cesses evolved together with the refinement of long-time established con-
cepts such as the matrix and project and product management. Furthermore, 
managerial tools and techniques affect the people and the work process. 
Matching organizational culture with any of these tools is a great challenge. 
Stakeholder involvement during tool selection, development, and implemen-
tation, and tradeoffs among efficiency, speed, control, flexibility, and risk, are 
critical to the effective use of these tools and techniques.

16.2.4  organizational culture

The challenges of technology-driven environments create a unique organiza-
tional culture with their own norms, values and work ethics. These cultures 
are more team oriented regarding decision-making, work-flow, performance 
evaluation and work group management. Authority must often be earned and 
emerges within the work group as a result of credibility, trust and respect, 
rather than organizational status and position. Rewards come to a consider-
able degree from satisfaction with the work and its surroundings, with recog-
nition of accomplishments as important motivational factors for stimulating 
enthusiasm, cooperation and innovation.

Managerial Impact

Organizational culture has a strong influence on the people and work process 
(Anconda et al. 2007, Cohen 2009). This culture is deeply rooted in the orga-
nizational fiber with strong influences on a wide range of managerial pro-
cesses, affecting everything from hiring practices, performance evaluations, 
and reward systems to organizational structures and management style.

16.2.5  Managerial leadership

This is one of the strongest influences on the people and their performance in 
technology-based work environments. Although technical skill sets, manage-
ment tools, and effective work processes are absolutely critical, it is mana-
gerial leadership that drives team performance. It is the force that guides 
the work process, unifies the team, and fosters a culture of collaboration and 
commitment across organizational boundaries that connect support functions, 
suppliers, customers, and partners (Anconda and Bresman 2007, Hoegl and 
Parboteeah 2007, Thamhain 2011, Wade 2009).

Managerial Impact

Among the many influences, managerial leadership has the strongest impact on 
team effectiveness and overall project success. It is also under the direct control 
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of the manager! A better understanding of the criteria and organizational 
dynamics that motivate people and drive team performance can help managers 
in effectively integrating workgroups with the enterprise. Effective team lead-
ers are social architects who understand the interaction of organizational and 
behavioral variables and can foster a climate of active participation, account-
ability and result-orientation throughout the enterprise and its external part-
ners. This requires an in-depth understanding of the business environment, its 
dynamics and cultures, plus sophisticated management skills in support of the 
credibility, trust and respect needed for effective leadership.

16.2.6  External Business Environment

All five previously discussed enterprise subsystems operate within a socially, 
politically, and economically complex business environment. Especially for 
technology-intensive organizations this environment is fast changing regard-
ing market structure, suppliers and regulations. Short product life cycles, 
intense global competition, low brand-loyalty, low barriers to entry, and strong 
dependency on other technologies and support system are very common. 
These complexities call for specialized work processes, new concepts of tech-
nology transfer, and more sophisticated management skills and leadership.

Managerial Impact

The need for speed, agility, and efficiency has an impact on the work process 
design, supply chain, organizational structure, management methods, tools, 
and techniques. It also affects business strategy (Shenhar 2004) and competi-
tive behavior (Dayan et al. 2012, Patanakul and Shenhar 2012) that often 
leads to collaboration and resource sharing via alliances, mergers, acquisi-
tions, consortia, and joint ventures.

Managers of technology-intensive projects often describe their organizational 
environments as “unorthodox,” with ambiguous authority and responsibility 
relations. They argue that such environments require broader management skill 
sets and more sophisticated leadership than traditional business situations. In 
this more open, dynamic business environment, project success and ultimately 
enterprise performance is based to a large degree on teamwork. Yet, attention 
to individuals, their competence, accountability, commitment, and sense for 
self-direction is crucial for project organizations to function effectively. Such a 
“team-centered” management style is based on the thorough understanding of 
the motivational forces and their interaction with the enterprise environment.

16.3  hoW to MotIvAtE AnD InsPIRE

Understanding people, their wants and needs, is important in any manage-
ment situation. It is especially critical in today’s technology-based engineering 
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organizations. Leaders who succeed within these often-unstructured environ-
ments must work with cross-functional groups and gain services from person-
nel not reporting directly to them. They have to deal with line departments, 
staff groups, team members, clients, and senior management, each having 
different cultures, interests, expectations, and charters. Transforming these 
task multidisciplinary groups into cohesive teams is difficult. To get results, 
these engineering managers must relate socially as well as technically, and 
understand the culture and value system of the organization in which they 
work. The days of managers who get by with only technical expertise or pure 
administrative skills are gone.

What work best? Observations of best-in-class practices show consistently 
and measurably two important characteristics of high performers in tech-
nology organizations: (1) they enjoy work and are excited about their con-
tributions they make to their company and society; and (2) they have their 
professional and personal needs fulfilled. Specifically, field research studies 
have identified 16 of these needs that associate particularly strongly with job 
performance (Thamhain 2004).

16.3.1  understanding Professional needs

Sixteen professional needs are strongly associated with engineering job per-
formance. The fulfillment of these needs drives professional people to higher 
performance; conversely, the inability to fulfill these needs may become a 
barrier to individual performance and teamwork (Thamhain 2005). The 
rationale for this important correlation is found in the complex interaction 
of organizational and behavioral elements. Effective team management 
involves three primary components: (1) people skills, (2) organizational struc-
ture, and (3) management style. All three components are influenced by the 
specific task to be performed and the surrounding environment. That is, the 
degree of satisfaction of any of the needs is a function of (1) having the right 
mix of people with appropriate skills and traits, (2) organizing the people and 
resources according to the tasks to be performed, and (3) adopting the right 
leadership style.

The “Sixteen Professional Needs Affecting Individual and Team 
Performance” provides further insight into the motivational process and the 
important role of needs graphically shown in the Inducement-Contribution 
Model of Figure 16.2. Similar to Vroom’s well-known Expectancy Theory 
(Isaac et al. 2001), the model shows that people are motivated to work 
toward personal and professional goals because they satisfy specific needs, 
such as needs for recognition, promotion, or pay increase. In the process 
of satisfying their needs, people make a contribution to the organization 
and its performance. If, on the other hand, employees cannot reach their 
goals and fulfill their needs through activities within their “primary orga-
nization” (i.e., project organization), they may try to satisfy their needs and 
reach their goals by working through an “outside” organization. They may 
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Sixteen ProFeSSional needS aFFeCting individual and team 
PerFormanCe

 1. Interesting and challenging work. This is an intrinsic motivator 
that satisfies professional esteem needs and helps to integrate 
personal goals organizational objectives.

 2. Professionally stimulating work environment. An ambience condu-
cive to professional involvement, creativity, and interdisciplinary 
support. It also fosters team building and is conducive to effec-
tive communication, conflict resolution, collaboration, and com-
mitment toward the organizational goals. The quality of the work 
environment is defined primarily by the organizational structure, 
its facilities, and management style.

 3. Professional growth is measured by promotional opportunities, sal-
ary advances, the learning of new skills and techniques, and profes-
sional recognition. A particular challenge exists for management in 
limited-growth or zero-growth businesses to compensate for lack of 
promotional opportunities by offering more intrinsic professional 
growth in terms of job satisfaction, esteem, and skill building.

 4. Overall leadership involves dealing effectively with individual 
contributors, managers, and support personnel within a specific 
functional discipline as well as across organizational lines. It 
includes technical expertise, information-processing skills, effec-
tive communication, and decision-making skills. Taken together, 
leadership means satisfying the need for clear direction and uni-
fied guidance toward established objectives.

 5. Tangible rewards include salary increases, bonuses, and incen-
tives, as well as promotions, recognition, better offices, and edu-
cational opportunities. While financial rewards in this list are 
extrinsic, they are important and necessary to sustain strong 
long-term efforts, motivation and commitment. Furthermore, 
they validate the “softer” intrinsic rewards, such as recognition 
and praise, and reassure people of their value in the organization.

 6. Technical expertise means that personnel within their work team 
have all necessary interdisciplinary skills and expertise avail-
able to perform the required tasks. Technical expertise includes 
understanding the technicalities of the work; the technology of 
underlying concepts, theories, and principles; design methods and 
techniques; and functioning and interrelationship of the various 
components that make up the total system.

 7. Assisting in problem solving includes facilitating and assisting in 
resolving technical, administrative, and personal issues. It is a very 
important need, which, if not satisfied, often leads to frustration, 
conflict, unsustainable commitment, and poor-quality work.
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 8. Clearly defined objectives. Goals, objectives, and expected out-
comes of an effort must be clearly communicated to all affected 
personnel. Conflict can develop over ambiguities or missing 
information.

 9. Management control is important for effective team perfor-
mance. Managers must understand the interaction of organi-
zational and behavior variables in order to exert the direction, 
leadership, and control required to steer the work effort toward 
established organizational goals without stifling innovation and 
creativity.

 10. Job security is one of the very fundamental needs that must be satis-
fied before people consider higher-order growth needs. While many 
of the factors that influence job security are not under the control of 
engineering managers, through their leadership style and effective 
communications managers can create more or less of a favorable 
image, and therefore affect people’s attitude and their way of deal-
ing with a given situation.

 11. Senior management support should be provided in four major 
areas: (1) financial resources, (2) administrative support, including 
an effective operating charter, policies, and procedures, (3) work 
support from functional resource groups, and (4) necessary facili-
ties and equipment. Management support is particularly crucial 
for larger, more complex undertakings.

 12. Good interpersonal relations are required especially for effec-
tive teamwork they foster a stimulating work environment with 
low conflict, high involvement, motivated personnel, and high 
productivity.

 13. Proper planning is absolutely essential for the successful man-
agement of multidisciplinary activities. It requires communi-
cations and information-processing skills to define the actual 
resource requirements and administrative support necessary. It 
also requires the ability to negotiate for resources and commit-
ment from key personnel in various support groups across organi-
zational lines.

 14. Clear role definition helps to minimize role conflict and power 
struggles among team members and/or supporting organizations. 
Clear charters, plans, and good management direction are some of 
the powerful tools used to facilitate clear role definition.

 15. Open communication satisfies the need for a free flow of informa-
tion both horizontally and vertically, keeping personnel informed 
and functioning as a pervasive integrator of the overall project 
effort.

(Continued)
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explore other job opportunities or involve themselves in volunteer work or 
recreational activities. Although this might help to satisfy the employee’s 
need for interesting and stimulating activities, their efforts and energy are 
directed within a secondary organization, which provides inducement and 
receives the employee’s contributions, which is being “leaked away” from the 
employer.

Minimum changes. Although technology managers have to live with 
constant change, their team members often see change as an 
unnecessary condition that impedes their creativity and timely 
performance. Advanced planning and proper communication can 
help to minimize changes and lessen their negative impact.

Implications for project performance. The significance of assessing 
these motivational forces lies in several areas. First, Table 16.2 
provides insight into the broad needs of knowledge workers who 
we find to a large extend in technology-intensive projects. These 
needs must be satisfied continuously before the people can reach 
high levels of performance. This is consistent with findings from 
other studies, which show that in technology-based environments 
a significant correlation exists between professional satisfaction 
and organizational performance (Kruglianskas and Thamhain 
2000; Thamhain 2011, 2013). From the preceding list we know 
now more specifically what areas we should focus our attention. In 
fact, it provides a model for benchmarking; that is, it offers manag-
ers a framework for monitoring, defining, and assessing the needs 
of their people in specific ways, and ultimately building a work 
environment that is responsive to their needs and ultimately con-
ducive to high performance.

Goal Satisfaction

Primary
Organization

Secondary
Organization

Motivation

Contribution Inducement

Need

Figure 16.2 the inducement-induction model of motivation

(Continued)
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An employee’s need satisfaction is as important to the healthy function-
ing of the organization as it is to the employee. Good project managers are 
closely involved with their team members and their work. Managers should 
also identify any unrealistic goals and correct them, change situations that 
impede the attainment of realistic goals, and support people in reaching their 
goals and encourage them with recognition. This will help to refuel the indi-
vidual desire to reach the goal and keep the employees’ energies channeled 
through the primary organization. The tools that help the project manager to 
facilitate professional satisfaction are work sign-on, delegation, career coun-
seling and development, job training and skill development, and effective 
managerial direction and leadership with proper recognition and visibility of 
individual and team accomplishments.

16.3.2  Motivation as a Function of Risks and challenges

Additional insight into motivational drive and its dynamics can be gained 
by examining motivational strength as a function of the probability and 
desire to achieve the goal. We can push others, or ourselves, toward success 
or failure because of our mental predisposition. This is called self-fulfilling 
prophesy (Biggs 2011). Our motivational drive and personal efforts increase 
or decrease relative to the likelihood of the expected outcome. Personal moti-
vation toward reaching a goal changes with the probability of success (per-
ception of doability) and challenge (Hoegl et al. 2007). Figure 16.3 expresses 
the relationship graphically. A person’s motivation is very low if the proba-
bility of achieving the goal is very low or zero. As the probability of reaching 
the goal increases, so does the motivational strength. However, this increase 
continues only up to a level where the goal is still seen as desirable and chal-
lenging. When success is more or less assured, motivation often decreases. 
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Figure 16.3 the Pygmalion effect, relating strength of motivation to probability 
of success
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This is an area where work is often perceived as routine, uninteresting, and 
holding little potential for professional growth. The challenge is for team 
leaders to build an image of low risk and high professional interest. This 
could include showing the team that the project is well-planned, resourced, 
and supported, but also emphasizing the importance to the outcome to the 
enterprise and society, and the excitement of working on this project and its 
mission.

success as a Function of Attitude

The saying “the harder you work, the luckier you get” expresses the effect of 
motivation in pragmatic terms. People who have a “can-do” attitude, who are 
confident and motivated, are more likely to succeed in their mission. Winning 
is in the attitude. This is the essence of the self-fulfilling prophecy. In fact, 
high-performing project teams often have a very positive image of their capa-
bilities. As a result they are more determined to produce the desired results, 
often against high risks and odds.

16.3.3  Managing at high levels of Motivation

Applying motivational models to the high-technology workplace suggests 
that project managers should ensure proper matching of people to their jobs. 
Further, managers must foster a work environment and direct their person-
nel in a manner that promotes “can-do” attitudes and facilitates continuous 
assistance and guidance toward successful task completion. The process 
involves four primary issues: (1) work assignments, (2) team organization, 
(3) skill development, and (4) management. Specific suggestions for stimula-
tion and sustaining motivation in technology-oriented project professionals 
are summarized below:

 1. Work assignments
 ■ Explain the assignment, its importance to the company, and the type 

of contributions expected.
 ■ Understand the employee’s professional interests, desires, and ambi-

tions and try to accommodate to them.
 ■ Understand the employee’s limitations, anxieties, and fears. Often, 

these factors are unjustly perceived and can be removed in a face-to-
face discussion.

 ■ Develop the employee’s interest in an assignment by pointing out its 
importance to the company and possible benefits to the employee.

 ■ Assure assistance where needed and share risks.
 ■ Show how to be successful. Develop a “can-do” attitude.
 ■ If possible, involve the employee in the definition phase of the work 

assignment, for instance via up-front planning, a feasibility analysis, 
needs assessment, or a bid proposal.
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 2. Team organization
 ■ Select the team members for each task or project carefully, ensuring 

the necessary support skills and interpersonal compatibility.
 ■ Select the team members for each task or project carefully, ensuring 

the necessary support skills and interpersonal compatibility.
 ■ Plan each engineering project properly to ensure clear directions, 

objectives, and task charters.
 ■ Ensure leadership within each task group.
 ■ Sign-on key personnel on a one-on-one basis according to the guide-

lines discusses in item number 1.
 3. Skill development

 ■ Plan the capabilities needed in your engineering department for 
the long-range. Direct your staffing and development activities 
accordingly.

 ■ Encourage people to keep abreast in their professional field.
 ■ Provide for on-the-job experimental training via selected work 

assignments and managerial guidance.
 ■ Provide the opportunity for some formal training via seminars, 

courses, conferences, and professional society activities.
 ■ Use career counseling sessions and performance reviews to help in 

guiding skill development and matching them with personal and 
organizational objectives.

 4. Management
 ■ Develop interest in the work itself by showing its importance to the 

company and the potential for professional rewards and growth.
 ■ Promote project visibility, team spirit, and upper-management 

involvement.
 ■ Assign technically and managerially competent task leaders for each 

team, and provide top-down leadership for each project and for the 
engineering function as a whole.

 ■ Manage the quality of the work via regular task reviews and by 
staying involved with the project team, without infringing on their 
autonomy and accountability.

 ■ Plan your projects up front. Conduct a feasibility study and require-
ments analysis first. Assure the involvement of the key players dur-
ing these early phases.

 ■ Break activities or projects into phases and define measurable mile-
stones with specific results. Involve personnel in the definition phase. 
Obtain their commitment.

 ■ Try to detect and correct technical problems early in their 
development.

 ■ Foster a professionally stimulating work environment.
 ■ Unify the task team behind the overall objectives. Stimulate the 

sense of belonging and mutual interdependence.
 ■ Refuel the commitment and interest in the work by recognizing 

accomplishments frequently.
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 ■ Assist in problem solving and group decision making.
 ■ Provide the proper resources.
 ■ Keep the visibility and priority for the project high. No interruptions.
 ■ Avoid threats. Deal with fear, anxieties, mistrust, and conflicts.
 ■ Facilitate skill development and technical competency.
 ■ Manage and lead.

16.4  thE PoWER PRoFIlE oF PRoJEct MAnAGERs

As organizations become flatter, leaner, more agile and self-directed, they 
share to a greater extent responsibilities, resources, and power. Especially 
for technology-based enterprises, which rely to an increasing extend on 
innovation, cross-functional teamwork, intricate multicompany alliances, 
and complex forms of work integration, success depends to a considerable 
extent on member-generated performance norms and work processes. Self-
directed team concepts are gradually replacing the traditional, more hier-
archically structured organization (Cleland and Ireland 2007, Jassawalla 
et al. 1999, Polzer et al. 2006), requiring a radical departure from traditional 
management practices of top-down, centralized command, control, and com-
munications. To be effective, engineering managers have to direct their per-
sonnel and obtain cross-functional support without much organizationally 
derived power. They must develop, or “earn,” their own bases of influence 
and build their own power spectrum, which derives from personal knowl-
edge, expertise, and the image of a sound decision maker. The basic concept 
of power and authority has been known for a long time. Four decades ago, 
French and Raven (1959) presented a typology that included five bases of 
interpersonal power—authority, reward, punishment, expertise and referent 
power (e.g., friendship, charisma, empathy), summarized in Figure 16.4. To 

Organizationally derived
inf luence bases

(traditional
management style)

Individually
derived inf luence bases

STYLE I AUTHORITY: The ability to influence others, because personnel
perceives you as having the legitimate right to issue orders.

REWARD POWER: The ability to influence others, because
    personnel values the rewards that they believe you are capable
    of administering.

PUNISHMENT POWER: The ability to influence others, because
    personnel fears the punishment and wants to avoid it.

EXPERT POWER: The ability to influence others, because
    personnel respect your expertise (credibility).

REFERENT POWER: The ability to influence others, because
    they identify with you, your project or your position. Referent
    power also includes influences derived from charisma,
    friendship and empathy.

STYLE II

Figure 16.4 common bases of managerial influence
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this day, these are still the most commonly recognized influences of manage-
rial power. For some time, the first three bases—authority, reward, and pun-
ishment—were perceived as being derived entirely from the organization. 
However, more recent studies provide measurable evidence that all bases of 
power can be individually developed, at least to some degree.

Today’s organizations grant power to their leaders in many forms. Some of 
it is still derived from the organizational construct and vested in the leader 
via organizational position, status, and other traditional components of legit-
imacy, including the power to rewards and punishment. However, contempo-
rary engineering managers must earn most of their authority and influence 
bases for managing their multifunctional teams. Since earned authority 
depends largely on the image of trust, respect, credibility, and competence, it 
is strongly influenced by the manager’s ability to foster a work environment 
where the team feels comfortable, accomplishes results, receives recognition, 
and meets the professional and personal needs of its members (Thamhain 
2008). This includes images of managerial expertise, friendship, work chal-
lenge, promotional opportunities, fund allocations, charisma, personal favors, 
project goal identification, recognition, and visibility of the work and its 
importance.

Salary and other financial rewards play a very special role in the manage-
rial power spectrum. It is often over- or undervalued as a motivator. While 
overvaluation is costly and might set false expectations, ignoring or under-
playing the importance of financial rewards can be detrimental to motivation 
and the morale of the people. It is quite common for engineering and technol-
ogy managers to argue that salary and other financial rewards fulfill only 
lower level needs, while recognition, pride and accomplishments are the true 
motivators of professional people. This is generally true. It is also supported 
by the writings in this chapter. However, the above argument holds only if 
personnel perceive the compensation as fair and adequate. Otherwise, salary 
becomes a barrier to effective teamwork, a handicap for attracting and hold-
ing quality people, and a source of subtle conflict.

To illustrate, a person who is motivated to make an extra effort might 
indeed enjoy the praise and recognition that comes with the well-done job. 
The person may further conclude that the job was important to the company 
and he or she is making significant contributions to the enterprise and could 
expect a better than average raise or be in line for a promotion. Now, suppose a 
subsequent salary review results in a very small, less than expected increase, 
the employee would question the sincerity and value of any praise, recogni-
tion or other intrinsic rewards received in the past and anticipated for the 
future. The employee might also feel confused, frustrated, angry or manipu-
lated. Obviously, this is not a situation that leads to long-term motivation, 
sustained personal drive, commitment and high morale. In summary, salary 
and other financial rewards are very important bases of managerial power. 
They must be used judiciously, consistent with the employee’s output, efforts, 
and contributions, and fair and equitable across the organization. Effectively 
employee communication, explaining the rationale for any financial award, 
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supported with well-earned recognition of the accomplishments, is a good 
starting point for optimizing the motivational benefits of financial rewards.

Taken together, the sources of motivation involve an intricate set of variables 
that are grounded to a large degree in the work environment, team character-
istics, and leadership style. Most importantly, managers must pay attention to 
human side. To earn the trust, respect, and credibility of team members and sup-
port personnel, engineering managers must foster a work environment where 
people find the work interesting and challenging, leading to recognition and pro-
fessional growth. Such a professionally stimulating environment seems to lower 
anxieties over managerial controls and conflict. It promotes cross- functional 
communication and enhances organizational awareness of the surrounding 
business environment, favorably affecting collaboration and the ability to unify 
the team behind the agreed-on objectives and organizational leadership.

16.4.1  Influences on Power and Motivation

Managerial power and motivation is not necessarily fixed or stable, but 
changes with the work environment and team dynamics. This situational 
dependency is graphically shown in Figure 16.5. It indicates that intrinsic 
motivation of professional people in most situations, but especially in engi-
neering and technology environments, increases with the manager’s empha-
sis on work challenge, his/her expertise, and ability to provide professional 
growth opportunities. On the other hand, emphasis on penalties and author-
ity, and inability to manage conflict lowers personnel motivation. Managers’ 
positional power is further determined by such variables as formal position 
within the organization, the scope and nature of work, earned authority, and 
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ability to influence promotion and future work assignments. Managers who 
have strong positional power and can foster a climate of high motivation not 
only obtain greater support from their personnel, but also achieve high over-
all performance ratings from their superiors.

16.5  cRItERIA AnD REcoMMEnDAtIons FoR 
WoRkInG EFFEctIvEly WIth PEoPlE on 
PRoJEcts

Focusing on the people-side of project management, this section summarizes 
the criteria for managing effectively in technology-based project environ-
ments. These suggestions integrate many of the broader project management 
issues of planning, organizing and dealing with risks and commitment, intro-
duced in previous chapters. They are valid for any project situation. However, 
these suggestions have a stronger impact on project success or failure in 
technology-intensive situations which are often more complex, nonlinear and 
uncertain, with solution relying on innovation, risk-taking, collaboration, 
self-direction and other intrinsic motivators, requiring more sophisticated 
leadership and a strong focus on the human side of management.

The 12 criteria for working effectively with people are as follows:

1. Clear task assignment. At the outset of any new assignment, man-
agers and project leaders should discuss with their staff/team members the 
overall task, its scope, timing, resources, deliverables, and objectives.

2. Early project/mission involvement and ownership. A thorough 
understanding of the task requirements usually comes with intense personal 
involvement, which can be stimulated through participation in project plan-
ning, requirements analysis, interface definition, or a producability study. 
Involvement of the people during the early phases of the assignment, such as bid 
proposals and project planning, can produce great benefits toward plan accep-
tance, realism, buy-in, personnel matching, and unification of the task team.

3. Priority image. Management should clearly articulate the importance 
of the assignment and its impact on the company and its mission. Senior man-
agement can help develop such a priority image by their involvement and by 
effectively communicating key mission parameters. The relationship and con-
tribution of individual work to overall business plans, as well as of individual 
project objectives and their importance to the organizational mission, must be 
clear to all personnel.

4. Team image. Building a favorable image for an ongoing project and 
its team, in terms of high priority, interesting work, importance to the orga-
nization, high visibility, and potential for professional rewards, is crucial for 
attracting and holding high-quality people. Senior management can help 
develop a “priority image” and communicate clear, top-down objectives, build-
ing an image of high visibility, importance, priority, and interesting work.

5. Effective project planning and team structure. Formal planning, 
using proven tools and techniques, early in the life cycle of a project is critical 
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to any project success. These plans and their methods don’t have to be far 
out, but should be effective in defining the basic team structure and cross-
functional linkages for effective project execution. This requires the partici-
pation of the entire multidisciplinary team, including support departments, 
subcontractors, and management.

6. Work challenge, professionally stimulating work. Whenever pos-
sible, managers should try to accommodate the professional interests and 
desires of their personnel. Interesting and challenging work is a perception 
that can be enhanced by the visibility of the work, management attention 
and support, priority image, and the overlap of personnel values and per-
ceived benefits with organizational objectives. Making work more interesting 
leads to increased involvement, better communication, lower conflict, higher 
commitment, stronger work effort, and higher levels of creativity.

7. Senior management support and commitment. It is critically 
important that senior management provide the proper environment for a 
technology team to function effectively. Early in the project life cycle the proj-
ect manager should negotiate the needed resources with the sponsor organi-
zation and obtain commitment from management that these resources will 
be available. An effective working relationship among resource managers, 
project leaders, and senior management critically affects the credibility, vis-
ibility, and priority image perceived by the project team.

8. Clear communication. Poor communication is a major barrier to 
teamwork and effective performance. In addition to technology tools, such as 
voice mail, e-mail, electronic bulletin boards, and conferencing, management 
can facilitate the free flow of information, both horizontally and vertically, 
by workspace design, regular meetings, reviews and information sessions. 
Further, well-defined interfaces, task responsibilities, reporting relations, 
communication channels and work transfer protocols can greatly enhance 
communications within the work team and its interfaces, especially in com-
plex organizational settings.

9. Leadership positions. Leadership positions should be carefully 
defined and staffed for all projects and support functions. Especially critical 
is the credibility of project leaders among team members, with senior man-
agement and with the program sponsor, for the leader’s ability to manage 
multidisciplinary activities effectively across functional lines.

10. Reward system. Personnel evaluation and reward systems should be 
designed to reflect the desired behavior and focus of the people on the team. 
Rewards should encompass the whole spectrum of intrinsic and extrinsic 
motivators, and reward both individual and team performance.

11. Problem resolution. Project managers should focus their efforts on 
problem identification and early problem solving. That is, managers and team 
leaders, through experience, should recognize potential problems and con-
flicts at their onset, and deal with them before they become big and their 
resolutions consume a large amount of time and effort.

12. Personal drive and leadership. Managers can influence the work 
environment by their own actions. Concern for the team members, the ability 
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to integrate personal needs of their staff with the goals of the organization, 
and the ability to create personal enthusiasm for a particular project, can 
foster a climate of high motivation, work involvement, open communication, 
and ultimately high team performance.

16.6  concluDInG REMARks

Managerial leadership has significant impact on the work environment, 
affecting project personnel and performance. Factors that satisfy personal and 
professional needs—such as professional interest, pride and satisfaction with 
the work, professional work challenge, accomplishments and  recognition—
seem to have the most favorable impact on individual and team performance, 
reducing communication barriers, while enhancing collaboration and the 
desire to succeed. Other important influences include effective communica-
tions among team members and support units across organizational lines, 
good team spirit, mutual trust and respect, low interpersonal conflict, plus 
opportunities for career development and job security. These conditions serve 
as a bridging mechanism between personal and organizational goals, helpful 
in building a unified project team capable of producing integrated results in 
support of the organization’s mission.

Taking a bird’s-eye look at the people side of project management, the fol-
lowing three recommendations seem to stand out as particularly important 
to effective role performance:

16.6.1  understand Motivational needs

Project managers need to understand the interaction of organizational and 
behavioral elements in order to build an environment conducive to their per-
sonnel’s motivational needs. Two conditions seem to be especially critical to 
high performance: professional interest and work support. However, identi-
fying and satisfying these needs across a complex diversified workgroup is 
challenging and requires special techniques and skills. Conventional tools, 
such as focus groups, action teams, suggestion systems, open-door policies 
and management-by-wandering-around, complemented with computer-aided 
tools, such as PeopleSoft and on-line surveys, can provide a useful framework 
for identifying and profiling the needs of various segments of the project team.

16.6.2  Accommodate Professional Interests, Build Enthusiasm 
and Excitement

Project managers should try to accommodate the professional interests and 
desires of their personnel when negotiating tasks and during the execution. 
This leads to employee ownership and commitment, resulting in increased 
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involvement, better communication, lower conflict, stronger work effort, and 
higher levels of creativity. Equally important, factors that satisfy professional 
interests and needs, strongly effect team unification and overall project per-
formance. Although the scope of the work group may be fixed, the manager 
has the flexibility of allocating task assignments among various members. 
Well-established practices, such as front-end involvement of team members 
during the project planning or proposal phase and one-on-one discussions are 
effective tools for matching team member interests and project needs.

16.6.3  Adapt leadership to the situation

Because their environment is temporary and often untested, project manag-
ers should seek a leadership style that allows them to adapt to the dynamics 
of their organizations, support departments, customers, and senior manage-
ment. They must learn to “test” the expectations of others by observation and 
experimentation. Leading a technology team can rarely be done “top-down,” 
but requires a great deal of interactive team management skills and senior 
management support. Although difficult, managers must be able to alter their 
leadership style as demanded by the specific work situation and its people.

Effective project managers are social architects who understand the inter-
action of organizational and behavioral variables and who can foster a climate 
of active participation, accountability and result-orientation throughout the 
enterprise and its partners. This requires a keen, in-depth understanding of 
the organizational dynamics and its cultures, plus sophisticated technology 
management and leadership skills. It further requires the ability to engage 
top management, ensuring organizational visibility, resource availability, 
and overall support for the engineering work across the enterprise.

16.7  suMMARy oF kEy PoInts AnD conclusIons

The following key points were made in this chapter:

•	 People are our most valuable asset. They are the heart and soul of the 
company’s core competency.

•	 Skill sets related to the technical work and administrative part of the 
project are threshold competencies—critically important, but unlikely 
to guaranty by themselves success. They must be carefully integrated 
with the business process, its culture, and its value system.

•	 Technology managers must not only be technically qualified but also 
be respected, skilled in dealing with people, and comfortable with the 
latest business practices and administrative techniques.

•	 The six most influential organizational subsystems affecting project 
performance are: (1) people, (2) work, (3) business process, (4) organi-
zational culture, (5) leadership, and (6) external business environment.
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•	 Leaders who succeed within technology organizations must move 
across various organizational lines to gain services from personnel not 
reporting directly to them.

•	 Technical people are a special breed, who do not always follow the con-
ventional motivation and leadership models.

•	 Sixteen professional needs are critical to technology-based perfor-
mance: (1) interesting and challenging work, (2) a professionally stimu-
lating work environment, (3) professional growth, (4) overall leadership, 
(5)  tangible rewards, (6) technical expertise, (7) assisting in problem 
solving, (8) clearly defined objectives, (9) management control, (10) job 
security, (11) senior management support, (12) good interpersonal rela-
tions, (13) proper planning, (14) clear role definition, (15) open commu-
nications, and (16) minimum changes.

•	 These needs must be satisfied continuously before the people can reach 
and sustain high levels of performance.

•	 Motivation is an inner drive that transforms activities into desired 
results.

•	 “What you expect from yourself or others is most likely to happen,” is 
the essence of the self-fulfilling prophecy, also known as the Pygmalion 
effect.

•	 Many of the true motivators or satisfiers are called “intrinsic motiva-
tors.” They are derived from the work content, while the “hygiene fac-
tors” are related to the work context and work environment. Intrinsically 
motivated people are less concerned about hygiene factors.

•	 The inducement-induction model of motivation is similar to Vroom’s 
model, which suggests that motivation is based on three conditions: 
Individuals must perceive/expect that (1) their effort will actually lead 
to the goal, (2) the goal will actually produce results, and (3) these 
results are desirable.

•	 Motivational strength is a function of the probability and desire to 
achieve the goal.

•	 Early leadership concepts focused on personality traits, while contem-
porary models emphasize the situational nature of leadership, includ-
ing task, organization, environment, business process, and people 
relations.

•	 French and Raven’s typology is still the most commonly recognized con-
cept and prime reference to managerial influence. It includes five bases 
of interpersonal power: authority, reward, punishment, expertise, and 
referent power. However, the context and interpretation of the model has 
changed considerably to be relevant in today’s business environment.

•	 Salary is a very important power base, which must be used judiciously, 
but it must also be in line with the employee’s output, efforts, and sal-
ary expectations.

•	 Extensive use of authority, salary, and coercion as an influence method 
has negative effects, resulting not only in a lower level of performance but 
also in less communication and involvement among project personnel.
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•	 Managerial leadership has significant impact on the work environ-
ment, affecting project personnel and performance.

•	 Factors that satisfy personal and professional needs—such as profes-
sional interest, pride and satisfaction with the work, professional work 
challenge, accomplishments, and recognition—seem to have the most 
favorable impact on individual and team performance, reducing commu-
nication barriers while enhancing collaboration and the desire to succeed.

16.8  QuEstIons FoR DIscussIon

 1. How can motivational models, such as the Inducement-Induction Model 
or the Pygmalion effect help in guiding project managers toward effec-
tive leadership of technology professionals?

 2. Define a management development program for a young team leader in 
preparation for more advanced management assignments.

 3. What leadership skills are learnable in the classroom, and which ones 
can only be gained experientially?

 4. How do you explain the fact that the same manager is being perceived as 
“autocratic” by some people and “democratic or team-oriented” by others 
within the same work team?

 5. Discuss the role of salary and financial awards for motivating project 
personnel.

 6. How can managers and team leaders “earn” their authority, especially 
when crossing functional lines and dealing with organizations over 
which they have no formal authority?

 7. Discuss the role of trust, respect, and credibility for effective leadership 
in technology-driven enterprises (relate also to the previous question).

 8. What is the role of technical (job-specific) expertise for managerial effec-
tiveness in technology-driven enterprises? Is there a danger for a man-
ager to have “too much” technical expertise?

 9. You have been assigned to lead a product enhancement project. This is 
a priority project, critically important to your company. The product still 
produces 30 percent of the company’s revenue, but is losing profitability 
and market share. Your project team is not very excited about the proj-
ect, perceiving it as “routine work” with little state-of-the-art technology 
and opportunities for skill enhancement or career advancement. What 
approach would you take to create an ambience of excitement and profes-
sional interest in the project among your team personnel?

16.9  PMBOK® REFEREncEs AnD connEctIons

The topic of managing people and interfaces focuses most strongly on the 
three PMBOK® Knowledge Areas of project human resource management 
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(#6), project communications management (#7), and project stakeholder 
management (#10). The topic cuts across all five PMBOK® processing groups 
with the strongest connection to planning, executing, and monitoring/con-
trolling. Much of this chapter focuses on the context of project executing 
and monitoring/controlling, discussing the need for working effectively with 
people and for building a collaborative project environment. The managerial 
perspectives presented in this chapter should be helpful in connecting the 
PMBOK standards to best practices of project management, and in studying 
effectively for PMP® certification. In preparing for the PMP® Exam, the fol-
lowing PMBOK sections relate especially to this chapter and should be stud-
ied: (1)  project interfaces, (2) staffing requirements, (3) staff assignments, 
(4) human resource practices and (5) project communications management.

IntERnEt lInks AnD REsouRcEs

NASA. “Leadership and Management Development.” http://leadership.nasa.gov/
Model/Manager.htm

Project Management Institute. “Welcom to Leadership in PM Community of Practice.” 
http://leadershipinpm.vc.pmi.org/Public/Home.aspx

TED (Technology, Entertainment, Design. www.ted.com/; many interesting motiva-
tional and leadership speeches, such as Simon Sinek, “How Great Leaders Inspire 
and Lead.” www.ted.com/talks/simon_sinek_how_great_leaders_inspire_action.html

REFEREncEs AnD ADDItIonAl READInGs

Anconda D., and H. Bresman. 2007. X-teams: How to Build Teams That Lead, Innovate 
and Succeed. Boston: HBS Publishing.

Anconda D., T. Malone, W. Orlikowski, and P. Senge. 2007. “In Praise of the Incomplete 
Leader.” Research Technology Management 19(3): 92–100.

Armstrong, D. 2000. “Building Teams Across Borders.” Executive Excellence 17(3): 
10–11.

Arranz N,, and J. de Arroyabe. 2008. “Joint R&D Projects as Complex Systems.” IEEE 
Transactions on Engineering Management 55(4): 552–566.

Barkema H., J. Baum, and E. Mannix. 2002. “Management Challenges in a New 
Time.” Academy of Management Journal 45(5): 916–930.

Barner, R. 1997. “The New Millennium Workplace.” Engineering Management Review 
(IEEE) 25(3): 114–119.

Bhatnager, A. 1999. “Great Teams.” The Academy of Management Executive 13(3): 
50–63.

Biggs, M. 2011. “Self-Fulfilling Prophesies.” In P. Hedström and P. Bearman (ed.), The 
Oxford Handbook of Analytical Sociology. Oxford, U.K.: Oxford University Press, 
Chapter 13.

Cleland, D., and L. Ireland. 2007. Project Management: Strategic Design and 
Implementation. New York: McGraw-Hill.

Cohen, D. 2009. “Interview with Alexander Laufer.” Academy of Sharing Knowledge 
35 (Summer): 23–28.

c16.indd   387 24-02-2014   12:23:30

http://leadership.nasa.gov/Model/Manager.htm
http://leadership.nasa.gov/Model/Manager.htm
http://leadershipinpm.vc.pmi.org/Public/Home.aspx
http://www.ted.com/
http://www.ted.com/talks/simon_sinek_how_great_leaders_inspire_action.html


388 MAnAGInG PEoPlE AnD IntERFAcEs

Dayan M., S. Elbanna, and A. Di Benedetto. 2012. “Antecedents and Consequences 
of Political Behavior in New Product Development Teams.” IEEE Transactions on 
Engineering Management 59(3).

Debruyne, M., R. Moenaert, A. Griffin, and S. Hart. 2002. The Journal of Product 
Innovation Management 19(2): 159–169.

Dillon, P. 2001. “A Global Challenge.” Forbes, September 10.
Drucker, P. 2006. Innovation and Entrepreneurship. New York: Harper Collins.
Fortune 2012. “Fortune 500 Companies.” Fortune, May 21.
French, J. R., Jr., and B. Raven. 1959. “The Basis of Social Power.” In D. Cartwright 

(ed.), Studies in Social Power. Ann Arbor, MI: Research Center for Group Dynamics, 
pp. 150–165.

GE. 2013. GE 2012 Annual Report. Fairfield, CT: General Electric Company.
Gibbert, M., and M. Hoegl. 2011. “In Praise of Dissimilarity.” Sloan Management 

Review 52(4): 20–22.
Gray, C., and E. Larson. 2000. Project Management. New York: Irwin McGraw-Hill, 

2000.
Grossman, R. 2009. “Managing the People Who Manage the Projects.” HR Magazine 

54(8): 8+.
Hackman, J. 2002. Leading Teams: Setting the Stage for Great Performance—The 5 

Keys to Successful Teams. Boston: Harvard Business School Press.
———. 2006. “The Five Dysfunctions of a Team: A Leadership Fable.” Academy of 

Management Perspectives 20(1): 122–125.
Hilton, M. 2008. “Skills for Work in the 21st Century.” Academy of Management 

Perspectives 2(4): 63–78.
Hoegl, M., and K. P. Parboteeah. 2006. “Team Goal Commitment in Innovative 

Projects.” International Journal of Innovation Management 10(3): 299–324.
———. 2007. “Creativity in Innovative Projects: How Teamwork Matters.” Journal of 

Engineering and Technology Management 24: 148–166.
Isaac, R., W. Zerbe, W. and D. Pitt. 2001. “Leadership and Motivation: The Effective 

Application of Expectancy Theory.” Journal of Managerial Issues 13(2): 212–226.
Jassawalla, A. R., and C. Sashittal, Hemant. 1999. “Building Collaborate Cross-

Functional New Product Teams.” The Academy of Management Executive 13(3): 
50–63.

Keller, R. 2001. Cross-Functional Project Groups in Research and NPD. Academy of 
Management Journal 44(3): 547–556.

Kruglianskas, I., and H. Thamhain. 2000. “Managing Technology-Based Projects in 
Multinational Environments.” IEEE Transactions on Engineering Management 
47(1): 55–64.

Manning, S., S. Massini, and A. Lewin. 2008. “A Dynamic Perspective on Next-
Generation Offshoring: The Global Sourcing of Science and Engineering Talents.” 
Academy of Management Perspectives 22(3): 35–54.

McGregor, D. 1960. The Human Side of Enterprise. New York, McGrawHill.
Nellore, R., and R. Balachandra. 2001. “Factors Influencing Success in Integrated 

Product Development (IPD) Projects.” IEEE Transactions on Engineering 
Management 48(2): 164–173.

Newell, F., and M. Rogers. 2002. loyalty.com: Relationship Management in the Era of 
Internet Marketing. New York: McGraw Hill.

Nurick, A., and H. Thamhain. 2006. “Team Leadership in Global Project Environments.” 
In D. Cleland (ed.), Global Project Management Handbook. New York: McGraw 
Hill, Chapter 38.

c16.indd   388 24-02-2014   12:23:30

http://loyalty.com


 16.9 PMBOK® References and connections 389

Parker, D., and M. Craig. 2008. Managing Projects, Managing People. South Yara, 
Victoria, Australia: Palgrave Macmillan.

Patanakul P., and A. Shenhar. 2012. “What Is Really Project Strategy: The Fundamental 
Building Block in Strategic Project Management.” Project Management Journal 
43(1): 4–20.

Peters, S. 2012. “How GE Is Attracting, Developing, and Retaining Global Talent.” 
Harvard Business Review Blog Network. (February 8).

Project Management Institute. 2013. A Guide to the Project Management Body of 
Knowledge (PMBOK® Guide. Newtown Square, PA: Project Management Institute.

Polzer J., C. Crisp, S. Jarvenpaa and J. Kim. 2006. “Extending the Fault Line Model 
to Geographically Dispersed Teams.” Academy of Management Journal 49(4): 
679–692.

Sawhney, M. 2002. “Don’t Just Relate—Collaborate.” MIT Sloan Management Review 
43(3): 96–107.

Sawhney, M., and E. Prandelli. 2000. “Communities of Creation: Managing Distributed 
Innovation in Turbulent Markets.” California Management Review 42(4): 45–69.

Schmid B., and J. Adams. 2008. “Motivation in Project Management: A Project 
Manager’s Perspective.” Project Management Journal 39(2): 60–71.

Senge, P., and G. Carstedt. 2001. “Innovating Our Way to the Next Industrial 
Revolution.” Sloan Management Review 42(2): 24–38.

Senge, Peter M. 1990. The Fifth Discipline: The Art and Practice of the Learning 
Organization. New York: Doubleday/Currency.

Shenhar, A. 2004. “Strategic Project Leadership: Toward a Strategic Approach to 
Project Management.” R&D Management 34 (November): 569–578.

———. 2011. “What Great Projects Have in Common.” MIT Sloan Management 
Review, 52(3): 19–21.

Shim, D., and M. Lee. 2001. “Upward Influence Styles of R&D Project Leaders.” IEEE 
Transactions on Engineering Management 48(4): 394–413.

Sidle, S. 2009. “Building a Committed Workforce: Does What Employers Want Depend 
on Culture?” Academy of Management Perspectives 23(1): 79–80.

Solomond, J. 1996. “International High Technology Cooperation: Lessons Learned.” 
IEEE Transactions on Engineering Management 43(1): 69–78.

Stum, D. 2001. “Maslow Revisited: Building the Employee Commitment Pyramid.” 
Strategy and Leadership 29(4): 4–9.

Thamhain, H. 2002. “Criteria for Effective Leadership in Technology-Oriented Project 
Teams.” In Slevin, Cleland, and Pinto (eds.), The Frontiers of Project Management 
Research. Newton Square, PA: Project Management Institute, pp. 259–270.

———. 2003. Managing Innovative R&D Teams. R&D Management, 33(3): 297–312.
———. 2004. “Leading Technology Teams.” Project Management Journal 35(4):  

35–47.
———. 2009. “Managing Globally Dispersed R&D Teams.” International Journal of 

Information Technology and Management (IJITM) 8(1): 107–126.
———. 2011. “Critical Success Factors for Managing Technology-Intensive Teams the 

Global Enterprise.” Engineering Management Journal 23(3): 30–36.
———. 2013. “The Role of Commitment for Managing Complex Multinational Projects.” 

International Journal of Innovation and Technology Management 12(3): 22–32.
Thamhain, H., and D. Wilemon. 1999. “Building Effective Teams for Complex Project 

Environments.” Technology Management 5(2): 203–212.
Tichy, N. M., and D. O. Ulrich. 1984. “The Leadership Challenge—A Call for the 

Transformational Leader.” Sloan Management Review 26: 59–68.

c16.indd   389 24-02-2014   12:23:30



390 MAnAGInG PEoPlE AnD IntERFAcEs

Tomkovich, C., and C. Miller. 2000. “Riding the Wind: Managing New Product 
Development in the Age of Change.” Product Innovation Management 17(6): 
413–423.

Valikangas, L., M. Hoegl, and M. Gibbert. 2009. “Why Learning from Failure Isn’t Easy 
(and What to Do about It): Innovation Trauma at Sun Microsystems.” European 
Management Journal 27(4): 225–233.

Wade H.S., ed. 2009. Special Issue on “Leading Small Groups.” IEEE Engineering 
Management Review 36(1): 3–183.

c16.indd   390 24-02-2014   12:23:30



391

Chapter 17

Managing Conflict in Project Organizations

Sun Tzu—The AnCienT ArT Of LeAderShiP: 
MAking COnfLiCT unneCeSSAry

There is an interesting story, documented 
well over two thousand years ago by the 
mysterious Chinese warrior-philosopher 
Sun Tzu in his writings on The Art of War, 
that is worth remembering. According to 
the legend, an emperor in ancient China 
asked his physician to compare the skills of 
his medicine-trained brothers to determine 
who was most skilled in the art of healing. 
The physician, whose reputation was semi-
nal and synonymous with medical science 
in China, replied, “My younger brother sees 
the spirit of sickness and removes it before 
it takes shape, so his name does not get out 
of the house. My older brother cures sick-
nesses when they are still extremely min-
ute, so his name does not get out of the 
neighborhood. As for me, i puncture veins, 
prescribe potions, and massage skin, so my 

name gets out and is heard among the lords.” After pondering the facts, the master 
physician concluded that his youngest brother, who can deal with the onset of ill-
nesses before they impact, is the most skillful healer.

As in the story of the most effective healer, the most effective manager has the 
knowledge and skills to deploy strategies that make conflict altogether unneces-
sary. As announced by Sun Tzu: To overcome others’ armies without fighting is 
the best of skills. As a study on organizational conflict, The Art of War applies to 
business competition and conflict on every level from interpersonal to multinational 
enterprises. its focus is on victory without battle, and strategic leverage through 

Source: Sun Tzu 1988.
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understanding of the causes, psychology and politics of conflict. While the healing 
arts and the world of business or project management may be a miles apart in their 
issues and challenges, they share in common that “less is more” when it comes to 
needed interventions and in dealing with disharmony. further, proper diagnostics 
and knowledge of the problem are critical to the solution.

As for the master warrior in The Art of War who knows the psychology and 
mechanics of conflict in great detail, and can interpret every move of an opponent, 
able to act precisely accord to the situations with a minimum of effort, so can the 
skillful manager in dealing with actual or potential conflict situation before they 
develop into major issues.

17.1  COnfLiCT—gOOd, BAd, And ineviTABLe

With the complex organizational interactions necessary for executing today’s 
projects, conflict is inevitable and often impacts performance. However, 
contrary to conventional wisdom, conflict can also be beneficial, producing 
involvement, new information, and competitive spirit. Conflict cannot be 
characterized as good or bad. It is determined by the interplay of the project 
organization and its support functions, rather than caused by trouble makers 
and uncooperative people, which was the prevailing traditional view until the 
1960s. Complex organizational relationships, nonlinear work processes, dual 
accountability, managerial power sharing, multiple constraints, and intricate 
stakeholder communities are factors that contribute to a work environment 
where conflict is inevitable.

While there is no single universally accepted definition of conflict, 
Wikipedia (2013) suggests a good working definition relevant to modern proj-
ect situations:

Conflict refers to some form of friction, disagreement, or discord arising 
within a group when the beliefs or actions of one of more members of the 
group are either resisted by or unacceptable to one or more members of 
another group. Conflict can arise between members of the same group, 
known as intragroup conflict, or it can occur between members of two or 
more groups, and involve violence, interpersonal discord, and psychological 
tension, known as intergroup conflict.

This definition is also consistent with broader concept of conflict in orga-
nizations (Blake et al. 1964, Butler 1973, Kilman and Thomas 1978, Rahim 
2010, Van de Vliert et al. 1990, von Glinow et al. 2004), which in turn is a 
subset of the general body of knowledge on conflict, grounded in the social sci-
ences. This more general theory focuses on the social dimensions of conflict, 
including political and material inequalities of social groups, emphasizing 
power differentials and class conflict; the roots of the theory date back to Karl 
Marx (Marx [1867] 2010), the father of social conflict theory.
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Conflict in project situations is special. While connecting with the same 
macro theory, it has unique characteristics and follows a particular process:

In the first stage, routine group work is disrupted by disagreements over 
issues, such as schedules, resources or technical specifications. These dis-
agreements are often caused by differences of opinion between members or 
changes introduced by a third party from the outside of the team. At this 
stage conflict is subtle and often not fully realized by the group. This situa-
tion is being called “initial conflict.”

In the second stage, conflict escalates. The team or work group is no longer 
unified but might split into interest groups and form coalitions. At this point 
the group realizes that disagreement or conflict exists.

In the third stage, the cause of conflict is being examined and diagnosed. 
This can be done by the work group or a lead person or a combination of both. 
This stage has a strong focus toward conflict resolution.

The fourth stage deals with searches for conflict resolution which could range 
from withdrawal to forcing or finding compromises. This stage could engage 
the work group, a lead person, or both.

The fifth stage deals with implementation, hence actually resolving the con-
flict and returning the group to its initial state of routine unified teamwork.

Understanding the determinants of organizational or personal stress and 
disagreements is important to the project manager’s ability to deal with con-
flict effectively. When conflict becomes dysfunctional, it often results in poor 
decision making, lengthy delays over operational issues, and a disruption of 
the team efforts, all negative influences on project performance. However, a 
new view on conflict emerged from field research in the 1970s (Thamhain 
and  Wilemon 1975, 1977), recognizing that conflict can be both detrimen-
tal  and beneficial to an organization, a finding that has been widely con-
firmed in the research literature and is generally accepted today by both 
management researchers and practitioners (Holahan and Mooney 2004; 
Khan, Afzal, and Rehman 2009). Field studies also show that conflict is a 
normal byproduct of innovation and creativity, and should be expected espe-
cially in technology-intensive organizations.

The ability to deal effectively with this inevitable conflict is critical to proj-
ect performance. Seasoned project managers seem to have a “sixth sense” to 
know when conflict is desirable, what kind of conflict will be useful, and when 
and how to resolve developing issues.

17.2  CATegOrizing COnfLiCT in OrgAnizATiOnS

To study conflict in project organizations, and to deal with conflict effec-
tively, it is useful to define a common language for describing specific conflict 
situations. Following the suggestions of the research literature (Hearn and 
Anderson 2002; Jehn 1995, 1997; Pinkley 1990), conflict in work groups can 
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be characterized along three major dimensions: (1) content, (2) relationship, 
and (3) organization.

1. Content-based conflict. Also called substantive conflict, this type 
of conflict involves disagreement among team members or groups over the 
content of project work, such as tasks, performance issues, or work process. 
Conflict occurs when people disagree on project-related issues, including 
differences in viewpoints, ideas, and opinions. A special category of content-
based conflict is process-based conflict, which deals with issues of how tasks 
should be completed and integrated as part of the overall project (Hearn and 
Anderson 2002).

2. Relationship-based conflict. Also called affective or interpersonal 
conflict, this type of conflict deals with interpersonal relationships or incom-
patibilities in personal interests, objectives, values, culture, attitude, and 
believes (Barki and Hartwick 2001). Disagreement is the key cognitive com-
ponent of this interpersonal conflict. It most strongly affects communication 
effectiveness. It can develop between individuals or organizational groups. 
Affective conflict is virtually always counterproductive and has the tendency 
to spread further. It is often difficult to diagnose and is one of the most dif-
ficult types of conflict to resolve (Behfar et al. 2008, Amason 1996, Guetzkow 
and Gyr 1954, Jehn 1995; Jehn and Mannix 2001, Pinkley 1990, Priem and 
Price 1991).

3. Organization-based conflict. This type of conflict can be either con-
tent- or relationship-based. It occurs between two or more organizational 
groups. In terms of organizational footprint and scope of conflict, we can dis-
tinguish among three subcategories: (1) interorganizational (or Intergroup), 
conflict between organizations, including contractors, government and part-
ner organizations; (2) intraorganizational (or Intragroup), conflict within 
an organization, such as a department or work group; and (3) individual (or 
interpersonal) conflict. This type of conflict exists on the smallest organi-
zational footprint. It occurs between two or more individuals. If these indi-
viduals are part of the same work group, the conflict represents a special 
type of intragroup conflict otherwise it is a special type of intergroup conflict 
(Rahim 2002).

All conflict, regardless of its classification, is negatively related to team 
member satisfaction (De Dreu and Weingart 2003). However, with regard to 
team and project performance, field research presents a less unified picture. 
It shows that most relationship-based conflicts (over 90 percent) are nega-
tively correlated to project performance, while content-based conflict pro-
duced weaker negative results, and in 20 percent of the field studies showed 
statistically significant positive correlation between substantive conflict and 
project performance. This is consistent with my own field research (Thamhain 
2004, 2008, 2013). It also confirms the statement made at the beginning of 
this chapter that conflict can be beneficial, producing involvement, new infor-
mation, and competitive spirit.
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17.3  hOW TO AnTiCiPATe iSSueS

Project managers frequently admit that they are unprepared to deal with 
conflict. Yet understanding conflict and its determinants is critically impor-
tant for effectively dealing with the multitude of work and personality issues 
that come into play during the execution of today’s complex projects.

Several studies have investigated the sources of conflict. Conflict can origi-
nate in many areas, and there are many ways to cluster the issues that cause 
conflict. Yet, one of my earlier studies (1975), conducted together with David 
Wilemon, has become a model for investigating conflict (Gobeli et al. 1998, 
Lam and Chin 2004, Verma 1998) by focusing on seven key sources of con-
flict in project organizations, which are described as follows. The listing is 
rank-ordered by the frequency with which these conflicts are likely to occur 
over the project life cycle (Thamhain 2003), and is graphically summarized 
in Figure 17.1. While these conflict sources can be further expanded and the 
frequency may vary among given project situation, the seven conflict sources 
provide a reasonable framework for anticipating potential conflict in specific 
areas, and for dealing with the issues effectively.

 1. Conflict over schedules. Disagreements may develop around the 
timing, sequencing, and scheduling of project-related tasks.

 2. Conflict over cost. Frequently, conflict may develop between support 
areas and project integrators over cost estimates. Another common 
source of conflict is cost escalation over the project life cycle due to a 
variety of issues that have their root cause in other areas, such as shift-
ing priorities, technical difficulties, and scope changes.

Schedules
30%

Cost
21%

Priorities
18%

Staffing &
Resources

13%

Technical
11%

Admin
5%

Personal
2%

Figure 17.1 Sources of conflict perceived by project managers
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 3. Conflict over project priorities. The views of project participants 
often differ over the sequence of activities and tasks that should be 
undertaken to achieve successful project completion. Conflict over pri-
orities may occur not only between the project team and other support 
groups but also within the project team itself.

 4. Conflict over staffing and resources. Conflicts may arise over the 
staffing of the project team with personnel from other functional and 
support areas or from the desire to use another department’s person-
nel for project support, even though the personnel remain under the 
authority of their functional superiors.

 5. Conflict over technical issues. Especially in technology-based orga-
nizations, disagreements may arise over technical issues related to 
performance-cost tradeoffs, specifications, quality, reliability, and broad 
issues of optimizing results.

 6. Conflict over administrative procedures. Managerial and admin-
istration-oriented conflicts may develop over how the project will be 
managed, including defining project managers’ reporting relationships 
and responsibilities, interfaces, project scope, operational requirements, 
plan of execution, negotiated work agreements with other groups, and 
procedures for administrative support.

 7. Personality conflict. Disagreements may originate from differences 
in personality, culture, or attitude. Personality conflicts are often very 
subtle, not always visible to the outsider. While the frequency of these 
type of conflict is relatively low, the impact on team performance and 
overall project success can be significant.

17.3.1  Conflict Among Organizational units

Several observations can be made regarding the intensity and causes of con-
flict among various organizational subsystems of the enterprise. In looking 
at five organizational groups or subsystems, we can rank these subsystems 
regarding conflict intensity with the project organization as follows (highest 
conflict level is listed first):

 1. Conflict between functional resource departments and project manager
 2. Conflict between assigned personnel and project manager
 3. Conflict among project team members
 4. Conflict between executive-level management and project manager
 5. Conflict between subordinate personnel (direct reports) and project 

manager

Conflict with resource departments

Project managers experience the highest level of conflict with functional 
resource groups supporting the project. It is also the highest frequency of con-
flict. Much of this conflict can be explained in terms of power and resource 
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sharing. Project managers often do not have the authority to direct the work 
or priorities in functional support areas. Thus, conflict frequently develops 
over the timing of activities, which often affects other issues, such as related 
to integration, testing, and design-build. Conflict with functional departments 
may also originate over technical details and opinions. Many project manag-
ers argue that they have to maintain an overview of the entire project, both 
from the business and the technical side. They need to understand the spe-
cific technical solutions at the subsystem level, as well as how a particular 
approach affects other components and overall project performance. Since the 
personnel at the resource department does not have the full project overview, 
conflict can develop over what decisions are “best” for the project.

Conflict with Assigned Personnel

Conflict between the project manager and assigned personnel ranked second, 
both in intensity and frequency. Although project managers have a higher 
degree of authority and control over personnel assigned to the project than 
over autonomous support departments, assigned employees still have a fair 
amount of loyalty to their home offices. In addition, many awards, such as sal-
ary, promotion and future work assignments, are heavily influenced by their 
home office managers. As one manager stated:

My assigned personnel come from our resource departments. They often 
represent the views of their functional managers. They know, when the proj-
ect is finished, they need to go back to their home offices. Obviously, they 
want to maintain good relations with their functional managers.

This statement highlights the dual-accountabilities typical for matrix situ-
ations. It also is a source of tension and conflict that makes it more challeng-
ing to build a unified project team focused on the big picture and final results.

Conflict among Project Team Members

This type of conflict ranks third in terms of intensity and frequency. However, 
in comparison to the first two categories, conflict among team members 
focuses mostly on technical issues with minimum involvement of the project 
manager. Although conflict over technical issues can get heated and emotion-
ally charged, it seldom leads to personal issues. Yet, project managers must 
keep an eye on this type of conflict and the group interaction to ensure proper 
resolution and to avoid conflict escalation.

Conflict with executive-Level Management

Conflict between the project manager and his/her supervisors and execu-
tive management of the enterprise is relatively low and infrequent, account-
ing for only less than 5 percent of all conflicts. Two facts might explain this 
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finding. First, upper-level management seems to generally more aligned with 
the project than other organizational components. Second, the power dis-
tance between project managers and upper management limits the opportu-
nity and desire for heavy engagement over issues, making project managers 
more likely agreeable to certain requests or requirements. Although this bias 
toward withdrawing from a potential or actual conflict situation does not 
necessarily lead to the best outcome in terms of the project, it is just a reality 
of organizational life.

Conflict with Subordinate Personnel

Conflict between project managers and their direct reports (i.e., subordinates) 
ranks lowest among the five groups. It accounts for less than 3 percent of all 
conflicts reported from the field. The reasons are probably similar to those 
mentioned in the previous category—alignment of project interest and posi-
tion power. Most of the issues center on technical, schedule, or budget chal-
lenges. They seem to get resolved at low intensity levels and without creating 
much personal conflict, at least for most cases.

Taken together, conflict can originate in many areas and from many 
sources. It is interesting to note that in terms of organizational areas, 
resource departments and assigned personnel contribute about 75 percent of 
all conflicts in the areas of schedules and personnel resources. On the other 
side, personality conflict is relatively low, averaging about 5 percent across 
all organizational areas. However, it should be emphasized that averages are 
not necessarily good measures of effectiveness or impact. Small conflicts can 
intensify with devastating consequences. Also, something seen as a small 
conflict by the project manager might turn out to be a big issue to another 
party—maybe serious enough to cause the resignation of a key team mem-
ber as a big surprise to the project manager. Conflict in project organiza-
tions is highly dynamic, with complex relations among the various sources 
of conflict and their causes. Effective project managers keep a watchful eye 
on their people and activities. They know when conflict is just part of the 
problem-solving process and the team is handling the issues satisfactorily. 
Or, on the other side, they recognize when conflict intensifies to a point where 
it becomes dysfunctional and managerial intervention is required.

17.4  COnfLiCT in The PrOJeCT Life CyCLe

While it is important to examine the principal determinants of conflict from 
an aggregate perspective, additional, more specific and useful insights can be 
gained by exploring the intensity and frequency of various conflicts across the 
project life-cycle. Consistent with established definitions, the cycle is divided 
into four stages (also referred to as phases): (1) project formation, (2) project 
startup and early buildup, (3) main project stage, and (4) phase-out. The dis-
cussions in this section are based on three decades of field studies, started 
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between 1975 and 1977 (Thamhain 1991, 2004, 2006, 2011; Thamhain and 
Wilemon 1997). Figure 17.2 summarizes the intensities for the seven conflict 
categories, introduced in the previous section.

17.4.1  Conflict during Project formation

A great deal of conflict from all sources is experienced by project managers 
during project formation. The project formation phase has unique character-
istics. Unlike in other stages, the project manager must launch the project 
within the larger host organization and build his/her cross-functional team 
from newly assigned personnel and resource groups over whom he/she has 
often very limited formal authority and control. The new project often com-
petes for resources with ongoing activities and has to establish itself within 
the intricate system of priorities in the enterprise—a situation especially 
typical for matrix organizations.

Priorities and schedules seem to cause most issues. Project managers 
experience not only the highest frequency of conflict in these categories (see 
Figure 17.1), but also the highest intensity during formation and throughout 
the project life cycle (Figure 17.2). Many of the priority issues involve dis-
agreements over schedules and administrative procedures, the second and 
third highest intensity of conflict during project formation.
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For example, an urgent issue may receive a low-priority treatment from 
support groups and/or staff personnel because of a different priority structure 
in the support organization. In discussing priority conflict with project man-
agers, many indicated that this type of conflict often develops because  the 
new project competes for resources with ongoing activities. Consequently, 
the changing pattern of priorities requires reallocation of crucial resources, 
rescheduling or displacing of other activities already under way, a process 
that can be susceptible to intense disagreements and conflicts.

Further, priority issues can develop into conflict with other support depart-
ments whose established schedules and work patterns are disturbed by 
changed requirements. Priority, schedule, and administrative conflicts often 
occur with other support departments over which project managers have lim-
ited authority and control. Another important observation is on domino effects. 
Especially schedule issues often overlap with other problems, or are triggered 
by conflicts in other areas, such as technical, staffing, and resource issues, 
which are also high in intensity and frequency during the formation stage.

To eliminate or minimize these conflicts and their negative consequences, 
project managers need to plan and negotiate the support activities properly. 
This should be accomplished as early as possible in the program life cycle, and 
ideally involve the key personnel of all interfacing parties. Many of the prior-
ity and administrative conflicts center on critical management issues such 
as: How will the project organization be structured? To whom will the proj-
ect manager report? What is the authority of the project manager? Does the 
project manager have control over workforce and material resources? What 
reporting and communication channels will be used? Who establishes sched-
ules and performance specifications and review criteria? Most of these issues 
are negotiated between the project manager and the various resource groups 
needed for project support, and conflict frequently occurs during the process. 
To avoid prolonged problems over these issues, it is important to establish a 
mutually-agreed-on resource plan, together with clear procedures and proj-
ect charters that define the work process, interface protocol, and authority 
relations.

17.4.2  Project Startup and early Buildup Phase

The total amount of conflict aggregated from all seven sources seems to reach 
the highest level during project buildup. Disagreements over project sched-
ules and priorities continue as important determinants of conflict, followed 
by staffing, technical, and administrative problems. Some of these conflicts 
appear as an extension from the previous project phase. By contrast to the 
formation phase, schedule conflicts develop over the enforcement of sched-
ules and necessary schedule changes. Overall, many of the conflicts occur 
during negotiations with other resource groups.

Conflict over technical issues becomes more pronounced and intensive 
during project buildup, rising from the sixth to the fourth level and staying 
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a strong source of conflict over the remaining project life cycle (ranking 
fourth in intensity and fifth in frequency). Most of the technical conflict 
occurs among functional support groups over system/component interfaces. 
Second, between functional support groups and the system integrators, and 
third between the project management team and the “technology providers,” 
such as R&D, engineering, product development, production or field support 
groups. These technology groups are primarily responsible for delivering 
their work package according to agreed-on specs and performance standards. 
The project management team, on the other hand, is accountable for cost, 
schedules, and overall results. Typically, conflict occurs when the project 
manager is faced with a need to change some specifications or part of the 
configuration in response to important changes in the market or customer 
community, while the technology groups find it impossible to accommodate 
the change requirements without increasing budgets and/or delivery dates. 
Similar, conflict occurs when resource teams recommend alternative superior 
solutions, but get rejected due to cost or schedule restraints.

Personality conflicts start flaring up during project buildup. While person-
ality issues are among the lowest level in terms of overall frequency and 
intensity throughout the project life cycle, they are more disruptive and detri-
mental to overall project performance than conflicts over nonpersonal issues. 
Discussions with project managers indicate that in spite of appearing less 
intense and frequent than other conflicts, they are often the most difficult 
type of conflict to deal with. When they occur, they have almost always a 
strong impact on team communications, team efficiency, team morale, abil-
ity to share risk, and to deal with other conflict issues. Personality conflict is 
often a condition that masks or obscures other problems. For example, a team 
member, may stress the technical aspect of a disagreement with the project 
manager when, in fact, the real issue is a personality conflict.

17.4.3  Main Project Phase

The main project phase reveals a conflict pattern similar to that of project 
buildup with particularly high conflict over schedules and technical issues, 
followed by staffing and priorities. This makes sense because project plans 
committed to during earlier phases might turn out to be more difficult to 
implement, leading to unexpected technical issues and schedule slippages. 
Yet, meeting deadlines remains critical and conflict develops over this incom-
patibility. These issues are further complicated by interdependencies of vari-
ous support groups that can cause a whiplash effect throughout the project. 
In other words, a slippage in schedule by one group may affect other groups 
if they are in the critical path of the project.

Technical issues are often subtle and less obvious as a source of conflict. Yet, 
they can cause many of the other conflicts, especially with cost and schedules. 
Technical issues are one of the more important sources of conflict in the main 
execution phase. Many of the technical issues relate to system integration 
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challenges. Due to the complexities involved in the integration process, 
conflicts frequently develop over system interface definitions, data trans-
fer protocols, and the actual integration of various subsystems that involve 
people from different resource groups with different organizational cultures, 
technical norms, and standards. As explained by one project manager: “Just 
because a component can be designed and prototyped according to specs by 
one resource group, doesn’t always ensure that it will work in the system, or 
that all the technical anomalies are eliminated.” In extreme cases, a compo-
nent or subsystem may not even be producible. Such problems can severely 
impact the project and generate intense conflicts. Disagreements also may 
arise in the main program phase over reliability and quality control issues, 
various design problems, and testing procedures. All these problems cause 
conflicts for the project manager and impact overall project performance.

17.4.4  Project Phase-Out

The final project phase shows an interesting shift in the principal causes 
of conflict, resulting in the lowest level of overall conflict. The exception is 
schedule conflict, which is double the intensity and frequency of other conflict 
categories in this final project phase, almost as strong as for the previous 
two project phases. Project managers frequently indicate that many of the 
schedule slippages that developed in the main program phase, never get fully 
resolved as an issue. This typically leads to further schedule compression, 
cumulates, and is carried over to the end-phase of the project. Personality 
conflict becomes more pronounced during project phase-out. This can be 
explained in two ways. First, it is not uncommon for project participants to 
be tense and concerned with future assignments. Second, interpersonal rela-
tionships may be quite strained during this period due to the pressure on 
project participants to meet stringent schedules, budgets, and performance 
specifications and objectives. All of this might explain the remaining modest, 
but still substantial conflict that exists even in the final phase over staffing/
resource issues and priorities as shown in Figure 17.2.

Conflict over priorities in the phase-out stage appears to be directly related 
to the competition with other project startups. The combined pressure on 
schedules, workforce, and personality creates a climate that is highly vulner-
able to conflicts over priorities.

Technical, administrative, and cost issues rank lowest as conflict sources 
during this final phase. When a project reaches this stage, most of the tech-
nical issues are usually resolved. A similar argument holds for administra-
tive procedures. However, the fact that cost issues do not surface as a major 
conflict is somewhat surprising. Discussions with project personnel suggest 
that while cost control can be troublesome in this phase, intense conflicts 
usually do not develop because cost problems develop gradually and provide 
little ground for arguments during the final phase. There are various other 
reasons why conflict over cost is low. First, some of the project components 
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may be purchased externally on a fixed-fee basis. In such cases the contractor 
would bear the burden of the costs. Second, while cost is difficult to control at 
an established level, project budgets are often adjusted for increase in mate-
rial and workforce costs. This incremental cost growth frequently eliminates 
the “sting” from cost overruns. Moreover some projects in the high-technology 
area, such as R&D, are managed on a cost-plus basis. In some of these proj-
ects precise cost estimates cannot always be rigidly adhered to. The reader 
should be cautioned, however, that the low level of conflict is by no means 
indicative of little importance of cost performance. During discussions with 
top management, it is repeatedly emphasized that cost performance is one of 
the key evaluation measures in judging the performance of project managers.

Moreover, it is important to note that while a conflict issue may be ranked 
relatively low by its intensity, it does not necessarily mean that its signifi-
cance or impact is low. A single conflict over a technical issue can be equally 
detrimental and jeopardizing to project performance as a series of schedule 
slippages. This point should be kept in mind in any discussion of managing 
conflict in projects. Furthermore, problems may develop which appear virtu-
ally “conflict-free,” but have obscured or hidden issues, such as technological 
anomalies or problems with suppliers. While the issues were known, its full 
impact may take time to develop, and therefore the intensity of the conflict 
may be felt at a later time or phase of the project.

17.5  hOW TO deAL WiTh COnfLiCT

An important first step in dealing effectively with a conflict situation is to 
recognize the potential causes and intensities of conflicts, as discussed in the 
previous section. This establishes the basis for selecting the proper conflict 
resolution style and approach most effective for a given situation. Effective 
conflict management is not necessarily the same as conflict resolution; it is 
the process of limiting the negative consequences of conflict while increasing 
its positive aspects. The objective is to improve the work ambience and team 
performance (DeChurch and Marks 2001, Rahim 2002). Project managers 
spend much of their time dealing with conflict in the workplace, by some 
estimates more than 25 percent (Lang, 2009), and often the outcome is unsat-
isfactory. Therefore, understanding the dynamics of conflict and the options 
of handling conflict effectively is critical to project management performance. 
The next section will provide some insight into this complex topic of conflict 
management.

17.5.1  Conflict resolution Approaches

Many organizations have established formal systems for arbitrating con-
flict that cannot be resolved at the project level. However, in most cases 
project personnel attempt to resolve the conflict at the project level rather 
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than resorting to arbitration by higher management. Typically, they have 
straightforward meetings with other team members to address conflicts, 
especially those that are task-oriented. Such direct interventions can dis-
pose of many problems before they become detrimental to the overall project. 
However, when conflict involves more complex issues, such as organizational 
or personal issues, people might not feel capable or comfortable resolving the 
conflict in a direct, straightforward way, but resort to more subtle, intricate 
approaches, involving a variety of styles and methods that range from auto-
cratic to team-based, and from negotiating resolutions to just walking away.

Many approaches to conflict resolution have been proposed, going back to 
biblical times and ancient Chinese dynasties (Gagliardi 2003). In the 1920s, 
one of the pioneers of organizational behavior and early researchers on this 
subject, Mary Parker Follett (Metcalf and Urwick 2003), found that conflict 
was managed by individuals in three main ways: domination, compromise, 
and integration, and to a lesser degree by avoidance and suppression. Later, 
Blake and Mouton (1964) were among the first to suggest a conceptual 
framework, classifying five modes for handling interpersonal conflicts: forc-
ing, withdrawing, smoothing, compromising, and problem solving. Although 
many researchers built on this framework and suggested refinements and 
alternatives, Blake and Mouton’s scheme became the theoretical framework 
for most conflict management research and discussions, especially in the 
field of project management. The five modes or methods of conflict handling, 
defined by Blake and Mouton, are listed here in increasing order of mental 
involvement. They are further described in Table 17.1.

 1. Withdrawing. Retreating or withdrawing from actual or potential 
disagreements

 2. Smoothing (also known as accommodating). Deemphasizing dif-
ferences and emphasizing commonalities over conflict issues

 3. Compromising. Searching for solutions which bring some degree of 
satisfaction

 4. Forcing (also known as competing). Exerting one’s viewpoint at 
the potential expense of another

 5. Problem solving or collaborating (originally called confronting). 
Facing the conflict directly, actively searching for resolution.

17.5.2  What Conflict resolution Works Best?

Project managers are quick to point out the highly situational nature of each 
conflict resolution mode. That is, the effectiveness of a particular resolution 
mode depends not only on the type of conflict, but also on the organizational 
culture, team composition, business climate, special circumstances, and most 
importantly the leadership style of the project manager, including his or her 
credibility, trust and respect with the conflicting parties. Nevertheless, some of 
our field studies (Thamhain and Wilemon 1977; Thamhain 2000, 2007, 2011, 
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Characteristics Potential Benefit Potential Detriment

Retreating from a conflict issue. 
Here the project manager does not 
deal with the disagreement, but 
ignores it. He or she might with-
draw out of fear, may feel inad-
equately prepared to bring about an 
effective resolution, or may want to 
avoid rocking the boat. Withdrawal, 
by definition, does not resolve the 
issues, but the conflict may even 
intensify over time.

Withdrawing can be beneficial either as a 
temporary strategy to allow the other 
party to cool off or as a strategy to buy 
time so study the issues further.

Withdrawal may also be effective for the 
leader if the parties engaged in the con-
flict are capable and willing to resolve the 
issues among themselves.

Conflict may increase or propagate into 
other areas.

Team leader is seen as ineffective, unpre-
pared, or incompetent.

Polarization of conflicting parties over 
issues.

Withdrawal may result in broader manage-
ment involvement with fewer options for 
resolution.

Smoothing (a.k.a. Accommodating)

Emphasizes common areas of 
agreement and deemphasizes areas 
of differences. Like withdrawing, 
smoothing may not address the real 
issues in a disagreement.

Smoothing is often effective in complex 
conflict situations in separating agree-
ments from disagreements, and therefore 
focuses energy on the issues that need 
resolution.

Project work can often continue in areas 
where there is agreement by the parties.

Similar to withdrawing from conflict, smooth-
ing does not address the real issues. Conflict 
often increases over time.

Smoothing often masks the real issues and 
makes people believe that conflict does not 
exist or has been resolved. When conflict 
reoccurs over the same issue, it usually is 
even more intense.

If conflict is not resolved, the team leader is 
seen as ineffective, unprepared or incom-
petent which might result in broader man-
agement involvement with less options 
for resolution (similar to withdrawal 
approach).

(Continued)

405

Withdrawing

Table 17.1 five general Modes for handling Conflict
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Characteristics Potential Benefit Potential Detriment

Negotiating, bargaining and search-
ing for solutions that offer some 
degree of satisfaction to the parties 
involved in conflict. Since compromise 
yields less than optimum results, the 
project manager must weigh such 
actions against project goals and 
objectives. Compromise is always the 
outcome of a negotiation, hence part 
of the fifth conflict-handling mode 
“Problem solving or confronting.”

A compromise can be a win-win resolution.

Compromise is often seen as a reality of 
work or personal life, and the outcome 
accepted by the parties.

Since compromise involves active involve-
ment by all parties in the resolution pro-
cess, it leads most likely to an outcome 
that has some buy-in and ownership, 
and a personal feeling by people that the 
issues have actually been resolved.

A compromise may lead to a lose-lose scenario 
(e.g., when parties suddenly realize that the 
compromise is not workable).

Not all conflicts can be solved by compromise 
(some issues are not negotiable).

Compromise, by definition is always 
suboptimal.

The cost of compromising may outweigh its 
benefits.

Compromise should not be used for conve-
nience. Inappropriate use of this conflict 
resolution affects the project manager’s 
leadership image.

Forcing (a.k.a. Competing)

Exerting one’s viewpoint at the 
expense of another. The ability to 
force assumes position power and 
is characterized by competitiveness 
and win/lose behavior.

The effectiveness of forcing is 
highly situational and also depend-
ing on the personal style, cre-
dentials, trust, and respect of the 
decision maker.

Quick way to resolve conflict. Keeps project 
moving.

Effective in resolving issues where the 
leader has the “right” answer.

Effective in emergency situations or deci-
sions with no alternatives.

Forcing is part of effective leadership and 
is expected and wanted by the team in 
certain situations (e.g., clear directions 
and objectives).

May lead to resentment, de-motivation, 
uncooperative behavior and general dete-
rioration of the team environment.

Transfers accountability from the team to 
the decision maker.

May escalate the conflict, drawing wider cir-
cles and involvement of upper management.

Forcing may not work because of insuffi-
cient position power or authority in given 
situation.
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The image of forcing can be modified by 
explaining the rationale for a decision, 
and asking for help and collaboration 
with the implementation.

Forcing is often used as a last resort by 
project managers since it may cause 
resentment and deterioration of the work 
climate.

Problem-solving (a.k.a. Collaborating, originally called Confronting)

Involves a rational problem- solving 
approach. Disputing  parties solve 
difference by  focusing on the issues, 
looking at alternative approaches, 
and selecting the best resolution. 
confronting may contain elements 
of other conflict resolution modes, 
and virtually always results in a 
compromise.

Often the only viable mode for resolving 
complex conflict.

People feel included in the problem-solving 
process with beneficial effects on moti-
vation, collaboration, and overall team 
spirit.

Because of the involvement of the people 
associated with the conflict, the solu-
tions worked out most likely have 
mutual agreement and commitment to 
implementation.

Requires time, personal effort and energy. 
Therefore, the problem-solving mode 
might not be suitable, effective or even 
workable for many conflict situations.
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2012) show a clear preference for certain modes among project managers. 
Figure 17.3 summarizes the results of several field surveys that simply ask 
project leaders, “Which conflict resolution approaches work or don’t work for 
you in your project environment?” Specifically, each project leader was shown 
a list of the five approaches discussed in this chapter, together with a brief 
definition, next to a statement: “I find this conflict resolution mode effective in 
dealing with certain issues in my project environment.” Then, each leader was 
asked to indicate on a five-point scale his or her agreement to the statement: 
(1) I strongly agree, (2) I agree, (3) not sure, (4) disagree, (5) strongly disagree. 
Responses of (1) and (2) were recorded as favoring this mode, and responses 
of (4) and (5) as rejecting the mode as effective for conflict resolution. The 
responses of the “(3) not sure” category are graphically accounted for in Figure 
17.3 by the difference between 100 percent minus (%-rejected + %-favored). 
The survey was structured in a way that respondents could favor (or reject) 
multiple modes. In fact, project leaders seem to favor an average of 2.5 modes 
and reject 1.5, while on average perceiving approximately 1 out of the 5 modes 
as “questionable or unsure” regarding effectiveness.

As indicated in Figure 17.3, conflict resolution approaches involving prob-
lem-solving and compromise seem to be most important to project managers 
and most frequently used, while forcing and withdrawal seem to be least 
favored. Even more important is the finding that problem-solving and com-
promise were found the most effective methods of dealing with conflict in 
most project situations, while forcing and withdrawal seem to be least effec-
tive in the management of multifunctional activities.

The problem-solving (or collaborating) approach seems to hold a special 
place among the five conflict resolution modes. While time-consuming and 
requiring intense personal involvement, it is often the only approach that 
leads to a resolution of complex issues. Collaboration, when approached 

Problem solving
or collaborating

Compromising

Smoothing

Forcing

Withdrawing

Percentage of project managers whose
style seems to reject this
conflict resolution mode 

60 10 20 30 40 50 60 7050 40 30 20 10 0

Percentage of project managers whose
style seems to favor this conflict

resolution mode 

Figure 17.3 Most and least important modes of conflict resolution  
(project managers’ perception)
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skillfully, focuses on resolving the problem and depersonalizing the issue. The 
approach concentrates on delineating the key issues involved in the disagree-
ment, the options available in resolving the differences, and the best alterna-
tives. This might explain why collaboration was perceived the preferred and 
most effective conflict resolution approach by 70 percent of project managers 
in our field studies.

The following example illustrates a situation where potentially detrimental 
conflict was handled effectively: The project manager had a severe conflict with 
the hydraulic design group over a key component of the project. The design 
group informed the project manager that they couldn’t deliver the subsystem 
as originally planned. They offered an alternative design with the stipulation 
that this was the only feasible solution for delivering the subsystem. However, 
alternative design would increase the project cost, cause additional interface 
problem, and affect overall technical project performance. The project man-
ager had a series of meetings with the hydraulic design group, joint by some 
key system’s integrators and one hydraulic specialist borrowed from another 
resource group. Some of these meetings were quite intense and heated. The 
handling of the issues in a problem-solving style eventually resulted in a sub-
stantially better design and improved overall project performance, without 
affecting the budget.

As shown in this scenario from the field, a potentially detrimental con-
flict was turned around by the project manager using the problem-solving 
approach, resulting in a win-win resolution to which several groups contrib-
uted, and therefore had ownership and commitment to its implementation, 
which in this case meant commitment to the subsystem design and its inte-
gration with the overall project.

Further investigation into the effectiveness of conflict resolution styles 
confirmed the situational dependencies stated earlier, including the type of 
conflict, personnel, and organizations involved. It also showed that because 
of  the complex power and authority relations that often exist among the 
conflicting parties (maybe as typically illustrated with the conflict scenario 
regarding the hydraulic design group, described in the two paragraphs above), 
the problem-solving (or collaborating) approach not only is most frequently 
used, but also seems to lead to more broadly acceptable outcomes, higher 
levels of perceived effectiveness, and ultimately to higher overall project per-
formance as judged by senior management. While this conclusion appears 
to hold for all types of projects investigated, the statistical significance of 
performance correlation tests is especially high for larger, more complex and 
technologically advanced undertakings.

In contrast to studies of general management, research in project-oriented 
environments suggests that it is less important to search for a best mode of 
effective conflict management. It appears to be more significant that project 
managers, in their capacity as integrators of diverse organizational resources, 
employ the full range of conflict resolution modes. While problem solving was 
found effective under most circumstances, other approaches may be equally 
appropriate, depending on the situational nature of the disagreement. 
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Withdrawal, for example, may be used effectively as a temporary measure 
until new information can be sought or to “cool off” a hostile reaction from a 
colleague. As a basic long-term strategy, however, withdrawal may actually 
escalate conflict if no resolution is sought.

In other cases, compromise or smoothing might be considered an effec-
tive strategy by the project manager if it does not severely affect the overall 
project objectives. Forcing, on the other hand, often proves to be a win–lose 
mode. Even though the project manager may win over a specific issue, effec-
tive working arrangements with the “forced” party may be jeopardized in 
future relationships, and almost certain, commitment to the implementation 
of a forced decision is lost. Nevertheless, in some situations, such emergen-
cies, critical safety or ethics issues, or strategic decisions, forcing might be 
the only viable mode. Collaboration (the problem-solving mode) may actually 
encompass all conflict-handling modes to some extent. For example, in solv-
ing a conflict a project manager may use Collaboration in combination with 
withdrawal, forcing, and smoothing to eventually get an effective compromise 
resolution to the issue, acceptable by all affected parties.

In summary, conflict is fundamental to complex task management. It is not 
only important for project managers to be cognizant of the potential sources 
of conflict, but also to know when, in the life cycle of a project, they are most 
likely to occur. Such knowledge can help the project manager avoid the detri-
mental aspects of conflict and maximize its beneficial aspects. Conflict can be 
beneficial when disagreements result in the development of new information 
that can enhance the decision-making process. Finally, when conflict does 
develop, the project manager needs to know the advantages and disadvan-
tages of each resolution mode for conflict resolution effectiveness.

17.6  CriTeriA fOr MAnAging COnfLiCT 
in PrOJeCTS effeCTiveLy

Project managers operate in an environment that is prone to conflict. 
The nature of project management, its dynamic organizational interfaces, the 
need to solicit support from various resource departments, the power and 
resource-shared operations, the frequently ambiguous authority definition 
of the project manager, and the temporary nature of projects, all contrib-
ute to the amount of conflict experienced by project managers. A number of 
criteria for managing conflict effectively are derived from the field studies 
quoted in this chapter and from my own observations in project in project 
environments.

17.6.1  recognize Situational nature

Since the ability to manage conflict is affected by many situational variables, 
a project manager should (1) recognize the primary determinants of conflict 
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and when they are most likely to occur in the life of the project, (2) con-
sider the effectiveness of the conflict-handling approach he or she has used 
in the past to manage these issues, and (3) consider fine-tuning or modify-
ing the conflict-handling approach used in the past if such action seem to be 
appropriate.

17.6.2  use Judgment before resorting to forcing 
or Withdrawing

Project managers need to be aware of the potentially negative side effects of 
each conflict resolution mode. While appropriate and effective in certain situ-
ations, forcing and withdrawing can have strong adverse effects if used inap-
propriately, especially when dealing with conflict across functional lines. As 
shown in field studies, project managers who use forcing and/or withdrawal 
extensively are likely to experience more intense and prolonged conflict.

17.6.3  ensure Subject expertise

Project leaders should develop and maintain expertise in the field they are 
managing. Without an understanding of the technology, markets, work pro-
cesses and people they are managing, it is difficult to win the confidence of 
the team and to build credibility, trust and respect needed to manage conflict 
across the project community.

17.6.4  use expertise Judiciously

Somewhat orthogonal to the previous statement, project managers must use 
their expertise judiciously in facilitating conflict resolution. If overused, it 
can be intimidating and demotivating to the team. It sends a signal to the 
participants that their skill sets are not important or relevant to the resolu-
tion of the issues at hand, which often leads to team members’ withdrawal 
from active participation. It also biases solutions toward the project manag-
er’s ideas, which, in turn, weakens any team buy-in and commitment toward 
acceptance and implementation.

17.6.5  ensure effective Project Planning

Effective planning early in the project life cycle is important to minimize 
confusion and ambiguity that might lead to conflict later during the project 
execution phase. Especially conflict with support departments and outside 
contractors is often blamed on insufficient project planning, which occurs 
most intensely during system integration.
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17.6.6  Catch Conflict in its early development

It is critical to deal with conflict in its early stages. The difficulty is to know 
when an issue is likely to intensify. The old Machiavellian saying, “Small 
problems are easy to fix, but hard to detect; when they get big, they are easy 
to see, but hard to fix!” is so very true and indicative of the challenges. Project 
managers need a sixth sense to know when conflict is under control as han-
dled by the team, and when some intervention is necessary. Regular project 
reviews, gate reviews, user-centered design, design-build, open-door policy, 
suggestion systems, action teams, focus groups, and management by wan-
dering around are some of the tools that can help in assuring transparency 
across the project environment, recognizing developing conflict in its early 
stages, and dealing with the issues before they become organizationally and 
personally tainted.

17.6.7  Avoid the Quick-Solution Trap

Serious issues usually take considerable time and broad team involvement to 
resolve. A quick agreement on fixing a major problem should be looked at care-
fully and with suspicion. Often people withdraw from a conflict because it is 
too time- or energy-consuming, or the psychological cost is too high. For the 
moment, it might appear that the conflict has been resolved, but the underly-
ing issues are still there and conflict is likely to reappear at a later time, prob-
ably even more intensely. To avoid this trap, project managers should follow 
up on these agreements, making sure that the issues have been addressed 
and will permanently resolve the conflict, facilitate follow-up meetings and 
help in working out the details needed for a workable resolution.

17.6.8  utilize the Power of Collaboration and Consensus

People are more likely to collaborate on conflict issues if they understand the 
rationale behind the arguments and they accept the logic of differing points 
of view. Explaining the issues and their impact on the current project, and the 
importance of finding acceptable solutions, can help in building a sense of col-
laboration. It is important to search for common grounds, rather than to aim 
for a win-lose scenario. The initial objective of most conflict resolution inter-
vention is to reach consensus, not necessary unanimity, on how to proceed. 
This requires mutual respect for everyone’s ideas, opinions, and suggestions.

17.6.9  Practice the Art of Listening

Active listening includes questions of clarification and notions of understand-
ing the rationale behind the issues and arguments of the opposing parties. 
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It is an important catalyst for fostering an environment open to discussing 
issues and searching for solutions. Careful listening demonstrates respect 
for the opposing parties and their viewpoints, it helps to depersonalize con-
flict and to engage the parties in search for common grounds and problem 
resolution.

17.6.10  fine-tune your Leadership Style

Field research shows a definite correlation between the project manager’s 
leadership style and the level of conflict experienced during the project life 
cycle. Less autocratic, more team-centered management styles, and styles 
that provide space for autonomy and self-direction seem to foster an environ-
ment of lower conflict, both in intensity and frequency. Team members feel 
more accountable for their actions, and more likely to keep an eye on develop-
ing issues trying to resolve them collectively and collaboratively before they 
intensify.

17.6.11  foster Professionally Stimulating Work environment

A professionally exciting, vibrant environment seems to be a strong catalyst 
for conflict self-management. People who enjoy their work and are motivated 
and focused toward the end objectives are more likely to reach out, seeking 
resolutions for developing issues. Professionally motivated people also have 
a higher threshold for conflict. That is, they take issues less personally but 
focus on problem solving. Project managers should try to accommodate the 
professional interests and desires of supporting personnel when negotiat-
ing their tasks, matching personal goals with project objectives whenever 
possible. While the overall scope of a project may be fixed, the project man-
ager usually has a degree of flexibility in allocating task assignments among 
various contributors. Further, emphasizing the importance of the project to 
the enterprise, the market, and possibly to society as a whole can enhance the 
perceived value and desire to participate.

In conclusion, conflict is a fundamental characteristic of project manage-
ment. The value produced from this conflict depends on the project manager’s 
effectiveness of promoting beneficial aspects while minimizing dysfunctional 
consequences. Effective project managers seem to have a sixth sense, know-
ing when conflict is desirable in exploring issues, bringing out new informa-
tion, and stimulating creativity. They know what kind of conflict is useful and 
how much is optimal for a given situation. However, they also know when to 
intervene, facilitate, and manage conflict before it intensifies and escalates 
into other areas of the enterprise. Managing conflict is both a science and 
an art, based on skill sets that are difficult to learn. However, field research 
shows that under the right leadership, project managers and their teams 
can handle extensive conflict over tough issues and produce great results, 
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in spite of difficult requirements, high project complexities, and tight budget 
and schedule constraints.

The concepts and observations from the field, discussed in this chapter, 
should help both project leaders and professionals who must function in these 
project-based environments to understand the complex interaction of organi-
zational and behavioral variables involved in effective conflict management 
of today’s complex projects. The discussions should increase the awareness of 
what works and what doesn’t, and help to fine-tune managerial leadership 
style and work process toward high performance.

17.7  SuMMAry Of key POinTS And COnCLuSiOnS

The following key points were made in this chapter:

•	 Conflict is inevitable in today’s complex project undertakings. It is 
determined by the interplay of the project organization and its support 
functions. Conflict can have positive and negative side effects, but IT 
usually impacts project performance.

•	 A conflict resolution cycle can be divided into five stages: (1) routine 
work is disrupted by disagreements; (2) conflict escalates; (3) conflict is 
examined and diagnosed; (4) conflicting parties search for resolutions; 
and (5) proposed solutions are implemented, hence actually resolving 
the conflict.

•	 Conflict in work groups can be characterized along three major dimen-
sions: (1) content, (2) relationship, and (3) organization-based conflict.

•	 Among the many sources of conflict, this chapter identifies two 
groups of conflict sources: (I) Work process-related sources of conflict, 
such as (1) schedules, (2) cost, (3) priorities, (4) staffing, (5) technical 
issues, (6) administrative procedures, and (7) personal issues, and 
(II) Organizational sources of conflict, such as conflict between the proj-
ect manager and (1) functional resource departments, (2) assigned per-
sonnel, (3) executives, (4) subordinate personnel, and (5) among project 
team members.

•	 Project managers experience the highest level of conflict with func-
tional resource groups and assigned personnel, while subordinates 
and senior-level personnel cause the least amount and lowest level of 
conflict. Much of this pattern can be explained in terms of managerial 
power. The more power is shared and the more ambiguous authority 
relations are, the more likely conflict will occur.

•	 Most conflict occurs over work issues rather than personality issues. 
However, small conflicts can intensify with devastating consequences. 
Conflict in project organizations is highly dynamic, with complex rela-
tions among the various sources of conflict and their causes. Effective 
project managers keep a watchful eye. They know when conflict is just 
part of the problem-solving process and the team is handling the issues, 
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or when conflict intensifies to a point where it becomes dysfunctional 
and managerial intervention is required.

•	 Additional insights can be gained by exploring the intensity and fre-
quency of various conflicts across the project life cycle.

•	 It is important for project managers not only to be cognizant of the 
potential sources of conflict but also to know when, in the life cycle of 
a project, they are most likely to occur. Such knowledge can help the 
project manager avoid the detrimental aspects of conflict and maximize 
its beneficial aspects. Conflict can be beneficial when disagreements 
result in the development of new information, which can enhance the 
decision-making process. Across all phases, conflict over schedules and 
priorities is highest, while conflict over cost and personal issues is low-
est. However, it is important to note that low intensity conflict does not 
necessarily mean low significance or impact. Further, some problems 
may appear virtually “conflict-free,” but have obscured or hidden issues.

•	 The five conflict handling modes, defined by Blake and Mouton, have 
become an accepted framework for investigating and discussing con-
flict, especially in project environments: (1) withdrawing, (2) smoothing, 
a.k.a. accommodating, (3) compromising, (4) forcing, a.k.a. competing, 
and (5) problem solving or collaborating.

•	 Conflict resolution approaches involving problem solving and/or com-
promise seem to be most important to project managers and most fre-
quently used, they also produced on average the best results in field 
studies, while forcing and withdrawal seem to be least favored and 
least effective, on average.

•	 The problem-solving (or collaborating) approach seems to hold a spe-
cial place among the five conflict resolution modes. Although time-
consuming and requiring intense personal involvement, it is often the 
only approach that leads to a resolution of complex issues. It focuses on 
resolving the problem and depersonalizing the issue.

•	 In contrast to general management situations, in project-oriented envi-
ronments it seems less important to search for a best mode of conflict 
management—rather, that project managers employ the full range 
of conflict resolution approaches. While problem solving was found 
effective under most circumstances, other approaches may be equally 
appropriate, depending on the situational nature of the disagreement. 
Withdrawal, for example, may be used effectively as a temporary 
measure until new information can be sought or to “cool off” a hostile 
reaction from a colleague. As a basic long-term strategy, however, with-
drawal may actually escalate conflict in the long-run.

•	 To gain value from conflict, project managers must promote beneficial 
aspects while minimizing dysfunctional consequences. Effective project 
managers seem to have a sixth sense, knowing when conflict is desir-
able in exploring issues, bringing out new information, and stimu-
lating creativity. They know what kind of conflict is useful and how 
much is optimal for a given situation. However, they also know when 
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to intervene and manage conflict before it intensifies and escalates into 
other areas of the enterprise.

•	 Managing conflict is both a science and an art, based on skill sets that 
are difficult to learn. However, field research shows that under the 
right leadership, project managers and their teams can handle exten-
sive conflict over tough issues and produce great results, in spite of 
difficult requirements, high project complexities, and tight budget and 
schedule constraints.

17.8  QueSTiOnS fOr diSCuSSiOn And exerCiSeS

 1. Discuss the advantages and disadvantages of the five conflict resolution 
modes. Identify specific situations where these advantages or disadvan-
tages are amplified.

 2. List some early warning signs of a conflict situation becoming 
dysfunctional.

 3. Discuss the characteristics of a work environment conducive to effective 
conflict handling. Explain why these characteristics are conducive.

 4. Discuss the characteristics of an effective leadership style (e.g., project 
manager) conducive to effective conflict management. Explain why this 
style will produce favorable results. Any caveats?

 5. Why is conflict at the beginning of the project life cycle relatively low? 
Why does conflict increase, especially for schedule and priority issues, 
throughout the main phases of the project cycle? What might be the 
rationale for low conflict over cost and personal issues (as found from 
field studies)?

 6. A conflict developed between you, the project manager, and a component 
design group over the use of special materials that are superior in terms 
of weight, strength, and reliability, but are expected to cause problems 
in the manufacturing process. The manager of the design team just has 
informed you that the team strongly recommends the new material, 
and asks you to accept the “minor” change in the original specifications. 
How would you deal with this conflict situation? What conflict resolution 
mode(s) would you use? Discuss in your group several options for dealing 
with this conflict. Anticipate the reaction (effectiveness) of each option 
regarding acceptance by other affected groups, and overall project perfor-
mance. Select the best option as determined by your group. Discuss the 
results with other groups.

17.9  PMBOK® referenCeS And COnneCTiOnS

The topic of managing conflict in roject organizations focuses most strongly on 
the PMBOK® knowledge areas of project human resource management (#6). 
The topic cuts across all five PMBOK® processing groups with the strongest 
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connection to planning, executing and monitoring/controlling. Much of this 
chapter focuses on the context of project executing and monitoring/ controlling, 
discussing the concepts and methods for dealing with the inevitable conflict 
across the enterprise effectively. The managerial perspectives presented in 
this chapter should be helpful in connecting the PMBOK standards to best 
practices of project management, and in studying effectively for PMP® cer-
tification. In preparing for the PMP® Exam, the following PMBOK sections 
relate especially to this chapter and should be studied: (1) project interfaces, 
(2) staffing requirements, (3) staff assignments, (4) human resource practices, 
(5) project communications management, (6) managing stakeholder expecta-
tions, (7) project plan communications, (8) managing project execution, and 
(9) project monitoring and controlling.
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Chapter 18

Leading Technology Teams

Boeing 787 DreamLiner

everett, Wa., april 19, 2013, /Prnewswire/—“Today’s Faa approval of battery 
system improvements for the 787 Dreamliner clears the way for us and the airlines 
to begin the process of returning the 787 to flight with continued confidence in the 
safety and reliability of this game-changing new airplane,” said Boeing chairman, 
president and Ceo Jim mcnerney. “The Faa set a high bar for our team and our 
solution,” said mcnerney. “We appreciate the diligence, expertise and profession-
alism of the Faa’s technical team and the leadership of Faa administrator michael 
Huerta and Secretary of Transportation ray LaHood throughout this process. our 
shared commitment with global regulators and our customers to safe, efficient and 
reliable airplanes has helped make air travel the safest form of transportation in the 
world today.” Boeing, in collaboration with its supplier partners and in support of  
the investigations of the national Transportation Safety Board and the Japan Transport 
Safety Board, conducted extensive engineering analysis and testing to develop  
a thorough understanding of the factors that could have caused the 787’s bat-
teries to fail and overheat in two incidents last January. “our team has worked 
tirelessly, spending more than 100,000 hours, to develop a comprehensive  
solution that fully satisfies the Faa and its global counterparts, our customers 
and our own high standards for safety and reliability,” said Boeing Commercial 
airplanes President and Ceo ray Conner. “Through the skill and dedication of 
the Boeing team and our partners, we achieved that objective and made a great 
airplane even better.”

regardless of the battery issues, an order backlog of over 1,000 Dreamliners 
puts Boeing’s business is in an excellent position. However, success was 
hard earned. The ten-year development grew out of the Sonic Cruiser proj-
ect, which was cancelled in 2002, giving the 787 a head start. The aircraft 
was designed to be the first production airliner with the fuselage assembled 
with one-piece composite barrel sections instead of the multiple aluminum  

Source: Boeing press releases (www.boeing.mediaroom.com) and Wikipedia (http://en.wikipedia 
.org/wiki/Boeing_878_Dreamliner).
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sheets used on conventional aircrafts. instead of building the complete aircraft from 
the ground up in the traditional manner, Boeing decided to assign its global sub-
contractors more responsibilities for assembly and delivery of completed subassem-
blies for final assembly in Boeing’s Paine Field facilities near everett, Washington. 
This approach was intended to result in a leaner and simpler assembly line and 
lower inventory, with preinstalled systems reducing final assembly cost and time, 
but it also increased the complexity of this multibillion dollar development project, 
requiring extensive teamwork and collaboration to achieve the large-scale integra-
tion among its 100+ globally dispersed suppliers of components, subassemblies 
and test facilities. Considering the enormous organizational and technological chal-
lenges, the 787 Dreamliner is seen as one of the world’s most complex product 
development projects, also resulting in extensive cost increases and schedule delays 
of over two years. For Boeing, potential risks and benefits were very high right from 
the beginning. Yet, given the delivery of over 100 Dreamliners by the beginning 
of 2014 and order backlog in excess of 1,000 airplanes, the commitments made to 
this large-scale undertaking by Boeing and its partners seem to pay off. However, 
continuing emerging technical issue, such as the recent engine icing, need to be 
resolved before Boeing can claim success These surprises are also constant remind-
ers of the vast challenges associated with such a complex supersize development 
project.

18.1  Team LeaDerSHiP—CriTiCaL To ProJeCT SuCCeSS

Complex megaprojects such as the Boeing 787 Dreamliner development 
with its 100-plus contractors obviously requires highly sophisticated team-
work. However, all projects big or small require managed teamwork for their 
multidisciplinary integration. Team effectiveness relates directly to project 
performance and success in virtually any project situation, from computer 
development to retailing and medical systems (Ferrante et al. 2006; Keller 
2001; Nellore and Balachandra 2001; Thamhain 2006; Shim and Lee 2001; 
Zhang, Keil, Rai, and Mann 2003). Few managers would disagree, team lead-
ership is critically important to project performance and essential for com-
peting effectively in today’s global arena (Ferante, Green and Foster 2006; 
Groysberg and Abrahams 2006). Yet, many project leaders are frustrated 
by the difficulties to create a work environment that is truly conducive to 
teamwork.

18.1.1  Where are the Challenges?

Building and managing a workgroup as a fully integrated, unified team is 
challenging, even in its most basic form, involving intricately connected orga-
nizational systems, behavioral issues and work processes (Bhatnager 1999; 
Cleland and Ireland 2007; Hilton 2008; Keller 2001; Pellerin 2009. By their 
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very nature, teams must function dynamically in their multidisciplinary 
environment, interconnecting with people from different functional groups, 
support organizations, subcontractors, vendors, partners, government agen-
cies, and customer organizations (Keller 2001; Manning et al. 2008; Newell 
and Rogers 2002; Thamhain 2009a). They also have to deal with technologi-
cal, economic, political, social, and regulatory factors, which add consider-
able risk and uncertainty and further increase the challenges of organizing 
and managing project teams. This process is further complicated by multi-
company teaming and partnerships as we noticed in the Boeing Dreamliner 
development. Companies are continuously looking for partners that can per-
form the needed work better, cheaper, and faster. This results in alliances 
across the globe, covering project activities from R&D to manufacturing, and 
from customer relations management to field services.

Larger, more complex and technologically intense projects especially 
emphasize the criticality of teamwork and have forced management to 
expand their attention from the traditional trait-oriented focus to a broader 
spectrum of critical success factors that include the team ambience and over-
all enterprise environment. Visionary researchers, such as Deborah Anconda, 
identified the importance of integrating project teamwork with the external 
enterprise environment, its stakeholders, support groups and even competi-
tors, which led to the well-known X-Teams concept (Anconda and Bresman 
2007). Estimates suggest that within the United States alone, more than 10 
million employees are part of such distributed project teams. These geograph-
ically dispersed workgroups have become an important competitive tool in a 
business environment characterized by highly mobile resources, skill sets, 
and technology transfers across global regions and multinational borders.

18.1.2  Teamwork: a new managerial Frontier

How did modern teamwork evolve? To be sure, teamwork is not a new idea. 
We can trace the basic concepts of organizing and managing teams back to 
biblical times. However, as projects became more complex and technologically 
sophisticated, the work group reemerged as a business management concept. 
The first formal framework evolved with the human relations movement that 
followed the classic Hawthorne studies by Roethlingsberger and Dickinson 
(1939). Visionaries such as McGregor (1960; Theory Y), Likert (1961; par-
ticipating group management) and Dyer (1977; cohesion in the workplace), 
and more recently Tichy and Urlich (1984), Walton (1985), and Oderwald 
(1996) have further broadened the understanding of the team and its work 
processes.

redefining the Process

In more recent times, declining bureaucratic hierarchies, more complex 
and geographically dispersed projects and higher levels of technological 
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sophistication required further conceptual refinement and higher levels of 
management sophistication. As a result, the workgroup reemerged with a 
broader definition.

Teambuilding can be defined as the process of taking a collection of indi-
viduals with different needs, backgrounds, and expertise and transforming 
them into an integrated, effective work unit.

In this transformation process, the goals and energies of individual contribu-
tors merge and focus on specific objectives and desired results that ultimately 
reflect project performance that is graphically shown in Figure 18.1.

All of this may sound straightforward, but the higher level of complex-
ity introduces many new challenges and new variables. Not too long ago, 
project leaders could ensure successful integration for most of their projects 
by focusing on properly defining the work, timing, and resources, and by fol-
lowing established procedures for project tracking and control. Today, these 
factors are still crucial. However, they have become threshold competencies— 
critically important, but unlikely to guaranty by themselves project success.

Today’s complex business world requires project teams who are fast and 
flexible, and can dynamically and creatively work toward established objec-
tives in a changing environment (Bhatnager 1999, Groysberg and Abrahams 
2006, Thamhain 2004). This requires effective networking and collaboration 
among people from different organizations, support groups, subcontractors, 
vendors, government agencies, and customer communities. It also requires 
the ability to deal with uncertainties and risks caused by technological, eco-
nomic, political, social, and regulatory factors.

Supported by modern information and communication technologies, and 
consistent with the concepts of stakeholder management (Newell and Rogers 
2002) and learning organizations (Senge and Carstedt 2001), the roles and 
boundaries of teams are expanding toward self-direction because of more 
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open and organizationally transparent processes. Work teams play an impor-
tant role in realizing projects—from conventional new product developments, 
systems designs and construction to implementing organizational change 
and running election campaigns.

Whether Yahoo! creates a new search engine, Sony develops a new lap-
top computer, or the World Health Organization rolls out a new information 
system, project success depends to a large degree on effective interactions 
among the team members responsible for the new development. These teams 
often include support groups, subcontractors, vendors, partners, government 
agencies, customer organizations, and other project stakeholders (Armstrong 
2000. Barkema et al. 2002. Dillon 2001. Gray and Larson 2000. Hilton 2008. 
Thamhain 2003. Zanomi and Audy 2004). Globalization, privatization, digi-
tization, and rapidly changing technologies have transformed our economies 
into a hypercompetitive enterprise system where virtually every organiza-
tion is under pressure to do more things faster, better, and cheaper. A team 
working effectively together is seen as a key success factor in deriving com-
petitive advantages from these developments. At the same time, the process 
of team building has become more complex and more difficult to understand, 
requiring more sophisticated management skills and leadership ability.

Managers of these teams must not only deal with contemporary technology 
challenges but must also contend with a wide spectrum of economic, politi-
cal, social, and regulatory challenges. In fact, current project management 
literature documents field research that shows managerial challenges are 
dominated by behavioral and organizational issues, rather than technical dif-
ficulties (Anconda and Bresman 2007, Belassi and Tukel 1996, Hartman and 
Ashrafi 2002). As a result, the leadership styles of project managers working 
in technology-based team environments have changed considerably, showing 
an increased emphasis on the human side of project management.

Up to the 1960s, project management was considered, by and large, a 
management science. To ensure successful project integration, project lead-
ers focused on properly defining the work, timing, and resources; they also 
followed established procedures for project tracking and control. Although 
these factors are still crucial in today environment, they are considered 
threshold competencies—critically important, but unlikely to guarantee 
project success. To effectively and efficiently execute projects, today’s project 
leaders must build fast, flexible teams that can dynamically and creatively 
work toward established objectives in a changing environment (Bhatnager 
1999, Jassawalla and Sashittal 1998, Thamhain 2002). This requires effec-
tive networking and collaboration among all parties involved in the project—
the people from the different organizations, support groups, subcontractors, 
vendors, government agencies, and customer communities. Managing in such 
an environment requires carefully developed skills in leadership, adminis-
tration, organization, and technical expertise (Shenhar and Thamhain 1994, 
Thamhain 2003).

All of this has strong implications for organizational process and project 
leadership. Traditional forms of hierarchical team structure and leadership 
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are no longer effective. and often replaced with self-directed, self-managed 
team concepts (Bidanda and Cleland 2009, Prokesch 2012, Thamhain 2009b).

18.1.3  a Simple Framework for analyzing Team effectiveness

To be effective in these situations, project managers must understand the 
interaction of organizational and behavioral variables, so that they can foster 
a work environment conducive to team involvement and commitment, and to 
transforming a multidisciplinary task group into a unified high-performing 
project team.

Consistent with the discussions on management style in Chapter 16, four 
overlapping organizational subsystems seem to influence the effectiveness of 
project teams especially strongly. These subsystems interact with the enter-
prise environment, influenced by project leadership, as graphically shown in 
Figure 18.2. This framework is consistent with team leadership concepts, dis-
cussed in the contemporary literature, such as the X-Teams (Anconda 2007) 
and Keys to Successful Teamwork (Hackman 2002). Although the five inter-
acting organizational subsystems shown in Figure 18.2 are not necessarily 
the only influences on project team performance, they represent a simple and 
reasonably robust model for analyzing and discussing team effectiveness in 
complex, project environments.

18.2  meaSuring Team PerFormanCe

Measuring team performance is complex and challenging. Its metrics are 
difficult to define. Yet, team performance influences many organizational 
decisions, from resource allocations and training programs to compensation 
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and promotion initiatives. In many cases, project managers struggle with 
relevant measures of team performance, especially for technology-intensive 
undertakings. The intricate mix of timelines, resource allocation, multidisci-
plinary contributions, value perception, and success criteria often makes it 
difficult for companies to establish meaningful measures of project perfor-
mance. Even more difficult is the application of such metrics, which involves 
ensuring consistency and fairness across the organization with implications 
to managerial control and making performance-based awards fair and equita-
ble. These challenges exist especially in flatter, hierarchically less-structured 
 organizations, where the entire workforce is engaged in project execution. 
This situation is also a challenge in organizations where the project team 
contributes only a portion to the company’s overall success or failure, such as 
for long-term product developments. Yet in spite of its intricate nature and 
the fluctuation of specific performance measures with the cultural and phil-
osophical differences among managers, departments, and companies, some 
framework for measurability can be established by grouping performance 
measures into six categories:

 1. Deliverable-based measures
 2. Schedule-based measures
 3. Cost/resource-based measures
 4. Risk and contingency measures
 5. Enterprise benefit measures
 6. Stakeholder/customer satisfaction-based measures.

Managers commonly use a limited set of deliverable-schedule-cost based 
variables to measure team or project performance. For major projects, vir-
tually every project manager includes the first three measures, known as 
 triple constraint, for assessing project performance. In addition, risk, enter-
prise benefits and stakeholder satisfaction expand the scope of team perfor-
mance toward a more comprehensive measurement system. However, it is 
also a very broad and fuzzy set of variables that is often difficult to quantify, 
with many variables residing outside the direct control of the project team. 
Since project performance will be judged at various points of its life cycle, a 
mutually agreed-on set of performance measures will not only help in defining 
the responsibilities and criteria for reward and recognition, but also establish 
guidelines for controlling the project toward its ultimate success. Tools such 
as the Project Score Card and Stakeholder Matrix can provide useful sup-
port in establishing meaningful and agreed-on performance measures early 
in the project life cycle, which also helps in unifying the project team behind 
the project objectives and its ultimate success criteria. Within the six broad 
categories, managers use more specific and detailed measures (or metrics) for 
judging project performance, which are referred to as key performance indica-
tors (KPI) (Table 18.1).

Many of the larger, more complex projects have established very detailed 
metrics for measuring team performance and project success. They often 
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Table 18.1 Performance measures and key performance indicators

Deliverable-
based measures

• Specific results (i.e., hardware, software, systems, data, pro-
cesses, equipment, facilities) • Quality of results • Added value 
• Effectiveness of transferring results • Long-range perfor-
mance • Overall user impact

Schedule-based 
measures

• On-time delivery of partial results or end items • Time-to-
market • Ability to accelerate schedule over similar projects  
• Dealing with risks and uncertainties

Cost/Resource-
based measures

• Performing within agreed-on budget • Credibility and aggres-
siveness of cost estimate • Cost reduction over previous/similar 
project • Dealing with risks and uncertainties • Achieving a 
unit production cost target • Achieving a return-on-investment 
(ROI) target

Risk and 
contingency 
measures

• Anticipating and identifying contingencies • Preparation for 
dealing with risks and uncertainties • Handling of risks and 
contingencies • Networking with other risk stakeholders

Enterprise ben-
efit measures

• Learning from past project experiences • Developing self-
directed teams • Establishing continuous improvement 
process • Benchmarking of others—a best-in-class analysis 
• Establishing project management norms, standards, and 
 reliable performance measures

Stakeholder/
customer 
satisfaction 
measures

• Overall quality and performance of project deliverables  
• Flexibility toward changes in project requirements • Overall 
benefits of project implementation • Handling of problems, con-
tingencies, and conflicts • Minimum organizational disruptions 
• Innovative project implementation • Dealing with risks and 
uncertainties • Satisfaction measured by survey or other feed-
back • Repeat business • Referrals • Critics’ report • Press/
media coverage • Professionalism

expand on enterprise benefits and stakeholder satisfaction measures, since 
from the enterprise perspective, these appear to be the ultimate determinants 
of project success. However, the six performance categories and measures 
summarized above are a good starting point and framework for defining and 
benchmarking team performance.

18.3  FoSTering ConDiTionS For CoLLaBoraTion, 
CommiTmenT, anD SeLF-ConTroL

Field research points out consistently and measurably that, among the many 
factors of the project environment, those that fulfill professional esteem 
needs have a particularly favorable effect on team performance. However, a 
well-functioning work process is a critical precondition. That is, traditional 
project support, such as clearly defined objectives, project plans, directions, 
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leadership and cross-functional support seem to be equally important to cre-
ating an effective, professionally stimulating work environment. The need 
for balancing “team enablers” from both the people side and the organiza-
tional side is emphasized in a recent field study (Thamhain 2012) that finds 
the strongest drivers to team performance are in the following areas, rank-
ordered by their statistical significance:

 1. Professionally stimulating and challenging work environment
 2. Opportunity for accomplishments and recognition
 3. Clearly defined organizational objectives relevant to the project
 4. Job skills and expertise of team members appropriate for the project 

work
 5. Clear direction and leadership
 6. Trust/respect/credibility
 7. Effective cross-functional support
 8. Clear project plan and support
 9. Autonomy and freedom
 10. Career development opportunities
 11. Job security
 12. Fair salary, raise, bonus

Although many of these factors (e.g., clear objectives, skill sets, and effec-
tive business process) deal with conventional project management practices, 
they also relate to the human side, conditioning the work environment for 
success. Hence in a complex project environment that relies on commitment, 
buy-in, and personal drive for success, these influences appear to deal effec-
tively with the integration of goals and needs between the team member and 
the organization. In this context, the more subtle factors seem to become cat-
alysts for cross-functional communication, information sharing, and ultimate 
integration of the project team with focus on desired results. Hence, the above 
correlation data provide a snapshot of the critical importance of both human 
factors and traditional project management techniques to team performance.

Initially, the datasets were analyzed separately for each “local” team in 
its own cultural environment using Kendall tau correlation. Then, the cross-
team association was tested via Kruskal-Wallis analysis of variance by rank, 
which shows at a confidence level of 98 percent that an agreement exists 
among local teams on their rankings. This finding is interesting and impor-
tant because it shows a similarity among the various local teams in spite 
of their differences in culture. While specific interpretation and perception of 
environmental characteristics, such as “needs” and “professionally stimulat-
ing work,” are differing among teams, the rank-order correlation to project 
performance metrics is similar. The significance of this finding is for team 
leaders to realize the critical importance of creating a professionally stim-
ulating work environment. This cannot be accomplished by procedures or 
formalities, but requires palpable actions, plus credibility, trust and respect 
earned by the project manager.
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It is further interesting to note that the same conditions, which are con-
ducive to overall team performance, also lead to (1) innovation and creative 
problem solving, (2) change orientation and high response rate of the team, 
(3) self-directed teams with minimum supervision, (4) effective customer 
and client interface, (5) effective conflict resolution among team members, 
(6) ability to deal with risk and uncertainty, (7) stronger personal effort and 
commitment to established objectives, (8) more effective communications 
within the team and its interfaces, and (9) favorable schedule and budget 
performance. Hence, this correlation validates our earlier discussion that the 
organizational environment influences the team characteristics, which influ-
ences team performance.

18.4  BuiLDing HigH-PerFormanCe TeamS

The leadership lessons learned from empirical studies and best practices, 
especially over the past 20 years, show that in spite of the complexities, tech-
nologies, and organizational differences, certain conditions of the work envi-
ronment appear most favorably associated with team performance. These 
conditions serve as bridging mechanisms that can help technology-based 
organizations enhance their overall team performance.

To provide focus, the discussion of this section is divided into five parts, 
consistent with the five sets of performance influences summarized in Figure 
18.2: people, work, organizational process, tools and techniques, and leader-
ship. Each of the five influences is affected by the project environment, such 
as project complexity, organizational support, managerial support, and the 
general socioeconomic business environment as discussed next.

18.4.1  People-oriented influences

Factors that satisfy personal and professional needs seem to have the stron-
gest effect on project team performance. We find that the statistically most 
significant drivers are derived from the work itself, including personal inter-
est, pride and satisfaction with the work, professional work challenge, and 
accomplishments and recognition. Other important influences include the 
ability to resolve problems, especially interpersonal conflict; good team spirit; 
mutual trust and respect; effective support and communications across orga-
nizational lines; and opportunities for career advancement and job security. 
All of these factors help build a unified project team that can effectively lever-
age the organizational strengths and competencies and efficiently produce 
integrated results that support the organization’s mission. These factors 
seem to foster a work environment conducive to open dialogue and to dealing 
with ambiguities, risks, complexities, and organizational conflict. All of these 
influences help to ultimately transform the team efforts into tangible results 
that add value to the enterprise.
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18.4.2  Work- and Task-related influences

Team performance also has its locus in the work itself. Highlighted by the 
list of 12 performance-correlated factors, empirical studies frequently show 
that variables associated with the personal aspects of work—such as interest, 
ability to solve problems, job skills, and experience—significantly drive team 
performance. On the other side, many work-related variables from the struc-
tural side (e.g., project size, work complexity, and work process) seem to have 
little significance on influencing team performance (see Thamhain 2012). The 
importance of this finding is two-fold: first, managers must have the abil-
ity to attract and retain the appropriately skilled people needed to complete 
the project work. Managers must also invest in maintaining and upgrading 
the  project team’s skill sets and work support systems. Second, managers 
must effectively assign the work to leverage their control over work allocation 
and results. This means that while the total task structure and the devel-
opment process is fixed and difficult to change, the way managers distrib-
ute, assign, and present the work is flexible. This has significant managerial 
implications: though promoting a climate of high interest, involvement, and 
support might be easier to achieve than redefining organizational structure 
or reengineering the work process, it may have an equal or higher impact on 
project team performance.

18.4.3  organizational Process-related influences

These influences include the organizational structure and technology trans-
fer process that relies, by-and-large, on modern project management tech-
niques. While from my experience, I do not favor particular project structures 
or processes because they need to be custom-fitted to their applications, 
researchers point to specific work process-related variables as important 
to team performance. Influences such as cross-functional cooperation, effec-
tive communications, and effective project planning and support systems are 
seemingly important conditions for high team performance. An effective proj-
ect management system will also maintain organizational processes for effec-
tive functional support, including joint reviews and performance appraisals 
and processes for ensuring the availability of necessary resources, skills, and 
facilities. Other crucial components that affect the work process are team 
structure, managerial power, command and control, the power sharing among 
team members and organizational units, autonomy and freedom, and most 
importantly, technical direction and leadership.

These research findings provide top management with food for critical 
thought. Many of these organizational process variables have their locus 
outside the project team organization. These variables are often a deriva-
tive of the company’s business strategy, which is developed and controlled 
by senior management. Because of this, management must recognize that 
these variables can directly affect the quality of the work environment. 
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Furthermore, these conditions of the general enterprise environment will 
most likely affect team member perception of organizational stability, 
availability of resources, management involvement and support, personal 
rewards, stability of organizational goals, objectives, and priorities. Since 
all of these influences are images of personal perception, management 
must understand the personal and professional needs of their team mem-
bers and foster an organizational environment that is conducive to their 
needs. Management can accomplish this by properly and effectively com-
municating the company’s organizational vision and perspective to the team 
members. For example, team members could perceive a company merger 
as an opportunity or as a threat, as a stabilizer or as a destabilizer: Their 
perception is influenced by the management’s ability to communicate. The 
 relationship of managers to the people in their organizations and the people 
they specifically manage is built on mutual trust, respect, and credibility, all 
of which are critical factors in building an effective partnership between the 
project team and its sponsor organization.

18.4.4  Project management Tools and Techniques as influences

While, in general, project team members don’t show great enthusiasm for 
management tools and techniques, these tools are enablers of the work pro-
cess and have a strong influence on team performance. Specifically, the overall 
team ambience and work process—including the support to problem solving, 
communication, and technology transfer—is strongly affected by the man-
agement tools and techniques that managers employ to support the essential 
organizational systems, such as budgeting, scheduling, and reviews. The tools 
and techniques that managers use help run the team’s efforts smoothly. As 
explained by one team member during one of my field studies: “We really 
don’t have time to come to all the meetings and to provide all the paper-
work required by management, but we do cooperate because we hope that 
it will stabilize the funding for this project and help in the cross-functional 
integration.”

As project work and business environments become increasingly com-
plex, project management tools and techniques are adapting by evolving to 
meet this complexity; managers are now also requiring greater team mem-
ber involvement. At the same time, modern project management is moving 
further toward self-directed teams, high market responsiveness, and less 
formal structures and controls that are based, to a large extent, on commit-
ment, motivation, and team leadership. This evolution has specific implica-
tions for managers: Successful project leaders are making an effort to apply 
management tools as an overlay to the project organization, with minimal 
interference to their teams and operations. For the team members to use 
the tools effectively, the team must view these management tools as helpful 
instruments in supporting and facilitating the project activities.
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18.4.5  Leadership as an important influence

Leadership is an essential component of project teamwork. Many technical 
failures can be traced back to bad leadership. I took notice of this fact earlier 
in my career when the Hubble Review Board (NASA 1990) declared the cause 
of the flawed mirror a leadership failure. Project leadership is the art of creat-
ing a supportive work environment. Many of the factors that influence project 
team performance are derived from organizational processes and systems 
that have their locus outside the team. Examples range from the functional 
support units to work transfer processes—as well as the project manage-
ment system itself with its specialized tools and techniques. Organizational 
stability, management involvement and support, personal rewards, the avail-
ability of resources, and the stability of organizational goals, objectives, and 
priorities are all factors that influence team performance, yet these are all 
controlled—by and large—by general management. Therefore, team leaders 
must work with senior management to ensure that they create an organiza-
tional ambience that is conducive to their teams’ needs.

In addition, team leaders can influence these organizational systems via 
their management techniques and their ability to create a team environment 
through their leadership actions. Although project support or work transfer 
processes might be defined in terms of procedures and management direc-
tives, the way that team leaders organize their plans, involve support func-
tion personnel, run meetings, track projects, or recognize team performance 
is under their own control. In exercising this control, team leaders create and 
define the team environment through their own actions to build a favorable 
image of their projects and a team-friendly project environment that is sup-
portive of teamwork and integrated within the overall enterprise system.

18.5  Team LeaDerSHiP LeSSonS

Four areas of the enterprise system—leadership, work, personal needs, and 
team environment—contribute most of the influences to team performance, 
with its strongest drivers derived from work challenge. I’m trying to cap-
ture the essence of team leadership and the lessons learned from the field in 
three propositions:

• Four primary areas of influence: The degree of project success seems to 
be primarily determined by specific driving forces related to (1) lead-
ership, (2) job content, (3) personal needs, and (4) general work 
environment.

• Strongest single driver: Work challenge, characterized by profession-
ally stimulating, interesting work, visibility and recognition of achieve-
ments, seems to be the most reliable predictor of high team performance 
and project success.
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• Work challenge dividend: A professionally stimulating team environ-
ment is also favorably associated with other desired team characteris-
tics, such as low conflict, high levels of commitment, innovation, team 
involvement, effective risk management, good communications, and 
collaboration.

To be effective in organizing, developing, and directing a project team, the 
leader must have the ability to recognize potential drivers and barriers and 
know when they most likely will occur during the project’s life cycle. Effective 
project leaders initiate preventive actions early in the project life cycle and 
foster a work environment that is conducive to teambuilding as an ongoing 
process.

The effective team leader is a social architect who understands the inter-
action of organizational and behavioral variables and can foster a climate of 
active participation and minimal dysfunctional conflict. To effectively per-
form their role, leaders must possess carefully developed skills in leadership, 
administration, and organization, as well as technical expertise. The leader 
is also required to have the ability to involve top management when neces-
sary and to ensure organizational visibility, resource availability, and overall 
support for the project throughout its life cycle.

18.6  guiDeLineS For eFFeCTive Team managemenT

In addition to the implications to project management discussed so far, sev-
eral specific suggestions are being made in this section. These suggestions 
are based on research and shared experiences from many project manage-
ment professionals, including my own 40 years as manager and researcher of 
complex project undertakings. Focus on effective team management in envi-
ronments. The resulting suggestions focus on technology-based projects. They 
are organized into 13 guidelines sequenced in chronological order following a 
typical project life cycle.

18.6.1  guideline 1. ensure Team involvement early in 
the Project Life Cycle

For most projects, effective project planning and early team involvement 
is crucial to subsequent high project team performance. This planning and 
involvement is especially important for technology-based project work, 
where high levels of complexity, uncertainty, and risk—along with the need 
for innovation—make it nearly impossible for the project leader to work out 
a project plan that is seen as realistic, unless performance is the result of 
collective efforts by all stakeholders, including support departments, sub-
contractors, and management. Modern project management techniques, 
such as phased project planning and Stage-Gate concepts, plus established 
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standards, such as A Guide to the Project Management Body of Knowledge 
(PMBOK® Guide), provide the conceptual framework and tools for effective 
cross-functional  planning and for organizing the work toward effective execu-
tion. Furthermore, the team’s involvement at an early stage in the project 
life cycle has a favorable impact on the team environment: Such involvement 
builds the team’s morale, its enthusiasm toward the assignment, and its com-
mitment toward desirable results.

18.6.2  guideline 2. Define the Work Process  
and Team Structure

Successful project team management requires an infrastructure conducive 
to cross-functional teamwork and technology transfer. This infrastructure 
includes properly defined interfaces, task responsibilities, reporting rela-
tions, communication channels, and work transfer protocols. The tools for 
systematically describing the work process and team structure come from 
the conventional project management system and include the following:

• Project charter, which defines the mission and overall responsibilities 
of the project organization, including performance measures and key 
interfaces

• Project organization chart, which defines the major reporting and 
authority relationships

• Responsibility matrix or task roster
• Project interface chart, such as the N-squared chart
• Job descriptions

18.6.3  guideline 3. Develop organizational interfaces 
and Communication Channels

A result of the work process—overall project team success—depends on 
effective cross-functional support and integration. All team members should 
clearly understand their task inputs and outputs, work interfaces, and trans-
fer mechanisms. Management can facilitate the flow of information, both 
horizontally and vertically, through workspace design, regular meetings, 
reviews, and information sessions. In addition, modern technology—such as 
voice mail, e-mail, electronic bulletin boards, and conferencing—can greatly 
enhance communications, especially in complex organizational settings. In 
addition, team-based reward systems can promote cooperation with cross-
functional partners. Quality function deployment (QFD) concepts, N-squared 
charting, and well-defined phase-gate criteria are useful tools for developing 
cross-functional linkages and facilitating interdisciplinary cooperation, alli-
ances, and communications.
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18.6.4  guideline 4. Staff and organize the Project Team Properly

Project staffing, usually carried out during the project formation phase, is 
critically important to project success. However, time pressures and budget 
constraints often lead to shortcuts in the staffing process. Teams that are 
hastily organized with people who are poorly matched to the job require-
ments are frequently subject to conflicts, low morale, suboptimum decision 
making, and ultimately, poor project performance.

Although staffing deficiencies will cause problems for any project, these are 
especially damaging for high-technology environments with heavy reliance on 
cross-functional teamwork, shared decision making, credibility, and mutual 
trust and respect. For best results, project leaders should negotiate the work 
assignment with their team members in one-on-one meetings at the begin-
ning of the project. Such meetings should focus on the overall task, scope, and 
objectives, as well as on relevant performance measures. Project leaders can 
often develop a thorough understanding of the task requirements through 
personal involvement in front-end activities, such as requirements analysis, 
bid proposals, project planning, interface definition, or overall product plan-
ning. Such early involvement is also conducive to the team’s agreement to 
project objectives, plan acceptance, and unification of the project team.

18.6.5  guideline 5. Build a High-Performance image

Project teams that have a clear sense of purpose and confidence in the project 
mission perform better. The fact that people who have a mission and high 
esteem perform better has been long known. Already early in my investiga-
tions of this topic (Thamhain and Wilemon 1998), my coauthor and I found a 
strong correlation between the can-do image of a team and its actual perfor-
mance. Our study also found that the team’s self-esteem is a perception that 
can be enhanced by the visibility of the work, frequent recognition of accom-
plishments, management attention and support, and the overlap of personnel 
values and perceived benefits with organizational objectives. Creating such 
a high-esteem image also leads to increased involvement, better communi-
cation, lower conflict, higher commitment, stronger work effort, and higher 
levels of creativity.

A high-performance image stimulates interest in the project among indi-
vidual team members, pride of participation, and a sense of ownership. This 
image also builds professional confidence, a desire to reach out, and the abil-
ity to think outside the box. To build such a high-performance image, team 
members must have a clear sense of the significance of their contributions. 
All stakeholders must have a clear understanding of the organizational 
goals and the mission’s objectives. A favorable project image can help unify 
the team, build the team’s commitment toward the project objectives, and 
establish a high-level of project priority. Project leaders and senior managers 
can help build a favorable project image by making the project visible and 
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stressing its importance through media exposure, management involvement, 
and budgetary actions, as well as by emphasizing critical success factors and 
professional opportunities and rewards. All of these factors help create a 
sense of project ownership among team members and encourage each mem-
ber’s desire to succeed.

18.6.6  guideline 6. Stimulate enthusiasm, excitement, 
and Professional interests

Factors that satisfy personal and professional needs have the strongest effect 
on team performance and overall project results. Many studies show that 
the most significant performance drivers are derived from the work itself, 
including personal interest, pride and satisfaction with the work, profes-
sional work challenge, accomplishments, and recognition. Whenever possible, 
managers should try to accommodate the professional interests and desires 
of their personnel. Interesting and challenging work is a perception that can 
be enhanced by the visibility of the work, management attention and sup-
port, priority image, and the alignment of personnel values with organiza-
tional objectives. Interesting work leads also to increased involvement, better 
communication, lower conflict, higher commitment, stronger work effort, and 
higher levels of creativity.

Although the overall project scope and workload might stand as a fixed require-
ment, project leaders usually have considerable freedom in dividing the project 
and assigning the work packages. Well-established practices, such as front-end 
involvement of team members during the project planning or proposal phase 
and in one-on-one discussions, are effective tools for matching each team mem-
ber’s interests and project needs. These practices help— simultaneously—sell the 
project’s benefits and support team leaders in their dealing with the concerns, 
anxieties, and potential problems of the project team.

18.6.7  guideline 7. Create Proper reward Systems

Although salary itself seems to have no significant impact on team perfor-
mance (as shown by the relatively low correlation in several of my field stud-
ies), recognition, accomplishments, career opportunities, and job security are 
strongly associated with team/project performance. Yet, there is an important 
connection. Financial rewards are also recognition! Therefore, team leaders 
should develop an evaluation and reward system that is designed to recog-
nize both individual and team performance. However, creating such a system, 
with metrics that reflect the desired sharing of responsibility and power, is a 
great challenge. Several models, such as the Integrated Performance Index 
proposed by Pillai, Joshi, and Raoi (2002) and the QFD concept (where every-
one recognizes the immediate customer), provide some framework for design-
ing a reward system that balances both individual and team rewards.
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18.6.8  guideline 8. ensure Senior management Support

The team’s perception of senior management support is critically important 
to project performance. At the outset of a new project, the manager needs to 
negotiate with the sponsor and support organizations for the required 
resources; this individual must also obtain a commitment from management 
that these resources will become available when these are needed. An effec-
tive working relationship among resource managers, project leaders, and 
senior management also favorably affects the credibility, visibility, and prior-
ity of the team, and ultimately, project performance. This information also 
supports the suggestions in Guideline 5 in relation to building a high-perfor-
mance image.

18.6.9  guideline 9. Build Commitment

Managers must ensure that the project team’s members are committed to 
their project plans, objectives, and results. If these commitments appear weak, 
managers should seek a reason for the weak commitments and attempt to 
modify any possible negative views that team members may have. Anxieties 
and fear of the unknown are often a major reason for low commitment (Stum 
2001; Thamhain 2002, 2013). Managers should investigate the potential for 
team member insecurities, determine the cause, and then work with the team 
members to reduce their anxieties and transform their negative perceptions. 
Conflict with other team members and a general lack of interest in the proj-
ect are other potential factors that can negatively affect a team member’s 
commitment to the project and its objectives.

18.6.10  guideline 10. manage Conflict and Problems

Project management activities are highly disruptive to an organization and 
conflict is inevitable. Project managers should focus their efforts on problem 
avoidance. This means that managers and team leaders, based on their experi-
ence, should recognize potential problems and conflicts at the project’s begin-
ning and deal with these before the conflicts become big and interpersonal, at 
which stage the resolutions consume a large amount of time and effort.

18.6.11  guideline 11. Conduct Team-Building Sessions

A mixture of focus-team sessions, brainstorming, experience exchanges, and 
social gatherings offer powerful opportunities for developing the work group 
into an effective, fully integrated, and unified project team. Such organized 
team-building efforts should occur throughout the project life cycle, while 
intensive team-building efforts should probably occur during the formation 

c18.indd   438 25-02-2014   17:54:05



 18.7 How to make it Work 439

stage of a new project. Although formally defined, team-building sessions are 
often conducted in an informal and relaxed atmosphere to discuss such criti-
cal questions as:

• How are we working as a team?
• What are the project’s critical success factors?
• What is our strength?
• How can we improve?
• What support do we need?
• What challenges and problems are we likely to face?
• What actions should we take?

18.6.12  guideline 12. Provide Proper Direction and Leadership

Successful project managers focus their attention on the people—and the 
roles these individuals play—who are involved with the project. Effective proj-
ect organizations have cultures that support multidisciplinary work. These 
organizations have project managers who, by their own actions, influence the 
attitude and commitment of people toward the project objectives. The project 
manager’s concern for the project team’s members and enthusiasm for the 
project fosters a climate with high levels of motivation and involvement with 
the project and its management. It also promotes open communications and 
a collective focus on desired results.

18.6.13  guideline 13. Foster a Culture of Continuous Support 
and improvement

Effective organizations adapt to changing environments. By continually 
updating and fine-tuning established project management processes and 
their people, team leaders ensure that their organization is capable of con-
fronting today’s business challenges. To accomplish this, team leaders could 
establish listening posts—discussion groups, action teams, and suggestion 
systems—to capture the voice of the customer and the lessons learned from 
past projects. These listening posts could serve as a basis for continuous 
improvement when combined with tools such as project maturity models and 
the Six Sigma project management process, which provide useful frameworks 
for analyzing and developing the project team and its management process.

18.7  HoW To make iT Work

There are two critically important conditions that need to exist for teams 
to perform at high-levels: professional interest and work support. Both con-
ditions are influenced by organizational environment and team leadership. 
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Although nobody has a panacea that guarantees high levels of team perfor-
mance, project success is not random! A better understanding of the criteria 
and organizational dynamics that drive project team performance can assist 
managers in developing a sharper and more meaningful understanding of 
the organizational process and the critical success factors that drive project 
team performance.

To achieve project success in our hypercompetitive world of business, proj-
ect leaders must understand all of the facets of the project management sys-
tem and its organizational environment. This includes not only the latest 
tools and techniques, but also the people, business processes, cultures, and 
value systems of the organization. One of the consistent and most striking 
findings from field studies is the need for increased involvement from all 
project stakeholders—both within the organization and among the external 
partners.

Many of the managers with whom I spoke during my career pointed out 
that project success in today’s technology-based environment is no longer 
the result of acquiring a few expert contributors and skilled project leaders. 
While this is a good starting point, project success is, to a large, degree driven 
by multidisciplinary efforts involving teams of people and support organiza-
tions interacting in a highly complex and intricate relationship. Cooperation, 
collaboration, and commitment are significant drivers to high project perfor-
mance. Both cooperation and commitment are greatly enhanced when project 
leaders foster a work environment where people see the purpose and signifi-
cance of their projects. One of the strongest catalysts to team performance 
is the professional pride among organizational members who are fueled by 
visibility and a desire for recognition. Cultivating a professionally stimulat-
ing environment seems to lower anxieties over organizational change and 
reduces communication barriers and conflict, as its simultaneously enhances 
the desire of those involved to cooperate and to succeed.

Effective project leaders are social architects who can foster a climate of 
active participation by involving people at all organizational levels in the 
planning, formation, and execution of projects. They also can build alliances 
with support organizations and upper management to ensure organizational 
visibility, priority, resource availability, and overall support for sustaining the 
team effort beyond its startup phase. Accomplishing these activities requires 
that project managers possess carefully developed skills in leadership, admin-
istration, organization, and technical expertise. These activities also demand 
that managers possess the ability to engage top management and to ensure 
visibility for their projects by using organizational media, management 
reviews, and cross-functional networking throughout the project’s life cycle.

The result is that technology-based projects can be managed to accom-
plish the project goals when the project team works in an environment that 
helps them thrive. The concepts and empirical data summarized in this chap-
ter show that under the right conditions, project teams can produce great 
results, in spite of tough requirements, high project complexities, and difficult 
budget/schedule constraints.
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18.8  SummarY oF keY PoinTS anD ConCLuSionS

The following key points were made in this chapter:

• Effective teamwork is critical to project performance for all projects. 
However, team deficiencies affect project performance more severely 
in large and technologically complex undertakings that have to deal 
with people from many different functional groups, support orga-
nizations, partners, contractors, government and nongovernment 
organizations.

• The first formal framework of team management evolved with the 
human relations movement in the early 1900s, followed by many refine-
ments that led to the current body of knowledge, which connects to five 
overlapping subsystems: (1) people, (2) project work, (3) organizational 
process, (4) project tools and techniques, and (5) leadership.

• Project performance consists of a complex array of variables, difficult 
to define and measure. Most managers include in their project and 
team performance evaluations some metrics of the following six cat-
egories: (1) deliverables, (2) schedules, (3) cost, (4) risk, (5) enterprise 
benefits, and (6) stakeholder/customer satisfaction. The specific mea-
sures selected for determining team/project performance are called key 
performance indicators (KPI).

• The strongest drivers to high team performance include a mixture of 
factors derived from managerial leadership, work process, and organi-
zational environment. In the right combination, these factors create a 
professionally stimulating work environment, which is one of the most 
reliable predictors of high-performing project teams.

• Effective team leaders know when potential issues occur in the project 
life cycle and take corrective actions early, before problems escalate.

• Team performance and project success are strongly influenced by effec-
tive multidisciplinary efforts involving teams of people and support 
organizations interacting in a highly complex and intricate relationship.

• Effective project leaders are social architects who can foster a climate 
of active participation of people at all organizational levels. They can 
also build alliances across the enterprise and its partners and promote 
an environment of high visibility, priority, and resource availability.

18.9  QueSTionS For DiSCuSSion anD eXerCiSeS

 1. Using the lead-in case scenario for this chapter, identify Boeing’s 
 organizational challenges and the issues of effective teamwork on the 
787 Dreamliner project.

 2. Identify and profile the type of leadership style that is needed for effec-
tively organizing, developing, and managing the 787 development team 
at Boeing.
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 3. What are some of the characteristics of a fully integrated team? Develop 
a list of performance measures or criteria for a specific team you know, 
and evaluate this team against your benchmark list.

 4. Identify a workgroup that you know. Define the metrics for measuring 
team performance.

 5. What are some of the organizational variables that influence project 
team characteristics? How can you as project leader influence these 
variables?

 6. Is it more challenging to lead project teams today than 25 years ago? 
Why, or why not?

 7. List and discuss some of the task- and people-related qualities of suc-
cessful project teams. How could you measure these qualities? How can 
you influence these qualities?

 8. Discuss why it is import for project managers to understanding the driv-
ers and barriers to team performance.

 9. Do you accept the three propositions stated under “Team Leadership 
Lessons” (section 18.5) as they relate to team performance and project 
success? Explain.

 10. How do you develop team leadership skills?
 11. What means and methods, other than money, would you consider to moti-

vate your team toward high project performance?
 12. Why is team commitment and ownership important to team performance?
 13. Two team leaders have identical projects in the same organizational 

environment. One team perceives the project as highly interesting and 
important with a lot of opportunities for career advancement, while 
the other team perceives the project as boring, routine work with little 
opportunity for career advancement. What do these two project leaders 
do differently?

 14. How can the proper application of conventional project management 
tools and techniques help in building high-performing teams?

 15. What kind of changes do you anticipate over the next 10 years, regarding 
project team challenges, characteristics, and leadership style?

18.10  PMBOK® reFerenCeS anD ConneCTionS

The topic of team leadership focuses most strongly on the three PMBOK® 
Knowledge Areas of project human resource management (#6), project com-
munications management (#7), and project stakeholder management (#10). 
The topic cuts across all five PMBOK® processing groups with the stron-
gest connection to planning, executing, and monitoring/controlling. Much 
of this chapter focuses on the context of project executing and monitoring/
controlling, discussing the need for working effectively and collaboratively 
with people across the enterprise. The managerial perspectives presented 
in this chapter should be helpful in connecting the PMBOK standards to 
best practices of project management, and in studying effectively for PMP® 
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certification. In preparing for the PMP® Exam, the following PMBOK sec-
tions relate especially to this chapter and should be studied: (1) project 
interfaces, (2) staffing requirements, (3) staff assignments, (4) human 
resource practices, (5) project communications management, and (6) team 
development.
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Chapter 19

Professional Development: Training 
and Education

DEvEloPing ManagEMEnT TalEnT aT gE

“i am very proud of our team,” says Jeffrey immelt, chairman of the board and 
chief operating officer, in gE’s annual Report. “They are passionate and com-
mitted. i spend about one-third of my time with my partners John lynch (senior 
vP of human resources) and Susan Peters (vP executive development and chief 
learning officer). We recruit, we train, we develop, we improve, we think about 
people constantly. Historically, we have been known as a company that devel-
oped professional managers. These are broad problem-solvers with experience in 
multiple businesses or functions. However, i want to raise a generation of growth 
leaders—people with market depth, customer touch and technical understanding. 
This change emphasizes depth. We are expecting people to spend more time in 
business or on a job. We think this will help our team develop ‘market instincts,’ so 
important to growth and for growth, and the confidence to grow global businesses. 
Ultimately, careers should be broad and deep, giving our leaders the confidence to 
solve problems and the experience to drive growth. But today, to get the right bal-
ance, we are emphasizing depth.”

“about a year ago, one of our executive development classes suggested that 
we reformulate our values to capture the spirit of gE as a growth company. 
values can’t just be words on a page. To be effective, they must shape actions. 
We looked to make them simpler, more inclusive and aspirational,” explains 
Susan Peters (2012), gE’s vP for executive development and chief learning 
officer. “We recently convened a team of 21 millennials from various gE busi-
nesses and functions around the world for a special three-month assignment 
to identify ways to attract, develop, and retain talent in the future. We named 
the effort ‘global new Directions.’” She points out that “the generation enter-
ing the workforce today is uniquely connected digitally and socially attuned to 
the forces of change and common purpose. But what’s the best way to unleash 
their potential? anticipating their needs is one of the great tasks of leadership  

Source: GE 2012 Annual Report.
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development and an area of sustained inquiry at gE. at Crotonville, our corporate 
university, we’re addressing this challenge through an evolutionary leadership 
curriculum, breakthrough learning experiences, and a transformational environ-
ment. We’re essentially reimagining a vision for the global nexus of ideas. and 
we’re always looking to broaden the dialogue.”

after weeks of intense effort, the members of the global new Directions group 
presented several recommendations to Susan Peters and her team, and ultimately 
to CEo Jeff immelt. These recommendations included: (1) creating a personalized 
suite of benefits, providing greater flexibility and choice to better meet the needs of 
a global, diverse workforce; (2) enhancing gE’s performance-management system 
to help employees navigate their career at gE; (3) leveraging gaming technology 
to connects the world to gE in a fun and engaging way, helping to educate pro-
spective employees about the company and its economic and social values; and (4) 
expanding gE’s leadership-development and accelerator programs and connecting 
participants across those programs in order to support a broader base of culturally 
adaptive global leaders. gE is now implementing these key recommendations.

With $147 billion in revenues and $ 16 billion in earnings, gE is ranked by 
Fortune (2012) as the 6th-largest firm in the U.S. “gE can execute on a scale 
few can match,” says Jeffrey immelt at this year’s annual shareholder meeting. 
However achieving these results required substantial investment in capability and 
people. We have developed and repositioned our leaders to capitalize on growth-
market opportunities. So how does gE attract, develop, and retain global talent?

19.1  PRoJECT ManagERS HavE SPECial nEEDS 
foR PRofESSional DEvEloPMEnT

Project management always required special skill sets and competencies to 
perform effectively in an environment of unique organizational structures, 
reporting relations, power and resource sharing. However, the vast changes 
experienced in our world of business have differentiated project management 
even further from the practice of conventional management, especially over 
the past 20 years. The changing business environment and competitive pres-
sures toward “better, faster, cheaper” delivery of products and services have 
transformed many organizations into project-based enterprises (see Chapter 
6), leading to an expansion of project management responsibilities to include 
not only effective on-time/budget delivery of agreed-on results, but also 
responsibilities for business performance and alignment of the project opera-
tion with enterprise strategy. All of this requires additional skills and com-
petencies, and a career focus quite different from traditional management.

The specialized knowledge and skill sets required to function effectively 
vary, depending on project size, complexity, and project management matu-
rity of the enterprise. However, especially for more complex and technologi-
cally advanced projects at enterprises with high levels of project management 
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maturity, skill requirements can be extensive. Typically, mature project-based 
businesses look at their development needs in the following areas:

•	 Effective project management, delivering quality results on time and 
within budget

•	 Effective utilization of enterprise resources
•	 Ability to advance project management organization (methods, stan-

dards, tools and techniques)
•	 Strategically optimized project selection (internally) and acquisition 

(externally)
•	 Alignment of projects with enterprise strategy
•	 Effective management of project portfolio
•	 Project management career development

Effective role performance in these areas takes a great deal of knowledge 
and skills, and the ability to apply them in the dynamic real world of proj-
ect management. We discussed the skill requirements, aptitude testing and 
learnability already in Chapter 3, so let’s focus on the actual development 
issues.

19.2  linking knoWlEDgE, SkillS, 
anD CoMPETEnCy

Effective project management is a key differentiator driving a competitive 
advantage for the project-oriented enterprise, and appropriate training 
and development of project leaders is essential. This is a great challenge, 
because it involves not only analytical and administrative skills that can be 
taught and learned in various settings, but also a spectrum of “soft skills,” 
such as leadership, conflict resolution, collaboration, teambuilding, and busi-
ness management, which are much more difficult to learn, primarily through 
experience.

Industry experts agree that a broad-based approach to project manage-
ment development is fundamental to bridge the current gap between train-
ing, skill development, and actual competency (Carbone and Gholston 2004). 
Senior managers share this concern across industries. The statement by 
GE’s CEO Jeff Immelt at the annual shareholders meeting (see GE 2012 
Annual Report) reflects the awareness and changing approach to manage-
ment development:

Historically, we have been known as a company that developed professional 
managers. These are broad problem-solvers with experience in multiple 
businesses or functions. However, I want to raise a generation of growth 
leaders—people with market depth, customer touch and technical under-
standing. This change emphasizes depth. We think this will help our team 
develop . . . the confidence to grow global businesses.
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Although Immelt’s statement reflects on management development in 
general, it is typical of the new focus on management skills beyond technical, 
operational, and administrative competencies, to include also business savvy 
and leadership. It also addresses an important concern and often-heard cri-
tique that too many training programs emphasize knowledge and operational 
skills, while overlooking the importance of on-the-job competency.

Competence is the ability to apply the skills to dynamic real-world project 
situations that also involves issues of management attitude and style that 
need to complement the organizational culture of the project environment. 
This competency can only be developed experientially, in the field. Therefore, 
for project management development programs to be effective, they must 
combine knowledge and skill building with field-based learning experiences, 
such as we do in the training of commercial airline pilots and astronauts. Yet 
knowledge and skill sets are the foundation of competency, linked together 
and conditioned by the organizational environment, as graphically shown 
in Figure 19.1. We can build knowledge and skill sets separately or concur-
rently, but we cannot ignore them in project management development pro-
grams that target competency as a major objective.

19.3  BUilDing knoWlEDgE, SkillS, 
anD CoMPETEnCy

In the previous section I stressed the importance of a balanced approach 
to professional project manager development with ultimate focus on compe-
tency, which is based on knowledge and skills, all linked in a dynamic way, 
as shown in Figure 19.1. So, we must pay attention to these bases if we want 

Competency

Skill Sets

Knowledge

Organizational Environment
(Culture, Business Process, Technology, Politics)

Overall
Environment

Figure 19.1 linkage between knowledge, skills, and competency
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to develop competency. Knowledge plays a critical role in the path to compe-
tency. Some would argue that the focus should be on skill development, not 
learning of concepts and theories. If you want to learn how to ride a bicycle, 
you don’t take a course. Instead you climb on the two-wheeler, fall off, and 
climb on again until you’ve got it. This is a wonderful case for experiential 
learning. However, it is not too relevant for many of the skill sets needed by 
project managers. Without proper knowledge of how the system is supposed 
to work, what drives effectiveness, what approaches work and which don’t, 
experiential learning is very time consuming and risky.

If no prior knowledge exists, we have no choice; we have to build skills by 
trial and error. But, in project management we have an enormous body of 
well-documented knowledge, covering a wide spectrum of application areas 
from administration to strategy and from technology to teambuilding. So, we 
should take advantage of this knowledge base in preparing future manag-
ers and helping practicing project management professionals in the field to 
enhance their skills and competencies. We use knowledge-to-skill accelerators 
all the time in our daily lives. Whether we want to learn how to drive a car or 
fly an airplane, or use a new software application, building some knowledge of 
how the system is supposed to work prior to using it will save time and reduce 
the risk of failure in the field. Yet, the reality is that many project managers 
are left to their own resources to build and upgrade their skill sets on the job 
with little or no organizational support.

Often, a project manager is promoted into the new position based on tech-
nical performance, but is lacking the necessary organizational and people 
skills necessary to resolve issues and build cross-functional team (Nellore 
and Balachandra 2001). This can lead to major deficiencies and issues rang-
ing from inefficient execution to project failure. As remarked by a senior 
manager of a system integration company: “This practice of tossing the best 
technical person into the project lead position without much additional train-
ing might work on smaller routine projects. But, when we install a new sys-
tem or make major technology enhancements the new lead really struggles.”

A 2012 survey by Computerworld (Pratt 2013) adds yet another facet: 
“More than 75 percent executives interviewed indicated that a lack of in-
house project management skills is a major workforce issue for them. But 
relatively few companies offer formal project management training . . .” Yet 
another concern is on the supply side of project managers. Some of the best 
and brightest professionals in their field might feel inadequately prepared to 
take on a project leadership role and do not consider project management as 
a desirable career path. Available project management training and develop-
ment programs could minimize these fears and actually stimulate interest in 
project management as a viable career. “While experience is often quoted as 
the best teacher, companies must recognize the need to enhance on-the-job 
training with formal project manager development” (Carbone and Gholston 
2004). Today we have many options to educate, train, and develop project 
leaders, and to build the knowledge and skills needed for managing projects 
in our demanding business environment.
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19.3.1  Building knowledge

Project management knowledge can be gained in many different ways. For 
simplicity and effective communication this section summarizes the methods 
of building knowledge in Five categories: (1) experiential, (2) teaching, (3) 
self-directed learning, and (4) professional networking.

 1. Experiential knowledge building. This is an effective way to verify 
knowledge previously gained, build depth and more complete under-
standing to it, and transform knowledge into skill sets. On-the-job 
learning is also the only way to gain new knowledge (i.e. no access to 
training or knowledge doesn’t exist yet). We call this ‘learning by trial-
and-error’. As a primary method of knowledge building, trial-and-error 
is not very effective or reliable.

 2. Teaching. Knowledge can be taught in many different ways and forms. 
Examples are:
 i. Conventional classroom teaching by lecturing, discussion, case stud-

ies, role play, and other means that often include readings, coun-
seling, testing and feedback. This type of teaching always involves 
a “teacher” who leads the classroom activities and is responsible 
for the content and method of instruction. Conventional teach-
ing can be delivered in many forms, such as workshops, seminars, 
and college and university courses. Classroom teaching can also 
be augmented with guest speakers, expert panels, field trips and 
excursions.

 ii. Virtual Learning Environment (VLE), distance learning. These 
learning platforms use information and communication technolo-
gies (ICT) to create a virtual classroom that can be visited by learn-
ers “online” via the Internet, TV, or other systems. A great variety 
of learning management systems such as Blackboard and Moodle 
combined with other ICTs can make the virtual classroom inter-
active and effective for learning. These technologies include web 
conferencing enabling students and instructors to communicate via 
webcam, microphone, and real-time chatting. Discussion boards, 
text notes, call-in options, and wikies, combined with other tech-
nologies, provide the opportunity for student interactions and for 
working collaboratively in a small groups while instructors can talk 
with students either individually or in groups, providing feedback 
and directions.

 3. Synchronous versus asynchronous. Distance learning can be con-
ducted either synchronously (learning occurs in real-time with all par-
ticipants interacting at the same time) or asynchronously (allowing 
participants to join the learning community on their own schedule). 
Asynchronous learning is self-paced but somewhat limited in the par-
ticipants’ ability to interact with other students and to participate in 
the exchange of ideas.
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An important feature of the virtual classroom is its ease of recording 
and storing the session content. This allows students to watch missed 
classes or review concepts for in-depth study.
 i. e-Learning. This educational method can be seen as part of a virtual 

learning or distance-learning environment. However, it is aimed 
at providing more specific content and instructions for solving a 
problem or using a new piece of equipment or software, rather than 
dealing with a broad topic such as team leadership. Similar to the 
Virtual Learning Environment (VLE), e-learning uses information 
and communication technologies (ICT) to deliver actionable informa-
tion via tape, CD-ROM, satellite TV, Internet, intranet, or extranet. 
Educational content is delivered by a wide variety of media options, 
such as text, audio, pictures/images, animation, and streaming vid-
eos. E-learning is often referred to by other names that reflect a 
particular aspect of content delivery, such as multimedia learning, 
technology-enhanced learning (TEL), computer-based instruction 
(CBI), computer-based training (CBT), online education, computer-
assisted instruction, computer-aided instruction (CAI), Internet-
based training (IBT), web-based training (WBT), and web-based 
learning. E-learning is suitable for classroom or distance learning, 
set up for either synchronous or asynchronous learning.

 4. Self-directed learning. In this educational process individuals take 
the initiative of diagnosing their learning needs, formulating learn-
ing goals, identifying the sources for learning, implementing learning 
strategies, and evaluating outcomes (Merriam 2001). In this context it 
includes everything from reading of professional journals and books 
to gleaning knowledge from the Internet. Technically speaking, it also 
includes any learning initiative that was discussed in the first two cat-
egories of experiential learning and learning from teaching. However, 
in the context of this chapter, self-directed learning is an activity that is 
pursued without much interaction or guidance from the outside. It 
is probably one of the most flexible forms of learning and knowledge 
building, but also requires the greatest degree of self-discipline and 
self-governance.

 5. Professional networking. This involves a special learning process 
that does not fit well into any of the other categories. Networking 
builds  knowledge from interactions with like-minded professionals, 
such as attending professional meetings, conferences and social gath-
erings, and keeping in touch with colleagues of your company and 
your industry. Knowledge can also be derived from participation in 
web-based communities of practice, weblogs, Twitter, LinkedIn, and 
Facebook. Professional networking is an effective way of complement-
ing and validating knowledge produced by other means, and gaining 
insight into the prevailing issues, challenges, best practices, and trends 
of a given business environment. It is also effective in identifying poten-
tial services and partners for future collaboration.
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19.3.2  Building Skill Sets

The skill sets needed by project managers can be developed in several ways. 
But almost always experientially. Skills require the ability to apply knowl-
edge to perform managerial tasks effectively and competently, and therefore 
have to be acquired by practice. We summarized the skill sets required for 
effective role performance and competency in four categories: (1) ( technical, 
(2) operational/administrative, (3) people, and (4) strategic/business skills, and 
discussed the challenges associated with their developments in Chapter 3. 
The good news is that most of these skills can be developed and will enhance 
of project managers. Research supports these claims (Baldwin et al. 2012, 
Carbone and Gholston 2004, Clegg and Ross-Smith 2003, Kerzner 2013). 
Unlike certain personality traits or attributes, such as IQ, personal drive, tem-
perament, and emotional intelligence, that are innate to a person and difficult 
to change even over long periods of time, individuals can build and improve 
their skills in virtually any area through practice, feedback, coaching, and 
perseverance. This is not a simple process. For one thing, management skills 
come in clusters, combining many overlapping, intricately connected skills 
into sets, necessary for managers to interact dynamically and effectively with 
the project environment, resolving issues and moving the project forward.

Taken together, skills are developed through practice, supported by knowl-
edge and personal attributes such as desire, drive, and persistence. However, 
to be effective, skill building must consist of more than just a training or 
internship program. It should include specific knowledge from many sources 
to support the field-based experience, which should be monitored and updated 
periodically, based on the lessons learned from self-assessments and senior 
management observations. After all discussions and debates, the only thing 
standing in defining competency is the ability to make things happen, which 
is the ability to apply skills and talents in any combination necessary to move 
the project forward. It is the art and science of being a catalyst for motivating 
the team toward focusing their efforts on desired results.

19.4  DEvEloPing PRoJECT ManagERS

While project management is being recognized as a powerful, competitive 
tool, nearly 75 percent of executives surveyed by PMI believe that more 
effective project management could improve their company performance. 
Recognizing project management as a key performance differentiator, 
many organizations have focused on its systematic development. Yet, com-
pany support and investment is not sufficient to guarantee improvement 
of project management performance. The focus should be on systematic 
development of competencies required for project success (see PMI’s “Project 
Manager Competency Development Framework” 2002). Competency is the 
ability to make things happen by applying knowledge, skills, and talents in 
whatever way necessary, driven by courage, to move projects forward. These 
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characteristics can be developed. However, it takes systematic efforts of 
building and updating knowledge, integrated with practice and mentoring. 
The development program should align with the specific business needs and 
strategic objectives of the enterprise. It is a long-term commitment, based 
on solid needs assessment and planning. This cannot be done in isolation, 
but should involve the key project management stakeholders of the enter-
prise. In addition to the specific program features, the plan should define 
the responsibilities for administering, managing, and leading the develop-
ment program. It should also include performance measures, evaluations, 
feedback to participants, and provisions for assessing relevancy and options 
for plan adjustments as needed. Finally, any development of project manag-
ers must be carefully integrated with existing project management support 
systems such as project management offices (PMO) and human resource 
(HR) departments.

19.5  PRofESSional EDUCaTion

With the growing demand for project management expertise, a broad spec-
trum of educational offerings emerged to build specialized knowledge and 
professional recognition. The respective programs vary widely in content 
and  format. Readings, podcasts, seminars, workshops, lectures, and formal 
degree and certificate programs are some of the typical formats delivered 
online or in class by various organizations, such as specialized training com-
panies, professional organizations, in-house training at corporations, col-
leges, and universities. In addition to knowledge building, there are many 
professional certification programs offered worldwide that often align with 
the educational programs and vice versa.

19.5.1  a growing number of Educational Programs

Professional training companies were the first to recognize the need for proj-
ect management education. Starting in the 1950s, these companies offered 
short courses, workshops and seminars, either at their training facilities or 
in-house at their client organizations. Today, project management education 
is a billion-dollar business with millions of educational firms, institutions 
and consultants competing in a crowded, but still growing market. Delivery 
methods also expanded from traditional classroom seminars to a wide variety 
of methods, ranging from informal “lunch and learn” sessions to full degree 
programs. Moreover, modern information and communication technologies 
(ICT) have opened up new ways for program deliveries, such as podcasts and 
distance learning.

Academic institutions were initially slow in adapting to the growing needs 
for project management education. In the mid-1990s, there were only two 
bachelor and nine master’s programs in project management. Today, we can 
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choose from a growing number of over a thousand degree and certificate pro-
grams around the world, with the strongest expansion in Asia and South 
America.

19.5.2  Developing Successful Programs

However, not all programs are created equal. Developing a solid project man-
agement degree program responsive to professional needs in the field, with 
high academic standards and integrity, is not a simple task. As a young disci-
pline, the formal body of knowledge and underlying theories are still emerg-
ing. There is still confusion among many academics about the uniqueness of 
project management in comparison to other forms of management. This can 
lead to big arguments about the necessity and legitimacy of academic pro-
grams in project management.

Yet, in spite of these concerns and academic politics, nearly one hundred new 
project management programs are being introduced each year by academic 
institutions across the globe. The best of these programs, with the highest 
approval rate by students and managers in industry, are the ones responsive 
to the unique nature of project management. They create a curriculum and 
learning environment that helps students to gain the diverse knowledge in 
support of the skills needed in the field for effective role performance. The 
temporary nature of project management with its unconventional reporting 
relationships, shared authority, power, and resources requires different skills 
and therefore different knowledge, in contrast to managing a functional dis-
cipline. The best programs put a lot of emphasis on the human side. They 
teach project management process, tools, and techniques with focus on col-
laboration, conflict resolution, and team leadership. They also teach project 
management as a business model aligned with the enterprise.

Another challenge is the lack of existing templates or standard methods 
for developing project management curricula or programs. However, there 
are some guidelines available from academic and professional organizations, 
such as PMI’s Global Accreditation Center (GAC) for Project Management 
Education Programs. These guidelines help to build curricula for specialized 
academic programs in business, engineering, architecture, or IT, as well as 
general project management programs applicable across multiple disciplines.

Some schools, like Capella University in Minneapolis, have made project 
management part of the core academic curriculum, offered both as a stand-
alone subject and integrated with other areas of study. As explained by Dr. 
Sue Talley, Dean of Capella’s School of Technology: “Project management cov-
ers one of the most significant core competencies that all IT professionals and 
business managers should have. This has been very successful for Capella, as 
well as for our graduates and corporate partners . . .it is a key asset in devel-
oping educational alliances with key corporations.” This comment is typical 
for the increasing focus of educational programs on specific application areas 
of project management, and efforts to enhance the educational value and 
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relevancy by collaborating with industry on curriculum development in sup-
port of the competencies needed in the field.

“Progressive schools recognize the profound changes taking place in the busi-
ness and project management arenas—and the opportunities they present” 
says Dr. Edwin Andrews, former director, academic and educational programs 
and services at the Project Management Institute. “Educators are not only 
introducing programs to address the needs of today’s students and profession-
als, they’re looking for more innovative ways to integrate project management 
into the fabric of organizations.” (Project Management Institute 2008).

Taken together, we are making progress in educating current and future 
project leaders. Yet, despite the worldwide increase in educational programs 
at all levels, many more are needed to support the increasing demand for 
project management expertise. Responding to this issue, many organiza-
tions across all industries and government agencies, from IBM to Boeing and 
NASA, have established in-house programs or corporate universities, often 
aligned with university partners in collaboration of research and curriculum 
development.

19.6  PRofESSional CERTifiCaTion anD 
aCCREDiTaTion

With the growing number of project managers worldwide, the need for profes-
sional standards and formal recognition is steadily increasing. Professional 
certification is often seen as a path toward establishing professional com-
petency standards, credentials, and recognition. The growth of certification 
programs is also a reaction to the changing employment market. Many of the 
most popular certifications are portable—that is, independent of a particu-
lar company affiliation or position. A certification represents an endorsement 
of an individual’s professional knowledge, experience, and competence, an 
important credential in today’s competitive job market, looking good on a 
resume at any time.

19.6.1  Types of Professional Certification

Professional certifications are also known as professional accreditations, 
or designations. While there are semantic differences between these terms, 
especially for accreditation that is usually a license to practice, the most com-
mon name for this credential is certification. There are many different types 
of certification in any profession, including project management. Wikipedia 
suggests a useful classification that has been adopted for this chapter: (1) 
profession-wide, (2) product-specific, (3) corporate, and (4) university educa-
tional institutions.
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Profession-wide Certification

This is the most general and most portable type of certification. It is being 
offered by many professional project management organizations, such as the 
Project Management Institute (PMI), International Project Management 
Association (IPMA), and Japan Project Management Forum (JPMF). In addi-
tion to strictly project management–focused certificates, field-related certifi-
cations are also available, such as offered by professional organizations, such 
as the American Association of Cost Engineers (AACE), Product Development 
and Management Association (PDMA), and Association of Information 
Technology Professionals (AITP), just to name a few.

Many of these organizations offer certification for different levels of com-
petencies and different application areas. For example, PMI offers seven cer-
tifications, each aimed at a different audience: Certified Associate in Project 
Management (CAPM)®, Project Management Professional (PMP)®, Program 
Management Professional (PgMP)®, PMI Portfolio Management Professional 
(PfMP)SM, PMI Agile Certified Practitioner (PMI-ACP)®, PMI Risk Management 
Professional (PMI-RMP)®, and PMI Scheduling Professional (PMI-SP)®.

Professional certifications are based on a variety of qualifiers that may 
include work experience, formal education, and professional knowledge that 
is usually tested in an exam. Once earned, professional certification must 
usually be renewed periodically with proof of maintained professional status, 
such as continuing practice and participation in professional development 
activities.

Product-Specific Certification

This certification focuses on product-specific proficiencies, such as a certifi-
cation as Microsoft Office Specialist (MOS) or Microsoft Certified Solutions 
Expert (MCSE). This certification is very common in the information technol-
ogy (IT) industry and is portable to other locations but not to other products.

Corporate Certification

Many companies and government agencies have their own in-house certi-
fication programs for their employees that focus on project management or 
related areas. Often, these programs are structured after already existing 
certifications from outside sources, and modified to fit the specific in-house 
needs. For US companies, a popular model is PMI’s Project Management 
Professional (PMP) certification. While these certificates have limited porta-
bility, they carry high value, recognition, and prestige within the organization.

University and other Educational Certification

Many universities and other institutions award professional certificates for 
completing an educational program, covering a specific subject, such as project 
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management. The breadth and depth of the educational program varies, 
ranging from a few hours of classroom lectures to multicourse  graduate-level 
programs with exams and other forms of proficiency testing. These certificate 
programs provide processes for gaining knowledge, recognition, and entry-
level credentials. They are often also used as stepping stones for higher-level 
certification.

19.6.2  Who Certifies Professional Proficiencies?

Certification is usually earned from professional societies, trade organiza-
tions, or educational institutes, not the government. This is different for 
professional licensure, which in the United States is usually issued by state 
agencies. In project management, virtually all of the broadly recognized, por-
table competency certifications are being offered by professional societies, 
such as PMI’s seven certification classes or IPMA’s four levels of competency 
certification. The qualifications for being a certifying organization are defined 
by national and international standards, such as Standard 1100 of the 
American National Standards Institute (ANSI) or 17024 of the International 
Organization for Standardization (ISO). All certifying organizations must 
adhere to established quality standards to ensure credibility and recognition 
of their credentials by the project management community.

19.6.3  Benefits of Certification

Any form of certification is a personal credential testifying to a level of pro-
fessional competency and accomplishment. In addition to the value as a 
credential, the person gains new knowledge and professional perspective in 
the process of getting certified, which benefits the individual and any orga-
nization employing his/her services. Especially beneficial are the broadly 
recognized certifications with higher levels of qualifying threshold. These 
elevate the professional status of the credential holder within an organiza-
tion and the project management community.

Professional certification is often seen as a stepping stone into a project 
management career and future advancement. The certification maintenance 
programs required by many certifying organizations encourage individuals’ con-
tinuing professional development and growth via learning and practice. Some 
certifications are also important to employers to qualify for contract work or to 
comply with customer requirements. In future years, organizations and indi-
viduals are expected to value certifications even more as a means of confirming 
a certain level of specialized work experience, formal training, and education. 
Overall, despite ongoing debates of its value as a predictor of project management 
performance, professional certification is seen as an effective way to validate a 
level of competency in specialized areas, increasing marketability to  employers, 
and as a stepping stone on the project management career path.
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19.7  CaREER oPPoRTUniTiES in PRoJECT 
ManagEMEnT

“In the 21th century the demand for skilled project managers is at an all-time 
high as organizations continue to focus on higher productivity and greater 
customer satisfaction with minimal resources.” This is one of the conclusions 
reached by PMI (2011b). I concur. For many years, there is an increasing 
demand for professionals across a broad spectrum of industries who can 
effectively manage project-based assignments and can use project manage-
ment to leverage business performance.

With advanced technology, globalization, and pressures toward rapid mar-
ket response, opportunities for careers in project management have become 
even more plentiful. Virtually every business activity, in many of today’s 
industrial, commercial, and governmental organizations, use project man-
agement systems and standardized methods to get their tasks accomplished. 
New developments must be planned and managed in spite of fast changing 
technology, markets, regulations, and socioeconomic factors. Modern project 
management provides the process template and metrics for effectively exe-
cuting these ventures, while information technology provides many of the 
tools for dealing with the enormous complexities of tracking, integrating and 
controlling these projects, that have become not only more complex, but also 
more demanding regarding cost, schedule, and technical performance. All of 
these challenges are career opportunities for project-minded professionals, 
technical and nontechnical, in virtually every field of business and commerce.

Traditionally, project management was seen as a career primarily in certain 
industries, such as construction, engineering, manufacturing, and aerospace. 
Today, virtually every industry, from construction to real estate development 
and from IT to financial services, uses project management as an integrated 
part of their business processes. Projects range from computer developments 
to urban renewal, transportation, communications, finance, advertising, 
health care, consulting, education, and foreign assistance programs, with the 
service sector accounting for the largest increase of project-related activi-
ties. Many career opportunities exist also outside these defined areas. They 
include launching new products, developing new technologies, organizing 
trade shows, building alliances, and managing mergers and acquisitions.

Whether a project involves releasing a product or launching a new space 
program, project professionals make sure that the objectives are met and 
results are delivered in a timely, cost-effective manner. Responsibilities for 
these projects come at various levels and titles, such as scheduler, assistant, 
associate, team leader, project engineer, project manager, systems manager, 
program manager, and director, providing opportunities for on-the-job learn-
ing and career development.

Very few people start in their career as full-fledged project manager. Most 
entry positions are assisting a project manager or supporting a project team 
by updating the schedules, tracking progress, reviewing documents, maintain-
ing project management software, and writing reports. As you gain experience, 
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you may be assigned more tasks to manage, until you’re ready to lead others in 
completing an entire project. Others start out with primarily “technical” assign-
ments in such as engineering, marketing or finance, with project management 
assigned as an additional responsibility. A typical example is the appointment 
of an engineer or scientist as team leader of a small technology project. These 
one-time assignments give the individual and senior management a chance to 
observe and evaluate performance, likes and dislikes, and potential for advanced 
assignments. In other cases, new college graduates from any field get hired as 
assistants to a project manager, or as a coordinator for a rollout, trade show, or 
introduction of a new administrative procedure. General business and support 
functions are loaded with activities that need to be executed with specific on-
time and budget deliverables. Business managers often hire personnel responsi-
ble for proper execution of these activities. They look for people at the beginning 
of their professional career with the ability for multitasking, critical thinking, 
and good communication skills. Although the job title might not spell “project 
manager,” these people perform project management work with all the chal-
lenges of integrating multidisciplinary activities across functional lines with-
out much formal authority, and dealing with changes, conflict, and uncertainty. 
This is an excellent learning environment for project managers and a chance for 
identifying larger project management opportunities for career advancement.

The growth of standards and certifications has fueled the recognition of 
project management as a profession with many career paths. Whether you 
are already in the profession or thinking of a career in project management, 
a broad spectrum of opportunities exists at various levels of responsibilities, 
titles, and salaries. But, each next career level must be earned through dem-
onstrated solid performance on the current job. Therefore, as for any career, 
you should be prepared to work for your next promotion. However, the overall 
picture looks very good. With a strong demand for project management pro-
fessionals across all industries worldwide, fueled by an estimated $20 trillion 
investment in major projects, there is no shortage of career opportunities.

19.8  SUMMaRy of kEy PoinTS anD ConClUSionS

The following key points were made in this chapter:

•	 Specialized knowledge and skill sets necessary for effective function-
ing of project manager vary, depending on project size, complexity, and 
maturity of the project organization.

•	 Appropriate training and development of project leaders is essential to 
ensure effective project management.

•	 Soft skills like leadership, conflict resolution, collaboration, team build-
ing, and business management are much more difficult to learn than 
analytical skills.

•	 Knowledge supports the development of skills that together form the 
basis for competency but provide no guarantee of competency.
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•	 Competency is the ability to make things happen by applying knowl-
edge, skills, and talents, driven by courage, to move projects forward.

•	 Project management knowledge can be gained in many different ways, 
grouped into four categories: (1) experiential, (2) teaching, (3) self-
directed learning, and (4) professional networking.

•	 Project management skills require the ability to apply knowledge. They 
are developed experientially through practice, supported by knowledge, 
and personal attributes like desire, drive, and persistence.

•	 Developing project managers takes systematic efforts of building 
knowledge, integrated with practice and mentoring.

•	 Developing a solid project management degree program is a complex 
undertaking. The best programs create a curriculum and learning 
environment that helps students to gain the diverse knowledge in sup-
port of the skills needed in the field. They emphasize the human side, 
teaching project management process, tools, and techniques with focus 
on collaboration, conflict resolution, and team leadership. They also 
emphasize the importance of aligning project management with the 
business process of the enterprise.

•	 Professional certification represents an endorsement of an individual’s 
professional knowledge, experience, and competence, an important cre-
dential in today’s competitive job market.

•	 Professional certification programs can be classified into four catego-
ries: (1) profession-wide, (2) product-specific, (3) corporate, and (4) uni-
versity educational institutions.

•	 The qualifications for being a certifying organization are defined by 
national and international standards, such as ANSI Standard 1100 or 
ISO 17024.

•	 For many years, the demand for professionals who can effectively man-
age project-based assignments has been increasing. Career opportuni-
ties exist for project-minded professionals, technical and nontechnical, 
in virtually every field of business and commerce.

•	 Typical entry positions are supporting a project manager and his/her 
team. More management responsibility may be assigned with increas-
ing experience and competency.

•	 Whether you are already in the profession or thinking of a career in 
project management, a broad spectrum of opportunities exists at vari-
ous levels of project management responsibilities, titles, and salaries. 
But, each next career level must be earned through demonstrated solid 
performance on the current job.

19.9  QUESTionS foR DiSCUSSion anD ExERCiSES

 1. What are some of the knowledge and skill requirements in project man-
agement that are different from traditional “functional” management?
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 2. Discuss some of the methods for developing the (1) knowledge, (2) skills, 
and (3) competencies needed for effective role performance as project 
manager.

 3. Discuss the GE approach to developing management talent. Is it rel-
evant to project management? Which part is or is not relevant? How 
does GE’s approach differ from traditional management training/
development?

 4. How are knowledge, skill sets, and competencies linked together?
 5. Discuss the approach you would take in developing a new master’s pro-

gram in project management that is responsive to the knowledge and 
skill requirements in the field.

 6. The value of professional certification as a predictor of project manage-
ment performance is often argued. Discuss. What is the value of profes-
sional certification?

 7. What are the benefits of a career in project management in comparison to 
a career in functional or general management? What are the caveats?

 8. You would like to shift your career as a professional individual con-
tributor into project management. How would you approach this career 
move?

19.10  PMBOK® REfEREnCES anD ConnECTionS

The topic of professional development focuses most specifically on the 
PMBOK® knowledge area of project human resource management (#6) with 
strong connections to the PMBOK® processing groups of planning, executing, 
and monitoring/controlling. Similar to Chapter 3 on skills and values, much 
of this chapter deals with the context of project executing and monitoring/
controlling, discussing the need for managerial skill building to ensure effec-
tive project management throughout its life cycle. The managerial perspec-
tives presented in this chapter should be helpful in connecting the PMBOK 
standards with best practices of project management, and in studying effec-
tively for PMP® certification. In preparing for the PMP® Exam, the following 
two PMBOK sections relate most especially to this chapter and should be 
studied: (1) organizational planning and (2) staff acquisition.

inTERnET linkS anD RESoURCES

AACE, American Association of Cost Engineers. www.aacei.org/
AITP, Association of Information Technology Professionals. www.aitp.org/
ANSI, American National Standards Institute. http://webstore.ansi.org/
DOE, US Department of Energy., Project Management Career Development Program  

(website). http://energy.gov/management/office-management/operational-manage 
ment/certifications-and-professional-development-1

IPMA, International Project Management Association. http://ipma.ch/
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Chapter 20

The Future of Project Management

20.1  Is The FuTure PredIcTable?

Predicting the future is difficult and risky. History is full of sociopolitical, 
economic, and technological happenings, from the Industrial Revolution to 
the  sudden collapse of the Soviet Union and the invention of the transis-
tor as the precursor of the digital age. None of these events were predicted 
decades ahead of time. Similar examples can be given for project management. 
Who predicted the evolution of management approaches like agile, Stage-
Gate®, virtual teams, extreme project management or Internet-supported 
dashboard controls, and their impact on the practice of project management 
in the 1980s? That is only 30 years ago, a very short time period in compari-
son to 4,000 years of project management practice. Yet despite the difficulties 
of predicting the future, some people seem to be less surprised and better 
prepared to deal with changes in the business environment when they occur. 
These are the leaders who understand their current environment, trends, 
and forces that shape the future. Nobody has the proverbial crystal ball to 
predict the future. However, I strongly believe that understanding historic 
developments, current dynamics, trends, and forces in the business environ-
ment are the best predictors of upcoming changes and preparation for the 
future.

20.2  changes and Trends In The ProjecT 
envIronMenT

Just 50 years ago, project management emerged as a formal discipline, 
impacting virtually every operation of the modern enterprise in every indus-
try. How did things change so fast after thousands of years of stable praxis 
with little or no changes in the work process, methods, and supporting tools 
and techniques? What are the forces that drove these paradigm shifts in 
project management, and what lessons can we learn for identifying possible 
trends for the future? Let’s focus on the past 25 years.
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Key Driving ForCes anD TrenDs aFFeCTing ProjeCT ManageMenT

•	 Advances in technology, especially computers and communications
•	 Advances in the art and science of project management to a matu-

rity level that can produce predictable results even under changing 
and dynamic conditions

•	 Alternative project team designs, such as virtual, extreme, agile
•	 Broad application of project management to virtually all industries, 

businesses, and segments of society
•	 Emergence of new management processes and practices, such 

as concurrent engineering, agile, user-centered design, virtual 
teams, reengineering, enterprise pm, gate review, rapid prototyp-
ing, spiral processes, out-of-bounds reviews, and extreme project 
management

•	 Globalization of business and project management
•	 Greater participation of suppliers, contractors, and customers in 

project execution
•	 Increased responsibility of project managers for business results
•	 Increasing competitive pressures toward faster, better, cheaper 

products and services
•	 Increasing need and ability for managing more complex  

projects
•	 Integration of project management into the business process of the 

enterprise
•	 More focus on human issues and emphasis of people skills
•	 Political and social changes across large geographic regions of the 

world
•	 Recognition of broad spectrum of stakeholders within and outside 

the project organization
•	 Recognition of project management as a formal discipline with its 

own body of knowledge, standards, and norms
•	 Shorter product and service life cycles
•	 Sustainability as a major concern
•	 Technology-based knowledge doubling every few years

Driven to a large extend by advances in computer and communication 
technologies and by worldwide sociopolitical changes, four major shifts in 
our business environment influenced project management and created the 
ambience that prompted many of the recent changes in the way we manage 
projects today. Understanding these paradigm shifts and the forces that drive 
them is critical for recognizing trend and possible future developments.
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20.2.1  shift from locally organized Projects to globally 
dispersed Project organizations

Supported by modern communication technology, project teams can be dis-
persed over wide geographic areas, taking advantage of the best specialized 
skills, economics, and facilities anywhere in this world. This ability led to 
intricate multicompany alliances and highly complex forms of work integra-
tion that rely to a considerable extent on member-generated performance 
norms and work processes.

Managing these virtual team processes requires new tools and techniques, 
and a shift toward more team ownership, power sharing, accountability, col-
laboration, commitment, and self-direction at the local level. These trends are 
likely to continue in the future.

20.2.2  shift from linear Work Processes to dynamic systems

While in the past, project management was based on predominately linear 
models, typically exemplified by sequential product developments, scheduled 
services, and discovery-oriented R&D, today’s project managers have to oper-
ate in a much more dynamic and interactive way to respond to the increased 
pressures for faster, more customer-focused and resource-limited delivery of 
results. The resulting processes, such as concurrent engineering, Stage-Gate®, 
agile, and integrated product development, are often nonlinear. They demand 
a more sophisticated management style that relies to a considerable extent 
on member-generated performance norms and evaluations, rather than on 
hierarchical guidelines, policies, and procedures.

Although this paradigm shift is driven by changing organizational com-
plexities, capabilities, demands, and cultures, it also leads to radical depar-
tures from traditional management philosophy on organizational structure, 
motivation, leadership, and project control. As a result, traditional “hard-
wired” organizations, such as the traditional matrix, are modified or replaced 
by more flexible and nimble networks that are in most cases derivatives of 
the conventional matrix organization. While allowing more concurrent and 
flexible operations, these networks have more permeable boundaries that 
require broad power and resource sharing. These are trends likely to con-
tinue in the future.

20.2.3  shift from efficiency toward effectiveness 
and linkage to business strategy

Many companies have broadened their focus from efficient execution of their 
project operations—emphasizing job skills, teamwork, communications, time, 
and resource optimization at the operational level—to include organizational 
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effectiveness. This shift responds to the need for better integration of ongo-
ing project operation into the overall enterprise, linking project management 
with business strategy. As an example, companies are leveraging project man-
agement as a core competency, integrating project-oriented activities closely 
with other functions, such as marketing, R&D, field services, and strategic 
business planning; and to achieve accelerated product developments, higher 
levels of innovation, better quality, and better overall resource utilization.

Although this shift is enhancing the status and value of certain business 
functions within the enterprise, it raises the overall level of responsibility 
and accountability for project managers to perform as a full partner within 
the integrated enterprise system, a trend likely to continue in the future.

20.2.4  shift from Processing Information to Fully 
utilizing Information Technology

Today’s technology provides managers anywhere in the enterprise and beyond 
with push-button access to critical information on operational status and per-
formance. The availability and promise of technology has led to the develop-
ment of an enormous variety of powerful IT-based project support tools and 
techniques, ranging from resource estimating to scheduling, risk analysis, and 
decision making, and from design to testing, system integration, and customer 
validation.

The future challenge is at the enterprise level for looking beyond the imme-
diate application—such as project management or manufacturing resource 
planning—to integrate information systems among the various business pro-
cesses, such as design, operations, field services, and project management. The 
objective, then, is to integrate project management with business processes 
of the enterprise, rather than just replacing traditional forms of communica-
tions, interactions, and problem solving. These issues are broadly recognized 
by management and started a trend that is likely to continue in the future.

20.3  WhaT does IT Mean For The FuTure 
oF ProjecT ManageMenT?

Preparing for the future is not an easy feat. No magic formula guarantees 
success. However, conditioning for future success in project management is 
not a random process. A better understanding of the criteria and dynamics 
that affect our business environment today can help managers in recognizing 
the emerging trends that affect the future of project management. Here are 
some of the trends that are likely to continue and shape the future of project 
management:

•	 With some certainty we can predict that the current trend toward 
more professionalism and standardization will continue in project 
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management, leading to additional growth in career positions, educa-
tional offerings, research, and published material in a variety of media. 
It will also lead to a broader acceptance of the body of knowledge and 
standards that will be applicable and recognized in future years by 
large segments of industry and government across the globe.

•	 Changes in management philosophy toward more empowerment of 
team members, stakeholder involvement, and a management style 
based on collaboration, commitment, and risk sharing are expected 
to be adopted more broadly throughout the profession of project man-
agement, replacing the traditional, authority-based “command and 
control” style that was found ineffective for many of today’s complex 
project management situations.

•	 Geographically dispersed, “virtual” teams will continue to grow in 
importance to take advantage of specialized skill pools, economic situa-
tions, markets, and project logistics. The tools, techniques, and methods 
of unifying and managing these virtual teams and integrating their 
work is expected to continue to improve, leading to higher levels of 
overall project effectiveness.

•	 Technologies of many forms, from computers to communications and 
nanotechnology, will continue to grow, leading to new applications in 
support of the increasing project management challenges and opportu-
nities of the future.

•	 We can expect an increase in project complexity across all areas of 
project management. This complexity is not just limited to the techni-
cal part of the project, but also includes customer interfaces, regula-
tions, financing, political, and legal and environmental considerations. 
Having the appropriate skill sets, technology, and support systems in 
place will be critically important for being able to take advantage of 
upcoming opportunities and to execute them successfully.

•	 In addition to the general complexity, the need and opportunity for 
megaprojects will increase worldwide, These projects include infra-
structure, energy, healthcare, nation-building, and aerospace, just to 
name a few of the megaprojects known to date.

•	 Sustainability is expected to become an issue of primary importance, 
with increased pressure on companies for more accountability regard-
ing sustainable developments. This will affect the future of project 
management in the way we plan, execute, and deliver projects. It will 
influence project management methodologies, standards, and prac-
tices, including the way we measure project performance and distribute 
reward.

•	 Risk and uncertainty are expected to intensify in an increasingly 
changing and dynamic world. This will have strong impact on the way 
we plan, negotiate, and manage projects in the future. It will also drive 
the development of new tools, techniques, and management processes 
for dealing with uncertainties associated with the increasing complexi-
ties of future projects and their environment.
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•	 Measures of project performance are expected to continue to shift from 
short-term efficiency metrics to longer-term effectiveness, which not 
only measures the contracted project performance but also goes beyond 
the quadruple constraint to include performance against overall busi-
ness objectives and long-term enterprise benefits, including sustain-
ability. This links project management to enterprise performance.

•	 Taken together, project management will be different in the future from 
the organizational systems, processes, and practices of today. However, 
progressive managers at all levels will recognize the current changes and 
driving forces in the business environment that create the future envi-
ronment. These are the project managers and business leaders that will 
be prepared to deal with the challenges and opportunities of the future.

20.4  suMMary oF Key PoInTs and conclusIons

The following key points were made in this chapter:

•	 Predicting the future is difficult and risky. However, some people seem 
to be better prepared than others to deal with changes in the business 
environment when they occur.

•	 Understanding historic developments and the forces that drive change 
in the current business environment are the best predictors of upcom-
ing changes in the future.

•	 Over the history of project management, the discipline has most radi-
cally and rapidly changed during the past 50 years.

•	 Driven to a large extend by advances in computer and communication 
technologies and by worldwide sociopolitical changes, four major shifts 
in our business environment have influenced and changed the discipline 
of project management: shift from (1) local to global, (2) linear work pro-
cesses to dynamic systems, (3) efficiency toward effectiveness and linkage 
to business strategy, and (4) processing information to fully utilizing IT.

•	 Many of the changes that will occur in the future will be extensions of 
current trends. Other changes will be more radical and difficult to predict.

•	 We can predict with some certainty that the current trend toward more 
professionalism and standardization in project management will con-
tinue, leading to additional growth in project-related jobs, career posi-
tions, educational, research and publications.

•	 Management style will change toward more empowerment of teams 
and stakeholder involvement. Collaboration, commitment, and risk 
sharing will be adopted more broadly as a basis of control, replacing 
the traditional authority-based “command and control” methods.

•	 The use of geographically dispersed, “virtual” teams is expected to grow 
further, supported by new tools, techniques, and methods for managing 
these virtual teams and integrating their work.
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•	 We can expect an increase in project complexity across all areas of 
project management, from the technical part to customer inter-
faces, regulations, financing, political, and legal and environmental 
considerations.

•	 Sustainability will increase in importance. Pressure for more account-
ability will influence changes to project management methodolo-
gies, standards, and practices, including the way we measure project 
performance.

•	 Risk and uncertainty are both expected to intensify in an increasingly 
changing and dynamic world, affecting the way we plan, negotiate, and 
manage future projects. Appropriate skill sets and technology will be 
critically important to deal with the challenges and opportunities.

•	 Project performance is expected to include more long-term effective-
ness measures beyond the quadruple constraint, linking project man-
agement with business objectives.

•	 Managers who recognize the driving forces that are likely to create 
changes will be prepared to deal with the challenges and opportunities 
of the future.

20.5  QuesTIons For dIscussIon and exercIses

 1. Discuss the major changes in project management practice, process, and 
concepts that you can identify (or have observed) over the past 10 years. 
What were the major drivers causing these changes?

 2. Do you agree or disagree with the predictions made in this chapter 
regarding the future of project management? Why or why not? Select a 
few statements and discuss.

 3. Select an industry you are familiar with. (a) How would you predict the 
future project management environment to look 10 years or 25 years 
from now? What method or approach would you use for your prediction? 
(b) What predictions would you make? (c) What changes in project man-
agement style and process do you predict as a result of your environmen-
tal forecast? (d) Do you feel that your conclusions reached in item (b) and 
(c) are also applicable to other industries? Discuss.

 4. How would you as a (a) project manager and (b) senior manager/execu-
tive prepare for the future?
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Appendix 1

Policy and Procedure Examples

Four sample documents are shown in this appendix to illustrate the type 
of administrative guidelines that should be developed in support of project 
operations within the enterprise, providing the framework for managerial 
direction, communication and control:

ExamPlE 1: ChartEr of Program or ProjECt 
managEr (matrix organization)

Alpha Technology Corporation
ABC Division
Charter No. 01.213456.14
Purpose: Define program management charter within ABC Division
Effective Date: September 1, 2014
Position Title: Program Manager*

authority

The program manager* has the delegated authority from general manage-
ment to direct all program activities. He or she represents the company in 
contacts with the customer and all internal and external negotiations. Project 
personnel have the typical dual-reporting relationship: to functional manage-
ment for technical performance and to the program manager for contractual 
performance in accordance with specifications, schedules, and budgets. The 
program manager approves all project personnel assignments and influences 
their salary and promotional status via formal performance reports to their 
functional managers. Travel and customer contact activities must be coordi-
nated and approved by the program manager.

Any conflict with functional management or company policy shall be 
resolved by the general manager or his or her staff.

*Both the program manager and the project manager are referred to as program manager in 
this charter.
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responsibility

The program manager’s responsibilities are to the general manager for 
overall program direction according to established business objectives and 
contractual requirements regarding technical specifications, schedules, 
and budgets.

More specifically, the program manager is responsible for (1) establishing 
and maintaining the program plan, (2) establishing the program organiza-
tion, (3) managing and controlling the program, and (4) communicating the 
program status:

1. Establishing and maintaining the program plan. Prior to autho-
rizing the work, the program manager develops the program plan in concert 
with all key members of the program team. This includes master schedules, 
budgets, performance specifications, statements of work, work breakdown 
structures, and task and work authorizations. All of these documents must be 
negotiated and agreed upon with both the customer and the performing orga-
nizations before they become management tools for controlling the program. 
The program manager is further responsible for updating and maintaining 
the plan during the life cycle of the program, including the issuance of work 
authorizations and budgets for each work package in accordance with the 
master plan.

2. Establishing the program organization. In accordance with com-
pany policy, the program manager establishes the necessary program organi-
zation by defining the type of each functional group needed, including their 
charters, specific roles, and authority relationships.

3. Managing and controlling the program. The program manager 
is responsible for the effective management and control of the program 
according to established customer requirements and business objectives. 
He or she directs the coordination and integration of the various disci-
plines for all program phases through the functional organizations and 
subcontractors. He or she monitors Und controls the work in progress 
according to the program plan. Potential deficiencies regarding the quality 
of work, specifications, cost, or schedule must be assessed immediately. It 
is the responsibility of the program manager to rectify any performance 
deficiencies.

4. Communicating the program status. The program manager is 
responsible for building and maintaining the necessary communication 
channels among project team members to the customer community and to 
the firm’s management. The type and extent of management tools employed 
for facilitating communications must be carefully chosen by the program 
manager. They include status meetings, design reviews, periodic pro-
gram reviews, schedules, budgets, data banks, progress reports, and team 
colocation.

bapp01.indd   474 24-02-2014   12:39:30



 appendix 1 475

ExamPlE 2: ChartEr of funCtional/rEsourCE 
managEr (matrix organization)

Alpha Technology Corporation
ABC Division
Charter No. 02.345678.14
Purpose: Define resource department charter within ABC Division
Effective Date: October 1, 2014
Position Title: Resource Department Manager

authority

The functional resource manager has the delegated authority from the gen-
eral manager or his or her functional director to establish, develop, and deploy 
organizational resources according to the business needs, both long and short 
range. This authority includes the hiring, training, maintaining, and termi-
nating of personnel; the development and maintenance of the physical plant, 
facilities, and equipment; and the direction of the functional personnel with 
regard to the execution and implementation of the various disciplines accord-
ing to specific project requirements from the program office.

responsibility

The functional resource manager is accountable to the general manager or 
his or her functional director for all work within his or her functional areas in 
support of all programs. He or she establishes organizational objectives and 
develops the resources needed for effective performance regarding the cost, 
schedule, and technical requirements established by the program office, and 
seeks out and develops new methods and technology to prepare the company 
for future business opportunities.

ExamPlE 3: PoliCy for ProjECt managEmEnt 
(matrix organization)

Alpha Technology Corporation
ABC Division
Policy No. 03.654321.14
Effective Date: October 1, 2014

 1. Purpose and Scope
This policy provides the basis for the management of programs 

within the Alpha Technology Corporation. It defines the responsibilities, 
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authorities, and accountabilities for performance of assigned programs 
consistent with program requirements and company policies.

 2. Applicability and Organizations Affected
This policy is applicable to all organizational units.

 3. Definitions
 3.1. Program Manager—The individual who has been assigned respon-

sibility for management of proposal or contract.
 3.2. Task Manager—The individual within a line or functional organi-

zation to whom responsibility has been assigned for fulfilling the 
requirement of a task authorization.

 3.3. Functional or Line Manager—These titles are used interchange-
ably to identify responsibilities such as manager of engineering, 
manufacturing, or product assurance.

 3.4. Task—A manageable portion of a total program that is consistent 
with items of customer accountability. It is usually progressively 
subdivided, to succeeding levels in the work breakdown structure.

 3.5. Task Agreement—A formal document issued by the procurement 
manager to authorize performance of a task, production of mate-
rial, or furnishing of services.

 3.6. Task Authorization—A formal document issued by a program 
manager and agreed to by a functional manager within an operat-
ing division to authorize performance of specific tasks, time phase 
within that division as required to fulfill a customer contract.

 3.7. Task Matrix—A two-dimensional representation of a plan describ-
ing the relationship of who is responsible for what tasks in accom-
plishing the total job.

 3.8. Accounting Charge Number—A number used for identifying costs 
charged to a task or to a subtask which is shown on the task 
matrix.

 4. Policy
 4.1. Responsibility for each contract awarded to the Alpha Technology 

Corporation will be assigned to the appropriate business area. 
The business area manager will assume overall responsibility to 
ensure that the requirements for each contract under his jurisdic-
tion are successfully met.

 4.2. The business area manager, subject to the approval of the general 
manager, will appoint a qualified individual as program manager.

 4.3. The program manager will act as the senior management repre-
sentative for all facets of the program utilizing all authorities as 
delegated to him by the business area manager to perform his 
function.

 4.4. The program office will be staffed with those skills necessary to 
ensure effective, competent, and professional direction and guid-
ance of the program. Personnel so assigned will receive supervi-
sion on matters pertaining specifically to the program from the 
program manager or his designated representative.
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 4.5. The objectives of the program office are to ensure that program 
tasks are accomplished within cost, schedule, and performance 
requirements of the contract and that the full business potential 
of the program is exploited. The program office will not dupli-
cate skills that belong in the functional organizations. The pro-
gram office defines what to do (contract scope of work), when to 
do it (schedule requirements), and basic parameters (budgets 
and specifications). The functional organization directs the team 
with regard to who is going to perform (skills and talent distribu-
tion), where activities will take place (make or buy decisions), how 
things are to be done (methods and techniques), and when they 
are to be done (internal schedules).

 4.6. The program office is to accomplish the following major functions:
 ■ Prepare and maintain a master program plan.
 ■ Divide the work into discrete and clearly defined tasks. Assign 

tasks to the functional organizations, other company locations, 
other outside sources, or perform them in the program office.

 ■ Negotiate, establish, and allocate budgets, schedules, and techni-
cal requirements for the various tasks consistent with the work 
to be done and compatible with total contract requirements.

 ■ Maintain continuing control and surveillance of schedule, cost, 
technical performance, and personnel to ensure progress on all 
planned tasks.

 ■ Replan, redirect, or make tradeoffs between prime tasks if estab-
lished criteria cannot be met, and adjust task authorizations.

 ■ Carefully evaluate customer requests/directions to ensure 
proper contractual coverage.

 4.7. The program office in managing the program shall utilize func-
tional organizations. To the extent that existing capabilities do not 
fully satisfy the needs of the program, the program manager will 
arrange for their acquisition, consistent with company objectives 
and policies.

 4.8. The functional organizations shall comply with direction from the 
program manager regarding all phases of the program, consistent 
with the contractual requirements, task authorizations, and sub-
ject to Paragraph 4.11. All program direction shall flow through 
the responsible task manager.

 4.9. Task authorizations will be issued to the functional organization 
and the functional managers will be responsible for the proper 
performance of the tasks assigned to their organization. Task 
authorizations shall be negotiated between the appropriate pro-
gram manager and the appropriate functional managers.

 4.10. Each involved functional organization will appoint a task 
 manager who will have responsibility for the overall planning, 
coordination, and control needed to successfully complete his task 
within the budget and schedule prescribed by the program office. 
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All programs will be performed utilizing the business area pro-
gram task management concept whereby all programs are divided 
into tasks, each under the direction of a task manager. It will  
be the task manager’s responsibility to see that all requirements 
of the task as defined by the business area program office are suc-
cessfully met and are in accordance with specified budgets and 
schedules. Cost forecasting, weekly labor reporting, and various 
scheduling techniques will be employed to ensure that each task 
is progressing as scheduled.
 a. Cost Forecasting

The cost forecast is a projection of the cost-at-completion. It is deter-
mined by adding the cost-to-complete forecast to the actual cost of 
resources expanded to date. The cost forecast is prepared by each task 
manager.

 ■ It will be performed monthly.
 ■ Basis-of-estimates are not required.
 ■ It does not in itself culminate in an agreement with the program 

manager.
The cost forecast is used as an indicator to determine whether a 

formal cost-to-complete estimate is necessary or corrective actions are 
required. Cost forecast reports will be reviewed by the program man-
ager monthly.

 b. Cost-to-Complete
Estimates that reflect the work remaining to complete a task includ-

ing commitments yet to be initiated. These estimates should be prepared 
in a specified level of detail, normally determined by the cost element. 
These estimates will be consistent with the latest program plan and 
established management directives (Project Reviews 08.03.015).

 c. Weekly Labor Reporting
The weekly labor report depicts a detailed summary of all tasks 

within a contract in hours, and measures those hours against the 
time-phased hours that exist within the task agreements, in a weekly, 
monthly, and inception-to-date report. Its prime function is to give the 
program manager as well as task and functional managers a weekly 
up-to-date report of how they are performing against their tasks.

 d. Scheduling Techniques
The required methods of control (PERT, LOB, milestone charts) will 

be specified in the task authorizations by the program office. The meth-
ods of control are normally specified in the contract.

 4.11. Should problems arise that are not resolved at the program office 
task manager level, the program manager and the functional 
manager(s) will attempt in good faith and on a timely basis to 
resolve them in a manner consistent with the terms, condi-
tions, and requirements of the contract and will be held account-
able for so doing. Either the program manager or the functional 
manager(s) may, if necessary, request resolution of such problems 
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by the business area manager and the general manager. Pending 
such resolution, however, the tasks, budgets, and schedules estab-
lished by the program manager shall be adhered to.

ExamPlE 4: job DEsCriPtion for r&D ProjECt 
managEr

Alpha Technology Corporation
ABC Division
Management Directive No. 04.546399.14
Effective Date: November 1, 2014

The project manager is the key individual charged with the responsibility 
for the total project and is delegated the authority by management. He is also 
assigned a supporting staff, which may include individuals directly respon-
sible to him (i.e., administratively and technically) as well as others techni-
cally responsible to him though administratively located in other parts of the 
organization. The responsibilities and authorities of the project manager can 
be summarized as follows:

•	 Establish and effectively operate an integration effort that is based on 
rapid feedback from each element of project activity.

•	 Implement an appropriate philosophy of how project work will be done, 
avoiding cumbersome formality without sacrificing traceability and 
project intercommunications.

•	 Plan the work and break it down into understandable elements with 
well-defined technical, schedular, and financial aspects. Maintain an 
up-to-date plan that integrates and reflects the actual work status of 
these work elements.

•	 Analyze the total project work against allocated resources and estab-
lish an optimum project organization to achieve the project objectives. 
Reorganize this project organization as required to meet the changing 
needs of the project.

•	 Assign responsibility for discrete elements of project work (contract 
and in-house) to members of his project organization and redelegate 
sufficient of the project manager’s own authority to these members to 
enable them to contribute effectively to the successful completion of the 
project.

•	 Serve as the focal point of responsibility for all actions relating to 
accomplishment of the total project, including both in-house and con-
tract effort.

•	 Ensure, by direct participation and review of the work of others, that 
each contract effort in support of his project is well planned and fully 
defined during the preparation of the technical package, thus enabling 
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the solicitation through RFPs of technically responsive offers from 
responsible contractors.

•	 Ensure, by direct participation in negotiations, that the successful con-
tractor and the company have a common understanding of the goals 
and requirements of each contract before contract execution.

•	 Maintain a continuous surveillance and evaluation of all aspects of the 
work being conducted by each contractor, including technical, schedu-
lar, and financial status.

•	 Identify, devise, and execute effective solutions to management and/or 
technical problems that arise during the course of the work.

•	 Ensure the timely detection and correction of oversights in any aspect 
of each contract to minimize cost overruns, schedule delays, and techni-
cal failures.

•	 Make final decisions within the scope of work of each contract.
•	 Give guidance and technical direction for all elements of the project 

work, or concur in contractor actions in accordance with provisions of 
each contract.

•	 Continually evaluate the quality of the work performed by each con-
tractor and verify that the requirements are properly carried out by 
the contractor.

•	 Ensure that configuration management requirements are adhered to 
by each contractor in accordance with the requirements of the contract.

•	 Help to indoctrinate and regularly monitor contractor performance to 
ensure full reporting of all new technology evolved under each project 
contract.

•	 Participate in contract closeout or in termination proceedings to ensure 
that the best interests of the company are safeguarded.
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Appendix 2

Professional Societies, Journals, and 
Conferences in Project Engineering,  

and Technology Management

With the enormous growth of technology and project management activi-
ties around the globe and the increased recognition of project management 
as a profession, a large number of professional societies emerged. Many of 
these societies are headquartered in one country, but service their worldwide 
membership by maintaining chapters in many locations across the globe. 
As an example, the Project Management Institute (PMI), headquartered in 
the United States, reaches over 500,000 professionals in 180 countries with 
250 chapters around the world and offices in, Singapore, Belgium, India, and 
China.

This appendix lists professional societies that focus on the advancement of 
project management, engineering management or technology management. 
The listing includes mostly U.S.-based societies, but also includes others 
from  the international field with connections to U.S. societies and profes-
sional networks in the U.S. The listing is for reference only. No attempt is 
made to rank or exclude any particular organization.

ProfESSional SoCiETiES

Academy of Applied Science (AAS); Concord, NH; www.aas-world.org/
Academy of Management (AOM); Briarcliff Manor, NY; http://aom.org/
American Association for the Advancement of Science (AAAS); 

Washington, DC; www.aaas.org/
American Chemical Society (ACS); Washington, DC; http://www.acs 

.org/content/acs/en.html
American Institute of Aeronautics and Astronautics (AIAA); Reston, 

VA; www.aiaa.org/
American Institute of Chemical Engineers (AIChE); New York, NY; 

www.aiche.org/
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American Institute of Mining, Metallurgical, and Petroleum 
Engineers (AIME); Littleton, CO; www.aimeny.org/

American Institute of Physics (AIP); One Physics Ellipse, College 
Park, Maryland 20740-3843; Ph (301) 209-3100; www.aip.org/index.html/

American Management Association (AMA); New York, NY; www 
.amanet.org

American Physical Society (APS); College Park, MD; www.aps.org/
American Society for Engineering Education (ASEE); Washington, 

DC; www.asee.org/
American Society for Engineering Management (ASEM); Rolla, MO; 

www.asem.org/home.html
American Society for Quality (ASQ); Milwaukee, WI; www.asq.org/
American Society for the Advancement of Project Management 

(ASAPM) – Affiliated with IPMA; Colorado Springs, CO; www.asapm 
.org/a_home.asp

American Society for Training and Development (ASTD); 
Alexandria, VA; www.astd.org/

American Society of Civil Engineers (ASCE); Reston, VA; www.asce 
.org/

American Society of Mechanical Engineers (ASME); New York, NY; 
www.asme.org/

American Society of Metals (ASM); Materials Park, OH; www 
.asminternational.org/

Association for Computing Machinery (ACM); New York, NY; www 
.acm.org/

Association for Consulting Chemists and Chemical Engineers 
(ACC&CE); Sparta, NJ; www.chemconsult.org/

Association for Facilities Engineering (AFE); Cincinnati, OH; www 
.afe.org/

Association for Federal Information Resources Management 
(AFFIRM); Washington, DC; www.affirm.org/

Association for Project Management (APM); Princes Risborough 
Bucks, UK; www.apm.org.uk/help

Association for the Advancement of Cost Engineering International 
(AACE); Morgantown, WV; www.aacei.org/

Association for Women in Science (AWIS); Washington, DC; www 
.awis.org/

Australian Institute of Project Management (AIPM); Sydney, 
Australia; www.aipm.com.au/

Decision Sciences Institute (DSI); Atlanta, GA; www.decisionsciences 
.org/

Electro-Chemical Society (ECS); Pennington, NJ; www.electrochem 
.org/

Industrial Relations Research Association (IRRA); Champaign, IL; 
www.irra.uiuc.edu/
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Industrial Research Institute (IRI); Arlington, VA; www.iriinc.org/
Institute for Operations Research and the Management Sciences 

(INFORMS); Linthicum, MD; www.informs.org/
Institute of Electrical and Electronics Engineers (IEEE); New York, 

NY; www.ieee.org/
Institute of Industrial Engineers (IIE); Norcross, GA; www.iienet.org/
Institute of Management Consultants (IMC); Washington, DC; www 

.imcusa.org/
Instrumentation, Systems, and Automation Society (ISA); Research 

Triangle Park, NC; www.isa.org/
International Association for Management of Technology (IAMOT); 

Coral Gables, FL; www.iamot.com/
International Association of Contract and Commercial Managers 

(IACCM); Ridgefield, CT; www.iaccm.com/
International Project Management Association (IPMA); Nijkerk, 

The Netherlands; http://ipma.ch/
National Academy of Engineering (NAE); Washington, DC; www.nae 

.edu/
National Contract Management Association (NCMA); McLean, VA; 

www.ncmahq.org/
National Mining Association (NMA); Washington, DC; www.nma.org/
National Society of Professional Engineers (NSPE); Alexandria, VA; 

www.nspe.org/
Product Development and Management Association (PDMA); 

Mount Laurel, NJ; www.pdma.org/
Project Management Association Japan (PMAJ); Tokyo, Japan; www 

.pmaj.or.jp/
Project Management Research Committee, China (PMRC); www 

.pmrc.org.cn/do/index.php?&ch=6
Project Management Institute (PMI); Newtown Square, PA; www.pmi 

.org/
Project Management South Africa (PMSA); Rivonia Santon, South 

Africa; www.projectmanagement.org.za/
Society for the Advancement of Management (SAM); Corpus Christi, 

https://www.facebook.com/SAMnational]
Society of Automotive Engineers (SAE); Warrendale, PA; www.sae 

.org/
Society of Concurrent Product Development (SCPD); Dedham, MA; 

www.scpdnet.org/
Society of Project Managers, Singapore (SPMS); Singapore; www 

.sprojm.org.sg/
Society of Research Administrators International (SRA); Falls 

Church, VA; www.srainternational.org/
Society of Women Engineers (SWE); Chicago, IL; http://societyofwomen 

engineers.swe.org/
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Technology Management Council (Division of IEEE); New York, NY; 
http://ieee-tmc.org/

Technology Transfer Society (TTS); Austin, TX; www.cisalpino.eu/t2s/

ProfESSional JournalS

The listing below represents professional journals dedicated, at least in 
part, to the advancement of knowledge in the field of project management, 
as well as engineering and technology management. The listing focuses on 
U.S.-based publications, but also includes publications from other countries 
with readership in the United States. Because of the similarities of manage-
rial issues, challenges and support systems, many of these journals are being 
read world-wide, regardless of their origin. The listing is for reference only. 
No attempt is being made to rank or exclude any particular publication.

Academy of Management Journal. Published by the Academy of 
Management, Briarcliff Manor, NY; http://aom.org/amj/

Academy of Management Review. Published by the Academy of 
Management, Briarcliff Manor, NY; http://aom.org/AMR/

Aerospace America. Published by the American Institute of Aeronautics 
and Astronautics, Reston, VA;, http://arc.aiaa.org www.aerospaceamerica 
.org/Pages/TableOfContents.aspx

AIAA Journal. Published by the American Institute of Aeronautics and 
Astronautics, Reston, VA; http://arc.aiaa.org, http://arc.aiaa.org/loi/aiaaj

California Management Review. Published by the University of 
California at Berkley; http://cmr.berkeley.edu/

Cost Engineering Journal. Published by the Association for the 
Advancement of Cost Engineering International, Morgantown, WV; www 
.aacei.org/resources/ce

Creativity Research Journal. Published Taylor and Francis; www 
.tandfonline.com/loi/hcrj20

Decision Analysis. Published by the Institute for Operations Research 
and the Management Science (INFORMS), Linthicum, MD; http://pubsonline 
.informs.org/journal/deca

Decision Sciences Journal of Innovative Education. Published by the 
Decision Sciences Institute, Atlanta, GA; http://www.decisionsciences.org/

Decision Sciences Journal. Published by the Decision Sciences Institute, 
Atlanta, GA; www.decisionsciences.org/dsj/index.htm

Engineering Management Journal. Published by the American Society 
for Engineering Management; www.asem.org/publications/index.html, www 
.asem.org/home.html

Global Advanced Research Journal of Engineering, Technology and 
Innovation (GARJETI). Published by Global Advanced Research Journals; 
http://garj.org/garjeti/index.htm

Harvard Business Review. Published by Harvard University, Cambridge, 
MA; http://hbr.org
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IBM Systems Journal. Published by IBM, White Plains, NY; www 
.research.ibm.com/journal/sj/

IEEE Engineering Management Review. Published by the IEEE 
Technology Management Council, New York, NY; http://ieee-tmc.org/emr

IEEE Transactions on Engineering Management. Published by the 
IEEE Technology Management Council, New York, NY; http://ieee-tmc.org/
tem

Information Systems Research. Published by the Institute for 
Operations Research and the Management Science (INFORMS), Linthicum, 
MD; http://pubsonline.informs.org/journal/isre

International Journal of Innovation and Technology Management 
(IJITM). Published by World Scientific Publishing Co., Singapore; www 
.worldscientific.com/worldscinet/ijitm

International Journal of Innovation Management (IJIM). Published 
by World Scientific Publishing Co., Singapore; www.worldscientific.com/
worldscinet/ijim

International Journal of Innovation Management. Published by 
World Scientific Publishing, Hackensack, NJ; www.worldscinet.com/ijim/
ijim.shtml

International Journal of Project Management (IJPM). Published by 
Elsevier in collaboration with the Association for Project Management (APM) 
and the International Project Management Association (IPMA), UK; www 
.journals.elsevier.com/international-journal-of-project-management/

Journal of Engineering and Technology Management (JETM). 
Published by Elsevier, New York, NY; http://www.journals.elsevier.com/
journal-of-engineering-and-technology-management

Journal of Management in Engineering. Published by the American 
Society of Civil Engineers. Reston, http://ascelibrary.org/journal/jmenea

Journal of Manufacturing Science and Engineering. Published by 
the American Society of Mechanical Engineers, Fairfield, NJ; www.asme.org/
products/journals/journal-manufacturing-science-and-engineering

Journal of Product Innovation Management (JPIM). Published by 
the Product Development & Management Association, Mount Laurel, NJ;  
http://www.blackwellpublishing.com/journal.asp?ref=0737-6782, http://online 
library.wiley.com/journal/10.1111/(ISSN)1540-5885

Journal of Professional Issues in Engineering Education and 
Practice. Published by the American Society of Civil Engineers, Reston, VA; 
http://www.asce.org/, http://ascelibrary.org/journal/jpepe3

Journal of the Association of Proposal Management Professionals. 
Published by the Association of Proposal Management Professionals, www 
.apmp.org/?page=PubsHome

Leadership and Management in Engineering. Published by the 
American Society of Civil Engineers. Reston, VA; www.pubs.asce.org/journals/
lenews.html

Management and Organization Review. Published by the International 
Association for Chinese Management Research, Hong Kong University of 
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Science and Technology and Peking University; http://onlinelibrary.wiley 
.com/journal/10.1111/(ISSN)1740-8784

Management Science. Published by the Institute for Operations 
Research and the Management Science (INFORMS), Linthicum, MD; www 
.decisionsciences.org, http://pubsonline.informs.org/journal/mnsc

Operations Research. Published by the Institute for Operations Research 
and the Management Science (INFORMS), Linthicum, MD; www.jstor.org/
journals/0030364X.html

Organizational Dynamics. Published by Emerald/Ingenta plc, Bath, 
UK; www.ingentaconnect.com/content/mcb/502;jsessionid=9arr8xqnaybk 
.victoria?

Perspectives. Published by the Academy of Management, Briarcliff 
Manor, NY; http://aom.org/amp/

Plant/Operations Progress, Process Safety Progress (Quarterly). 
Published by the American Institute of Chemical Engineers, New York, NY; 
www.aiche.org/ccps/resources/publications/process-safety-progress

Project Management Journal. Published by the Project Management 
Institute, Newtown Square, PA; www.pmi.org/Knowledge-Center/
Publications-Project-Management-Journal.aspx

Proposal Management. Published by the Association of Proposal 
Management Professionals, www.apmp.org/, http://www.apmp.org/Pubs 
APMP.asp

Quality Management Journal. Published by the American Society for 
Quality, Milwaukee, WI; http://www.asq.org/pub/

Quality Progress. Published by the American Society for Quality, 
Milwaukee, WI; http://asq.org/qualityprogress/index.html

R&D Management. Published by John Wiley & Sons, http://onlinelibrary 
.wiley.com/journal/10.1111/(ISSN)1467-9310

Research-Technology Management. Published by the Industrial 
Research Institute, Arlington, VA.

Six Sigma Forum Magazine. Published by the American Society for 
Quality, Milwaukee, WI; http://asq.org/pub/sixsigma/

Sloan Management Review. Published by MIT, Cambridge, MA; http://
sloanreview.mit.edu/

Technology Review. Published by MIT, Cambridge, MA; www.tech 
nologyreview.com/

The Futurist. Published by the World Future Society, Bethesda, MD; 
http://www.wfs.org/futurist

ProfESSional ConfErEnCES

The listing below represents major professional conferences at national 
or international level, focus on the advancement of project management, 
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engineering management or technology management. Most of the confer-
ences listed are managed by U.S.-based organizations, but are often held in 
countries outside the United States. The listing also includes some confer-
ences organized and managed by institutions outside the U.S. Because of the 
similarities of project management and technology issues world-wide, many 
of these conferences draw delegates internationally, regardless of their venue. 
The listing is for reference only. No attempt is being made to rank or exclude 
any particular conference.

Annual Meeting of AACE International. Organized by the Association 
for the Advancement of Cost Engineering International (AACE), Morgantown, 
WV; www.aacei.org/

Annual Meeting of the AAAS. Organized by the American Association 
for the Advancement of Science (AAAS), Washington, DC; http://meetings 
.aaas.org/ 

Annual Meeting of the Academy of Management, AOM. Organized 
by the Academy of Management (AOM), Briarcliff Manor, NY; http://aom.org/

Annual Meeting of the Decision Sciences Institute (DSI). Organized 
by the Decision Sciences Institute (DSI), Atlanta, GA; www.decisionsciences 
.org/

ASCE Civil Engineering Conference and Exposition. Organized by 
American Society of Civil Engineers (ASCE); Reston, VA; www.asce.org/

ASEE Annual Conference and Exposition. Organized by the American 
Society for Engineering Education (ASEE), Washington, DC; www.asee 
.org/

ASEE/AAAE Global Colloquium on Engineering Education. 
Organized by the American Society for Engineering Education (ASEE), 
Washington, DC; www.asee.org/

ASEM National Conference. Organized by the American Society for 
Engineering Management (ASEM); Rolla, MO, www.asem.org/home.html

ASTD International Conference and Exposition. Organized by 
American Society for Training and Development (ASTD), Alexandria, VA; 
www.astd.org/ASTD/conferences/ice/ice05/ice05_home

Hawaii International Conference of Systems Science, HICSS. 
Organized by the University of Hawaii; www.hicss.hawaii.edu/

IAMOT International Conference on Management of Technology. 
Organized by International Association for Management of Technology 
(IAMOT); Coral Gables, FL; iamot@miami.edu, www.iamot.com/

IIE Annual Conference & Exhibition. Organized by Institute of 
Industrial Engineers (IIE); Norcross, GA; http://www.iienet.org/ www.iienet2 
.org/Default.aspx

INFORMS Annual Meeting. Organized by Institute for Operations 
Research and the Management Sciences (INFORMS), Linthicum, MD; www 
.informs.org/
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International Technology Management Conference, ITMC (IEEE). 
Organized by the Technology Management Council (Division of IEEE);  
New York, NY; http://ieee-tmc.org/

Management Roundtable. Organized by The Management Roundtable 
(Resource for Product & Technology Development), Waltham, MA; www 
.roundtable.com/

PDMA International Conference. Organized by Product Development 
and Management Association (PDMA), Mount Laurel, NJ; www.pdma.org/

PMI Global Congress. Multiple venues: North America, Europe, Asia, 
Latin America. Organized by the Project Management Institute (PMI), 
Newtown Square, PA; www.pmi.org/

PMI Project Management Research and Education Conference. 
Held every two years. Organized by the Project Management Institute (PMI), 
Newtown Square, PA; www.pmi.org/

Portland International Conference for Management of Engineering 
and Technology, PICMET. Organized by the International Center for 
Management of Engineering and Technology at Portland State University, 
Portland, OR; www.picmet.org/main/

SAM International Business Conference. Organized by Society for the 
Advancement of Management (SAM), Corpus Christi, TX; http://samnational 
.org/

CEnTErS of TEChnology ManagEMEnT 
anD oThEr rESourCES

The listing below represents just a small sample of internet-accessible cen-
ters with technology and innovation management. These sites often pro-
vide links to other related resources, and hence provide a starting point for 
further research. The listing is for reference only, and not intended to be 
comprehensive.

Boeing Center for Technology, Information & Manufacturing: http://www 
.olin.wustl.edu/EN-US/Faculty-Research/research-centers/boeing-center-for-
technology-information-and-manufacturing/Pages/default.aspx

IfM Institute for Manufacturing at the University of Cambridge: www.ifm 
.eng.cam.ac.uk/common/az.html.

Center for Innovation in Product Development at MIT: www.nsf.gov/pubs/ 
2000/nsf00137/nsf00137k.htm 

Centre for Management of Technology and Entrepreneurship at the 
University of Toronto: http://www.cmte.utoronto.ca/

Management of Innovation and New Technology (MINT) Research 
Centre at MacMaster University, Hamilton, Ontario, Canada: http://
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mbastudent.degroote.mcmaster.ca/program-information/specializations/
management-of-innovation-and-new-technology-mint/

Management of Technology Program at the University of Minnesota, 
Minneapolis, Minnesota: http://tli.umn.edu/graduate/mot

Management of Technology Programs at University of Texas, San Antonio
MIT Media Lab: www.media.mit.edu/
US-Asia Technology Management Center at Stamford University: http://

asia.stanford.edu/
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Glossary

This glossary is just a small sample of acronyms and terms commonly used in 
project management. The listing is for reference only, and not intended to be 
comprehensive. One of the best ways to explore the meaning and application 
of a particular professional term is to search for its definition and application 
on the Internet. Many of the internet sites that explain the term also provide 
links to other related sources of information and knowledge.

A
Acceptance criteria Contractual requirements associated with project 
deliverables that must be met before the customer will sign-off on a deliver-
able item.

Activity A unit of work (also called task), defined by its scope, timeline, 
resource requirement and deliverable results. The specific role of an activity 
within the overall project is identified by its WBS number.

Actual cost (AC) Total cost actually incurred during a given work period.

Actual cost of work performed (ACWP) Resources expended so far (ter-
minology of Earned Value Management, EVM).

Aggregate planning Incremental planning process that often provides 
more accuracy at the beginning of the planning cycle, but allows for more 
details and updating to be provided later in the execution.

Agile project management Projects execution in a highly flexible, adap-
tive and interactive manner (in opposite to waterfall method)

Assumptions Factors that are believed to be true, but not known to be true.

B 
Backward pass PERT calculation determining the latest starting dates, 
backward from the required project completion date.

Baseline The basic agreement on project scope, schedule, budget and quality.

Bid proposal Offer to deliver specific goods or services based on a (formal) 
request for proposal.

Bottom-up estimating Method of detailed cost estimating, aggregated or 
rolled-up into the total project budget.
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Budget at completion (BAC) Total planned project value.

Budget Estimated cost of any part or the whole project.

Budgeted cost of work performed (BCWP) Cost of work actually per-
formed, equals earned value.

Budgeted cost of work scheduled (BCWS) Allocated budget to com-
plete work within a specified time period.

Business process modeling (BPM) Breakdown of the business process 
into subsystems and activities for analysis and process improvement.

C 
Change control A formal process to ensure that necessary changes are 
introduced in to the project execution in a controlled and orderly manner, 
including documentation, cost negotiations and impact assessments.

Co-location Project team members are located (or relocated) in close prox-
imity to each another (e.g., in the same room or building).

Configuration management system Procedures used to identify, track, 
document and control, project subsystems or deliverables. Also used for 
change management.

Constraint Restriction or limitation on a project parameter, such as “earli-
est start” or “not to exceed budget.”

Contract Mutually binding agreement between parties.

Core team Key members of a project team.

Corrective actions Action item needed to correct an issue, often part of 
project review process.

Cost management Estimating, planning, analyzing, and controlling costs.

Cost overrun Actual cost exceeds established budget.

Cost performance index (CPI) Cost efficiency measure, defined as EV 
divided by AC.

Cost variance (CV) Cost performance measure, defined as CV = EV – AC.

Cost-plus-fixed-fee contract Cost-reimbursable contract which includes 
actual cost plus a fixed fee.

Crashing Project schedule compression technique (decrease of total project 
duration) achieved by adding more resources.

Critical chain project management (CCPM) Method of planning and 
managing projects with focus on resources requirements and the critical path 
of the project.

Critical path (CP) Any activity path that is equal or longer than the 
established or planned project duration.

Critical path method (CPM) Tool for modeling and analyzing sets of 
interdependent project activities (similar to PERT).
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D 
Deliverable Specific result to be produced from a task, activity, phase, or 
project.

Delphi technique Method of reaching consensus of expert opinions on a 
subject, forecast or prediction.

Dependency Links between project activities which restrict independent 
execution of these activities.

Duration The total time required to complete an activity or total project

E 
Early finish time (EF) Earliest possible point in time a scheduled activ-
ity can finish, given the schedule network logic, timing, dependencies and 
constraints.

Early start time (ES) Earliest possible point in time a scheduled activ-
ity can start, given the schedule network logic, timing, dependencies and 
constraints.

Earned value (EV) Value of completed work.

Earned value management (EVM) Technique for measuring project per-
formance or progress based on cost, schedule and deliverables.

Enterprise project management (EPM) Looking at project manage-
ment from an enterprise perspective.

Estimate at completion (EAC) Expected total project cost (possibly dif-
ferent from agreed-on budget).

Estimate to complete (ETC) Expected cost to complete all the remaining 
project work.

Estimate Approximation of a value or other data based on the best infor-
mation available.

Extreme project management (XPM) Contemporary concept of manag-
ing large, complex and uncertain projects. XPM emphasizes flexibility and 
stakeholder collaboration.

F 
Fast tracking A project schedule compression technique that focuses on 
executing activities in parallel.

Finish-to-finish (FF) The succeeding activity cannot finish until the pre-
ceding activity is completed. This terminology is often used in PERT.

Finish-to-start (FS) An activity cannot Start until the preceding activity 
has started. This terminology is often used in PERT.

Firm-fixed-price contracts. Contract cost or price is fixed.

Forward pass Calculation of early start and early finish dates in a net-
work diagram such as PERT..
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Free float or float Amount of time an activity can be delayed without 
delaying the project, relative to the actual time requirements of all other 
activities in the project.

Functional manager Manager in a resource department, usually respon-
sible for managing all human and material resources toward established 
objectives.

Functional organization Hierarchical organization with clear lines of 
authority, command, communication and control.

G 
Gantt chart Also known as bar graph. Graphic display of activities against 
time lines.

Graphical Evaluation and Review Technique  (GERT) Network anal-
ysis technique similar to PERT.

K 
Kickoff meeting Initial meeting at the beginning of a project, providing 
the project team and stakeholders with a project overview.

L 
Late finish time (LF) Latest possible point in time an activity can finish, 
given the logic, timing, dependencies and constraints of the activity schedule.

Late start time (LS) Latest possible point in time that an activity may 
begin, given the logic, timing, dependencies and constraints of the activity 
schedule.

Lean manufacturing Also known as lean production, focuses on creation 
of value for the customer; all other expenditures should be minimized or 
eliminated.

Lessons learned Knowledge gained from past experiences, potentially 
useful for future work.

Linear scheduling method (LSM) Graphical scheduling method focus-
ing on continuous resource utilization.

Line-of-balance (LOB) Also known as the vertical production method, 
LOB is a graphical technique used together with arrow or precedence 
diagrams.

M 
Matrix conflict Conflict caused in matrix organizations due to dual 
accountability, and shared power and resources.

Matrix organization Organizational structure with two layers of man-
agement, resource and project layer.

Megaproject An extremely large and complex project.

Milestone A significant point or event in the project.
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Milestone schedule Summary schedule listing just the major project 
milestones (i.e., events and dates).

Milestone Significant event associated with major results and deliverables.

Monitoring Collecting and processing of project performance information.

Monte Carlo analysis Computerized simulation technique to determine 
certain values (i.e. cost) under uncertainty.

N 
Network analysis Methods for analysing various project-related net-
works, such as PERT, CPM or GERT.

Network diagram Model of activities, showing their sequencing, linkages 
and dependencies throughout the project lifecycle.

Nonlinear Refers to a system or event for which the output is not directly 
proportional to its input (superposition principle is not satisfied).

O 
Organizational Project Management Maturity Model (OPM3)®.  
Published by the Project Management Institute (PMI), OPM3 provides a 
model for understanding organizational project management processes.

Out-of-bounds reviews. Process permitting any project team member to 
call for a review of issues that could be potentially strongly impact project 
success.

P 
Parametric estimating Estimating technique based on historical data 
and the scalability of key parameters. Commonly used for project cost and 
time estimates.

Performance index (PI) Performance measure within the Earned Value 
Management (EVM) system. PIs are defined in two types, cost and schedule 
focused; cPI=EV/ACWP and sPI=EV/BCWS.

Phased management Management approach similar to Stage Gate®. The 
project is broken into phases, each with defined inputs, outputs, and gate 
criteria.

Portfolio management Selection, prioritisation and execution of a set of 
projects and programs linked to common enterprise objectives.

Portfolio, Program and Project Management Maturity Model 
(P3M3) Reference guide for structured best practice. P3M3 is endorsed and 
owned by The UK Office of Government Commerce (OGC).

Project Evaluation and Review Technique A statistical tool used in 
project management, commonly abbreviated PERT, that is designed to ana-
lyze and represent the tasks involved in completing a given project. First 
developed by the United States Navy in the 1950s, it is commonly used in 
conjunction with the critical path method (CPM).
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Project Management Body of Knowledge ( PMBOK®) A project 
management practice standard developed and maintained by the Project 
Management Institute (PMI).

Project Management Maturity Model (P3M) A model for defining proj-
ect management processes.

R 
Rapid prototyping Techniques for rapidly validating a design concept, 
such as using computer aided design (CAD), simulation, 3D printing or ste-
reo lithography.

Reengineering Redesign or reorganize a system, process or organization; 
term is especially used for business process reengineering.

Requirements Contractual condition to be met.

Reserve Budget and/or schedule provision for covering risk and 
contingencies.

Resource leveling Method and philosophy of utilizing resources across 
the organization most effectively.

Resources Assets (i.e., funding, personnel, facilities) needed to execute a 
task or project.

Risk An uncertainty with the potential of affecting project performance 
positively or negatively.

Rolling wave planning Progressive planning, providing more detail for 
near-term activities, while long-term work is planned at a high level and 
detailed later.

Root cause analysis Determine underlying reason for actual or potential 
problems.

S 
Schedules Tabular or graphical presentation of project activities, includ-
ing start and finish dates.

Scope Project work to be accomplished to deliver contractual results.

Scope creep Unintended or unexpected changes in project scope.

Scrum An iterative incremental process of project execution commonly 
used with agile methods of project management.

Six Sigma Process, concept and method for quality improvement, aiming 
for 99.99966% reliability (= 6σ).

Spiral process A process model focused on software development proj-
ect. Depending on the risk dynamics, the process guides the team toward 
various execution processes, such as incremental, waterfall, or evolutionary 
prototyping.

Stage Gate® A phase-stage process especially designed for new product 
development project planning and execution.

bgloss.indd   496 24-02-2014   12:43:59



 Glossary 497

Stakeholders Persons or organizations with strong interest in the project 
and potential impact on project performance and vice versa.

Statement of work (SOW) Description of products or services to be 
provided.

Systems engineering An interdisciplinary area concerned with the design 
and management of complex engineering projects.

T 
Task Element of work to be accomplished.

Timeline Start and finish dates associated with a specific task. It can also 
refer to a schedule.

Total slack (TS) Amount of time an activity can be delayed without affect-
ing the required finishing date (schedule constraint).

V 
Value engineering Management concept for optimizing project costs, time 
and overall value to enterprise and customer.

Variance Measurable deviation from a known baseline value.

Variance analysis Technique for measuring project performance or prog-
ress based on cost, schedule and deliverables. Same as earned value manage-
ment (EVM).

Virtual team Term often used for geographically dispersed project teams 
connected via communication technology.

W 
Work breakdown structure (WBS) Deliverable-oriented hierarchical 
breakdown of the total project into subsystems and task groups, providing 
the backbone for project budgeting and execution.

Work package Subset of a WBS.
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Abrahams, R., 422, 424
acronyms, 491–497
action item report, 255, 270
Adams, J., 363
Adlbrecht, Gerald, 316
Advanced Technology Center  
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Afzal, H., 393
Agile Certified Practitioner  

(ACP), 457
agile process, 3, 74, 169, 280, 465
agile/scrum, 255, 273, 311, 467
Aiguier, M., 283
Ainscough, M., 291
Amason, A., 394
American Airlines, 278
American Express, 74
American National Standards 

Institute (ANSI), 31, 114, 312, 
458

Anconda, Deborah, 342, 363, 367, 
369, 423, 425

Anderson, M., 393
Andrews, Edwin, 50, 456
Ansoff, Igor, 342
Apgar, D., 312
Apollo Spacecraft Program Office 

(ASPO), 104
Apple, 1–3
aptitude testing, 50
Armstrong, D., 363
Arrez, N., 368
Arroyabe, J., 368
Art of War, 62, 391–392
Artemis, 175

Artto, K., 63
Ashrafi, R., 425
Association of Information Technology  

Professionals (AITP), 457
asynchronous education, 451
AT&T, 127
Atuahene-Gima, K., 280
Audy, J., 425

B
Babcock, D., 48
Badawy, Michael, 43
Balachandra, R., 292, 308, 422,  

423, 450
Balassi, W., 40, 425
bar graph, 186–188
Barber, R., 311
Barkema, H., 342, 363, 425
Barki, H., 394
Barlett, J., 294, 311
Barner, R., 363
Barrett, Craig, 307–308
Barson, R., 292
baseline, project, 195–196
Bauer, Natalie, 278
Bauly, J., 286
Baum, J., 342
Beck, K., 281
Befahr, K., 394
benchmarking, 129, 254–258, 273
Benkoff, B., 343
Berman, S., 342
Best, Karl, 35
Bezos, Jeff, 19
Bhatnager, A., 363, 422, 423, 425
Blake, Robert, 404
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Bluetooth technology, 307
Boehm, B., 281
Boeing 777, 69, 78, 456
Boeing 787, 55, 77, 78, 422
Boeing Dreamliner, 421–423
Bolles, D., 104
Boston Big Did, 55
boundary condition, 4
Bowonder, R., 291
Braha, D., 286
brainstorming, 313
Brazilian Olympic Committee, 59
Bresman, H., 342, 363, 369, 423, 425
Bromiley, P., 155
Brooklyn Bridge, 280
Bryson, J. 155
Bstieler, L., 311
Buchanan, L., 308
budget, 193–195, 222–223
budget estimate, 194, 232–247
budget tracking, 254–258, 270
bureaucratic hierarchy, 423
Burges, R., 343
business environment, 11
business process, 368
business strategy changes, 467–468
Buttler, A., 392

C
C++, 232
CAD/CAM, 69, 311, 330
Calantone, R., 343
Capalla University, 455
Carbone, G., 448, 450
career development, 49
Carstedt, G., 292
Carver, S., 316
Catalano, Larry, 248
cause-effect dynamics (risk), 324
central decision making, 27
Centrino, 307
CenturyLink, 127
certification benefits, 458
Certified Associate in Project  

Management (CAPM), 457
CH2M Hill Company, 248–249

chain of command, 27, 226
Chandler, A., 62
Chapman, C., 308
charter, 116, 158, 201
charter, project, 201, 225
Checkland, P., 292
Chevrolet Volt, 213
Chin, K., 395
Chin-Chow, Y., 292
Ciemil, S., 44, 128, 316
Cleland, David, 62, 65, 105, 422
Clements, James, 48
Cohen, D., 369
collaboration, 53, 175, 215, 228, 404
Collyer, S., 155
commitment and collaboration, 

338–360
drivers and barriers, 343–346
gaining commitment, 153–156, 

215, 325
in teams, 424–432
influences, work, 348–349
leadership style, 349, 363
managing, 346
multinational, 346
organizational process, 347
sustainability. 346
tools and techniques, 347

committee, 24, 26
communications, 368–378
complexity, 20, 169, 311–316,  

330, 368
compromising, conflict, 404, 407–409
computer role, 243, 270
computer-aided design (CAD), 252
computer-aided manufacturing 

(CAM), 252
computer-assisted instruction (CAI), 

452
computer-based training, (CBT), 452
Computerworld magazine, 450
Conant, J., 62 
concurrent engineering (CE), 3, 74, 

169, 256, 273, 278–306 
benefits, 282–283
challenges, 288–289
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conflict and anxieties, 294–298
criteria for success, 284–286
implementation, 293–295
management process, 286–288
managing, 295–298, 395–398
organizational transparency, 291
phase execution, 284
risk, 282
senior management support, 

297–298
shift, 467
staffing, 296
team organization, 296, 368

configuration management, 35
conflict management, 345,  

391–419 
among organizations, 396–397
among team members, 397
collaboration and, 345
content-based, 394
effectiveness criteria, 409–413
in organizations, 392
intensity, 399–403
issues, 395–403
life cycle, 398–403
relationship-based, 394
resolution, 403–409
social dimension, 392

Conner, Ray, 421
continuous process improvement 

(CPI), 281
controlling projects, 248–277

challenges, 249–250
defining control, 250
effectiveness, 259
reason for failure, 251
recommendations, 261–264
self-forcing, 258
tools and techniques, 254–261

Cook-Davis, T., 316
Cooper, Robert, 61, 281, 309, 311
Corporate University, GE, 448
cost account, 194
cost at completion (CAC), 199
cost benefit (CB), 135
cost estimating, 232–247 

computer support, 243
deterministic, 238
expert judgment, 235–236
management philosophy, 240–243
methods, 234–238
parametric estimating, 237
past performance, 236
roll-up, 238
rule of thumb, 236
situational nature, 234–238
step-by-step, 239
three-point method, 236–237
who should estimate, 242

Cost Estimating and Assessment 
Guide (US government), 236

cost management, 32
cost performance index (cPI), 196
cost to complete (CTC), 199
cost variance (CV), 196
cost/schedule control system criteria 

(C/SCSC), 196
Crawford, J., 40, 104
Crawford, Kent, 102, 316
credibility, 343–346
critical path, 192, 270
critical success factors, 326
cross-functional collaboration, 328
cross-functional coordination, 96–97, 

283–288
cross-functional participation, 

162–163
culture, organization, 364, 369
Curiosity, Mars rover, 148

D
Davenport, T., 258
De Dreu, C., 394
Debruyne, M., 367
DeCarlo, D., 281
DeChurch, L., 403
Deepwater Horizon, 312
deficiency report, 255, 271
deliverables, 157
Delphi process, 313
Denker, S., 280
Dennison, D., 40
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Deshpande, A., 286, 294
design for manufacture and 

assembly (DFM/A), 252, 281
design review, 255, 273
design-build, 74, 256, 276, 279,  

311, 369
Deszea, G., 283
DeViney, N. 105
Dey, P., 311
Diamond Model, 29, 30, 316
Dickinson, W., 423
Dietrich, P., 63
Dillon, P., 342, 363, 425
Dimov, S., 281
direct broadcast satellite (DBS), 128
DIRECTV, 127
distance learning, 451
DOD Directive5000, 312
domino effect, 327
Doolan, Toni, 258
Dourado, J., 280
Dow Chemical, 80
Drucker, Peter, 364
Dvir, Dov, 29, 44, 61–63, 253, 316
Dyan, M., 370
Dyer, W., 423
Dyerson, R., 281

E
earned authority, 349
earned value (EV), 196–201
earned value management (EVM), 

248
Edgett, S., 309
Edworthy, Sarah, 167
El Emam, 128
eLearning, 452
Elliott, M., 311
enterprise performance, 470
enterprise project management, 

60–64, 175
enterprise risk management, 320
enterprise strategy, 122
eSharenets, 113
expectancy theory, 374
experiential learning, 451

extreme project management  
(XPM), 281

extreme project management, 465

F
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fast tracking, 279
feasibility assessment, 216–218
feasibility testing, 330
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