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Preface and Acknowledgments

In 1967 the Secretary of Commerce, John T. Connor, convened an advisory panel of technical business leaders and charged them with considering the impact of taxation, finance, and competition on invention and innovation. That panel, chaired by Robert A. Charpie—who was then president of Union Carbide Electronics—wrote an excellent and widely read report titled Technological Innovation: Its Environment and Management, “the Charpie Report.” It is worth quoting the featured recommendation of that report, a recommendation considered by that panel to be more important than any specific recommendation concerning antitrust, regulation of industry, or financing of innovation:

The major effort should be placed on getting more managers, executives, and other key individuals—both in and out of government—to learn, feel, understand and appreciate how technological innovation is spawned, nurtured, financed, and managed into new technological businesses that grow, provide jobs, and satisfy people.1

The intervening years have given the world a growing body of work on technological innovation and invention, but the problems and concerns raised by the Charpie report are by no means solved. The last two decades have taught us that some U.S. companies are good at managing some aspects of technical innovation for profit but that many are weak at developing and applying new technologies and converting those technologies into businesses. This has been brought home to us by growing international competition that has made foreign steel, automobiles, consumer electronics, semiconductors, and production equipment as common as, or more common than, those products made domestically. It is hoped that this book can help move us in the direction of that 24-year-old recommendation—to make a contribution to the knowledge of managers and executives about how technological innovation becomes business success.

On behalf of the National Academy of Engineering, I would like to thank the study committee for this project for their time, energy, and dedication in preparing this book. The committee members William G. Howard, Jr. (chairman), Robert A. Charpie, Philip M. Condit, Robert C. Dean, Jr., Richard E. Emmert, Joseph G. Gavin, Jr., John W. Lyons, William F. Miller, and Harold G. Sowman gave generously of their time and experience. Bill Howard, the committee’s chairman, served during most of the study as a Senior Fellow of the National Academy of Engineering and his contribution deserves special thanks. I would also like to thank the study director, Bruce R. Guile, for his efforts and constancy of purpose in bringing this project to fruition.

The study committee was aided in their deliberations by a much broader community of individuals involved in technical and business matters. I would like to extend the Academy’s thanks to the people who participated in and contributed to two wide-ranging workshops held as part of the study process and to an unusually large number of individuals who gave their time in reviewing drafts of the book manuscript. In addition, several members of the staff, past and present, of the NAE Program Office deserve thanks. In particular, Jesse H. Ausubel, Bette R. Janson, H. Dale Langford, and Hedy E. Sladovich all made important contributions to the project. Finally, I would like to acknowledge the financial support that allowed the NAE to mount and complete this project. Long-term program funds provided by the NAE’s many 25th Anniversary Fund contributors were crucial to this project, as was a special grant from the Hewlett-Packard Company Foundation. Naturally, the interpretations and conclusions in this book are the study committee’s and do not purport to represent the views, positions, or practices of any funding organization.

ROBERT M. WHITE
President
National Academy of Engineering
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Why This Book?


Many company leaders are blind to the potentials, pitfalls, and day-to-day challenges presented by technical change. Managers, financiers, and entrepreneurs generally appreciate the value of experienced management, an educated work force, abundant low-cost capital, a good location, or a recognized brand name. They are often less comfortable with technology, too often regarded as simply “R&D” or “patents.” Most managers regard technology as important in some undefined way, but not as pressing a concern as meeting next month’s sales targets or structuring the company so that it is unattractive to hostile takeover artists. This attitude, bred of a lack of sophistication about the uses, management, and pervasive effect of technology on the structure and competitive environment of business, can cripple a company.

Profiting from Innovation is intended to help managers make informed judgments about managing innovation to add value in a technologically dynamic world. It is meant to help company leaders make better decisions about investing in or managing technologies that can add value to products, processes, or services. The focus is not necessarily on producing new or technologically advanced products, processes, and services, but on ways of effectively applying and managing innovation for profit. The goal of using technology in business is not just technological excellence, but business success. Such business success may arise serendipitously from a truly new technology, but more likely it will follow from a focused program of technical and business work and from making improvements to existing products and processes faster and more effectively than competitors.

Microelectronics, gene splicing, computer communications, and efficient airfoil design are technologies pregnant with possibilities. It is, however, the products that result from their application that produce business success. These technologies have spawned a host of new products and services, such as personal computers, bioengineered pharmaceuticals, networked computer applications, and jumbo jets, that could not have existed 25 years ago.

Often the range of products and services that incorporate such new technologies quickly grows beyond the capacity of a single firm to exploit. With rare exception, knowledge that products based on a technology are market successes spreads quickly and belongs to the world almost immediately—knowledge that a technology is effective in production diffuses only a little more slowly.

This forms an important baseline for thinking about managing technology: Static monopoly of a given technology and its applications is unsustainable in the long haul. As disconcerting as this may be, it is important to realize that there is no safe or permanent success in technological or business matters. Success is only the opportunity to compete in the next round. Thus, the challenge of profiting from innovation lies in understanding how to transform new ideas efficiently and routinely into marketplace advantage—in mastering a dynamic process.

Profiting from Innovation seeks to encourage business success in two ways. First, it is an introduction to four patterns for incorporating innovative technical ideas in new products, processes, and services. It also discusses management practices that are important in creating the drive to use technology effectively. A key to realizing the business potential of technology lies in understanding the nature of commercialization processes—their driving forces, pace, risks, and impact. Technological advance is not separable from its uses or from the organizations, people, and markets it affects. Managers and entrepreneurs must understand the complex web of interactions between technology and people, markets and organizations. They need to know where their products, processes, and services fit technologically and in the market, the best way to structure and prosecute commercialization activities, and how internal capabilities can be used to match external opportunities. Profiting from Innovation provides a basis for harnessing innovation by describing the nature of several types of commercialization activities. Knowledge of when specific commercialization activities are under way and understanding the characteristics of those activities are important elements in effective commercialization management. This is not exclusively, or even predominantly, an issue for high-technology industries. It is as true of the paper clip business as it is of microelectronics.

Second, Profiting from Innovation will help a manager or entrepreneur recognize and act on opportunities for adding value, opportunities that differ at various stages in the life of products, processes, and services. At the outset, value lies in the search for applications and means, and the benefits come from being early to market. Later, value comes from executing product, process, quality, or service improvements sooner than others do. Still later, value comes from correctly managing maturity. As simple as it sounds, there are many ways to be distracted. We will discuss tools and techniques to help managers keep on track and not lose sight of commercialization goals in the confusion of day-to-day activities.

The insights, ideas, and analysis in this book can provide an alternative to what some business observers have called the triumph of paper over product. In his 1989 book The Resurgent Liberal, Robert Reich, a scholar and prominent critic of U.S. business strategy, drew the following distinction:


Paper entrepreneurs—trained in law, finance, accountancy—manipulate complex systems of rules and numbers. They innovate by using the systems in novel ways: establishing joint ventures, consortia, holding companies, mutual funds; finding companies to acquire, “white knights” to be acquired by, stock-index and commodity futures to invest in, tax shelters to hide in; engaging in proxy fights, tender offers, antitrust suits, stock splits, leveraged buy-outs, divestitures; buying and selling notes, junk bonds, convertible debentures; going private, going public, going bankrupt.

Product entrepreneurs—inventors, design engineers, production engineers, production managers, marketers, owners of small businesses—produce goods and services people want. They innovate by creating better products at less cost; establishing more-efficient techniques of manufacture, distribution, sales; finding cheaper sources of materials, new markets, consumer needs; providing better training of employees, attention-getting advertising, speedier consumer service and complaint handling, more-reliable warranty coverage and repair.

Our economic system needs both. Paper entrepreneurs ensure that capital is allocated efficiently among product entrepreneurs. They also coordinate the activities of product entrepreneurs, facilitating readjustments and realignments in supply and demand.

But paper entrepreneurs do not directly enlarge the economic pie; they only arrange and define the slices. They provide nothing of tangible use. For an economy to maintain its health, entrepreneurial rewards should flow primarily to product, not paper.

Yet paper entrepreneurialism is on the rise. It dominates the leadership of our largest corporations. It guides government departments and agencies. It stimulates platoons of lawyers and financiers. It preoccupies some of our best minds, attracts some of our most talented graduates, embodies some of our most creative and original thinking, spurs some of our most energetic wheeling and dealing.1



Our focus is on exploiting technological opportunities for organizing design and production activities, and for encouraging innovation in design, creation, and delivery of products and services. The object may be making potato chips or microchips, package delivery or management consulting, sorting checks or producing toasters. A central theme of this book is that profiting from innovation requires management preoccupation with running the heart of the business, a preoccupation with the business, operational, and technical matters that allow a company to make a better product or provide better service less expensively.

Strategies that are primarily financial—acquisitions, mergers, divestitures, and strictly tax-motivated investments—are important aspects of business, but they are not our focus, except as they affect the ability of a firm to develop and deploy technology for business growth. Instead, Profiting from Innovation has a great deal to do with technology and engineering management in industrial settings.

The central message of this book is that commercialization is a complex process. There are no simple prescriptions to enhance effectiveness. Management’s goals and techniques must vary with the characteristics of the technology, the maturity of the technology, the requirements of production, and the parameters of competition in each industry. This diversity forces flexibility in management approaches, techniques, and strategies. Obvious truths, perhaps, but ones often lost in cookie-cutter approaches to business management that tend to treat industrial biomedical research, process innovation in financial institution back offices, and new materials use in automobiles as simply “innovation.” For a manager to select appropriate methods, organizations, expectations, and even tools for tracking progress, he or she must understand the true nature and complexity of the activities involved. A superficial understanding will not do.

It is important to acknowledge at the outset that this book draws very heavily on the experiences of the study committee and those who joined the committee for two workshops (August 1988 and January 1989) and on scholarly work in the area of the management of technology and the economics of technical and industrial development. This book would not have been possible without individual contributions of managers and engineers from a wide variety of industries and earlier scholarship on innovation management. The references in text are meant to convey the depth and breadth of the existing and emerging literature in the areas treated in this volume and to acknowledge the debt that this manuscript owes to a large and growing community of researchers and practitioners in this field.

Finally, a word about the intended audience for this book. The six chapters of this book cover many basic concepts and examples in relatively few pages. That approach was dictated by a desire (1) to demonstrate a few fundamental insights about the parallel processes of technical change and business development; and (2) to launch managers, engineers, entrepreneurs, and students in directions leading to profit from technological innovation. Experienced managers and technical professionals reading this book—on their own or as part of management training courses—should find enough “real world” experience to convince them that many of the ideas and suggested approaches can be of immediate practical value. They may recognize many of the points from their own professional experience. Faculty and students in business and engineering schools should regard this book as the starting gun for a longer race, an overview, teaser, and perhaps framework for what might be covered in a comprehensive first-year graduate course in the management of technology in business. At a reading time that clocks between five and ten hours (depending on reading speed and coffee breaks), the book is designed to be read in a couple of sittings—one transcontinental flight if you are fast and two afternoons at the campus library if you are inclined to savor your assigned reading.
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The Prepared Mind
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Understanding Technological Innovation in Industry


Fortune favors only the mind that is prepared.

LOUIS PASTEUR

Every business participates in technological change as an originator, user, or victim of technological invention and innovation. Managers who understand how they participate in the process of technological change have a powerful advantage, especially if they recognize and pursue innovation as a process of company renewal. All are equally uninformed about the future. But since many technological business opportunities are wagers against uncertain futures, fortune is likely to favor the leader who is aware of current trends and opportunities—one who has a prepared mind.

The first step toward understanding technical innovation in industry is to recognize that technology and business structures evolve together—sometimes slowly and sometimes quickly. The development of electric motors and that of dry document copiers illustrate the period and character of much commercial technological change.




The electric motor arose in 1873 in a form most of today’s consumers would have trouble recognizing. Early electric motors were extremely large—very large horsepowers—and applied first to electric railways. This early application prompted the solution of complex problems of generation, distribution, and application of electric power. Slowly, electric motors moved into industrial systems. In 1894, 21 years after invention of the motor, the first all-electric factory was built in the United States. Particularly significant was the way that electric motors allowed the distribution of power sources to different machines.

A central engine with physical power links between engine and machinery was the norm in steam-powered or water-powered factories. By applying electric motors it became possible to decentralize the application of power in a different way.

The period between 1900 and 1910 may well have been the decade of the electric motor. Production of electric motors more than doubled with predominant applications of this dramatic new technology in iron and steel mills, elevators, electric vehicles, and fans.

The spread of electric motors continued as the number of applications grew and motors became cheaper and smaller. In 1930 a Harvard Business School professor estimated that of the 28 million households in the United States, 8.7 million had vacuum cleaners, 6.7 million had electric clothes washers, 5.9 million had electric fans, and 3.0 million had electric sewing machines. Today the electric motor is just about as pervasive a technology as can be imagined. Razors, toys, subways, computer cooling fans, and robot arms rely on electric motors. The U.S. motors and generators industry sold over $7.5 billion worth of equipment in 1990 and employed tens of thousands of people. Today’s American home could easily have 100 electric motors. Many are smaller, more powerful, or more ingeniously used than they were just 25 years ago, and the number of applications continues to grow.





Copying documents—today regarded a human need, not a technology—has seen a variety of technological changes, as illustrated by this excerpt from an article by David Owen published in The Atlantic magazine:


The first office copiers were, as is well known, monks. When Gutenberg invented movable type, in the early 1400s, monk-dom trembled. Some time afterward the Abbot of Sponheim wrote a lengthy treatise arguing that monks “should not stop copying because of the invention of printing.” To ensure that his treatise got the readership it deserved, the Abbot had it printed. A couple of hundred years went by. In the mid-1600s someone pressed a moist piece of tissue paper against a written document, causing some of the ink of the original to transfer to the tissue. A couple hundred more years went by. Blueprints were invented in 1842. Typewriters, carbon paper, and mimeograph machines were introduced a few decades later.

Carbon paper and mimeograph machines were improvements over hand copying, but neither could be used to reproduce documents that already existed. Mimeography, furthermore, was a terribly inefficient way to make a small number of copies, since each document required its own master. Schoolchildren love mimeograph copies, because they smell so terrible, but almost everyone else hates them. Photostat machines, which were introduced in the early 1900s and which make copies photographically on sensitized paper, were much too expensive for ordinary office use. They were also too big, too slow and too hard to use. When a businessman needed a copy of something, he generally called in the functional equivalent of a monk.

This didn’t really change until the middle of our century, 500 years after Gutenberg…. Office copying as we know it didn’t arrive until 1960. That year a small company in Rochester, New York, began marketing its Haloid XeroX 914 Office Copier (the second capitalized X is a flourish that the company later dropped). The 914, unlike its competitors, made good, permanent copies on ordinary paper. The machine, though large, was simple enough for a child to use. Haloid Xerox, Inc. had been marketing a small number of machines employing its revolutionary copying technique for a decade, but the 914, the first model intended for general office use, was also the first to catch on in a big way. The number of copies made in American offices grew from around 20 million in 1955 to 14 billion in 1966 to eleventy zillion today.1



These examples are useful because they show the way in which the evolution of technology can happen slowly even as fortunes are made and lost. The electric motor history stands in contrast to the stories of business success in the videocassette recorder, computer, or semiconductor industries, where incremental advance has happened very quickly. The copying history illustrates that the two patterns—rapid and slow change—can and do coexist.

At any given time it is possible to identify overlapping or nested technological changes. A technology may become viable in new products and markets (the way fractional horsepower motors moved into household appliances after considerable diffusion in industrial settings), or a product market may be marginally changed by substitution (nylon used instead of metal for moving parts in a kitchen drawer assembly) or dramatically changed by a new technology (jet engines replacing propeller engines in airplanes). The intersection of a particular technological advance and a particular set of market conditions occurs, however, in a predictable pattern, a pattern that can determine the challenges to companies operating in affected businesses.

The shared development of technologies and industries has been explored by scholars of business and technological history such as Rosenberg2 and Chandler,3 and it is from this work, as well as more popular business and technological literature, that one can gain insights about the patterns of technological change. The essence of a prepared technological manager is the ability to recognize and distinguish among the various ways in which technical change provides opportunities and pitfalls for businesses.

DISTINGUISHING COMMERCIALIZATION CHALLENGES

While there are few strict rules, technologies and industries do tend to evolve in consistent patterns that, if perceived even dimly, can help a manager chart a profitable course in use of technology. Management consultants, technical professionals in industry, and scholars of technical change and diffusion have done substantial work on understanding patterns by which industries and technologies evolve together or how management approaches need to be sensitive to the character of technological development.4 While there is no widely accepted formal model, there seems to be agreement—if only tacit—that important and pervasive patterns do exist.

The most widely shared model is based loosely on growth curves and product or technology life cycles. Figure 2-1 shows a simple yet powerful model of many growth processes. The S-shaped or logistic curve—which plots a growth in numbers over time—can be used to model applications of a successful new technology in the marketplace, giving us a primary model of penetration of technology. The absolute values for a particular diffusion curve (elapsed time and sales) are related, of course, to the specific nature of the technical change and to the scope of the change. The nature of progress in each phase of the growth curve is strongly affected by the drivers of progress. Understanding these drivers and the nature of processes they provoke is an important clue for effective commercialization management.

This simple S-curve pattern is widely used in the study of the diffusion of technical innovations. It can be applied both to major, long-term changes, such as the growth in air transport, and to the life cycle of a single product, such as a particular generation of a particular company’s personal computers. This simple model allows us to identify and discuss four patterns of commercialization that occur during the emergence, diffusion and development, and maturity of technological advances.

[image: Image]

Figure 2-1 Technology and Business Life Cycles (a) The life cycle of a business consisting of a family of products is the sum of the life cycles of family members. (b) This life cycle is an S-shaped logistic curve consisting of three distinct phases; emergence (the development of the product or service, its manufacturing capabilities, and its place in the market), growth (where the product family pervades the market), and maturity (where the market is saturated and growth slows).

Emergence: The emergence of a product or process is characterized (1) by genuine technical novelty; or (2) by the use of a previously developed technology in a new market application. In either case—whether it is new technology pushing into the market or the market pulling an existing technology into new applications—this period in a technological development is likely to be a period of great ferment as inventors, developers, and users carry out a trial-and-error search for applications that work.
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