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The Information Technology Revolution


II. The Information Technology Revolution

The story of the information technology revolution is well known, but is worth retelling because it is the foundation on which everything rests. We experience the information technology revolution every day: at the office, the bank, the hospital, the supermarket, and at home.  In a few years the accelerating surge in information technology has moved us from an age in which computers filled climate-controlled rooms with raised floors to an age in which every hotel room door has its own embedded chip. Information processing and data communications may not yet be ubiquitous, but already many of us are rarely more than thirty feet from a microprocessor.  

Some are more interested in the economic changes that the  technology has set in motion than with the technology per se. They focus on new forms of employment, new approaches to compensation, and new ways of launching enterprises, what is often referred to as a Silicon Valley System, even though that system spreads across the country and abroad, with nodes in places like Boston, Austin, Helsinki and Singapore. Others focus on analogies, seeing the modern computer network as the equivalent of telephones, telegraphs, radios, televisions, and books all rolled into one, and even more, as the global network of computers, the internet, increasingly permeates our lives changing habits, styles, manners, and behavior. 

The story of this high-technology revolution must be told in two ways.  First, it must be told as a story of the development of the technology.  Second, it must be told as a story of the innovations in organizations and business practice. Only the combined stories can permit technology to develop and move out of the lab into the economy and into daily life.

A. The E-conomy Unfolds:  The Technology Story

There are many  indicators of the speed and breadth of the technological surge. 

1. The Semiconductor Revolution: 
The chip revolution underpins  the entire technology revolution. It has made possible the explosion in computing power on which everything else rests. The standard measure of the progress of semiconductor technology is the density of transistors: the number of electronic switches that can be packed into a square centimeter. Back in 1965 Intel Corporation founder Gordon Moore projected that the density of transistors on a silicon chip would double every twelve months.
  To this day people describing the pace of the technological explosion in microelectronics call it "Moore's Law".  

Source: Robert Atkinson and Ranolph Court (1999), "The New Economy Index" (Washington: PPI); http://www.neweconomyindex.org/

Such a pace means that semiconductor components manufactured today have 256 times the density of those manufactured in 1987--and 65,000 times the density of those manufactured back in 1975. The absolute numbers are staggering: the laptop on which this sentence is being written has as much memory as  2,048 of the original IBM PCs.
The increase in semiconductor density generates the  processing power that gives today's microprocessors roughly 1000 times the  power of   the generation of personal computers introduced in the early 1980s.
 What took giant computers in the 1950s days now take seconds.
2.   Power, Price, and Pervasiveness
We now expect--routinely--that today’s $1,000 personal computer ordered over the Internet has the power of a $20,000 scientific workstation of five years ago. Indeed, recent Apple television commercials make much of the fact that its personal computers are now classified as "supercomputers" not to be exported to potentially hostile countries because of potential military uses (in weapons design, intelligence, and other applications).  As a consequence of the advances in micro-electronics noted above, home computers today have 66,000 times the processing power, at the same cost, as the computers of 1975.  In ten years it will be more than 10 million times more powerful than those of 1975.  
The cost of computing power has plunged in price.  What was once supercomputing is now run-of-the-mill, and computing is cheap enough to be used everywhere. Thus, the increase in power is matched by the coming of pervasiveness. At the end of the 1950s, (the moment at which electronic computers had largely replaced electromechanical calculators) there were roughly 2000 installed computers in the world with average processing power of perhaps 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 billionfold increase.
3. User Industries Transform and Are Transformed by Computing

Raw processing power is potential.  The question is what is it is useful for. The answer to that question changes steadily as both the price of computing drops and the possibilities expand.  While the increase in raw data processing power and the drop in the cost of computing are important, a critical step was the users’ discovery of how to use this power to do the previously impossible.  
It is leading-edge users and their innovative applications that have created the demand and the markets that have sustained technological development.  Throughout the 1960s, 1970s, and 1980s leading-user industries played a key role in discovering just what advancing information-processing technology was good for.  The first leading-edge applications were in industries such as insurance and finance which processing large amounts of paper. These were followed by applications in product design, production and distribution. And ultimately computing power was to be embedded in products as diverse as cell phones, pacemakers and autos.

In the beginning computers were seen as powerful calculators performing complicated or tedious and lengthy sets of arithmetic operations.   Those applications created the first mass market for large scale computing,  but by the 1970s it was clear that the computer was at least as useful in stuffing information into and pulling information out of large data bases, and was much more than a calculator, however powerful. 

The insurance industry automated its traditional processes--its back office applications of sorting and classifying--. But then as insurance companies began to learn the possibilities of computing they began to create customized insurance products.  The User cycle of learning while automating established process, then applying that learning to generate innovative application soon became familiar.  In a similar fashion the financial sector likewise soon became a very heavy user of information processing services.  Derivatives and securitized mortgages were one result.  Back in the 1950s even the discoverers of the tools of modern quantitative finance dismissed them as of theoretical but no practical use--the calculations required to figure out what an optimallydiversified portfolio would be were totally impractical. That is not the case today: “rocket science” applied to financial management has created a new range of products from derivatives to portfolios of mortgages, and is transforming the management and organization of financial institutions. 

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. Today’s ultra complex designs for new semiconductors are simply impossible without automated design tools; it 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 powerful computers and software.   Production and distribution processes likewise have been changed.  It is not just robotic painting or assembly that has become possible, but robot-guided hip surgery and scanner-based retail quick-turn supply chains.

In the 1980s computers became ubiquitous in the office. It quickly became clear that they had another powerful function separate from computation and sorting. The office applications--spreadsheets, word processors, presentation design, planning, tax preparation, and desktop publishing programs--used the microprocessor  and memory in new ways. For these applications the computer was not primarily as a calculator or a sorter of databases. Instead, it became  a trial-and-error device, a possibility generator, a way of rapidly manipulating the virtual image of a document in order to see what the actual, final document would look like and say. 

And in the 1990s the computer has evolved in two quite different directions. It has moved inside products to become embedded into cars to serve as embedded control systems for brakes, engines and other functions as well as countless devices from toys to cash- registers and cell phones. At the same time it has moved outward to become a window onto the world wide web of network-accessible information.
[Figure: Embedded Electronics]

Embedded computing is most easily represented by a single case, the automobile.  Electronics now adds major chunks of the value of this once principally mechanical device.

  This of course just the value added in the car itself. There is another giant domain, how autos are designed, produced, marketed and distributed.  

5.  Computers Become Linked: The Spread of Networks

As communications hardware and software became capable of carrying more and more bits at lower and lower costs, it became possible to link individual sensing, computing, and storage units so that large amounts of data could be transmitted in a blink. Today we complain when it takes an ATM machine half a minute to verify the balance we hold in a bank in a distant city. We complain about the worldwide wait--but when the conversation at Internet pioneer Vinton Cerf's dinner table turns to the Chisholm trail, he can display a map of the trail within sixty seconds.  Again, as with computing it is not just that rapid transmission is technically possible, but that its costs are dropping so far and fast as to make it economically possible for us all extensively to use data transmission.  

With the early data networks, once again it was leading edge users of data communications who began to use them to create advantage in their own industries.  The first phase of networking began either as private corporate networks or as in the case of the French Minitel, public networks with defined services.  In the United States private networks that linked defined groups of participants began a phase of business experimentation.  The networks expanded exponentially when the users could experiment with the applications and configurations. 

[Table: Network Applications from Bar/Borrus]

[Figure: Network Use Expansion]
6.  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--together the world-wide web--allowed people to peek at the potential benefits of linking networks to networks. Your desktop or laptop machine then became a window onto the world's data store.  As the telecommunications pioneers of AT&T's drive for universal service knew early in this century, 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 extraordinarily rapid compared to the earlier build-out of other innovative communications technologies such as the telegraph and the telephone. In large part the Internet was fortunate in that it could be initially run over the existing telecommunications system. Two decades ago few  expected that it would be possible, but data could run over voice lines at surprisingly high speeds. Even before the new technologies designed from the ground up to manage data communications emerged--and they will replace dataover-voice--the global internet had already established an incredible reach. 

7. Networks Transform Industry: 

The full story of the emergence of an "information" economy lies not in the sequence of technologies alone -- the successive clusters of innovation --semiconductors and computers, microprocessors.  Nor can it be found in the numbers themselves, whether they be the totals of computers, web sites, or the total value of e-business transactions.  These numbers in themselves hide much of the story of how the growth of the network will transform business organization and business competition throughout the economy.  

[Figure 7: E-Business Transactions]

It is not just that the traditional businesses that act as intermediaries, stock brokers and travel agents, will be irrevocably altered.  New products will be created, downloadable music, for example. Traditional products, like cars, will be 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. 

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.
 But it is already clear that such counts miss a substantial part of the economic impact.  It is perhaps best to say that within two years there will be no “Internet economy.” There will be no slice of the economy that can be carved out of the rest and assigned to the “Internet.” Instead, it will all be linked to the Internet.

The reconfiguration of existing economic activities--from package delivery to customer support—makes clear that there is a wave of innovation that is going to greatly amplify productivity practically everywhere.  This is not a garden-variety leading sector that greatly amplifies productivity in making some small slice of commodities.  Instead the E-conomy is truly of economy-wide scope: every business organization and consumer marketplace can make use of the information-processing and communications tools that constitute this current wave of technological advance. And there is no reason for the transformation to affect only those industries we see as close to computers-and-communications

How will it be linked? We do not yet know. What we have now is a range of strategic experiments, in the form of new companies trying to exploit the web and established companies trying to defend their positions.  

Let us unpack a single example, literally from the Main Street, U.S.A., an example that would not usually be categorized as part of the networked information technology revolution.   Wal-Mart’s image is not that of a dot-com company.  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. But until the coming of Wal-Mart no one had managed to solve the associated problems of control and distribution.
 

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. Thus there is a sense in which the first network billionaire was Samuel Walton, who captured in his personal fortune a small amount of the increased efficiencies in distribution from the information management and goods shipment control systems that his people developed.  The rest of the increased efficiencies went to boost the real incomes of shoppers in rural and small-town America who benefited from Wal-Mart’s lower prices. (And these increases in real incomes were missed by the Bureau of Labor Statistics’ statistical system, which did not take account of the rise of discount stores like Wal-Mart in its estimates of the cost of living.) 

Who would have thought ex ante that among the biggest gainers from exploitation of the possibilities of computing and communications would be people shopping for plastic doghouses at discount stores in small-town America? Yet it may indeed be the case.

8. The Future: The Emergence of an Iinformation”Eeconomy

We already see the coming of the broadband Internet to America's businesses and residences.  Information technology will bring at least one and probably several additional many-fold jumps to our ability to process and distribute information. 

What we cannot see, however, is what will turn out to be the uses of these future capabilities that businesses and consumers will value the highest. 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. In brief, throughout the economy they are changing business models and market structures. Those changes are only beginning. It is anyone’s guess, and many player’s bet, what the outcome will be.  We do know that at every stage up to now, 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 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 proprietary on-line services—no matter how good their content and connectivity—would be doomed by the end of the decade unless they offered transparent e-mail- and browser-access gateways to the broader network outside?

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

What, though, drives the process of cumulative innovation that is transforming the economy and business competition and will shift the very ways we live and work?  These innovations--a microprocessor, a personal computer, or an internet-router--are not simply extensions of existing businesses. They did not just spring into being fully formed.
  Instead, innovators and innovative firms imagined the products and made the shifts in direction that addressed new markets with these new technologies and newly configured technologies.  

The semiconductor revolution was launched by the demonstration of the transistor in Bell Labs of the old pre deregulation AT&T.  But start-up companies brought the stream of technologies forcefully to market, creating or contributing to the creation along the way of both the integrated circuit and the microprocessor. Likewise the Internet access and router technologies that channel data through the Internet emerged largely outside the established telecommunications companies in United States, Europe, and  Japan.  The new entrants in turn have pressed a reorientation of the major established companies themselves.

The pace and character of the transformation that constitutes the emergence of an information rich economy, rests not just on the technological possibilities, but on a set of innovations in business strategy and organizational that together constitute a more innovative business system.  Increased competitive pressures from ever more contested global markets, including the Japanese production innovations in the mid 1980s, and deregulation at home contributed urgency to the search for new strategies and organizations The business-practice innovations were generated to resolve real problems. From the swirl of tactics and strategies -- downsizings, outsourcings, mergers, and spin-offs, stock options, labels such as the virtual corporation – came the reality of a more entrepreneurial business world able to innovate and consolidate. Let us consider two aspects of this new entrepreneurial world: The Innovation Dilemma and the Production Challenge.

1. Resolving the Innovation Dilemma. 
 It is often the case that large established firms are not very good at incorporating technologies that disrupt their existing markets and procedures. The markets they imagine and the innovation in which they invest are principally for current clients. New markets are hard to imagine. New markets are even harder to quantitatively assess. An elaboration of an existing product can generate considerable returns. Established customers and suppliers and  shape companies’  assumptions about how their industry will unfold.  AT&T certainly asserted that an Internet styled communications system was impractical. Motorola, the leader in analog mobile phones, missed the step in the shift to digital. IBM feared lest its personal computers get too powerful too fast, and cannibalize its other businesses.

Thus 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 maintain its position within existing markets and technologies. The less likely it will be to undertake radical innovation. And the more likely it is to be blindsided by breakthrough technologies. The established company may generate and literally drip with technology, but nevertheless be 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.

Thus start-ups--entrepreneurial companies--have driven much of the radical innovations in this transition.  They have defined and developed entire new industries not just new markets.  In the rapid growth of the information technology sector, half the growth in a given decade has come from products or product markets that did not exist at the beginning.  Chart I.  Another way of putting the problem is that large established firms are not very good at generating disruptive technologies.  They are often blindsided by technological breakthroughs that alter their existing markets, their existing procedures.  Established firms, to use Jim McGroddy’s imagery, play chess in established markets.  Start up firms play poker in the creation of new industries.  The new arrangements allow both came to be played and well.  

But entrepreneurial companies face substantial problems. They require money, help developing business plans and strategies supplier contacts, access to clients, legal advice, international business judgment--the list is very long. And America in the 1980s and 1990s is unique in having built up a business ecology that makes it not easy and straightforward but possible to establish an entrepreneurial start-up. The funds are available to start and further develop a company. Stock options that reward stunning success with stunning wealth create the incentives for talent to leave established firms and start out on their own. The institutions of the new innovation system, of which the venture community is a part, have provided solutions to many of these requirements. 

Institutions and policy have played major roles in developing this entrepreneurial community. The early venture money paved the way, but the change in the prudent-man rule that allowed institutional money to enter the venture business changed the scale. The scale of investment changed as well.  Individual projects could become much larger in scale.  But it is not just how large particular projects are, it is how pervasive venture phenomena became. The funds were suddenly available for the venture world to move from niche to centerpiece. Similarly 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 the option share of a venture start up. Even large, established firms are devising new ways to resolve the innovator’s dilemma by adding to their internal strengths ways to encourage and to participate in spin-outs and start-ups and venture funds. Because the breakthrough start up community is has become so well entrenched, and the capacities of entrants to challenge incumbents so developed, established firms have themselves begun to explore ways of creating arms length start ups, corporate start-ups.  Those corporate startups, and corporate venture funds are ways to follow the evolving technology product market as well as to raise internal returns.  

2. The Production Challenge
The production challenge to both America’s high technology and main-line manufacturing firms came when many firms discovered s that the market advantages of many innovations are lost if the innovating firm cannot also be world class producers or have access to world class production.  A generation ago it became clear that U.S. comparative advantage in mass production manufacturing  could be eroded extremely rapidly.  Distinctive
 innovations in production generated advantage for  Japanese firms  in both productivity and quality in complex manufacturing ranging from autos and televisions through advanced electronic components.  Whatever the origins of these production innovations, it became clearer and clearer, starting in the late 1970s that a group of Japanese manufacturing firms had managed to create the first significant innovation in the organization of manufacturing business since Alfred P. Sloan. Reformulating the production and design process into a lean production system simultaneously eliminated inventories and their costs, permitted constant quality improvement, and reduced cost. In consumer durable products, autos and televisions, that had lots of parts, complex procurement, precision manufacturing, the Japanese production innovations seemed to have established an enduring marketplace advantage.

The challenge to traditional “mass production” American manufacturing became an irresistible onslaught and a rout in the mid-1980s, as lower and declining relative real costs in Japanese manufacturing combined with a dollar severely overvalued as a result of mistakes in macroeconomic policy. The result was the hollowing-out large chunks of American manufacturing capacity--and in the process the destruction a lot of valuable human- and firm-specific capital. 


Nevertheless, American companies have proved remarkably successful at adopting "lean production" innovations, “lean production” being the collection of strategies and small adjustments that cumulated to give Japanese companies distinct production advantage. 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. And 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 product. 

But a larger part of the change came with a finer division of labor. Producers discovered 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 for tacit 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: cross-national production systems.

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 has 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.  The radical start up companies had begun 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.  But new highly flexible and adaptable production systems emerged. 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 permit and result from 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 have turned large segments of complex manufacturing into a commodity available in the market. Supply chain management took on a strategic meaning.  

Fourth, this set the stage finally for companies such as Dell to more tightly link marketing and production, convert themselves into a service business tying design to the customer.  More generally this service model set the stage for a web based service orientation.
Importantly, as American companies began to invent new models of marketing and producing, they effectively stopped the net loss of manufacturing jobs in their sector.  For example, manufacturing jobs in electronics in California grew.  As American firms won initial market positions with innovative ideas and then defended positions with imaginative approaches to production and marketing, their total sales grew.  Many firms found that maintaining quality and sustaining innovation was much easier if critical productions were kept close at hand.   Industry analyses are confirmed by plant level studies. 
In plants that introduce innovative prodution technologies, employment grows.  In plants employment shrinks and often disappears as production migrates.  Winning firms generate jobs; losing firms do not.  



3.  The Silicon Valley System 


Silicon Valley has, over the past few years, transformed itself from a vibrant locus of high tech firms, venture capital, and scientific research into a new kind of industrial system that provides solutions to the Innovation dilemma” and the “production dilemma.” Underneath the rather frantic swirl of tactics, strategies and bets – start ups, downsizings, outsourcings, entrepreneurship, stock options, mergers, spin-offs and new labels such as virtual corporations and intrapreneurship– we can discern the pattern of a new business ecology, or industrial system. The basic resources – financial capital and high skilled human capital – head for the United States because it has created the best system for transforming those resources into growing businesses that create their niche in the e-conomy.  Both social institutions -- such as research universities, venture capitalists, specialized law firms -- and market institutions -- such as an extremely flexible labor market, incentive compensation, financial capital, and ultra high skilled people from literally the entire world --  have come together to form a Silicon Valley system. 

That system is both bigger and different than a simple sum of its discreet parts. What defines the system is not just the availability of capital or skills or ideas – or even all of them – but the ability to combine them, in a functioning, focused company. That company is provided with access to all the services necessary for business operations, ranging from experienced business operations management through contact with overseas suppliers, customers and potential partners. Finally the company is back-stopped with an on-call capacity for crisis management. The result has been not merely the creation of a set of very successful companies, but a new industrial innovation/commercialization system. The Silicon Valley system solves the “innovation dilemma” And the “production dilemma.”  It makes it possible for new companies to do what only technologically and financially rich companies were capable, but too often unable, to do. More and faster growth is the most likely outcome. This new industrial system has become a critical competitive advantage for America, and will remain so, unless we somehow dismantle it, or until it is successfully imitated again and again, elsewhere. 

C. Assessing the Transformation: What Is at Stake

A discrete change is easy to measure: radial tires last more miles than ordinary tires; a 256 MB memory chip stores more information than a 64 MB chip.  The implications of a discrete change can be clear and bounded.  This is never the case for a fundamental transformation. And the emergence of the E-conomy is a fundamental transformation. Such moments of change are not about more of the same, but are about creating wholly new activities and about changing old activities so that though still recognizable, different measuring rods are needed to gauge them. 
The stakes in this transformation are large. As with all great industrial transformations, those economies that manage them effectively gain enormously in absolute wealth and material standards of living. Those countries that manage them most effectively gain in relative wealth and power as well. But since we cannot credibly forecast the future, or even reliably measure the rapidly changing present, how are we to understand the emergent E-conomy?  In this section we view this problem from four separate perspectives:

 First, the emergence of a leading sector such as textiles, organic chemicals, or air transport is economically and socially significant as the effects spread widely to alter entire sectors and the dynamics of the economy.  The impact of this transformative moment will be different from, not simply greater, than the impact of a more typical wave of innovation.  Despite the rapid growth and substantial scale of the information technology industry, it is not just a leading sector.
Second, to gain some perspective, we explore briefly historical analogies. Previous waves of innovation in information processing and communications technologies were each of a particular kind.  Each had powerful effects. The transformation we are now going through alters each and combine them all in revolutionary ways. 

Third, we respond to those who say that the information technology revolution cannot be a big deal because it does not show up in aggregate statistics as a visible acceleration in real GDP growth. We believe that those who focus on this "productivity paradox" fail to understand the limitations of our attempts to measure long-run economic growth. We believe that the failure (so far) of the computer revolution to show up strongly in measured real GDP growth does not point to how limited its impacts have been. Instead it carries a strong message about just how widely the benefits from information and communications technology have been spread.  But no one should expect a structural transformation to be primarily macroeconomic in its effects; though it may affect their triggers and dynamics, it will not eliminate business cycles of inflation or recession
 More than a Leading Sector

Though the pace of productivity improvement offered by Moore's Law is exceptional, the automobile during its heroic age of technological advance saw productivity improvements that gave tenfold the car for the money over a generation.  Consequently, skeptics ask, why are boosters of information technology so sure that this current transformation is something other than the rise of another big, leading sector?  There have, after all, been leading sectors of economic growth for more than two hundred years.  Each leading sector grows quickly propelled by rapid increases in productivity  and increases in demand as user sectors exploit its possibilities.  There are always concordant shifts in the pattern of production and consumption.  “Why?” they ask, “can we be so sure that the economic and social impacts of information technology are different  and more all-encompassing  than the impact of the automobile, or of penicillin, or of television?”  Those technologies made big economic and social differences. 

An answer would begin by acknowledging the intractable difficulties of measuring the economic and social impacts of, say, the automobile-- let alone information technology.  But it would not stop there. Leading sectors generate rapid productivity growth in a significant but delimited slice of the economy.  As an industrial sector experiences a growth spurt, it pulls other supplier and complementary sectors with it, and together they often push up aggregate economic performance. Such leading sectors do not transform the broad range of economic activities, as information technology does, and they do not multiply the possibilities of scientific invention itself. They flare up and slowly diffuse to find a normal place in the normal economy.

However, our current wave of innovation is part of a different process.  The information revolution resides in the digital representation of information, altering how information is stored, transmitted, and manipulated. This amplifies the power of intelligence. The applications are becoming pervasive, even though the technology is still in its early stages of development.

 Typically, the first uses of the innovations in a leading sector have been the most valuable ones. Doctors making house calls in early twentieth century America were the first mass purchasers of the automobile.  The first antibiotics were used to cure people who would otherwise have died.  Subsequent uses speed recovery from more minor illnesses.  The first electric lightbulb in a house is an enormous improvement. The fiftieth makes little difference. As goods and services created by standard leading sectors diffuse, the subsequent mass spread of use creates much less value per use than did the initial diffusion to early adopters who found the new capabilities and powers uniquely valuable. When the gate is unlocked, the first instinct is to pick up the $100 bills lying in the street; the $1 bills come later.  

But things seem to be different now.  The metaphor needs to be changed.  Each generation of semiconductor technology produces radical new possibilities in computing and communications. More powerful computers open entirely new applications and so does the radical decline in price and physical size. Embedding processing in automobiles or in medical equipment was not possible when computers were the size of a room and the price of a house. When the power of yesterday’s supercomputer used principally for science, defense and finance becomes available at the price of a few dollars and the size of a coin, it represents a fundamentally new capability for a new mass market.  Pricing that permits mass diffusion operates in economic terms like a fundamentally new product and defines for itself new applications and markets.  This kind of mass diffusion is not a process like that of going back over the sidewalk for the third time looking for nickels. It is as if each time we turn around, a new batch of $100 bills has been scattered onto the street and the process starts over again. 

 Historical Analogies 

To inform our efforts to look forward, we again look back: previously we compared the information technology transformation with the original 19th century industrial revolution. Here we look back at previous revolutions in information technology.

 Today’s information technology transformation is the broadest and deepest of a long series of innovations in “information technology”.  In their day, the broadcast media of radio and television, the communications infrastructures of telegraph and telephone, and the book printed with moveable type provided new information capabilities which had powerful consequences.  These clusters of innovations are themselves not superseded, but  altered,  by today’s digital information technology. Information Technology affects all of them – broadcast, communications, print -- altering patterns of communication and social interaction. It raises exponentially the abilities to communicate and process information generated by all the previous technological revolutions noted above.

 First, the 20th century One-to-Many broadcast technologies, radio and television created widely shared information and forms of entertainment. They created distinct “channels” for centrally created programs to be transmitted to large communities, indeed, thereby, creating very large communities.  Digital possibilities both expand the media and transform them.  Certainly digital TV makes an infinity of channels possible as well as detailed information about each of them.  More profoundly, broadcast becomes easier and cheaper, making Many-to-Many possible.  And sophisticated computer data bases and on line video will make customized advertising and distribution possible as well.  

Second, the systems of communication born in the 19th  century, telephone and telegraph, altered business communication. Ultimately, the telephone altered social community as well. Consider the simple telegraph.  It could only transmit a few bits of information. But those few bits could be transferred in real time. And they were the highest value bits--telling shippers of prices in destination cities, and allowing headquarters to keep track on a day-to-day basis of at least the key facts about what was going on in other locations. For the first time with the telegraph it was possible for a business organization to keep itself informed and in some control of what was happening in more than one place at once. The telegraph nearly halved the capital requirements of running the railroads of the mid-nineteenth century. With a telegraph in operation a single-tracked railroad can effectively carry goods and passengers in both directions (with the occasional horrific head-on crash). Without a telegraph in operation railroads must be double-tracked.

The 15th century gave us the original modern information tool set, moveable type, and hence the book.  The book altered how information was stored, diffused and controlled. It is surely no accident that the intellectual flourishing of the humanities and sciences happened in short order after the invention of printing by movable type.  The invention of printing via movable type amplified access to the accumulated store of human knowledge.  To duplicate a book no longer required three months of work by a highly-skilled--literate--professional.  The number of written sources that a reader not immured in a monastery could have access to in a lifetime rose from approximately 300 to approximately 30,000 in less than a century. As intellectual historian Elizabeth Eisenstein argued, printing was necessary for the Renaissance to be a true upward step in knowledge, rather than a transitory flowering of intellectual inquiry that--like all the previous Renaissances, Carolingian, Abbasid and so forth --would soon dissolve and disperse. 

Does the new mechanism of storing and transmitting information presage such dramatic social evolution?  One cannot know?  But certainly the very possibility of being able to seriously ask the question suggests that something profound is afoot.  Certainly one of the most important of the future transformations opened up by modern computer and communications technologies may be the universal online library – and the universal virtual on-line librarian! The possibility of the universal online library means that very soon many of us may have transparent access to virtually all the collective knowledge of humanity. If the answer to a question is known--or even if it isn't known, but a bunch of people have opinions--each of us will be able to get that answer within five minutes. There remains the problems of figuring out which people's opinions are worth paying attention to, and of possessing the background needed to understand the answer. Nevertheless, ignorance on any subject matter will be much harder to maintain in the future than in the past.  As everyone who has ever used an Internet search engine knows, current information technologies have not solved the problem of gathering the information relevant to a query and presenting it in an organized and comprehensible fashion. But the arrival of much better information organization and retrieval tools is only a matter of time, software design, and Moore's Law.

Each of these three distinct information/communications infra-structures – broadcast, communications, and print --entangled with its own economic and social revolutions, is being reformed or challenged by digital information developments.  It is not just that DVD movies can now be played on your computer, or that your TV can be a web access device.  Rather fundamentally different business models of publication, distribution, sales, financing, advertising, and marketing have developed.   It is not just that e-mail, or indeed instant messaging, is an alternative to paper mail or the phone call, but rather that the TCP/IP based networks are a fundamental challenge to the underlying economics of the traditional telephone communications system.  It is not just that e-mail attachments replace faxed documents, but that entire systems of supply base management, management of the logistics of production, have emerged. But most powerfully, all three have become inter-tangled.  The effects are diverse.  Included among them, the lines between private communication and media broadcast become blurred as all the above modes of communication and information retrieval are transformed from separate analog systems to interconnected digital representations.  Instead of several parallel essentially analog infrastructures, a single digital infra-structure is emerging with the information embodied in broadcast, communications, and books represented in the same digital form, transmitted over networks with compatible rules.  

The effects of these changes in traditional information technologies are multiplied when we recognize that information flows not just from people to people, but also from the physical world to people through their senses. Take one case from the world of “sensors”. The invention of the microscope in the 16th century multiplied sensory power.  When little creatures were observed in a drop of water, a new universe opened in which was to be found modern medicine and organic chemistry.  Information technology takes the power of sensory devices into wholly domains.  Bio-medicine and new materials are just some of the implications.  The way to look at the future of information and communications technology is as an order-of-magnitude improvement in all branches of communications-and-information processing, all happening at once.

 The Productivity Paradox

"How come we see the computer revolution everywhere but in the [aggregate] productivity statistics?" Nobel Prize-winning MIT economist Robert Solow asked back in 1987.
 The fourteen years from the date generally accepted as the beginning of the productivity "slowdown"--the oil crisis year of 1973--to 1987, when Solow wrote, had seen measured output per hour worked in the non-farm business sector of the U.S. economy grow at a pace of only 1.1 percent per year. 
  By contrast the fourteen years before 1973 had seen measured output per hour worked grow at a pace of 2.8 percent per year. 

The years after Solow asked his question--if computers are so revolutionary, why aren't they accompanied by rapidly-rising productivity?--saw productivity performance worsen: between 1987 and 1995 measured output per hour worked for the U.S. non-farm business sector grew at only 0.8 percent per year.

Partial Answers
 While the computer revolution was invisible at the level of aggregate economic statistics such as GDP, economists and business analysts studying individual companies had no trouble  finding that investments in high technology had enormous productivity benefits. MIT economist Erik Brynjolffson found typical rates of return on investments in computers and networks of more than fifty percent per year. Firms that invested heavily in information technology flourished in the 1980s and 1990s--and their lagging competitors did not.

Another part of the resolution of this "productivity paradox" comes from Stanford historian of technology Paul David's observation that it takes considerable time for an economy to restructure itself to take full advantage of the potential opened up by a revolutionary technology. David claims that it took forty years for the American economy to realize the productivity potential of the dynamo. Electric power became a reality in the 1880s. But it was not until the 1920s that there had been enough experimentation and use of electricity-based technologies for businesses to learn how to use electric power effectively, and for the inventions of Edison and Westinghouse to pay off in giant leaps in industrial-sector productivity.

And yet another part of the resolution of this "productivity paradox" comes from the fact that observers of business behavior and technology and national income accountants are focused on two different things. Observers of business behavior and technology look at the leading edge of innovation and implementation. National income accountants see changes reflected in their aggregate data only when what was the leading edge becomes standard practice. Economic historian David Landes points out that something very similar happens when historians of technology and historians of national income try to date the original industrial revolution. Historians of technology look at inventions and innovations and date it to the 1760s. Historians of national income do not see a marked acceleration of economic growth until the 1840s and 1850s when industrial technology had diffused widely.

Thus, Federal Reserve Board economist Dan Sichel pointed out, in the 1970s and 1980s computers were simply too small a share of total investment and total GDP to expect to see a strong imprint on aggregate economic growth even if for each investing company the rate of return on information technology investments was very high.

However, as Sichel  later asserts, what was true in the 1980s is no longer true in the 1990s: now investments in information technology are more than half of total investment. The contribution of the computer sector to overall GDP growth is high.  Some estimations are colossal.  The Economist citing Robert Gordon argued that  ¼  / one fourth of all economic growth in the US last year was directly accounted for by growth in information technology producing industries.  And in the past four years productivity growth has been accelerating: the productivity slowdown of 1973 to 1995 may well be over, and if so, then information technology is the prime candidate for responsibility for this recent acceleration in American economic growth.

 Problems of Measurement

Yet these partial answers do not fully resolve productivity paradox. The overwhelmingly likely possibility remaining is that there are systematic flaws in the process by which real GDP is estimated--systematic flaws that have led us to overstate inflation and understated true economic growth in recent decades. Widespread awareness of these flaws has been largely the result of the Boskin Commission, which tentatively concluded that true economic growth had been understated in recent decades by somewhere between one and two percent per year. An understatement of annual economic growth by one percentage point is a very big difference. Growth has averaged less than 2% for the past twenty years.   The difference raises measured economic growth by half. 
It is now generally agreed that a number of individual components of productivity growth have been significantly understated.  For example, the Bureau of Labor Statistics failed to track the shift in American consumers' purchases from department stores and other traditional retailers to discount stores—Wal-Mart, CostCo, and so forth. Some 0.2% per year of aggregate productivity growth was missed as a result of this failure to track this shift. And the competitive edge of the discount stores was in large part due to their superior inventory management and goods distribution systems.
 They were among the first to figure out how networked computers could be used to slim inventory and improve the match of goods supplied with consumers demanded. In a sense, therefore, Sam Walton was America's first network deka-billionaire. Yet the increase in consumer welfare and economic productivity that his business, Wal-Mart and its imitators, created were totally missed by the Bureau of Labor Statistics.

For the past generation, measured productivity growth in the banking sector has been assumed to be zero. Output has been set proportional to the number of workers because there are no good measures of what the value added by the retail banking sector is. But anyone who goes to the bank today and went a generation ago can gauge an enormous--and mostly pleasant--shift largely driven by banks' use of information and network technology to provide extra flexibility, convenience, and service.

The national income accountants--doing the best they can--have been assigning zero productivity growth to sectors where they cannot measure it.  In education, health, general government and finance good measures of productivity growth are next to impossible to achieve. Unfortunately, this omission quickly climbs to roughly 40% of the economy.  And all this leaves completely to one side the problems of accurately assessing the increase in material well being and productivity that arises from the invention of genuinely new goods and new services such as cellular telephones or CAT scans.

Furthermore the aggregate data completely miss increases in productivity that do not generate an immediate revenue stream from final consumers to producers. Does anyone doubt that Americans' material standard of living was raised in the 1950s and 1960s by the coming of network television? Yet because network television's revenue model is based on advertising, it shows up in the national income and product accounts as an intermediate cost but not as a final service--it shows up as a reduction in measured economic productivity. The enormous benefits of a new drug, say the Salk vaccine for polio, end up in our aggregate statistics as a decline in GNP—all those iron lungs, and labor hours are subtracted. A few cents – per immunization – is added. New forms of medical imaging, and new forms of micro surgery, made possible by developments in IT share some of these national statistical problems. They can detect problems that were invisible to doctors only a few years ago. The procedures, microsurgery, costs less than traditional large incisions. So there is a clear economic benefit, even if escapes measurement deep in the immeasurable health sector. But even if it were to cost the same, there is not doubt that patients would choose microsurgery, because it saves so much pain, suffering and incapacitation. That last big item is by definition, lost. 

This proposed resolution of the productivity paradox has an important implication. The typical benefits of the computer-and-communications revolutions that have been largely missed in the past few decades by the national income accountants were benefits that showed up as better quality to banking customers, and as lower prices to discount-store shoppers as new drugs, diagnostic and surgical procedures. These benefits are widely distributed: every American who has had knee or gall bladder surgery, used an ATM, or shopped at Wal-Mart has benefited--directly--from the coming of the E-conomy. Yet most shoppers at Wal-Mart do not recognize where its competitive edge and low costs came from. Most users of ATM machines do not think about the network necessary to sustain transparent access to your home bank. And so many do not recognize the stake they already have--the benefits they have already gained--from the E-conomy.

.  

C.  Guarding Against Enthusiastic Confusion  

Resolving the productivity paradox does not eliminate the business cycle, inflation, or recession.  This transformation is about structural change not about macro-economic smoothness or stability. In these circumstances, it is especially important to be clear about what are and are not potential economic consequences of the information technology revolution.  Too often the distinction is not understood and muddled prognosis ensues.

There are at least two characteristics of the structural transformation that do have positive macro-economic consequences. 

 Potential macro consequence 1: a smaller inventory cycle:  One of the principal causes of business cycles over the past hundred years has been the inventory cycle: businesses guess wrong about demand, and find themselves either drastically cutting back production to unwind excess inventories or drastically increasing production to fill goods pipelines that have suddenly emptied. Over the past century the inventory cycle has made production more volatile than demand, and has been a prime cause of cyclical unemployment.  The American economy today has an inventory-sales ratio perhaps a third less than it had back in the 1970s. Improvements in materials handling and in distribution systems made possible by new data processing and communications technologies allow organizations to keep capacity utilization high with lower levels of materials in storage, goods in process, and finished goods on trains, trucks, warehouses or store shelves.  Just as better computer and communications technologies reduce inventory levels they should reduce the magnitude of inventory cycles as well. 

Potential macro consequence 2: a better unemployment-inflation tradeoff:  The rate of unemployment at which inflation neither rises nor falls but remains constant has many determinants--the costs to businesses of hiring or firing workers, the regressiveness of the tax system, the average skill level of the labor force, demographic composition, and so forth. But one principal cause is the relationship between the real wage demands of the labor force and the rate of aggregate productivity growth. One theory holds that the rate of unemployment at which inflation is constant is when real wage demands do not exceed productivity growth. Information technology is now having a visible impact on aggregate productivity growth of between one half and one percent a year. This raises the inflation ceiling on wage increases. Therefore, the rate of unemployment consistent with constant inflation has fallen: a better inflation-unemployment tradeoff.

It is just as important to be clear on non-consequences of the E-conomy, then on what it does not promise.  Over-enthusiastic advocates of the idea that there is a "new economy" have confounded a structural transformation with a macro-economic wonder-drug. In the business and popular press you can often be told that the "new economy" is a macro-economic panacea.  The business cycle is dead.  There will never be another recession. Inflation will never again threaten to move above five percent--or maybe even three percent.  Central bankers worried about the return of inflation are hobbling economic growth. “Measured” labor productivity in the U.S. economy could grow in the future not at one to two  percent per year, which we have done for a hundred years, but at four, or even five percent per year. A stock market with the Dow-Jones Industrial Average at 12,000 is, if anything, undervalued: 40,000 is--or soon will be--the appropriate fundamental value. No one individual makes all of these arguments.  But their combination in the popular press greatly distorts the case for and impact of a "new economy." Such distortion is ready-made for a backlash--it is, indeed, the reason that we have tried to avoid calling the ongoing process of structural and technological transformation by the name "new economy”, and used a new-coinage, the E-conomy  instead. 

D.  Life in the Information Age


It is difficult at best to forecast the longer term course of technological evolution, even harder to foresee how specific applications will unfold, but next to impossible to project exactly how the particular innovations will combine and recombine to alter how  we work and live our lives.  If, as argued, the amplification of brain power is to this era what the application of energy to machines and transport was to the industrial revolution, if the Internet is to the organization, storage, control of information in this era what moveable type and the book were to life before the Renaissance, then we should expect the changes to be profound.   
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�A 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.


�And ___ times the raw processing power of the microprocessors that powered the very first personal computers in the mid-1970s.


� 


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


� Cisco study


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


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


� Christiansen


�Wintelism 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. 





�  Wintellism Borrus Zysman





� New York Review of Books


� (remember to include busines week data on retail)
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