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C H A P T E R

1

O N E

Management of Technology and
Innovation: An Overview
Over view
How do firms manage technology and innovation to realize benefits?
This book focuses on answering that question. This chapter lays a
foundation for that understanding. It does so by establishing some of
the basic definitions and outlooks that shape the development of the
text. The specific issues addressed in this chapter include:


The significance of technology, innovation, and their
management



The meaning of technology



The process of managing technology



The meaning of innovation



The process of managing innovation



The structure of this examination of the management of
technology and innovation

6
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INTRODUCTION
The opening vignette for Part One of this book about Nokia illustrates
that the management of technology and innovation is not a new concern for businesses. Today, new products, processes, and approaches are
emerging faster than in the past. This fact has pushed the management
of technology and innovation forward as a major focus for both business and society.

Importance of Technology and Innovation to Business
To illustrate the importance of technology in business, consider the
following statement by Alan Greenspan, former chairman of the Federal
Reserve.
When historians look back at the latter half of the 1990s a decade
or two hence, I suspect that they will conclude we are now living
through a pivotal period in American economic history. New
technologies that evolved from the cumulative innovations of the
past half-century have now begun to bring about dramatic changes
in the way goods and services are produced and in the way they are
distributed to final users. Those innovations, exemplified most
recently by the multiplying uses of the Internet, have brought on a
flood of startup firms, many of which claim to offer the chance to
revolutionize and dominate large shares of the nation’s production
and distribution system.1
Alan Greenspan, former Federal Reserve chairman
Former Federal Reserve Chairman Greenspan goes further in his
speech. He states that not only will the future of business be directed
by technology but also that the root of business today is driven by
technology and its application. His belief in the growth of technology is
supported by the growth in patents worldwide. In the United States, for
example, during the years 1970–1985, patent growth was relatively flat.
However, from 1985 to 2000, the number of patents awarded grew by
more than 100 percent.2 Likewise, the annual number of lawsuits over
patent rights doubled during the same period. Not only are innovation
and technology important to the economy, but they are clearly worth
arguing over.
The practical impact on business of this growth in technology can be
illustrated by the fact that as recently as ten years ago information, including pricing on many different types of machinery and commodity products, was highly inefficient. It was difficult to know exactly what each
firm would charge for its product and what the price would be for other
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firms. A businessperson could call and ask the price for that product.
Whether the price was the same if you had called a different salesperson
in a different part of the month was not predictable. The result was that
widely different prices were charged for the same products. Purchasing
agents spent a lot of time looking for the best price. However, changes in
telecommunications have all but eliminated this inefficiency. Especially
the Internet has resulted in more transparent and efficient pricing for
both capital goods and commodity products today.
The impact of technology on business usually is not onedimensional, but rather, new technology causes a cascading effect
within firms. To illustrate, consider the information technology from
the prior example. In economic theory, we learn that price is a function
of supply and demand. But the technology has resulted in both more
demand and lower prices. New technology has made more information
available to consumers. As more information becomes available, potential buyers become more aware of opportunities to obtain and use products. This leads to greater demand. But more precise information also
leads to pricing being more systematic. Thus, technology leads to better
prices. A similar cycle has taken place in other markets. Today, many
people now use the Internet to buy automobiles, books, and other
products. This has lead to greater numbers of buyers in many cases but
also pressures to lower prices. For a firm to make a profit in this environment, it must be more efficient. One of the key means that a firm
obtains such efficiency is through technology. Thus, the use of technology in one domain typically leads to greater need for changes in technology in other areas.
Retail is one of the oldest industries in the United States. Wal-Mart
is the world’s largest retailer and is a good example of this cascading
effect in practice. Today, when you purchase goods and check out at a
Wal-Mart store, you or the cashier scans the various products you are
purchasing. This process is more than a way to speed your checkout
from the store. There is information generated on the sale and on the
product itself. This information is used for reordering products and
tracking sales patterns.
Wal-Mart is beginning to expand the information generated at the
checkout by implementing nationwide radio frequency identification
(RFID) technology. This new technology will place a small tag on each
item at the manufacturer. This tag will allow the product to be actively
tracked from the time it leaves the manufacturer until it leaves the store.
As a result of this ability to track the product, Wal-Mart will have better
control of shrinkage or loss due to theft or misallocation. RFID will also
help the firm improve inventory control in the stores because Wal-Mart
will know instantly if there is a shortage of any given product in any
given store or a surplus in another store. Wal-Mart will be able to
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estimate whether the transfer of their products between stores is possible and profitable.
The technology will also help the suppliers of products better manage their production process and, as a result, serve Wal-Mart better and
more efficiently. For example, RFID can also be used by Wal-Mart’s
suppliers, such as Procter and Gamble, to obtain instant data on what is
sold and where it is sold. As a result, a firm like Procter and Gamble will
be able to adjust its production process so that it has the supplies needed by Wal-Mart when they are needed. The information can also be
used to allow some suppliers to take necessary products directly to the
Wal-Mart stores rather than to Wal-Mart warehouses. This will also
help control costs. It is estimated that RFID implementation could save
Wal-Mart $8.4 billion a year in costs when it is fully deployed.3

Importance of Technology and Innovation to Society
The impact of technology is not simply on individual firms. It also has
broader societal impact—both positive and negative. Consider the positive aspect by examining the findings on the impact of technology in a
single state, Washington. This state has aggressively developed its technological foundation. It has found that technology-based industries
support a total of 3.55 jobs for each technology-focused job; this compares to an average of 2.86 jobs in all other industries in Washington.
Labor income in technology-based industries averaged $61,330 in
2000 compared to a state average of $32,748, or 87 percent above the
average. It has also been found that technology-based businesses contribute more to the state’s international exports than other types of
businesses.4
As noted before, technology helps push firms to lower costs. However, this has led in turn to increased levels of outsourcing by a number
of firms to lower cost settings; technology advances in communication
and computers help ensure that such outsourcing can be successful. For
example, the cost of a computer programmer in the United States can
be $90,000 a year. This same job in Russia, China, or India will cost less
than half as much for the same quality work.5 Technology allows many
job activities to be done as easily in one part of the world as another.
Thus, technology has encouraged and permitted the outsourcing of
jobs to these lower cost environments to a degree not seen before. In the
past, manufacturing jobs were the only jobs principally outsourced.
However, today, the jobs outsourced include not only computer programmers but also other technical jobs such as reading MRI images
from medical tests and preparing tax returns.
Outsourcing impacts the United States as well as other developed
economies. Countries as diverse as Ireland and Korea have experienced
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some of the same negative impact from technology as jobs are outsourced to lower cost environments. However, the development of the
economies of India, China, Russia, and other similar nations provides
new markets for other businesses from developed economies.
Thus, technology provides both positive and negative impacts for a
society.
The interaction between society and technology can be viewed in
terms of pushing and pulling. When we say that technology is
pushing society, we mean that new innovations in technology lead to
changes in society that were not expected. For example, society was not
demanding the development of the Internet. However, when it became
a reality, it was quickly adopted and employed. Business can also be
pulled by society to create technology. For example, society demanded
through their legal representatives that there be new innovations in
automobiles such as more safety features and better gas mileage. The
major American automakers headquartered in Detroit insisted that it
would be impossible to meet those goals. However, when laws were
passed demanding the innovations, business rose to the task and
developed the technology necessary to meet the demands. Thus, the
relationship between society and technology is rich and multidimensional. We will explore these different dimensions throughout this
book.

Technology and Innovation Do Not Stand Still
Technology and innovation influence both the firm and society as a
whole, and this impact is ongoing. Entire industries can be created or
can disappear very quickly because of new technologies. To illustrate,
consider what has happened to the recorded music industry. In the last
forty years, the dominant technology has changed from records (LPs),
to eight-track tapes, to cassette tapes, to compact discs. Turntables are
antiques, and eight-track players are collectibles. Now with the
emergence of MP-3 and other types of new technologies, CDs may be
obsolete within ten years.
Individual companies can similarly be created or can disappear
quickly due to technological changes. For example, a classic American
company like Polaroid went into bankruptcy in no small measure
because of the development of the digital camera, which made many of
Polaroid’s products obsolete. Therefore, as we begin to look at technology, we hope you recognize that technology is a key part of most businesses in developed markets. This technology is typically pervasive in
ways that we may not realize until we begin to explore those firms. It is
clear that an industry, firm, or individual who ignores technology and
its development does so at great potential risk.
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1.1 REAL WORLD LENS
Dr Pepper/Seven Up Bottling Group
There are many other firms from
mature industries that are leading
examples of success in managing technological change. For example, the Dr Pepper/
Seven Up Bottling Group developed the Deja Blue
product line.This is the most basic product imaginable:
bottled water. The bottling group has been able to
employ technology to become the low-cost producer
in the industry. Each step of the production process
uses all the technology possible to lower costs. Each of
these technological innovations is not radical. For example, they designed the production process to take out
curves in the production line that reduces something as
simple as products falling off the line. Similarly, the production process is such that the machinery that fills the
bottles has ninety different heads that never have to

stop.The conveyor technology when the bottle is full is
at a slight angle so the bottles stay upright as they are
placed on pallets.The result is a lower cost product that
has experienced 25 percent sales growth per year.
1. In what ways is the management of Dr Pepper/
Seven Up Bottling seeking and supporting innovation processes within the firm?
2. Do you think their approach is appropriate for
their industry and market? Why or why not?

References
Bruss, J. 2002. All grown up. Beverage Industry, 93 (9): 60.
Dr Pepper/Seven Up: Splashing into water. 2003. MarketWatch:
Drinks, 2 (9): 7.
Work smarter not harder. 2003. Dallas Federal Reserve of
Dallas Annual Report: 11–14.

THE STUDY OF TECHNOLOGY, INNOVATION,
AND ITS MANAGEMENT
The preceding discussion illustrates that technology and innovation
management are important to societies, countries, firms, and individuals. Next we will look more closely at the various aspects of technology
and innovation.

The Technology and Innovation Imperative
Is Organization-wide
Technology and innovation influence not only the technical aspects of
business but also the behaviors and attitudes of individuals and groups
within the organization. The result is that technology and innovation
are an organization-wide concern. An organization cannot isolate one
unit and say its concern is technology while the rest of the organization
ignores such issues.
To illustrate, the portable cell phone has become part of our lives in
the last decade. This technological innovation means that employees
who are “out of the office” are not out of contact. Thus, individuals do
not need to come to the office as often because they can check in by cell
phone. While this can save costs, workers in the organization may not
know each other as well and may be less connected to the culture of the
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organization. As a result, processes must be in place to ensure that the
person in the field behaves as desired by the firm. This means that
managers must learn how to integrate and manage these individuals
differently from employees who are physically in an office each day.
Thus, managers must not only manage changes in technology but also
the structural systems of the organization that employs that technology.
This increasing complexity provides opportunities for developing innovative ways to accomplish work; it also creates the need for changes in
how the firm now operates.
As we examine the management of technology and innovation, we
need to ensure that we not only understand how technology is developed and innovation occurs but also the processes that surround these
activities in the organization. A firm needs to understand what technology it has and how to manage that technology in the organization and
its context.

The Technological and Innovation Imperative Is Worldwide
Today, it is difficult to segment technology as being from one country
or another. For example, many Taiwanese semiconductor firms maintain their headquarters in Taiwan, produce their chips in mainland
China, but maintain their principal research facilities in the United
States.6 Thus, technology firms are truly international entities.
It is true that much of the theory and principles and the investigation
of the management of innovation and technology came from the United
States. However, this does not limit their relevance to the United States.
A theoretical foundation relevant for technology should be applicable in
a wide variety of settings in management just as theory for physics or
chemistry applies anywhere in the world. For a theory to be sound, it
cannot simply apply to a single nation. Therefore, the theory relevant to
the management of technology and innovation from research conducted
in the United States is applicable throughout the world.
However, when we say that the theoretical foundation is applicable,
it does not mean that there will be no differences in practice among
various nations. There are many centers of excellence in technology
development and application around the world. For example, in the
appliance industry, most of the world’s technological developments
come from Japan. Similarly, much of the new technology for cell
phones has come from Finland because of Nokia’s efforts. Individual
and firm behaviors in these centers of excellence can be expected to be
somewhat different from the United States. However, in most cases, the
similarities with the United States are greater than the differences.
The reasons there would be differences at all are due to differing
institutions or subtle but pervasive things that shape behavior. The
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institutions in the various domains can be described as regulatory, normative, and cognitive.7 Regulatory institutions are the laws and regulations in a given country. Normative institutions are the norms of the
industry and profession. For example, the values of an accountant or a
doctor are very similar around the world. Cognitive institutions are
those that come from the broader society and shape the individual’s
behavior. Most commonly, this is viewed principally as the culture of
the country.
Regulatory institutions clearly can change from location to location.
However, today, the power of the World Trade Organization and
regional economic alliances such as the European Union have served to
help ensure that there are some similarities in issues such as patents and
other key technological concerns.
The normative institutions have also developed strong similarities
around the world. This strong set of normative values has emerged from
a variety of sources, including the fact that many of the leading professors in technological domains around the world attended a set of key
institutions, including Stanford and MIT.8 The result has been the sharing of values these individuals learned in college. They took these values
with them to diverse locations. Now they teach their own students how
technological firms and professionals should act. Similarly, the increasing interaction between technological firms in different parts of the
world has acted to homogenize the values of these various firms. The
exchange of ideas at professional meetings and the increasing number of
joint research activities have also contributed to this uniformity.
The cognitive institutions are the hardest to change and would be
expected to cause the greatest difference in behavior in different organizations. These are shaped principally by the culture of a nation. Initially,
as technological firms moved internationally, some cultural conflicts did
arise. However, today, such conflicts are less pervasive, and greater cultural knowledge and understanding of other nations exists.
Therefore, the broad substance of the management of technology
and innovation presented here will still be relevant no matter where
the firm is located. This does not mean that there will not be subtle
differences around the world because of regulatory, cognitive, and
normative institutions. However, more similarities than differences can
be expected.

Value Creation Is the Key
Whether in the United States or elsewhere in the world, technology and
innovation must add “value” to the firm, or to society to flourish. The goal
of technology and innovation processes is to add value to the business.The
goal is not to innovate and create technology for the purpose of creation.
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This typically means that there is a profit motive for the business or an
efficiency and effectiveness motive for nonprofits. Basic research, which
focuses on the creation of knowledge for the sake of knowledge, can have
value to society, but it is not a major concern here.
In focusing on value creation, the manager must also recognize that
in today’s environment there is a need for technology to provide a visible and timely creation of value for the firm. Following the dot-com
business crash of the mid-1990s, the spending on new technology by
businesses decreased. However, this decrease must be kept in perspective. For four decades prior to the technology investment decline in the
late 1990s, spending on new technology increased 10 percent annually.
In 2003, that level of spending growth had declined. However, spending growth in new technology was still approximately 4 percent per
year.9 Thus, businesses are no longer willing to invest in technology if
the strategic and performance benefits of the technology are not clear.
During the boom years of the 1990s, firms invested with hopes that
there would be a positive result. The new competitive environment
requires more in the management of technology. Now the value
addition of the technology must be clear and based on sound analysis
and forecasts to justify the investment. This makes the processes of
the management of technology and innovation more difficult and
complex.
It is expected that technology spending will increase with a growth
rate of approximately 10 percent in 2005 and will continue this pattern
for the foreseeable future. Thus, individual technology-focused firms
may experience ups and downs, but the core importance of technology
continues for businesses in developed economies such as the United
States and European Union, as well as emerging economies around the
world.

KEY DEFINITIONS OF TECHNOLOGY
From the prior section, it is clear that we need to understand technology and innovation broadly, looking at organization-wide aspects not
only in the United States but around the world. The focus in studying
this book will be on how we create value for the firm through the management of technology and innovation.
Before we can establish our framework to examine these aspects of
the management of technology and innovation, there must be some
agreement about basic definitions and terms. Technology and innovation are related concepts but do represent separate concerns. Figure 1.1
illustrates some of these differences relating to one issue: the discovery
of the atom.
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F I G U R E 1.1
Process to Be Managed—Discovery to Application

Scientific
Discovery

The atom

Invention

Machine to split
the atom

Innovation

Splitting the atom

Technology

Atom bomb

The definitions presented and developed below reflect widely
accepted views of technology and innovation. However, it should be
recognized that there are a number of different ways to define technology, innovation, and the management of each. This initial section of the
chapter focuses on issues related to technology. The section on innovation will follow.

Definition of Technology
Technology has been defined in a variety of ways. It is important to recognize these various approaches to the definition before we build one to
focus on in this text. This range of definitions demonstrates that a variety of different perspectives on technology exist. A few of the major definitions of technology include:







The processes used to change inputs into outputs
The application of knowledge to perform work
The theoretical and practical knowledge, skills, and artifacts that
can be used to develop products as well as their production and
delivery system
The technical means people use to improve their surroundings
The application of science, especially to industrial or commercial
objectives; the entire body of methods and materials used to
achieve such objectives
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F I G U R E 1.2
Systems View of Organizations
ORGANIZATIONAL ENVIRONMENT

Inputs

Transformation
Process

Outputs

Human, Physical,
Financial, and
Information Resources

Management Input,
Operations,
Production,
Integration of Ideas
and Actions

Products and Services
Lessons Learned

FEEDBACK LOOPS

Although there is wide variety in the prior definitions of technology,
there are also some common elements in each of the definitions. Each
definition implies that there is a process involved in technology, that
change is an outcome of technology, and that technology involves a
systematic approach to deliver the desired outcomes (improvements,
objectives, and outputs).
For the purposes of this text, we integrate these various definitions
to define technology as the practical implementation of learning and
knowledge by individuals and organizations to aid human endeavor. Technology is the knowledge, products, processes, tools, and systems used in the
creation of goods or in the provision of services.
This definition has a strong systems view, as illustrated in Figure 1.2. A systems view presents the firm as an association of interrelated and interdependent parts. The systems approach to implementing
technology involves a framework of inputs, transformations, outputs,
and feedback along the entire process. It also involves individuals,
groups, and departments that form the organization and the external
environment that impacts the firm.

Definition of Management of Technology
The definition of technology also implies a process that involves the elements of strategic management. Therefore, the definition of the management of technology should also reflect this systematic, strategic
approach. Such an approach requires an integration of different disciplines to the management of technology. Figure 1.3 illustrates the various disciplines that can influence the management of technology and
innovation.
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F I G U R E 1.3
Areas Influencing the Management of Technology and Innovation

Engineering
Activities

Financial
Systems
Management
Science
Techniques

Production and
Operations
Procedures

Management of
Technology
and Innovation

Socio-Technical
Systems Design

(strategic and
operational)

Group and Team
Behavior

Decision-Making
Processes

Managers’
Experience and
Organizational
History

One of the most commonly cited definitions of the management of
technology is consistent with this integration view.
Management of technology is defined as linking “engineering, science, and management disciplines to plan, develop, and implement
technological capabilities to shape and accomplish the strategic and
operational objectives of an organization.” 10
The major shortcoming of this definition is its lack of attention to
evaluation and control, which are required for a strategic approach to
the management of technology. Evaluation and control involve monitoring technology to ensure that it meets the desired outcomes. It is
necessary that after a technology is implemented, the firm monitors
changes that may render the technology obsolete, dangerous, replaceable, or competitively weak. A prime example of the need for such
evaluation and control is the National Cash Register Company, which
was the leading manufacturer of mechanical adding and calculating
machines. In the 1960s, the company embarked on a project to build a
state-of-the-art manufacturing facility for these mechanical calculators.
Just as the facility was being finished, the silicon chip and LED displays
were becoming the technology of choice for these products. The technology for silicon chips and LED displays had existed for several years.
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However, National Cash Register had determined that they would still
be the leaders in adding and calculating machines, and the new technology would not replace the need for its products for at least ten years.
This turned out to be incorrect; the first hand-held calculators using the
new technologies entered the market about the same time as the new
facility began production. The company had some very trying years as
it adjusted. It did recover and emerged as NCR, but it was a difficult
process. Better technology-auditing processes may have prevented those
difficulties.
Therefore, we define the management of technology as follows:
The management of technology is the linking of different disciplines to plan,
develop, implement, monitor, and control technological capabilities to
shape and accomplish the strategic objectives of an organization. This definition clearly recognizes the role of evaluation and control that many
other definitions have omitted.

THE IMPORTANCE OF MANAGING TECHNOLOGY
Now that we have defined technology and its management, what will
actually be needed to build an understanding of how to do these activities? The National Task Force on Technology has listed five specific
reasons individuals and organizations should be concerned about the
management of technology.11 These reasons are as follows:
1. The rapid pace of technological change demands a crossdiscipline approach if economic development is to occur in an
effective and efficient manner to take advantage of technological opportunities.
2. The rapid pace of technological development and the increasing sophistication of consumers have shortened product life
cycles. The result of these factors is a need for organizations to
be more proactive in the management of technology.
3. There is a need to cut product development times as well as to
develop more flexibility in organizations. The lead-time from
idea to market is being reduced by the emergence of new or
altered technologies.
4. Increasing international competition demands that organizations must maximize competitiveness by effectively using new
technologies.
5. As technology changes, the tools of management must change,
but the process of determining what those new tools should be
is in its infancy.
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Each of these issues will be dealt with in this book as we develop an
understanding of how to manage technology. Although focusing on a
single dimension of the management of technology may be interesting,
it does not provide a usable basis to actually manage the firm. As a
result, this text will address a wide range of issues and integrate those
issues into a usable whole. At the heart of the various issues examined is
the belief that the management of technology is the central strategic
concern for the firm. If the business approaches the management of
technology from this perspective, it will then have the foundation and
insight to be successful.

THE PROCESS OF MANAGING TECHNOLOGY
The range of tools and issues that a firm must examine through the
strategic perspective can be broad. To illustrate, consider the example of
the iBOT, a new type of wheelchair that has been developed. The wheelchair has been in existence for more than 100 years, with very little
change in its fundamental design. Wheelchair designs have historically
confined their use to relatively flat and smooth surfaces. However, Dean
Kamen, the inventor of the iBOT, saw how difficult it was for someone
to handle a wheelchair in settings that were not flat, such as on stairs. So
he went looking for a new solution. However, rather than thinking of a
wheelchair traditionally, he sought to build a chair that could stand up
and balance like a human. The end result would be a wheelchair that
could carry a person up and down stairs.12
The development of the iBOT illustrates the role of various elements in the firm needing to work together for success. For example,
the iBOT shows the need for a new approach and philosophy so that
the problem could be attacked in a different way. Thus, it allows individuals in wheelchairs to roll across sand or “stand” to get products off
the top shelf in their home or the grocery store.
This case demonstrates the need not only for engineers to design the
product but also for financial experts to underwrite the costs and marketing personnel to test the product. The development of this product
took substantial funds and investment. Marketing was also critical to
the actual acceptance of the product. While the $29,000 cost per unit is
high and its cost could be offset by the normal cost associated with
modifying a house to meet the needs of a person who uses a wheelchair,
it requires marketing to educate individuals about this benefit. Thus, it
not only took the vision of one person to see a different solution, but it
took an entire organization to develop the product. A full range of tools
need to be considered when examining the management of technology.
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Making Decisions for Managing Technology
There are key decisions that need to be made as businesses and managers seek to manage technology. These decisions initially focus on the
strategic posture the firm wants to assume. For example, the firm must
determine if it wants to be a leader or follower in its industry. There are
benefits to both, but the choice will result in the firm taking radically
different steps and developing different processes and structures. The
firm must also determine whether it will develop its own new technology or buy the technology. Again, each of these strategic approaches has
benefits and drawbacks that will be detailed later, but the firm needs to
weigh these pluses and minuses for itself.
The strategic decisions do not stop there. The firm will also have to
determine the scope of products it wants to offer. A key element in this
determination is how it can leverage its technology and innovations to
create a total platform of products and processes. The firm must also
determine the scale of products, how it will price the products, where
it will market the products, and where it will manufacture the
products.
The firm needs to actively determine each of these issues. If the
business responds in a reactive, piecemeal manner to the competition
rather than actively determining its direction, the performance of the
business will suffer. This book will examine the full range of issues with
questions and key concerns for each provided throughout this book to
help build an understanding about the many decisions managers must
consider. The answers to the questions and the review of relevant
concerns will help identify the tools that need to be employed in
the decision-making processes associated with the management of
technology.

Tools for Managing Technology
This perspective on the role of technology in the firm means that the
specific tools necessary to properly manage technology can be very
broad. Too often, managers of technology assume that, since the technology is interesting or attractive to them, it will be demanded by the
consumer. However, for success, the manager does more than rely on
his or her own judgment about the viability of the product. Instead, the
manager needs to do things such as:






Analyze the industry structure both domestically and
internationally
Understand the firm’s capabilities and those of its competitors
Conduct a financial analysis of the product and firm
Forecast future changes
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KEY DEFINITIONS OF INNOVATION
Now that the definition of technology and its management plus the
nature of the tools and decisions related to those issues have been
detailed, it is important to define innovation and its management.
Innovation is part of technology management, but because of its characterization of having “newness,” it is unique in how it is managed and
developed within a business. The management of innovation requires
technology; but the management of technology does not necessarily
require innovation. If the processes, products, and structure of the
organization are fairly stable and the environment is mature, innovation may not be appropriate. However, managers should be alert for the
opportunity to be innovative. Therefore, innovation will be treated as a
separate area. Even though innovative processes are part of technology
management, firms that undertake a strategic approach that emphasizes innovation and innovative processes have a number of unique
issues with which to deal.

Definition of Innovation
Defining innovation is not as easy as it would seem. Most of us think we
know what innovation is, but we have our own frames of how to define
it. Some have defined innovation as invention plus exploitation.13 In
other words, it is not only the act of creation but the inventor or someone actually taking that product to market and selling it to people. This
text goes beyond this definition to argue that innovation is more encompassing and includes the process of developing and implementing the
invention. We believe that this broader definition is needed because the
process elements of innovation are so critical. Thus, we prefer a broader
definition of innovation, such as that by Rubenstein who defined
innovation as “the process whereby new and improved products, processes,
materials, and services are developed and transferred to a plant and/or
market where they are appropriate.” 14
It is important to note that from this definition there are different
types of innovations, which Figure 1.4 summarizes. There can be newness of the product or process, newness of the usage, or a combination
of both. The difficulty in managing these different types of innovations
varies. For example, the most innovative approach is the development of
a new product or process to solve a new problem or usage. These types
of innovations are usually radical in their influence in change processes.
For example, think about how the Internet changed how we work.
Another example is the DVD, which illustrates an old process with a
new usage. DVDs employ the same basic technology as CDs; however,
the means of compression and reading hardware are more advanced.
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F I G U R E 1.4
Innovation Categories

New

USAGE/PROBLEM

Old

PRODUCT/PROCESS
New

Old

Category 1

Category 2

New solution to an old
problem
Product: new medications
Process: just-in-time

No innovation

Category 3

Category 4

Most innovative: new
product that leads to new
opportunities
Product: PC in 1980
Process: bar codes for
inventory control

Old product/process used
in a new way
Product: other uses for a
paper clip; DVDs
Process: testing soils with
satellite imagery

These examples are all product oriented, but there are also process
innovations. Just-in-time (JIT) inventory management is a process
innovation that ensures the inputs into a production process are there
just as they are needed for the process. Such a process innovation allows
firms to save on storage and capital costs. Frequently, product and
process innovations are connected. For example, e-mail security that
involves virus protection software is a product innovation. But many
organizations also deal with the problems of e-mail security by building
firewalls to protect company information—a process innovation. It is
interesting to note, however, that almost as quickly as new software and
processes are developed for protecting a firm’s information, new problems emerge. It is a constant war of innovation.

Definition of Management of Innovation
With innovation defined, how do we manage it? Successful innovation
management depends on the top management of the organization’s
willingness to commit the resources to allow individuals and groups to
recognize “newness” and respond accordingly. This commitment by the
top management to innovation, in turn, requires their recognition of
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several realities.15 These realities are as follows:
1. Management of technology encompasses the management of
innovation.
2. It requires fostering an environment where innovative thought
and work are encouraged.
3. It involves leading a firm from existing processes and products
to something that is “better” and more valuable.
4. It is proactive and encourages creativity and risk taking.
Therefore, we define the management of innovation as
a comprehensive approach to managerial problem solving and
action based on an integrative problem-solving framework, and
an understanding of the linkages among innovation streams,
organizational teams, and organization evolution. It is about
implementation—managing politics, control, and individual
resistance to change. The manager is an architect/engineer, politician/network builder, and artist/scientist.

THE PROCESS OF MANAGING INNOVATION
Just as for technology, there are special tools and decisions within the
organization that must occur if innovation is to succeed.

Making Decisions for Managing Innovation
Fostering creativity is essential to managing innovation. However, it is
more than encouraging individuals to think outside the proverbial box.
It includes developing an environment of discovery in the organization.
Delbecq and Mills16 described the characteristics of firms that manage
the innovation process well. These firms are characterized by:
1. Separate funds for innovation
2. Periodic reviews of informal proposals by a group outside line
management
3. Clear direction on studies to be done and follow-ups that are
expected
4. Extensive boundary-spanning activities to learn from others and
to gain an understanding of what others are doing
5. Sets of realistic expectations
6. Supportive atmosphere for “debugging” and exploring variations
as well as appropriate resources for maintenance and service
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Pixar Animation Studios illustrates the way to build a supportive
environment for innovation. This studio has created the movies Toy
Story, A Bug’s Life, and Monsters, Inc., among others. It has pioneered
the development of new computerized animation technologies, including Marionette, a software for animation, and Ringmaster, a software
system for modeling, animating, and lighting. The studio has very
creative individuals heading the firm (Steve Jobs, founder of Apple
Computer) and others working throughout the firm. To ensure that
individuals in the firm have the range of skills necessary, the business
started Pixar University, which allows individuals to study for three
months on a variety of topics related to Pixar’s work. The company
seeks to further encourage creativity by limiting its bureaucracy. Thus,
the business has sought to create a total environment for creativity.
The management of innovation requires that the firm encourage creativity and risk taking by individuals. The firm must employ processes
that allow failure and exploration. There are four key individual
characteristics that enhance the initiative that sparks innovation.17 If
an organization manages the work environment in such a way as to
encourage these behaviors, then innovation is more likely. The four
behaviors are:
1.
2.
3.
4.

Asking questions to identify problems and opportunities
Learning new skills
Taking risks and being proactive
Aligning strong personal beliefs and values with the organization’s values and goals

As you consider this innovation process, what becomes clear is that
it should be a continuous process in the organization. It is not a process
that occurs once and brings the firm all of the innovation it needs. Figure 1.5 summarizes the cyclical nature of the innovation process. The
various aspects of this process will be examined in greater depth
throughout the book.
To illustrate this process, consider Koch Industries. The firm is one
of the largest privately held companies in the United States. Koch
rewards individuals for developing new ideas like many firms. But Koch
also actively seeks to cross-train individuals in different areas of the firm
so they understand how the entire firm works. Additionally, the firm
consciously seeks not to punish individuals if they try something new
that does not work. The culture at Koch encourages risk taking. The
end result is a firm that has been able to diversify from an oil and gas
company into one that continually finds new markets into which it can
expand.
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F I G U R E 1.5
Cyclical Innovation Process Model

Feasibility Studies:
Scientific
Technical
Market

Strategies:
Innovation
Transfer
Forecast
Changes in
Technology

Acquire
Technology

Cycle of Technology
Development

Integrate
and Exploit
Technology
Actions:
Manufacture
Market

Implement
Technology
Processes:
Design
Test
Rollout

Tools for Managing Innovation
The management of technology involves a much broader scope of continuing and nurturing existing technology than does innovation. Innovation directly involves the discovery and development of new products
and/or processes. Most often, when we think of innovation, we think of
radically new and inventive products and/or processes. For example, the
innovation of the lean manufacturing system pioneered by Toyota has
reshaped how manufacturers do business, with techniques such as justin-time (JIT) inventory now becoming the norm worldwide. However,
innovation does not have to be so radical; it may be as simple as using
an old product in a new way.
In this book, we will differentiate the management of technology
(MOT) and the management of innovation (MOI), but remember that
they are interconnected within the organization. This differentiation
helps us better analyze the firm’s actions, but in reality, they are intertwined at a number of levels.
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1.2 REAL WORLD LENS
X-Rite
The management of innovation does
not need a radical shift in a product;
instead, it can be as simple as a fresh
insight on how a product can be used. X-Rite
traditionally produced equipment to match colors in
industrial settings.Thus, an auto manufacturer would test
to ensure that their sky blue was consistent on all cars.
The innovation that occurred for the firm was that
matching paint had similarities to matching the color of
an individual’s teeth in a dentist’s office. Prior to this
insight by X-Rite, the typical method of matching the
color of teeth was for the dentist to hold a card with different variations of white and seek to judge which one
matched the color of the patient’s teeth.The nature of
the X-Rite equipment had to be changed to a form that
was more accessible and user friendly than the industrial version. Issues such as hygiene related to the product

also became part of design for the first time. However,
the technology was the same as before.This innovation
insight allowed X-Rite to move into a new profitable
market and become a major competitor in this area.
1. What other uses can you think of for X-Rite’s
technology?
2. How do you think the expansion of their customer
base changed their organizational structure? Their
organizational processes?
3. What does this tell you about what happens in
organizations when new uses for old technology
emerge?
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STRUCTURING THE EXAMINATION OF MTI
In this chapter, we have presented a broad overview of the issues and
definitions central to the study of management of technology and
innovation. These issues shaped the development of this book.

Strategy Perspective
Strategic management is a firm’s effort to analyze its environment and
its own strengths and weaknesses and then consciously choose the competitive path it wants to follow. On that path, the firm will seek to build
up its strengths and address its weaknesses. It is clear that a strategic perspective is central to success in the management of technology and
innovation. The strategic perspective is typically segmented into three
distinct steps: planning, implementation, and evaluation and control.
The authors will use this framework throughout the text.

Making Decisions for Strategic Management
It was highlighted previously that the organization must make key decisions as it begins to examine technology and innovation. We believe
from our experiences that the key element in these decisions is whether
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those processes are focused internally or externally. For example, if a
firm chooses to purchase technology, it must focus on issues such as the
integration of the technology and the nature of the firm that produced
the technology. In contrast, if the focus is on the creation of technology, then how the firm encourages innovation internally through structure and compensation becomes more important.
As noted earlier, a strategic model will be employed to analyze the
topics. Therefore, planning, implementation, and evaluation and control will be used to examine internal innovation and external acquisition
of technology. Thus, this book will be separated by whether technology
is internally developed (Part Two—Chapters 3, 4, and 5) or acquired
(Part Three—Chapters 6, 7, and 8). To illustrate, Chapter 3 will examine
the planning for internal innovation, Chapter 4 will examine implementation of internal innovation, and Chapter 5 will examine the evaluation
and control of internal innovation. The third part of the book on external acquisition of technology will be organized similarly. The last part of
the text will examine building capabilities and knowledge management
in the business (Part Four—Chapters 9 and 10).

Tools for Strategic Management
As noted previously, there is an emphasis on managerial tools that can be
used in practice.This emphasis has led to the development of specific tools
that will follow each of the four parts of the text. The first appendix will
present financial tools to analyze firm performance and which technology
ventures to fund. The second will focus on tools concerned with project
management, the third will discuss managing platforms and portfolios of
technology, and the last appendix will discuss waves of innovation.
Additionally, at the end of each chapter, there will be an Audit Exercise focused on technology to help students understand how to apply
the knowledge they learn in the chapter. This audit tool considers what
a firm is doing with its technology and innovation capabilities in comparison to what it wants to do or to what others are doing. This Audit
Exercise usually requires information from outside and inside the firm
and assesses the firm’s position in product and process technologies. A
firm should also examine the fit between its administrative processes
and procedures and its strategic goals, looking for areas of competitive
advantage to exploit, as well as gaps in the firm’s activities that may lead
to competitive disadvantage.

ORGANIZATION OF THE TEXT
Figure 1.6 summarizes the flow of the text that was just detailed. Several specifics should be noted. For example, at the beginning of each
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F I G U R E 1.6
Organization of This Book

Introduction (1)

Strategic Management
and MTI (2)

Internal Innovation
Planning (3)
Implementation (4)
Evaluation and Control (5)

External Acquisition
Planning (6)
Implementation (7)
Evaluation and Control (8)

Building Capabilities for MTI
Success (9)

Learning and Knowledge
Management (10)

part, an introductory case will illustrate the ideas that are examined in
that part’s chapters. In this part, it was the case about Nokia.
At the end of each chapter, there is a vignette titled “The Real
World” to help illustrate the chapter’s concepts. In addition, there are
Critical Thinking exercises to reinforce the concepts presented in the
chapter. These include Relating to Your World exercises, World Wide
Web (WWW) Exercises, the Firm Audit Exercise described earlier, plus
Discussion Questions. Additionally, there is a short set of questions
connecting back to the introductory case at the beginning of each part.
For example, in Part One, consisting of Chapters 1 and 2, there are
questions connecting the chapter material to the Nokia case.
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SUMMARY
This chapter has established the foundation for the exploration of management of innovation and technology. The chapter highlighted that
the use of technology continues to expand in business in the United
States and around the world. This expanding use and impact of technology make the understanding of the management of technology and
innovation that much more critical. The chapter has defined both technology and innovation and what is needed to manage them. The focus
in these definitions is on multiple dimensions of the concepts, with
strategic management playing a particularly critical role.

M A N A G E R I A L G U I D E LI N E S
To manage its technology and innovation successfully, a firm must be
proactive rather than reactive. To promote proactive approaches, a firm
should:
1. designate clear technology leaders—individuals who champion
change;
2. know how the processes can work to help and to hinder the
development of new technology;
3. assess objectively where your firm is on the technology curve;
4. assess the strengths and weaknesses of your personnel and your
approach to the management of technology and innovation;
5. set realistic priorities;
6. develop excellent infrastructure to help find and take advantage
of potential opportunities;
7. understand what the tasks are and how they are connected and
disconnected;
8. be systematic in your search and assessment processes, but
review the system thoroughly to be sure it is still applicable;
9. savor every victory and learn from every failure;
10. be confident that once you have made a decision, it is a decision
that will move you in the right direction.
Guiding Questions

As firms begin to lay the foundation for their management of innovation and technology, they should be guided by answering the following
questions:
1. Are decisions based on clear goals of where the firm wants to go?
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2. Do individuals recognize that being innovative and helping
others be innovative are part of their job?
3. Is there an environment of sharing ideas to build and develop
ideas?
4. Do development teams bond and truly become teams?
5. How are mistakes handled? Are they seen as learning experiences?

Case 1.1 THE REAL WORLD
Skype
Disruptive technologies enter into an
industry and change the nature of the
competition in that industry. A new
technology, Skype, has the potential to create
such a shift in the phone industry.The technology was
developed by Jamus Friis and Niklas Zennstrom.These
individuals also created KaZaA.
The technology basis for Skype is similar to KaZaA,
a peer-to-peer (P2P) network with individuals within
that network sharing something. In the case of Skype,
the sharing is of voice over IP telephone calls.The technology could be phone calls around the world that are
free within the network. Both parties would need to
have the Skype technology on their computers to make
such calls. However, in the last four months of 2003,
there were more than 5 million downloads of the software.This base of users was built with no advertising.
The software and the calls themselves would be
free. Friis and Zennstrom would make money by charging for services such as voice mail or conference calling.
The expansion of broadband technology and the ease
of use of Skype make the technology a potential threat
to phone companies.
The use of Skype, while rapidly increasing, is still relatively small. However, it is worth remembering that the
founders of Skype are also the founders of KaZaA,
which along with its predecessor, Napster, revolutionized the distribution of music.These firms initially shared
the files of its P2P network free. However, today, there
is a charge of $1 to download music at the firm. Prior
to the development of firms like KaZaA, music was distributed through large retailers and wholesalers with

the music on tapes, records, or compact discs. The
arrival of Napster and later KaZaA effectively removed
the large retailers and wholesalers from the distribution
chain. Individuals could now directly select the music
they wanted, song by song, when they wanted. This
ability and the loss of the dominance of the major
retailers have lead in turn to the development of firms
such as iTunes, which was formed by Apple Computer.
The development of Skype has the same potential
to reshape the telephone industry. If phone calls
become as cheap and easy as they appear with Skype,
why would large segments of the population still use
telephone companies? There would be little desire by a
large segment of the population to support phone
companies and their large asset structure. The belief
that Skype has the potential to reshape the industry
was strong enough in September 2005 that eBay paid
more than $3 billion for the company.
1. What do you think the chances are that Skype will
reshape the phone industry in the same way that
Napster and KaZaA reshaped music distribution?
2. What suggestions would you have for a phone
company like SBC in managing the advancement
of technology such as Skype?
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6. Is risk taking prized and supported when expressing new ideas?
7. Is innovation sought and supported?

CRITICAL THINKING
R e l a t i n g t o Yo u r Wo r l d

1. A model is a representation of a complex process or interaction
that allows us to use a simplified picture to better understand
complex and abstract ideas. This chapter represents the management of technology and innovation as a systems model. After
reading this chapter and based on what you know about MTI,
how would you model the management of technology and
innovation? Explain your model.
2. Consider some new technology or process you have been
involved with in the last two or three years. What issues affected you as an individual? What factors enabled you to be successful in adapting to the new process?
3. Make a list of the different ways you have used a paper clip.
What were the motivating factors for each of these uses? Is there
a pattern?

WWW EXERCISES
1. Use your favorite Internet search engine to find definitions of
technology and innovation. How would you characterize these
definitions? How are they the same and how do they differ from
the ones in the text? Why are there so many variations?
2. Creativity is important in fostering innovation and in adopting
new technologies. How many courses have you taken in creativity? What can you find out about creativity on the web? Find
five websites devoted to creativity. What tools did you find that
might help you increase your creative thinking?
3. Find an article or paper that provides guidelines for managers
on how to manage technology and innovation. What do you
think of the advice? Compare the advice that you find with
others in your class.

AUDIT EXERCISE
When trying to determine the ability of the organization to manage
technology and innovation, it is important for managers to understand
the firm’s capabilities. Capabilities are the set of characteristics an organization possesses to facilitate and support its strategies. In the management of innovation and technology, there are a number of frameworks
for determining the innovative capabilities of the organization. The
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Innovative Capabilities Audit Framework18 indicates five categories of
variables for a business to consider. These categories are:
1. Resource availability and allocation
2. Capacity to understand competitors’ strategies and industry
evolution with respect to innovation
3. Capacity to understand technological developments relevant to
the business
4. Structural and cultural context of the business unit affecting
intrepreneurship (internal entrepreneurship)
5. Strategic capacity to deal with innovation initiatives by internal
entrepreneurs
What type of information would you need to collect in each of these five
areas to determine when, where, how, if, and what innovations should
be undertaken in the business? Be specific and justify your answer.

D I S C U S S I O N Q U E ST I O N S
1. Discuss the definition of technology from a strategic point of
view.
2. Discuss the role of innovation in the strategic management
process.
3. Define management of technology and give an example based
on your knowledge.
4. Define management of innovation and give an example of how
a firm can manage innovation processes.
5. Give an example of Nokia’s management of technology and
how they were able to gain a competitive advantage from those
activities.

PA R T O N E O P E N I N G C A S E : N O K I A
The Nokia case illustrates the changes a company can go through because
of a change in technology and innovation. What changes in technology
do you think Nokia has undertaken? In process? In product? What type
of innovation do you think these changes illustrate (see Figure 1.4)?

KEY TERMS
capabilities 31
cognitive institutions 13
innovation 21
just-in-time (JIT) inventory
management 22

management of innovation 23
management of
technology 18
normative institutions 13
platform 20
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pulling 10
pushing 10
radio frequency identification
(RFID) 8
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regulatory institutions 13
strategic management 26
systems view 16
technology 16
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