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I.  The Setting 
This book rests on the belief that the late 20th century information revolution marks the beginning of a fundamental economic transformation.  There are eras in which advancing technology and changing organizations revolutionize not just one leading economic sector, but transform the entire economy and ultimately the rest of society as well.  Such eras are rare, but they do occur.  Information is building tools to manipulate, organize, transmit, and store information in digital form that do for thought roughly what the older industrial revolution did for materials. Information technology amplifies brain power in a way analogous to the nineteenth century industrial revolution amplified muscle power through its technologies of steam, metallurgy, chemicals, and electricity.  

Rapid change by itself is not "revolutionary," at least not as we are using the term. Rapid economic and technological change is normal: it has been a standard part of the economic history of every era since the beginning of the industrial revolution.  Productivity explosions happen regularly as invention and innovation remake particular ‘leading sectors’--like air transport in the 1960s, television in the 1950s, automobiles in the 1920s, organic chemicals in the 1890s, and so on back to the original invention of the steam engine to automate the pumping of water out of coal mines.  Each of these innovations massively boosted productivity in its particular slice of the economy.  Each had diffusion effects that changed economic processes in many other parts of the economy.  Each set off its own ‘long boom’.  Butinformation technology may well be different.  

Information technology is creating tools for thought.  The first generations of these tools have certainly spawned a leading sector that has brought enhanced productivity growth and rapid innovation to a particular slice of the economy. These first generations contributed significantly to the end of the post-1973 era of relative stagnation and to the long boom of the 1990s. (As these tools diffuse, they look very likely do the same for other advanced and advancing economies in the near future.)  But that is not the whole story.  The revolutionary potential lies within the tools that information technology provides to all economic sectors.  These tools will affect every economic activity in which organization, information processing, or communication is important--in short, everything.  These tools open new possibilities for economic organization across the board.  They change what can be done and how it can in economic organization be done across a wide range of industries.  Most importantly, they may well require changes in ideas about ownership, property, and control – the way in which governments regulate economies in the most broad sense of that term.

The dynamic, encompassing nature of this kind of transformation creates pitfalls for some traditional research strategies.  To understand relationships, specify causal links, and design valid measures of complex economic processes is difficult enough when dealing with limited, specific, and fairly conventional arguments and issues. On the other hand, to weave a broad pattern of relationships without precise measures too often produces not great insight but banal superficiality.  The more profound the transformation, the sharper the dilemma becomes.  As context itself changes, things that were treated (for better or for worse) as parameters become variables.  Research problems cannot be so easily isolated nor causal relationships cleanly specified.  

The logic of this book is to work with these constraints, not to fight them.  Building on the belief that an information revolution is in the process of fundamentally transforming our entire economy, we take a ‘bottom-up’, inductive approachThere is no discrete "internet economy" or "information economy." Claims that there is are momentary, transitional characterizations. They will soon seem as meaningless as a claim that there is a ‘fax economy’ or a ‘telephone economy’.  Information technologies fade into the background as they become a set of tools for the economy as a whole. The ‘e’ in ‘e-commerce’ will disappear as all commerce becomes organized and integrated into electronic networks. This process happens unevenly, at different rates, and in different ways across the many sectors of an economy.  The core of our research strategy is to track that process by examining what is happening in these different sectors.    DAVID insert a few sentences from the memos to the authors – what are the questions we asked them to address.

II. The New Economy:  A Transformative Era

The information technology revolution story has three intertwined themes.  The first is technology.  The second is innovations in organization and practice.  The third is speed and extent –the rate at which the first two stories are unfolding, and the global reach of their implications.

The technology theme is most familiar.  In the 1960s, Intel Corporation co-founder Gordon Moore projected that the density of transistors on a silicon chip would double every eighteen months.  What came to be called Moore’s Law has been continuously falsified –  but on the upside.  Computing power has more than doubled and its price has fallen by more than half on an eighteen month cycle.  The average consumer now routinely expects that the 1,000 dollar personal computer she buys in a department store will have the processing power of a 20,000 dollar workstation of five years ago.  What was once called supercomputing is now packaged in a run of the mill desktop PC.  The past forty years have seen something like a billion fold increase in the world’s installed computing power base.  There simply is no historical precedent for a technology whose raw measures of capability progress at anything like this rate.  And despite repeated roadblocks in semiconductor manufacturing technologies that seem to threaten an imminent slowdown in the cycle, innovation has (until now, at least) successfully overcome the impediments.  There is no compelling reason to believe that we have come anywhere near the endgame for Moore’s Law.  It is a safe bet that raw processing power will continue to grow at a rate faster than we can figure out what to do with it.  

This points to the more fundamental rate-limiting factor in economic transformation – the human systems of organization and innovation.  An enormous increase in raw processing power generated by semiconductors is simply 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?" 

The technological determinants of the answer to that question are changing, and will continue to change steadily as the price of computing drops, the size of a computer shrinks, and the possibilities for useful applications expand.  The organizational determinants of the answer are harder to theorize about simply because is no equivalent of Moore’s Law for human systems. At each point in the past forty years the critical step in the transformation of technical potential into economic productivity, has been the discovery by users of information technology of how to employ their ever-greater and ever-cheaper computing power to do the previously-impossible.  

In a real sense the leading-edge users and the innovative applications that they have developed have been the drivers or at least the shapers of technological change, because they are the creators of the meaningful demand for better, faster, and cheaper computers. And it is this core demand created by user-side innovation that has sustained and rewarded technological development. 
At first computers were used as powerful calculators to perform 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 o hand-tooled electronic computers was funded and driven by the demands of war. 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 --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 computing power came from government agencies and from industries like insurance and finance which performed lengthy sets of calculations as they processed large amounts of paper. The US Census Bureau bought the first UNIVAC computer. The second and third orders came from A.C. Nielson Market Research and the Prudential Insurance Company. 

The Census Bureau used computers to replace 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. 

The point is that innovative users -- in the course of automating existing processes --began to discover how they could employ the computer in new ways.  An early innovation was stuffing information into and pulling information out of large databases. American Airlines used computers to create its SABRE automated reservations system--which cost as much as ten airplanes.
 SABRE made it possible to understand in a much more precise way the fine-grained characteristics of demand for air travel.  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 using the newly accessible databases that could be organized, re-organized, queried, and analyzed for data patterns.
 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.

User-driven innovation is aided by rapidly advancing raw technological capability.  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: before Dan Bricklin programmed Visicalc, who 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.

User driven innovation has a particularly interesting implication for information technology.  ‘What-if’ machines can be used, of course, in a self-reflexive way by turning the tools of experimentation back on themselves.  In simpler words, computers have become the key design tools for innovations in computing. Today’s complex designs for new semiconductors would be simply impossible without automated design tools. The process has come full circle and will continue to chase itself.  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.  

Systems theorists refers to this kind of process as an autocatalytic process.  In early 2000 Bill Joy wrote a compelling piece to describe the potential dangers and downsides of technological autocatalysis.  [cite]  What may have been lost or inappropriately de-emphasized in the discussion surrounding Joy’s manifesto was the incredible upside potential of the same processes.  Autocatalytic change can be extraordinarily fast and it can self-accelerate in surprising ways.  Consider the potential for computing with DNA.  This lies in the fact that DNA makes possible base four computing, which would be significantly more efficient than base 2 (digital) computers.  Right now DNA can be manipulated to process information but only at a very slow speed.  Digital computers helped to unravel the structure and function of biological molecules – indeed, one of the most demanding information processing tasks is to determine how a protein strand will fold in on itself to create a molecule in three dimensions.  Faster computers and processing algorithms that grew out of this demand created a next generation that helped us to manipulate the biological molecule; and new generations of computers will likely help reconfigure it in ways that permit much faster processing of information in base 4.  Just as DNA pushes silicon forward, silicon will push forward DNA. 

The speed and extent to which computing of this magnitude can set off autocatalytic innovation and transform economies and societies is ultimately a function of the degree to which processing power is integrated into economic and social processes.  This has been happening recently in two quite critical and mutually reinforcing ways. First, computers have burrowed inside conventional products to become embedded systems. This is the notion of the ‘smart’ car, house, toaster, whatever you choose.  Second, computers have connected outside according to a set of open standards, to create what we call the world wide web: a distributed global database of information all accessible through the single global network. 

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 every day 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."

But these are actually quite primitive applications precisely because they remain visible.  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 the broadest sense of the term. In automobiles, 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.
.  Today’s automobile is already quite smart.  Tomorrow’s ‘smart car’ will integrate additional functions that will soon become as invisible as the controllers for anti-lock brakes.  At some point the automobile itself becomes more like an information processing system with an engine attached, than a several ton steel mass that can tell the driver about how fast it is going and how much gas it has left.

In toys, embedded intelligence rests on very simple computing products. From cash registers and cell phones to hotel doors, elevators, and pacemakers, embedded microprocessors are transforming our world from the inside by adding features of intelligent behavior to potentially all engineered products.
  As product reliability and the trust level of users improve over the next decade, we are certain to see an explosion of intelligence in medical devices.  This is far more dramatic than a ‘wearable’ computer.  At some point, what is being ‘worn’ or ‘implanted’ becomes as central to the definition of the person as anything that is biological in origin.  

Computers Become Linked: The Spread of Networks

As the cost of communications bandwidth dropped, it became not only possible but natural to link together individual sensing, computing, and storage units. 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.  At the asymptote, the marginal cost of sending a piece of information around the world in real time approaches zero.  Sun Microsystems uses an advertising slogan “the network is the computer” to describe the scale and scope of re-thinking of traditional processes that this may entail.

Leading-edge users took advantage of early network systems to create 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 primarily as private corporate networks (or, in the case of the French Minitel, a public network with defined and limited services).  Business experimentation began. And data communications networks started down a road of exponential expansion as experimenting users found new applications and configurations.

Computers Become Hyper-Linked: The Coming of the Internet

But few saw the next iteration of the 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 suddenly 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 is now well known as Metcalfe's law.

The build-out of the Internet has been extraordinarily rapid in part because of this network effect.  It was also so rapid because the Internet was initially run as a set of protocols over the existing voice telecommunications infrastructure. This was not anything like an optimal foundation for packet switched data traffic, but it worked nonetheless.  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.
 More than sixty million different computers were accessible over the Internet by late 1999.
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Some of the elements of next generation of data networks are already evident.  First, for consumers and small business, one dramatic advance will be broadband to the home to create high-bandwidth and low-latency connections.  The problem of the ‘last mile’ is being solved by cable, DSL, satellite, and other technologies that either work with or simply bypass the fact that most houses were built to maximize privacy not connectivity, and have only a small copper fiber information pipe leading out to the world.   To download a  data file will take minutes instead of hours, and following  hyperlinks will take seconds instead of minutes.
 The acceleration in speed will change the kinds of tasks that can be accomplished over the internet: the increase in bandwidth and decrease in latency will certainly mean a faster Internet.  It will also mean a different Internet, with much more sophisticated applications. We can see this process at work in the sudden explosion of demand for products like Napster that allow users to assemble in transitory, ad hoc networks to trade large data--in this case--music files. This development was unexpected, and it poses a huge challenge--and also a huge opportunity--to the recorded entertainment industry.
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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 visible (for example, in Finland) in the form of something called ‘m-commerce’ (the m stands for mobile). This round of network deployment already brings 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.

Third, the capacity and cost of the very backbone of the network will evolve dramatically over the next years, bringing new architectures, lower costs, ongoing experimentation, and new applications.  Current experiments with Internet 2 suggest that we will soon be searching for applications to fill available bandwidth rather than the other way around.  There will likely be a veritable tsunami of new capacity that brings technically advanced applications and dropping costs.
   
Networks Transform Organizations
But the full story of the information transformation 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: how the growth of an information network will transform organizations and the dynamics of competition. 

It is not just imprecise but fundamentally misleading to measure this transformation through estimates of ‘e-commerce’ or the ‘internet economy’.  One set of numbers places the Internet economy at $300 billion in 1998 and $400 billion in 1999, accounting for 1.2 million jobs.
 Another set of numbers reports an Internet economy only one-third that size.
 Of course much of the difference springs from where different analysts draw the line between "Internet" and "non-Internet." But to our minds the major lesson is that it is already becoming impossible to talk about an "Internet economy" per se.  There soon will be no slice of the economy that can be carved out of the rest and assigned to the “Internet”, if there is such a thing today.  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. 

The question then becomes how will the entire economy be linked into information processing and data communications? The short answer is that we do not yet know (although there is a huge industry in business books that try to make the case that we do.)  There are several broad analytics that are suggestive.   Nicolas Negroponte in 1996 stressed that as the costs of transporting and transforming physical goods can only come down so far, but the costs of transporting and transforming information can approach zero, there are powerful incentives to convert as much of the economy as possible from ‘atoms’ to ‘bits’.  Graciela Chichilnisky makes a related argument about how knowledge-intensive growth can replace resource-intensive growth.  

But we know that information (or knowledge) is not uniformly communicable.  Markets for knowledge are no more self-organizing than are markets for goods.  Information does not ‘want to be free’ any more than it ‘wants’ to be anything else – it responds (or more precisely, those who create and/or control information respond) to incentives that are set in markets and in policy.  

Some human and economic processes clearly benefit from making a transition away from physical space into information space.  For example, it will be much easier to design pharmaceuticals in the realm of information – that is, with advanced knowledge of the human genome at hand, allowing us to ‘build’ custom chemical interventions tailored to the genetic locus of a disorder – than it is to test a random assortment of chemicals in a test tube to see which cells they kill and which they don’t kill.  Music does not suffer from transmission in a digital form (so long as it can be ‘re-assembled’ perfectly at the other end).  But can the same be said of emotion?  Of the unique experience of a perfect meal at a fabulous restaurant?  Or even of the economist’s stock example of a local service, the simple haircut?

The last few years have produced lots of anecdotes and some systematic evidence of a small portion of the kinds of changes we should expect.  Traditional businesses that act as intermediaries--like stockbrokers and travel agents--will be irrevocably altered. Traditional products like automobiles will be marketed and serviced in new ways.  Stores will not likely disappear, but the mix of stores and what stores do will change. New ways of reaching customers in both time and space 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 simply do not know which of these experiments in corporate information and network strategy will be successful.  All business plans are predictions, and all these predictions will be wrong.  

The Future: The Emergence of the E-conomy

In the real world technology uptake and utilization by businesses, governments, and consumers is nearly unpredictable. Uses emerge within a process of search and experimentation --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 electric motor.
  Finding the most valued uses for the next wave of computer-and-communications technology may not take quite as long, but it will take time and probably a longer time than many expect.


An era of profound experimentation is a natural and desirable thing. 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.  From a market ecology perspective, the more broadly we experiment and allow failures to emerge, the faster we will learn.  

Of course, as in any competitive ecology, there is sure to be significant roadkill along the way.  In the mid 1990s proprietary online information and communication services were said (with great certainty) to be the killer application.  In 1998 selling things like pet food over the web to individual consumers was said, with equal certainty, to be ‘it’.  In 2000 it was B2B auctions.  At each starting moment there were compelling arguments about why this particular application was the ‘right’ one.  A year later there were equally compelling arguments about why it was totally ‘wrong’.

Part of this intellectual churn can be written down to media hype and the herd psychology of venture capital.  But the more important part stems from a more profound cause.  The uncertainty is fundamentally real, not just a function of faulty or hasty thought.  What we know for sure is simply that at almost every stage up to today the killer application of each wave of technological innovation has been a surprise. 

III.  The E-conomy Unfolds: Innovations in Organization and Business Practice 

Technology and innovations in business organization and practice are yoked together – each pulls the other forward.  Just as technology usually advances through experimental trial and error, innovations in business practice evolve out of day-to-day efforts to resolve real problems or take advantage of perceived opportunities. Organizations have their own ecology.  Out of the swirl of fads, frustrations, tactics and strategies--like just-in-time, total quality, downsizings, knowledge management, outsourcings, strategic alliances, mergers, demergers, spin-offs and start-ups— has emerged a new reality.  The ecology as whole constitutes a rapidly entreprenaurial environment that is able to innovate and commercialize at much faster speeds than before.  This rests on at least two important and inter-related changes in business practice: new responses to the ‘innovation dilemma’ and to the ‘production challenge’.

Resolving the Innovation Dilemma

It is often the case that large established firms are not very good at fully developing and commercializing technologies that disrupt their existing markets and procedures.  The reasons are endemic to large organizations. Parts of a large company, often the biggest and most powerful parts, are not eager to contemplate the risky development of a new technology that could end up cannibalizing their market and destroying their division. Typically that group will doubt the feasibility, the reliability, and the marketability of the potential technology. New markets are hard to imagine and harder even to assess quantitatively. Ironically, the more effectively a company is tied into its network of customers and suppliers, the more likely it is to sustain a course of innovation that maintains its position within existing markets and technologies. Thus the less likely it will be to undertake radical innovation. This often looks like a winning strategy.  After all, substantial enhancements to existing product lines can generate considerable returns. 

This creates an innovation dilemma.  Companies that are responsive to their customers actually risk getting locked in to a set of arrangements that preclude them from grasping the competitive advantages of innovation.
  The examples are legion.  AT&T asserted that an Internet-style communications system was impractical. Motorola, the leader in analog mobile phones, missed the step in the shift to digital. IBM missed Internet routers. Microsoft came late to the web browser, web server, and web development tools.
  The dilemma is particularly poignant when an established company generates the technology, but is unable to capture its value. The creation at Xerox PARC of the functioning GUI interface, the page description language, the Ethernet--and their commercial exploitation by others (Apple and Microsoft, Adobe, 3Com) is simply one of many examples of breakthrough technology lost inside of excellent established companies.

This organizational dilemma is a major reason why start-ups and entrepreneurial companies have been the drivers of much of radical innovation in the transition to an E-conomy. These companies have defined and developed new industries.  They are the major source of Schumpeterian competition, which simply bypasses price competition in existing markets to build a business through radical innovation. Entrepreneurial start-up companies, however, face substantial obstacles. They require money, help developing business plans and strategies, supplier contacts, access to clients, legal advice, production and logistics services, and so on.  The list of things that start-ups need but cannot generate easily from their own resources is very long.  

America in the 1980s and 1990s built up a business environment that made it not only possible but in many cases easy and straightforward to establish an entrepreneurial start-up. Early venture money paved the way in making available the funds to start and develop a company. Changes in the prudent-man rule allowed institutional money to enter the venture business, and so greatly enlarged its scale.
 The scale of investment changed, and funds were suddenly available for the venture world to move from niche to centerpiece.  In a similar fashion the growth of compensation through stock options that reward success with stunning wealth allowed founders to share a significant portion of the risk and rewards of a new company with like-minded employees. The institution of stock options meant that a cut in pay and a move across country could suddenly represent an opportunity not a failing--if the reward were a share in value of a venture start-up. And large established firms followed by seeking ways to encourage and to participate in spin-outs, start-ups, and venture funds.
  These elements make up part of a “Silicon Valley System” (that is no longer geographically limited to Silicon Valley, of course).  It is a set of social institutions -- such as research universities, venture capitalists, and specialized law firms--and market institutions--such as an extremely flexible labor market, incentive compensation, financial capital, and ultra-high-skilled people from the entire world – that make it possible for an entreprenaurial company to pull together the foundations to bring innovations to market quickly and at scale. This new industrial-economic system has become a critical growth engine for the world, and a strong source of comparative advantage for America--and will be until it is successfully imitated elsewhere.

The Production Challenge

Unexpectedly and abruptly in the 1980s, Japanese consumer durable and electronics products surged into American markets. Previous import surges in labor intensive products such as shoes, apparel, and low-end assembled goods such as toys had forced significant reorganization on American industry. But they did not challenge the sense that American producers and production methods defined advanced manufacturing and advanced industry.  The Japanese challenge was fundamentally different.  Japanese competitive strength (particularly in autos and electronics) was the result of fundamental innovations in a ‘lean production system’ that simultaneously eliminated inventories and their costs, permitted constant quality improvement, and reduced cost.  

The shock of a basic challenge to position in the symbol of the industrial age, the auto, and the symbol of the emerging electronic age, the basic memory chip, was considerable. It forced American and European producers to reorganize fundamentally their production and business practices.
  This was a messy business, made more difficult by a severely over-valued dollar in the mid-1980s. The short term result was the hollowing-out of large chunks of American manufacturing capacity--and in the process the destruction a lot of valuable human- and firm-specific capital.
  Nevertheless, in the medium term American companies proved remarkably successful at adopting their own version of "lean production" innovations. The Japanese manufacturers may have taught American producers a painful lesson, but the American producers really learned. By the mid 1990s--with a stronger yen and reconfigured American manufacturing processes--the balance of manufacturing advantage in high-technology industries appeared much more even.

Partly the eclipse of the Japanese challenge came about because the leading edge of consumer electronics shifted from broadcast/entertainment--TVs, VCRs, radios and related products--to wireless and computer based products where America-based producers had set standards. Partly it came about companies such as Hewlett Packard now understood how large the long-run benefits from learning-by-doing were that came from controlling the low end of a market through high-quality volume production, even if cost accountants told top managers that low-end margins were low. With the inkjet printer, HP dominated the market by systematically defending the bottom end of the market as it introduced new low cost products.

But a larger part of the change came with a finer division of labor. Producers discovered that they could lower their costs by concentrating on what they did best, and contracting to buy the rest from those with a firm-specific advantage in productivity or a nation-specific factor cost-based comparative advantage. Outsourcing across borders, a cross-national production system, and the emergence of contract manufacturing have been at the heart of the solution of the production dilemma.

Better communications have enabled firms to implement this "outsourcing" strategy. The ability to use modern data communications networks to transmit information allows client firms to specify in great detail what, exactly, they want their contractors to do. In a previous generation, with information flow limited to telephone, fax, mail, and air couriers, a lot of tacit knowledge about how the client branch of the organization would use the output and what the client organization's default operating procedures were was necessary in order for work to be distributed. Such tacit knowledge could best be gained through long experience. Hence large multidivisional enterprises that allowed the building within the enterprise of this tacit knowledge were an attractive organizational form. 

The increase in bandwidth has allowed explicit directions and thick presentation of the overall project to substitute in considerable measure for tacit knowledge and experience.  It has allowed for a much finer division of labor and the creation of what we now call contract manufacturing.  Because the world's nations are so highly differentiated in terms of labor skills and labor costs, the greatest benefits to producers from the finer division of labor may well come from the possibility of extending the firm’s division of labor across nations.  

The development of a truly innovative production system took place in several stages.
   First came the shift from a market dominated by integrated producers to one in which firms located anywhere in the disintegrated value chain can potentially control the evolution of key standards and in that way define the terms of competition -- not just of their particular segment, but critically in final product markets as well. Market power shifted from the assemblers such as Compaq, Gateway, IBM, or Toshiba, to key producers of components (such as Intel); operating systems (such as Microsoft); applications (such as SAP, Adobe); interfaces (such as Netscape); languages (such as Sun with Java); and to pure product definition companies like Cisco Systems and 3COM. 

What all of these firms have in common is that, from quite different vantage points in the value chain, they all own key technical specifications that have been accepted as de facto product standards in the market.  This was a key signal of how disruptive start-up companies began to define the direction and fate of the industry.

Second, companies that had found production a weakness began to outsource both component production and assembly.  New highly flexible and adaptable production systems emerged out of this process. Cross-National Production Systems (CNPS) is a convenient label to apply to the consequent dis-integration of industrial value chain into constituent functions that can be contracted out to independent producers wherever those companies are located in the global economy. And such independent producers can locate wherever factor costs and local levels of technological development provide a comparative advantage.
  CNPSs take advantage of an increasingly fine division of labor both between firms and between nations. The networks permit firms to weave together the constituent elements of the value-chain into competitively effective new production systems, while facilitating diverse points of innovation. They are not principally about lower wages as such, nor about access to markets and natural resources--although these objectives often motivated initial investments. Rather they are about the emergence of locations that can deliver different mixes of technology and production at different cost-performance points. 

Third, and perhaps most important, CNPSs imbued supply chain management with a strategic meaning.  This set the stage for companies such as Dell to integrate marketing and production and convert themselves into service businesses tying the design, production and delivery of the product directly to the customer.
  But there is still a physical product at stake and much of the service that a company like Dell provides lies in organizing the production, marketing, delivery, and customization of that product for a particular need.  To recognize how manufacturing and production still matter in the world of e-commerce means grasping the evolving place that production has in a system set up to deliver either a product or a service to a consumer.  

IV.  Tracking the Transformation

The e-commerce transformation represents a series of remarkable opportunities for businesses, governments, and other organizations to remake themselves, recreate what it is that they can do, and reconstruct their relationships with customers, citizens, and constituents.  It is also a remarkable opportunity for social scientists.  This is not a separate research domain for a small and specialized group of observers interested in business evolution and the politics of technological change.  It is not simply a productivity phenomenon (of greater or lesser magnitude).  It is a social, economic, organizational, legal, and political phenomenon all at once – and may yet be more than that, extending to a phenomenon of consciousness as well.  It is clear that a book like this is only a start in what will and should be a much broader process of understanding the transformation.

Our analytic approach at this stage is middle of the road.  Between relatively esoteric debates over the precise macroeconomic measures of productivity, and hugely speculative and vague arguments about radical changes in society and consciousness, there lies a more grounded analytic approach based in empirical research about on-going and foreseeable changes in business practices within sectors.  It is possible to extract from that data a set of general themes, which we outline in chapter BRODI.  

It is also possible to set some contours for a research strategy moving forward.  Technological tools are developing much more quickly than are the human and organizational systems that make use of them.  Governance policies follow, typically yet another step behind.  Yet expectations about policy as well as real changes in policy set parameters around experimentation with business models.  Since business model transformation is the central organizational driver of the transformation, these policy choices are key to the way in which the revolution unfolds.  

Libertarian fantasies of cyberspace as a policy free zone are (thankfully) now a thing of the past.  The question now is what kind of governance and from where?  Clearly a set of existing rules is not easily adapted to this new environment.  To govern the e-conomy will mean updating old understandings, rules, and all at once.  And much of this will have to be done globally or at least internationally as well as domestically.  It is a tough agenda.  We hope the sectoral studies in this book make more clear some of the issues that will be dealt with along the way.
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