1
8
November 21, 1999

Tools for Thought DRAFT

Tools for Thought: What Is New and Important About the "E-conomy"

Stephen Cohen, Bradford DeLong, and John Zysman

November 1999

DRAFT 2.0--for discussion

Copyright 1999; all rights reserved

I. Welcome to the E-conomy

A. Introduction





Federal Reserve Chair Alan Greenspan is only the most prominent of those who believe that the information technology revolution is transforming our economy. He sees “a deep-seated [and] still developing shift in our economic landscape" caused by “an unexpected leap in technology.”
 Central bankers are by nature and training cautious: their words move markets. Thus when a central banker announces that there is an ongoing technological leap, and attributes to it changes in macroeconomic dynamics--then it is truly time to sit up and pay attention.   

This ongoing shift in our economic landscape has many names: a "post-industrial society," an “innovation economy, a "knowledge economy,” a “network economy”--a ”new economy”.
 We prefer to make a new term: the “E-conomy.” The other names seem vulnerable to misinterpretation and to possibly focus our attention in the wrong direction. For example, the economy has always been driven by innovation. The term “network economy” is too narrow. The term "new economy" is too broad; it can carry anything anybody wants to put into it. 

The term "E-conomy" points at the fact that today’s shift is driven by both the development and the diffusion of information technology. It emphasizes that the ongoing shift is a change in structure, and not primarily a macroeconomic or cyclical phenomenon. The E-conomy is a structural shift, bringing transformation and disruption. It is not at its core about soft macroeconomic landings, smooth growth, permanently rising stock prices, government budget surpluses, or permanently low rates of unemployment, interest and inflation.

What, then, is the E-conomy about? There are eras when advancing technology and changing organizations transform not just one production sector but the whole economy and the society on which it rests. Such moments are rare. But today we are living in the middle of one. We are living through the rise of what will soon be the dominant source of economic development: information technology. Information technology builds tools to manipulate, organize, transmit, and store information in digital form. It amplifies brainpower in a way analogous to that in which the nineteenth century Industrial Revolution’s technology of steam engines, metallurgy and giant power tools multiplied muscle power. That amplification is half of the E-conomy.

The nineteenth century Industrial Revolution hugely increased the scale and accuracy with which energy could be applied to production and transportation. It changed the world. Will the twenty-first century rise of the E-conomy be as important? Perhaps it will, although at this point no one can tell the ultimate magnitude of the changes set in motion. Information technology builds the most all-purpose tools ever. The capabilities created to process and distribute digital data multiply the scale and speed with which thought and information can be applied. And thought and information can be applied to almost everything, almost everywhere. 

The computer chips, lasers, broadband Internet, and software are the key components of the technology that drives the E-conomy. But the E-conomy is about more than just better technology. It is about where and how these new technological tools are used by industries, organizations, and people. And it is about what these tools for thought are used form: how they transform what people do and how they do it, and how they enable people to do wholly new things that were never before possible.

B. The Unfolding of the “E-conomy”

The technological explosion of the invention of the semiconductor and subsequent gains in productivity in making semiconductors has produced and will produce a stunning advance in information-processing power.  By 2010 computers will have ten million times the processing power of computers 
in 1975.
 The market price of computing power has fallen more than ten thousand-fold in a single generation.
 The installed base of information processing power has increased at least million-fold since the end of the era of electro-mechanical calculators in the 

1950s.
 The extraordinary build-out of the communications networks that link computers together is almost as remarkable as the explosion in computing power.
 The result has been that the E-conomy has emerged faster, diffused more rapidly and more widely throughout the economy than any previous technological revolution.


C. An Economic Transformation, Not Just a Leading Sector
Productivity growth and technological change in the core sectors of the information-processing revolution has been immense. But how wide and deep will the effects be? Skeptics can see this productivity explosion as just another example of a "leading sector"
--an explosion of invention and innovation that revolutionizes productivity in a narrow slice of the economy. There have been many such leading sectors in the past--air transport in the 1960s, television in the 1950s, automobiles in the 1920s, organic chemicals in the 1890s, railroads in the 1870s, and so on. Yet they did not change the standard dynamic of economic growth; they 
defined it.
 Thus a skeptic might ask why one should pay especial attention to the emergence of yet another leading sector.

The answer to such a skeptic is that semiconductors, computers, and communications do constitute a big leading sector, but that that is not the whole story. The full story is deeper and broader.
 Some technological changes do not just amplify productivity in one sector but give all economic sectors new "tools." They open new possibilities for economic organization across the board. They change what can be done and how it can be done across a very wide range of industries. 
The electric motor was such a transformative tool.  It made possible, among other things, the assembly line.  No longer did factory floors have to be arranged in order to make sure that each machine was connected to the network of belts and shafts that transferred energy from the central steam engine. Instead factory floors could be arranged to make the flow of work simple, easy, and automatic. Henry Ford called that reconfigured system by a special name: "mass production."


Our current technological revolution is making tools for thought. The information technology tools being forged today will be used to calculate, sort, search, and organize. They can affect every economic activity in which organization, information processing, or communication is important--in short, every single economic activity. These tools for thought are making possible new uses, lots of them, many with hard-to-see and many with easy-to-see benefits. Think of radical improvements in surgery (which saves days in hospitals, and spectacularly reduces pain and suffering);
 of new ways to search for pharmaceuticals; of hyper-efficient retailing (which saves American consumers enough money to bring into question government statistics on US economic and income growth);
 of remote monitoring of medical equipment like pacemakers; of cheap wireless communication that improve the productivity of repair and service workers, deliveries, real estate agents as well as family life; of farmers able to substantially increase yields while cutting back on polluting insecticides and fertilizers; and of students in small schools in Indiana--or India--who gain access to information that just the other day was available only to those with access to major research institutions. 

The transition to an E-conomy and its extraordinary pace rest on the emergence of distinctly new forms of business organization and work. It is shaped by new strategies for developing and deploying innovation. Large companies in a broad range of sectors have aggressively and successfully pursued innovation to defend and expand their market 
positions. However, often--and more often in recent years--radical technological developments and applications from semiconductors through the personal computer and the web browser were developed and commercialized by start-ups, not by established organizations. 


In the last quarter of the twentieth century the U.S. high-technology economy has been composed of an extraordinarily effective blend of public investment in IT infrastructure, large company innovation, and entrepreneurial disruption. That entrepreneurial disruption has been critical to the sudden development and diffusion of new technologies and applications. Entrepreneurial companies have spotted new opportunities. They have taken big risks to develop new applications of information technology. They have recruited innovative people willing to share those risks in anticipation of potential rewards. 
Such a successful blend has required open competition in big user industries--such as finance, air travel, and pharmaceutical development--which experiment with new technologies to gain competitive advantage, and thereby launch  large scale use and production of the technologies. And it has required established companies that are both compelled and able to re-create and re-organize themselves to respond to competitive pressures and opportunities that define the new
 economic landscape. American social and economic institutions appear to be uniquely effective in generating innovators in 
producer and in user industries. Thus America has been, to a surprisingly large degree, the country of origin of the E-conomy.

Thus the E-conomy is about changes in business organization, market structures, government regulations, and human experience. Information technology made these and countless other changes possible. They in turn shape the trajectory and pace of technological development. And to the extent that the E-conomy revolution radically alters economic life in industries and businesses far removed from Silicon Valley, it is much more than just a leading sector.

D. Policy: Frameworks and Choices.  

 People come to Silicon Valley today much as people came to Manchester, England at the start of the industrial revolution in the nineteenth century or to Detroit as the age of mass production emerged in the 1920s.  They come to marvel at the accomplishments of new technology, new organizational forms and new industry. Mostly they come to try to understand what this all means.

When they leave it would be good if they had a framework to structure the information, visions and debates. They need to understand what this shift in the economic landscape means, why it should command their especial concern, and the role of government policies. 
Our purpose here is to set this developing E-conomy into perspective, so that policy makers and opinion leaders will have better knowledge of the forces, the structures, and the stakes at play. Policy makers are for the most part far removed from the revolution in technology, and from the transformations in the activities of business, education, healthcare and daily life that it is propelling. We need to close some of that distance.   
II. The Information Technology Revolution

The story of the revolution in information technology must be told in two ways: first as a story of technology; second as a story of innovations in business organization and practice. Only the combined stories explain how the technology moves out of the lab into the economy and into daily life. 

A. The E-conomy Unfolds: The Technology Story

1. The Semiconductor Revolution: Power, Price, and Pervasiveness 
In the 1960s Intel Corporation co-founder Gordon Moore projected that the density of transistors on a silicon chip--and thus the power of a chip--would double every eighteen months.
 Moore’s law, as it came to be called, has held. Today’s chips have 256 times the density of those manufactured in 1987--and 65,000 times the density of those of 1975. This continued and continuing every-eighteen-month doubling of semiconductor capability and productivity underpins the revolution in information technology.
[image: image1.wmf]
The increase in semiconductor density means that today’s computers have 66,000 times the processing power, at the same cost, as the computers of 1975. In ten years computers will be more than 10 million times more powerful than those of 
1975--at the same cost. We now expect--routinely--that today’s $1,000 personal computer ordered over the Internet will have the power of a $20,000 scientific workstation of five years ago. And what was once supercomputing is now run-of-the-mill.
 The past forty years have seen perhaps a billion-fold increase in the installed base of computing power.


2. User Industries Transform and Are Transformed by Computing

But this enormous increase in raw processing power generated by the semiconductor revolution is only an economic potential. It becomes important only if this potential is utilized. Thus the key question as the semiconductor revolution has proceeded has always been: "what is computer power useful for?" And the answer had changed, is changing, and will change steadily as the price of computing drops, the size of a computer shrinks, and the possibilities for useful applications expand. However, even though the answer has changed, the way that the question gets answered has not changed. At each point in the past forty years the critical step in the transformation of economic potential into productivity has been the discovery by users of computers of how to employ their ever-greater and ever-cheaper computing power to do the previously-impossible.  

Thus leading-edge users and the innovative applications that they have developed have always been the creators of the demand for better, faster, and cheaper computers. And it is this demand created by user-side innovation that has sustained technological development. 

At first computers were seen as powerful calculators. They were seen as good at performing complicated and lengthy sets of arithmetic operations. The first leading-edge applications of large-scale electronic computing power were military.
 The burst of innovation during World War II that produced the first one-of-a-kind hand-tooled electronic computers was totally funded by the war effort. The coming of the Korean War won IBM its first contract to actually deliver a computer: the million-dollar Defense Calculator. The military demand in the 1950s and the 1960s by projects such as Whirlwind and SAGE [Semi Automatic Ground Environment]--a strategic air defense system--both filled the assembly lines of computer manufacturers and trained a generation of engineers.

The first leading-edge civilian economic applications of large--for the time, the 1960s--amounts of computer power came from government agencies like the Census and from industries like insurance and finance which performed lengthy sets of calculations as they processed large amounts of paper. The first UNIVAC computer was bought by the Census Bureau. The second and third orders came from A.C. Nielson Market Research and the Prudential Insurance Company. 

The Census Bureau used computers to replace their electro-mechanical tabulating machines. Businesses originally used computers to do the payroll, report-generating, and record-analyzing tasks that electro-mechanical calculators had previously performed. But it soon became clear that the computer was good for much more than performing repetitive calculations at high speed. The computer was much more than a calculator, however large and however fast. It soon became clear that the computer was at least as useful in stuffing information into and pulling information out of large 
databases. And innovative users began to discover just what it was good for. American Airlines used computers to create its SABRE automated reservations system--which cost as much as ten airplanes.
 The insurance industry first automated its traditional processes--its back office applications of sorting and classifying. But insurance companies then began to create customized insurance products.
 The user cycle became one of first learning about the capabilities of computers in the course of automating established processes, and then applying that learning to generate innovative applications.

As computing power has grown, computer-aided product design from airplanes built without wind-tunnels
 to pharmaceuticals designed at the molecular level for particular applications has become possible. In this area--and also in the office in general, conquered for the microcomputer in the 1980s--computers' major function is neither a calculator-tabulator nor a database manager, but is instead a what-if machine. The computer creates models of what-if: would happen if the airplane, the molecule, the business, or the document were to be built up in a particular way. It thus enables an amount and a degree of experimentation in the virtual world that would be prohibitively expensive in resources and time in the real world. The value of this use as a what-if machine took most computer scientists and computer manufacturers by surprise: who before Dan Bricklin programmed Visicalc had any idea of the utility of a spreadsheet program? The invention of the spreadsheet marked the spread of computers into the third domain of utility as a what-if machine--an area that today seems equally as important as the computer as a manipulator of numbers or a sorter of records.

For one example of the importance of a computer as a what-if machine, consider that today’s complex designs for new semiconductors would be simply impossible without automated design tools. The process has come full circle. Progress in computing depends upon Moore’s law; and the progress in semiconductors that makes possible the continued march of Moore’s law depends upon progress in computers and software. 
And as increasing computer power has enabled their use in real-time control, the domain has expanded further as lead users have figured out new applications. Production and distribution processes have been and are being transformed. Moreover, it is not just robotic auto painting or assembly that have become possible, but scanner-based retail quick-turn supply chains and robot-guided hip surgery as well.
In the most recent years the evolution of the computer and its uses has continued. It has branched along two quite different paths. First, computers have burrowed inside conventional products as they have become embedded systems. Second, computers have connected outside to create what we call the world wide 
web: a distributed global database of information all accessible through the single global network. 

3. Pervasive Computing: The Microprocessor Becomes Embedded

What does it mean to say that computing is becoming pervasive? The new production and distribution processes that pervasive computing makes possible are visible to us at the check-out counter, at the gas pump, and in the delivery truck. At the checkout counter and the gas station computers scan, price, inventory, discount, and reorder before the groceries enter the bag or the nozzle is rehung. In the delivery truck handheld computers determine the next stop and record the paperless “paperwork."

The most important part of pervasive computing is the computers that we do not see. They become embedded in traditional products and alter the way such products operate. In automobile, anti-lock brakes, air bags, and engine self-diagnosis and adjustment are performed by embedded microprocessors that sense, compute, and 
adjust.
 The level of automotive performance in systems from brakes to emissions control is vastly greater today than it was a generation ago because of embedded microprocessors.
 There is another world of information technology in the design, production, marketing, sales, servicing, and resale of automobiles.
In toys embedded intelligence rests on very simple computing products.
 From cash registers and cell phones to hotel doors, elevators, and pacemakers, embedded microprocessors promise to transform our world from the inside by adding features of intelligent behavior to potentially all our products.

4. Computers Become Linked: The Spread of Networks

As the cost of communications bandwidth has dropped, it became possible to link individual sensing, computing, and storage units. Today overwhelming amounts of data can be transmitted in an eyeblink. Today we complain when it takes an ATM machine half a minute to verify the bank balance we hold in a bank in a distant city. The key point is not that rapid transmission has become technically feasible,
 but that the costs of data communication are dropping so far and fast to make the wide use of the network for data transmission economically feasible for nearly every use we can think of.  
With the early data use of data networks it was once again leading-edge users who created new applications in their pursuit of competitive advantage. The origins of today's Internet in the experimental ARPANET funded and built by the Defense Department's A[dvanced] R[esearch] and P[rojects] A[dministration] is well-known. Networking began either as private corporate networks (or, as in the case of the French Minitel, a public networks with defined and limited services).  Business experimentation began. And data communications networks began their exponential expansion as experimenting users found new useful applications and configurations.

5. Computers Become Hyper-Linked:  The Coming of the Internet

But few saw the true long-run potential of high-speed data networking until the http protocol and the image-displaying browser--the components of the world-wide web--revealed the potential benefits of linking networks to networks. Every PC became a window onto the world's data store. And as the network grew, it became more and more clear that the value of the network to everyone grew as well. For the more people there are on a network the greater is the value of a network to each user--a principle that we now call Metcalfe's law.

The build-out of the Internet has been so rapid in large part because the Internet could be initially run over the existing voice telecommunications system. Even before the new technologies designed from the ground up to manage data communications emerged--and they will replace data-over-voice--the global Internet had already established its incredible reach.
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Many of the elements of next generation of data networks are already evident.  First, broadband to the home to create high-bandwidth and low-latency connections: a file download that would have taken two hours will instead take two minutes, and following a hyperlink will take five seconds instead of thirty.
 The increase in bandwidth and decrease in latency will mean not just a faster but a different Internet, with different more sophisticated applications. 

Second, wireless voice networks will soon be as extensively deployed as the wired phone network. Widely-diffused wireless data networks will set off another round of experimentation and learning, a round that is already beginning. This round of network deployment already brings both new applications, challenges to established equipment and software players, and struggles over standards complicated by the fact that wireless providers do not yet know which wireless applications will prove to be truly useful.

6. Networks Transform Industry: 

But the full story of the emergence of the E-conomy cannot be told just by recounting the sequence of technologies. Focusing on the numbers that describe technological advance and diffusion hides much of the real story: the story of how the growth of the network will transform business organization and business competition. 

Moreover, the numbers are grossly uncertain because the growth of the network promises to transform the whole society. One set of estimates places the Internet economy at $300 billion in 1998 and $400 billion in 1999, accounting for 1.2 million jobs.
 Yet another set of estimates reports an Internet economy only one-third that size.
 The differences spring from where different analysts draw the line between "Internet" and "non-Internet." But to our minds the major lesson is that soon it will be impossible to talk about an "Internet economy": the internet will be so much a part of daily life that it will make as little sense to talk about the Internet economy as to talk about the telephone economy. There will be no slice of the economy that can be carved out of the rest and assigned to the “Internet.” Instead, all of the economy will be linked to the Internet. Every business organization and consumer marketplace can make use of the information-processing and communications tools that constitute this current wave of technological advance. 

How will the entire economy be linked into information processing and data communications? We do not yet know. Traditional businesses that act as intermediaries--like stock brokers and travel agents--will be irrevocably altered. Traditional products like automobiles are already being marketed in new ways.  Stores will not disappear, but the mix of stores and what stores do will change. New ways of reaching customers will in turn drive new ways of organizing production and delivering goods to
 consumers. Today we can see a range of strategic experiments, in the form of new companies trying to exploit the web and established companies trying to defend their positions.
 But we do not know which of these experiments in corporate information and network strategy will be successful.

We can, however, see which strategies have been successful in the past. Consider Main Street, U.S.A., the home of the consumer-goods distributor Wal-Mart. Wal-Mart is not a company usually thought of as the leading edge of the dot-com revolution. Wal-Mart has, however, been extraordinarily successful at solving the problems of control and 
distribution needed to become a hyper-efficient retailer.
 Wal-Mart’s extraordinary efficiency advantage can be credited in large part to its early investments in modern information technology, and to careful thought and skilled execution of how modern information technology can achieve economies of distribution. As Wal-Mart founder Sam Walton wrote in his autobiography:

Nowadays, I see management articles about information sharing as a new source of power in corporations. We’ve been doing this from the days when we only had a handful of stores. Back then, we believed in showing a store manager every single number relating to his store, and eventually we began sharing those numbers with the department heads in our stores. We’ve kept doing it as we’ve grown. That’s why we’ve spent hundreds of millions of dollars on computers and satellites--to spread all the little details around the company as fast as possible. But they were worth the cost. It’s only because of information technology that our store managers have a really clear sense of what they’re doing most of the time.

These efficiencies went primarily to boost the real incomes of shoppers across the country who benefited from the lower prices and greater range of goods available at Wal-Mart and its imitators.
 A secondary effect was to enrich Sam Walton, his family, and his associates. And a third effect was to bankrupt old-style competitors on Main Street, U.S.A. who couldn't or who failed to make the investments in "computers… satellites." 

Thus there is a sense in which Sam Walton was the first network deka-billionaire.
7. The Future: The Emergence of the E-conomy

We cannot see which uses of these new technological capabilities will be valued the highest by businesses and consumers. These uses will emerge only at the end of a process of experimentation and search--and may well be something that we do not now expect.
 Economic historian Paul David points out that it took nearly half a century for business users to figure out the possibilities for increased efficiency through factory reorganization opened up by the small electric motor. Finding the most valued uses for the next wave of computer-and-communications technology will probably not take as long, but it will take time.

This point is worth expanding. Changes in the powers and capabilities made available by modern information technologies are redefining efficient business practices, and sustainable market structures. They are redefining which activities belong inside a firm and which can be purchased from outside. They are changing business models and market structures. Those changes are only beginning. It is anyone’s guess and any player’s bet what the final outcome will be.  
We do know that at every stage up to today the killer application of each wave of technological innovation has been a surprise. Indeed, if we are wise we should expect to be surprised by what will be the most valuable uses fifteen years from now. Who in the mid-1970s, before VisiCalc, understood that the greatest value of a computer to an office worker would come from a what-if spreadsheet program? Who at the start of 1980s--besides the founders of Adobe--thought that desktop publishing would be important? Who at the start of the 1990s understood that most proprietary on-line services--no matter how good their content and connectivity--would be doomed by the end of the decade?
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� The precise connections -- cable, DSL, and wireless -- will be a matter of market competition, heavily influenced by policy choices. But the connetions will arrive and will arrive quickly.
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�� Alan Greenspan (1999), "Testimony of Chairman Alan Greenspan Before the Committee on Banking and Financial Services," U.S. House of Representatives, July 22, 1999.  <http://www.federalreserve.gov/boarddocs/hh/1999/July/Testimony.html>. 





Characteristically for a central banker, Greenspan went on to add that the evidence for this shift is "compelling but not conclusive."





� For just a few of the attempts to understand and analyze this shift in the economic landscape, see see Daniel Bell (1973), The Coming of Post Industrial Society: A Venture in Social Forecasting (New York: Basic Books); Krishan Kumar (1978), Prophecy and Progress: The Sociology of Industrial and Post-Industrial Society (London : Allen Lane); Manuel Castells (1996), The Rise of the Network Society (Oxford: Blackwell);  Kevin Kelly (1998), New Rules for the New Economy (New York, Viking); U.S. Department of Commerce (1998), The Emerging Digital Economy (Washington DC: GPO); Carl Shapiro and Hal Varian (1998), Information Rules: A Strategic Guide to the Network Economy (Cambridge: Harvard Business School Press); U.S. Department of Commerce (1999), The Emerging Digital Economy II (Washington DC: GPO).





� Note that, as we argue below and as Alan Greenspan believes, it is very likely that the E-conomy will have powerful impacts on macroeconomic dynamics. But that is not where attention should be focused. Moreover, reports of the death of the business cycle are very likely to be premature. The business cycle has survived many past structural transformations of the economy more-or-less unscathed. It has existed for at least 200 years despite enormous changes in the economy.  





See, in particular,  Arthur F. Burns and Wesley C. Mitchell (1946), Measuring Business Cycles (New York, National Bureau of Economic Research); Christina Romer (1999), “Changes in Business Cycles: Evidence and Explanations,“  Journal of Economic Perspectives (Spring); Joseph Schumpeter (1939), Business Cycles: A Theoretical, Historical and  Statistical Analysis of the Capitalist Process (New York: McGraw Hill).





� For a maximalist interpretation of the scope of the current transformation--a claim that it is producing not just an E-conomy but an E-society and an E-polity as well as a genuinely new E-culture--see Manuel Castells (1996), The Rise of the Network Society (London: Blackwell).  Castells argues that we are seeing the development of an "informational mode" that transforms production, experience, and power, and that gives rise to a society fundamentally based upon networks of information exchange.





� See Intel Corporation, "Processor Hall of Fame," Intel Online Museum; http://www.intel.com/intel/museum/25anniv/hof/moore.htm.





� See Jack Triplett (1999), "Computers and the Digital Economy" (Washington, DC: Brookings Institution); http://www.digitaleconomy.gov/powerpoint/triplett/sld001.htm





� Authors' approximate calculations based on estimates in Martin Campbell-Kelly and William Aspray (1996), Computer: A History of the Information Machine (New York: Basic Books).





� For example, it took more than a century and a quarter after the invention of the steam engine in Britain before steam became the dominant source of power in nineteenth-century Britain, then the most industrialized nation in the world. It took seventy years as electric motors replaced steam for the power delivered to America's factories to rise forty-fold. See Warren Devine (1983), "From Shafts to Wires: Historical Perspectives on Electrification," Journal of Economic History (June), pp. 347-372, especially p. 351. Other comparisons with the Industrial Revolution are made in Paul A. David (1991), “Computer and Dynamo: The Productivity Paradox in a Not-too-Distant Mirror,” Technology and Productivity: The Challenge for Economic Policy (Paris: OECD), pp. 315-347; and in Carl Shapiro and Hal Varian (1998), Information Rules: A Strategic Guide to the Network Economy (Boston: Harvard Business School Press), p. 9.





� A central term in Schumpeter's analysis of business cycles as technology-driven episodes in the uneven progress of economic growth. See Schumpeter (1939), Business Cycles: A Theoretical, Historical and Statistical Analysis of the Capitalist Process (New York: McGraw Hill).





� For an (extreme and overstated) argument that rapid technological progress alone is insufficient for a true economic revolution, see J. Bradford DeLong (1999), "Old Rules for the New Economy," Rewired (December 9) <http://www.rewired.com/97/1209.html>. Schumpeter's 1939 Business Cycles (New York: McGraw-Hill) in fact classifies the standard dynamic of economic growth by the particular leading sector of the moment. He sees a first wave of industrial growth from the 1780s until the 1840s based on steam power, followed by a second wave from the 1840s until the 1890s based also on railroads and steelmaking, and by a third from the 1890s until the late 1930s in which economci growth was based on the four leading sectors of electricity, motors, autos, and chemistry. See Schumpeter (1939), p. 170. 





This notion of technological cycles or waves based on discrete technology-driven leading sectors has been taken up more recently by theorists such as Richard Nelson and Sidney Winter, Giovanni Dosi, Carlota Perez, and Christopher Freeman. See Giovanni Dosi et al. (1988), Technical Change and Economic Theory (London: Pinter). Peter Hall and Paschal Preston (1988), The Carrier Wave: New Information Technology and the Geography of Innovation 1846-2003 (London: Unwin Hyman) have written about a fourth and the current fifth wave, based on information technology.  





� See David Hounshell (1984), From the American System to Mass Production, 1800-1932: The Development of Manufacturing Technology in the United States (Baltimore: Johns Hopkins university Press).





� Hip surgery is only one example of many medical procedures that information technologies will help revolutionize. Medical robotics will eventually (though perhaps not for another two decades) move into brain and heart surgery as well. In addition to advances in “micromachining” that make possible that make possible the operating instruments themselves, technologies that manipulate information are at the forefront of this field. Recent advances vastly increase the usefulness of imaging, allowing surgeons--whether with their hands or via robotics--to adapt their procedures more closely to the patient’s individual needs. In the case of hip surgery, this promises to reduce the need for costly follow-up operations 10 to 15 years later. 


http://www.redherring.com/mag/issue54/edge.html





� See Michael Boskin et al. "," Journal of Economic Perspectives





� A relationship called Moore's Law. Moore was initially somewhat overoptimistic: his first formulations saw a doubling every twelve months. In its eighteen-month formulation, Moore's Law has held up remarkably well since the 1960s. 





Moore's Law still has at least several more doublings to go. How many more, however, is not clear. Researchers at Intel along with other academic scientists believe that Moore's Law may soon run into limits imposed by the molecular structure of silicon-based transistors. See John Markoff (1999), “Chip Progress Forecast to hit a Big Barrier,” New York Times (October 9).





� Indeed, recent Apple commercials make much of the fact that its personal computers are now "personal supercomputers": classified as "supercomputers" not to be exported to potentially hostile countries because of potential military uses. While Apple has made much of this classification of its systems based on the IBM-Motorola PowerPC G4 as supercomputers, the company is seeking a change in the law. It wants to sell the computers to the more than 50 countries covered by the ban. See http://cnn.com/TECH/computing/9909/17/g4.ban.idg/index.html.





� At the end of the 1950s (when electronic computers had largely replaced electromechanical calculators) there were roughly 2000 installed computers in the world with average processing power of about 10,000 instructions per second.  Today, forty years later, there are approximately 200 million active computers in the world with processing power that averages perhaps 100,000,000 instructions per second--a billion-fold increase. See Martin Campbell-Kelly and William Aspray (1996), Computer: A History of the Information Machine (New York: Basic Books).





� Even before then the lead user had been the government. Charles Babbage's difference engine had been a British government-funded research and development project. The earliest application of large-scale electronic tabulating technology had been the government, specifically the Census Bureau. The national census of 1880 required 1500 clerks employed as human computers to analyze the data--and it took them seven years to do so. See Margo Anderson (1988), The American Census (New Haven: Yale University Press). By 1890 the Census Bureau was a testbed for Herman Hollerith's mechanical calculator.





� Martin Campbell-Kelly and William Aspray (1996), Computer: A History of the Information Machine (New York: Basic Books), quote from Thomas Watson Jr.'s autobiography that "it was the Cold War that helped IBM  make itself king of the computer business." SAGE accounted for one-fifth of IBM's workforce at its peak. See Thomas Watson Jr. and Peter Petre (1990), Father and Son and Company (London: Bantam Press). Relying on Flamm (1987, 1988), Campbell-Kelly and Aspray (1996) state that 2000 programmer-years of effort went into the SAGE system in the 1950s and early 1960s. Thus "the chances [were] reasonably high that on a large data-processing job in the 1970s you would find at least one person who had worked with the SAGE sytem."See Kenneth Flamm (1987), Targeting the Computer: Government Support and International Competition (Washington: Brookings Institution); Kenneth Flamm (1988), Creating the Computer: Government, Industry, and High Technology (Washington: Brookings Institution).





� SABRE was the first large-scale real-time information processing system. See James McKenny (1995), Waves of Change: Business Evolution Through Information Technology (Cambridge: Harvard Business School Press).�


� See Barbara E. Baran (1986), The Technological Transformation of White Collar Work : a Case Study of the Insurance Industry (Berkeley: UC. Berkeley Ph.D Dissertation).





� On this connection between commercial innovation and technological development, see in particular David C. Mowery and Nathan Rosenberg (1998), Paths of Innovation: Technological Change in Twentieth-Century America  (Cambridge: Cambridge University Press); Richard R. Nelson (1988), “Institutions Supporting Technical Change in the U.S.," in Giovanni Dosi et al., eds., Technical Change and Economic Theory (London: Pinter), pp. 312-329; Nathan Rosenberg (1985), "The Commercial Exploitation of Science by American Industry," in Kim B. Clark, Robert H. Hayes, and Christopher Lorenz eds., The Uneasy Alliance: Managing the Productivity - Technology Dilemma (Cambridge: Harvard Business School Press). For a comparison of the U.S. with other countries see Richard R. Nelson (1993), National Innovation Systems: A Comparative Analysis (Oxford: Oxford University Press); Richard R. Nelson (1992), "National Innovation Systems: A Retrospective on a Study," Industrial and Corporate Change 1:2, pp. 347-374; Nathan Rosenberg (1974), "Science, Invention and Economic Growth," Economic Journal.





� Boeing’s 777 is the best-known example, but computer-assisted engineering, design and manufacture are transforming the entire aerospace industry--not just a single firm or a single product. There are at least five major design-tool programs in use by such major aerospace firms as Lockheed Martin, Boeing, British Aerospace, Aerospatiale and McDonnell Douglas. See http://www.ndu.edu/ndu/icaf/isar.html. 





1A relationship called Moore's Law, after Intel Corporation founder Gordon Moore. He was somewhat overoptimistic in his every twelve months' doubling, now people say the doubling occurs every eighteen months, but largely correct.





2 And___ times the raw processing power of the microprocessors that powered the very first personal computers in the mid-1970s.





3





4(after 3Com founder and ethernet designer Bob Metcalfe).


5 Given this rapid spread of access to the Internet, how large is the “Internet economy”? How important is it as a support of business? Cisco Systems commissioned a study that concluded that in 1998 the Internet generated $301 billion in economic value added, and was responsible for employing 1.2 million people.  The employment gain included 370,000 in the network infrastructure layer that underpins the communications; 230,000 in the tool layer that makes applications possible; 250,000 in the intermediaries and market creators and 480,000 in E-commerce Cisco study


6 (Indeed, the last decade saw the spectacular financial disaster of Federated Department Stores, as promised economies of scale turned out to be administratively unattainable.)


7 Cite to Davidow…what are the lists of business books we might want to cite.


8 Christiansen


9Wintelism and IPNs have mattered mightily to the outcomes of competition in the electronics industry. They were the principal means by which the US electronics industry recovered from its mid-1980s nadir in competition with Japanese firms to reemerge as the global technical and market leader by the mid-1990s.  In the mid-1980s, Japanese firms dominated consumer electronics and semiconductor memory, materials, and equipment, and looked entirely capable of repeating the feat in computers, office systems (e.g., copiers, faxes), and customer telecommunications equipment.  There was the danger, widely debated in the industry, that US producers of the latter systems would become dependent, as had their consumer counterparts, on their competitors in Japan for supply of the underlying technologies, processes, and manufacturing capabilities that went into their products.  The danger was that such competitive dependence would be, as it was in consumer electronics, a first step toward market exit.


That did not happen, however.  As described earlier, Wintelism shifted the industry’s product-market strategies away from final assembly and toward the distinctive value-added products backed by standards strategies in which American innovations and entrepreneurial companies were strong.  Simultaneously, the American IPNs created an alternative supply base in Asia—an alternative to reliance on Japanese competitors for underlying component technologies and manufacturing capabilities.�  Simultaneously, the networks helped to lower production costs and turnaround times while keeping pace with rapid technological progress.  In the bargain, the networks spawned Asian-based direct competitors to Japanese firms in several of their stronghold markets (e.g., memory chips, consumer electronics, and displays).  In effect, taken together, Wintelism and IPNs enabled US firms to pioneer a new form of competition in electronics: one that grew out of the distinctively American market environment and was adapted to overseas opportunities.  It is, as we have stressed above, a form of competition in which “core assets” are the intellectual property and know-how associated with setting, maintaining, and continuously evolving a de facto market standard—a process that requires perpetual improvements in product features, functionality, performance, costs, and quality.  And a core managerial skill is orchestrating theIPN, that is, managing the continuously changing sets of external relationships and melding them with the relatively more stable core of internal activities in order to access relevant technologies, design, develop, and manufacture the products, and get them from product concept to order fulfillment in minimal time. 





10  Wintellism Borrus Zysman





11 New York Review of Books


12(remember to include busines week data on retail)


13 Take cites from JZ articles…cites to own work and related work


 








� Not always perfectly. Interface designer Alan Cooper reports on a software bug in the embedded systems of the original Porsche Boxster that caused the automobile to crash--not in the sense of having an accident, but in the sense of the embedded "…computer… shut[ting] down the ignition and stop[ping] the car. Also to prevent damage, the computer wouldn't let the driver restart the engine until the car had been towed to a shop and serviced. When owners of early Boxsters first discovered this problem, the only solution Porsche could devise was to tell them to open the engine compartment and disconnect the batter for at least five minutes, giving the computer time to [reset]…" See Alan Cooper (1999), The Inmates Are Running the Asylum (Indianapolis: Macmillan Computer Publishing), p. 8.





� Microprocessors in cars today control windows, door locks, cruise control, braking systems, fuel mix, emissions control, and more. The number of microprocessors in a typical automobile has passed 30. The hardware cost of these semiconductors was then some $200. The software cost of programming and debugging them was perhaps the same. 





Note that this $400 of today's computing power would have cost $15,000--the entire price of the automobile--at 1990's levels of semiconductor, computer, and software productivity. See James Carbone (1998), "Safety Features Mean More Chips in Cars," Purchasing Online (September 18)


http://www.manufacturing.net/magazine/purchasing/archives/1998/pur0915.98/092enews.htm. "High Tech Industry Positively Impacts Economies, Globally and Locally," www.ti.com/corp/docs/kilbyctr/hightech.htm (September 9, 1997). "Will Your Car Start?" www.2000-plus.net/car.htm.





� Which were nevertheless sophisticated enough to lead the National Security Agency for a time to ban the Furby from its base, Fort Meade. See…





� It is difficult to produce reliable estimates of the scope of the embedded microprocessor business. It is, however, possible to see the imprint and importance of this segment in computing in the decisions made by the producers of microprocessors. For example IBM is ceasing production of PowerPC microprocessors for mass-market microcomputers in order to concentrate on production for high-end embedded sales in automotive applications, communications devices, consumer electronics, and internet hardware. See "The PowerPC 440 Core: A High-Performance Superscalar Processor Core for Embedded Applications," IBM Microelectronics Division, Research Triangle Park, NC http://www.chips.ibm.com:80/news/1999/990923/pdf/440_wp.pdf. Motorola continues to produce PowerPC microprocessors for use in Apple mass-market microcomputers, but has also worked closely with purchasers who pursue applications unrelated to personal computers: a "PowerPC-based microcontroller for both engine and transmission control of next-generation, electronics-intensive automobiles due in 2000" that can handle "the highly rugged automotive environment," for example. See Bernard Cole (1998), "Motorola Tunes PowerPC For Auto Applications," EE Times (April 21) http://www.techweb.com/wire/story/TWB19980421S0011. Intel as well has put a considerable share of its mammoth venture capital funding into supporting the development of and purchasing technologies to enhance its competitiveness in the market for embedded chips. See Crista Souza, Mark Hachman, and Mark LaPedus, "Intel Weaves Plan to Dominate Embedded Market," EBN Online http://www.ebnonline.com/digest/story/OEG19990604S0024.





� It was technically feasible, after all, to send bits across 4000 miles at lightspeed during the reign of Queen Victoria--by telegraph. But it was very costly. See Tom Standage (1998), The Victorian Internet  (New York: Berkley Books); Neal Stephenson (1996), "Mother Earth, Mother Board," Wired 





� On the role of users in promoting the trajectory of innovation in the network industries see Michael Borrus and Francois Bar (1993), "The Future of Networking" (Berkeley: BRIE).








� After Ethernet inventor and 3Com founder Bob Metcalfe, who said that the value of a network is proportional to the square of the number of nodes on the network. See Carl Shapiro and Hal Varian (1999), Information Rules: A Strategic Guide to the Network Economy (Boston: Harvard Business School Press), pp. 173-225.





� Ever since 1987 the Internet Software Consortium (http://www.isc.org/) has run a semiannual survey to count the number of "hosts" on the Internet. By the end of 1999 their count will hit 60 million computers, all accessible one to another through the Internet. In October 1990 there were only 300,000 computers on the Internet. In August of 1981 there were only 213.





� Whether the first generation of high-bandwidth low-latency connections will be cable modem, DSL, or wireless connections will be a matter of market competition heavily influenced by policy choices. But the connections will arrive quickly. And there are subsequent generations of still higher-bandwidth connections on the horizon. Kim Maxwell forecasts video-on-demand beginning in 2003, and fiber optic cable to the home starting around 2015. See Kim Maxwell (1999), Residential Broadband: An Insider's Guide to the Battle for the Last Mile (New York: John Wiley and Sons).





� These are the results from a series of Cisco-sponsored studies of the "Internet economy" See the University of Texas's Center for Research in Economic Commerce, http://www.internetindicators.com/indicators.html.





� See Robert Atkinson and Ranolph Court (1999), "The New Economy Index" (Washington: Progressive Policy Institute); http://www.neweconomyindex.org/.








� For a brief survey of some of these experiments and their consequences, see A. Michael Froomkin and J. Bradford DeLong (1999), "Some Speculative Microeconomics for the New Economy" (Berkeley and Miami: U.C. Berkeley and Miami Law School) http://econ161.berkeley.edu/OpEd/virtual/technet/spmicro.html.








35  Between the turn-of-the-last-century Sears catalogue and today, many entrepreneurs have thought that the relatively small stores of small town America incurred very large inventory and other distribution costs, and that there should be a way to combine economies of scale in purchasing with economies of scale in distribution in order to satisfy small-town and rural consumers at significantly lower cost. Yet only Wal-Mart has managed to successfully accomplish this task.


� Sam Walton (1992), Made in America: My Story (New York: Bantam Books), p. 281.





� Note that these increases in real incomes were missed by the Government’s statistical system, which did not take account of the rise of discount stores like Wal-Mart in its estimates of the cost of living. See United States Advisory Commission to Study the Consumer Price Index (1997), "Toward a More Accurate Measure of the Cost of Living: Findings and Recommendations of the CPI Commission" (testimony before the Senate Finance Committee, January 28, 1997).





� In part because these elements of economic destiny are not an equilibrium position predictable in advance but are path-dependent. See See Paul David (1993), “Historical Economics in the Long Run: Some Implications for Path Dependence," in Graeme Donald Snooks, Historical Analysis in Economics (London: Routledge), pp. 29-40; Nathan Rosenberg (1996), “Uncertainty and Technological Change,” in Jeffrey C. Fuhrer and Jane Sneddon Little, eds., Technology and Growth (Boston: Federal Reserve Bank of Boston), pp. 91-110;  Giovanni Dosi et al., eds. (1992), Technology and Enterprise in Historical Perspective (Oxford: Clarendon Press).






















