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1. Introduction

A. Why are we writing this?

1. Examples of the technological revolution

Industrial and technological miracles

People come to Silicon Valley today as they came to Manchester or Detroit—to marvel at the accomplishments of technology and industry, and wonder at their implications for the future.

When they leave, do they understand what they have seen? By and large, no. They leave with a few anecdotes, a sense that something unusual is going on, but with little or no ability to interpret, analyze, or guide policies.

Hence the need for a framework. With a framework into which to slot anecdotes and examples, those who come to Silicon Valley have a good chance of leaving understanding what the issues are—why the continued health of America’s high-tech sectors requires appropriate government policies, what those government policies are, and exactly how large are the stakes that all Americans have in the continued economic, industrial, and technological success of America’s high-tech sectors.

2. Is it bigger than past leading sectors? Who knows…

3. But it is a shift in the kinds of activities that are valued

4. Hence our system is not designed, is not ready, to deal with it

A framework

We are here to provide this framework. It has four parts: a sketch of the economic and technological transformation that we are now going through, a historically-based argument that things are not predestined to go well—that much of promise may wither on the vine if high-tech industries do not get the rules and the resources that they need—a hard look at the international situation (where government must play a leading role), and last an assessment not of what policies would be good for America’s high-tech sectors but rather what are the goals that policies that are good for America’s high-tech sectors must accomplish.

2. Today’s technological-economic transformation

A. What has happened

1. Hardware

1. Transistors

2. Integrated circuits

3. Microprocessors

4. Fiber optics and routers

2. Software

1. Crunching numbers

2. Sorting databases

3. Personal computing

4. LAN computing

5. The internet

3. A change in the sources of value

1. Immense physical investments

But they are not dedicated to any one particular industrial use.

2. Value of intellectual property—of ideas and information

What is the value of Safeway’s club card database? What is Amazon’s edge? 

3. Value of speed and market position

4. Extraordinary declines in prices to final users and consumers

This Transformation

Stages of this techno-industrial revolution

Hardware

Transistors

Integrated circuits

Microprocessors

Fiber optics and routers

Software

Crunching numbers

Sorting databases

Personal computing

LAN computing

The internet

A change in the sources of value

Immense physical investments

But they are not dedicated to any one particular industrial use.

Value of intellectual property—of ideas and information

What is the value of Safeway’s club card database? What is Amazon’s edge? 

Value of speed and market position

Extraordinary declines in prices to final users and consumers

Scale of this techno-industrial revolution

Indicators and measures

Price of computing

The spread of personal computers

The spread of network access

Excitement about the network economy

Other stuff

The size of the internet economy

It is perhaps best to say that within a year there will be no “internet economy”—no slice of the economy that can be carved out of the rest and assigned to the “internet.” It will all be part of the internet. 

Already when MCI’s software upgrade fails it takes an extra five minutes to be sushi at a Safeway on Maui.

The first internet billionaire: Sam Walton. 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 is true…

The future: mass broadband

We don’t know what the killer app of broadband access will be

We do know that at every stage up to now, the key killer application of each stage of expansion has been a surprise: the developers of computing didn’t see its application to databases or they would have started with a different language than FORTRAN; no one foresaw the utility of the spreadsheet; few saw desktop publishing; no one saw that e-mail would be the killer app that would make the internet swamp proprietary online services; and we don’t know what uses people will find for broadband.

More than just another leading sector

The standard leading sector

Large gains in productivity

Confined to a relatively narrow range of activities

Revolutionary within its limited scope

This transformation

Applies to everyone who processes or uses information—which is everyone

Has great promise of revolutionizing nearly every stage of industrial design, production, and distribution for a very wide range of industries

The combined features of

TV (broadcast)

Telephones (narrowcast)

Books (information cumulation storage and retrieval)

New dynamics of learning

New dynamics of innovation

Not the case that the $100 bills are being picked up immediately—instead the rapid pace of innovation seems to be creating and recreating new piles of $100 bills scattered on the ground.

Usually the most valuable uses are early uses

But network + bandwidth mean that new--even more valuable--uses are continually being created and recreated

Is this a bigger transformative moment than we have seen in the past?

We don't know if this is a bigger transformative moment than we have seen in the past

But in the past we didn't have Moore's law and Metcalf's law

Value of the network: internet mops the floor with proprietary online service providers

The speed of change--nature of who can employ these new technologies

Dynamic process accelerated by ability to build out over existing Bell System structure

The network productivity problem

Then how come the productivity paradox?

What the productivity paradox is

The evidence: the micro level

Time lags

Measurement errors

It now seems most likely that a major component of the productivity paradox is driven by the inability of our statistical system to adequately measure changes in the quality of service, and in the range of options open to consumers.

Hence the flip side of the productivity paradox is that the gains from computers-and-communications are being very widely distributed throughout the economy.

What the new economy isn't

Not the goldilocks economy

Recessions will come, and unemployment will rise at some point in the future

Not ever-rising stock prices

We would still have a new economy were the internet stock bubble to end tomorrow—were the stock market as a whole to lose half its value in the course of a year.

How much we all have at stake in high-tech’s continued success

Nurturing the Transformation

Transformative moments

Moments of technological revolution

Revolutionize--change--technology

Alter the choices open to the rest of economy and society

Thus moments of choice, opportunity, and danger

Inevitable: winners and losers

But a positive-sum game

Enabled by technological coalitions

But also require political coalitions to flourish

Examples of past transformative moments

Example: coal, iron, steam--and Britain's loss of its technological edge

Failure to invest in education and social infrastructure

Loss of edge in industry after industry

Incalculable consequences

Example: continuous-process technology and the Gilded Age--craft to mass production

Regulation and antitrust

Populists and progressives

Try to get (most of) the benefits of competition, and (most of) the benefits of economies of scale: stable, unionized, oligopolies

Transformative technology and public policy

Opportunities and challenges

New tasks require new capacities

New capacities are created by policy

Coalitions that underlie these new capacities

Technologically-illiterate politicians do not understand the opportunities until it is too late to grasp them

Yet there is much at stake...

What are today’s opportunities and challenges?

A shift in the kinds of activities that create value and utility for consumers.

Rules

This shift in what is valued and valuable needs concommitant changes in rules to support it—analogies: enclosures, FDA.

Resources

This shift in what is valued and valuable requires resources—trained people (contrast with Britain) and fundamental R&D.

The industry cannot close its eyes and pretend the government has gone away

Force majeur

First of all, the government won’t go away—it has other interests (clipper, export controls, et cetera).

Rules

Second, the government is the only source of rules: the only source of social infrastructure

As the kinds of activities that create value change, the rules of exchange must change as well

Character of property changes

Excludability, rivalry, transparency

Enclosure on the electronic frontier

The provision of social infrastructure

No way for the government to hide and do nothing 

Even though many people think that would be nice

Examples of social infrastructure: FDA, securities regulation, mortgage financing.

The international context

The international dynamic

Initially American

But it won't stay American for long

Differences in governance and network structures will drive innovation from abroad

The wireless story

Each national e-conomy will be a little bit different

Construction of rules

Intellectual property

Privacy

Security

Competition

Monopoly

Spillover of rules

Compatible standards

Harmonization

Market driven economies

Only the government can push for rules that maintain interoperability

And without interoperability we lose a great deal of the value of the network

Footloose

Key resources become much more footloose

Hence the penalties to getting national policies wrong

U.S. used to be an island as far as microelectronics and the internet were concerned

Japan in the 1980s taught us that we weren't an island as far as microelectronics were concerned

What will it take to teach the U.S. government that we aren't an island as far as the internet is concerned?

What are the international stakes?

U.S. lawyers and PR professionals earn eight times Argentinian (and thirty times Chinese) salaries

It's not because they produce eight (or thirty) times as many legal arguments or impressed minds

It's because they (and others) share rents derived from the low (domestic) prices of high-tech and manufactured goods

Yet importance of recognizing that negative-sum games over industrial location aren't worth playing 

(Mercedes-Benz in Alabama?)

And importance of recognizing that U.S. state capacity is highly limited

(tariffs on imports of active-matrix LCD screens, but not on imports of laptops with LCD screens already attached...)

And importance of recognizing the domestic redistributions involved in policies with international aims 

(RAM chip manufacturers gain but software writers lose when VER's are imposed...)

Silicon Valley

Silicon Valley as a national resource

Other potential worldwide growth poles
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 Yet when they leave do they understand the nature

      and significance of the technological and economic transformation

      through which we are living? Do they understand the extent to

      which policies to nurture and support the high-tech information-based

      computer-and-communications sectors of the American economy are

      in all of our interest--and not just the redistribution from

      weak claimants to powerful special interests that is the meat

      and fish of American politics?

Executive Summary

-----------------

There are—rarely—moments when technology changes so rapidly and so broadly that politicians trying to shape the future face an almost impossible task: how can they—technically untrained and technologically undereducated—understand the choices before it is too late to make them. This is one of those moments. And in such moments those who do (or think they do) understand the choices and opportunities have a special responsibility to make them—and their consequences—visible.

Over the past decade more and more people have recognized that something genuinely new is driving the American economy. For a generation it has been widely recognized that the microelectronics and microelectronic-derived information processing and communications industry complex certainly make up a "leading sector" in the sense of Schumpeter: a sector in which demand growth is high and technological progress rapid, as has been the case for many leading sectors—from jet aircraft to radios to chemical dyes and back to steam-powered cotton spinning at the very beginning of the industrial revolution. But today it is becoming clear that they are more: this particular leading sector is transformative: it is a set of technologies and capabilities that transform everything else in the economy.

This particular transformative wave of technology is different from past transformative waves in many aspects. One aspect, however, that is important here is the role of the government. The original transformative wave of steam power and its application to textiles and transport began and proceeded remarkably far without any government’s taking much notice. Subsequent transformative waves—electric power and the internal combustion engine—attracted the enabling (and grabbing) hand of government somewhat earlier.

But for this particular transformative wave, policy matters. Policy matters because the wrong policies could materially slow down (and the right policies materially speed up) this wave. Policy matters more because different national policies can play a very large role in determining just where on the globe this transformative sector places its long-run core.

What is the economic character and significance of the transformation? Technology driven growth. Technology driven growth in theory:  What is distinct, and policy significant about technology driven growth.  What does Washington and the public at large need to know to understand this process.  This section needs to be lucid, pointed and crisp.  It must serve both to root the policy argument and provide an intellectual defense for its approach and conclusions. The distinctive economic characteristics of today’s leading sectors. The distinct importance of use, leading users, and widespread diffusion of these transformative technologies. Where the U.S. stands relative to other national competitors: the scorecard. 

How to Seize the Opportunities? Ends not means. Note that the outcomes, such as available venture/risk capital, need to be highlighted.  The precise means to achieve them should be left open.  There are three reasons.  One is that this study should encourage politicians to address the TechNet agenda from whatever their policy perspective.  Second, TechNet should want to encourage policy innovation, not adherence to a particular approach.  Third, the TechNet community itself may not agree on particular approaches. 

Policy. The policy issues will flow from the analysis above. The full choice of policy issues would require discussion with TechNet staff and members of its Board, as appropriate.  Policy choices to be explored might include: The R and D discussion. The R and D discussion must emphasize that we have been living for the past years off the major research by government and private institutions made as long as twenty years ago. How do we assure that we restock.  How is the federal government going to prepare the ground for further technological development? Perhaps, more important, what kinds of technological development should public funds be used to nurture? Actions by other governments. Actions by other governments are already foreclosing American options, just as Japanese strategy a generation ago became central to the policy debate in electronics. Consider, for example, how European privacy regulations applied to databases are now shaping the environment here, a continent and an ocean away. Compensation for innovation. How are technology originators and producers to be compensated in the long run for the goods they create--goods that are now and in the future are likely to be even more capable of rapid and effectively costless reproduction? Intellectual property. The significance of intellectual property in the new economy.  Legal reform. What reforms will keep (or make) the legal system and other institutional structures sources of support for rather than parasites upon the industries of our technological revolution? Standard-setting. Alternatives to government policy: e.g. the role of self-regulation and standard setting. Silicon Valley. The discussion of Silicon Valley must emphasize that this region is a magnet for well educated highly motivated people from all over the world.  One distinguishing advantage over alternate growth poles in Japan or Germany, for example, is precisely our openness to ideas and people from all nations. More like us.
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Introduction

No one doubts that modern microelectronics-based information technologies are transformative in the sense

This is the message of the study.  One, something new is driving the American economy.  That driver is transformative technology, technologies which change everything else.  Two, policy matters mightily to the continued success of the new American economy and, therefore, our continued leadership in the world economy.   The study must not be abstract in form of expression.  Rather, it must be at once accessible and academically rigorous, that is solid in its development to be defensible against criticism.

The historical and international context 

There are times and places where dynamic technological change is so rapid and so far-reaching as to shape the future not only of economies but of polities and societies as well. We here today--in the vicinity of San Francisco, at the end of the twentieth century--live in one of these times and places.  It is a place like Detroit in the era of Henry Ford and the mass production of the automobile, like Manchester, England in the nineteenth century with the invention of the first steam-powered machinery for making textiles.

In such eras change comes so rapidly that those trying to shape the future face an almost impossible task: how are they to understand the choices they have and the opportunities that are available to them before it is too late to make the right decisions?  Few in Manchester, for example, even noticed that the British government was not building schools for children of workers migrating in from the countryside to the jobs in the new factories. Yet lack of an educated workforce meant that the post-steam-engine technologies of electricity, metallurgy, and chemistry found themselves much more at home in late nineteenth century Germany--where investments in schools had been made--than in late nineteenth century Britain. And so Britain entered the twentieth century, and its half-century death struggle with anti-democratic German regimes, having already squandered a very large initial edge in technology and productivity.

We owe it to ourselves and our descendants to at least make the choices we have--and their consequences--visible. 

What is the economic character and significance of the transformation?  

Technology driven growth 

Technology driven growth in theory:  What is distinct, and policy significant about technology driven growth.  What does Washington and the public at large need to know to understand this process.  This section needs to be lucid, pointed and crisp.  It must serve both to root the policy argument and provide an intellectual defense for its approach and conclusions.  

The distinctive economic characteristics of today’s leading sectors

The distinct importance of use, leading users, and widespread diffusion of these transformative technologies.

Where the U.S. stands relative to other national competitors: the scorecard.

How to Seize the Opportunities?

Ends not means

Note that the outcomes, such as available venture/risk capital, need to be highlighted.  The precise means to achieve them should be left open.  There are three reasons.  One is that this study should encourage politicians to address the TechNet agenda from whatever their policy perspective.  Second, Technet should want to encourage policy innovation, not adherence to a particular approach.  Third, the TechNet community itself may not agree on particular approaches. 

Policy   

The policy issues will flow from the analysis above. The full choice of policy issues would require discussion with TechNet staff and members of its Board, as appropriate.  Policy choices to be explored might include:

The R and D discussion 

The R and D discussion must emphasize that we have been living for the past years off the major research by government and private institutions made as long as twenty years ago. How do we assure that we restock.  How is the federal government going to prepare the ground for further technological development? . Perhaps, more important, what kinds of technological development should public funds be used to nurture?

 Actions by other governments

Actions by other governments are already foreclosing American options, just as Japanese strategy a generation ago became central to the policy debate in electronics. Consider, for example, how European privacy regulations applied to databases are now shaping the environment here, a continent and an ocean away.

Compensation for innovation

How are technology originators and producers to be compensated in the long run for the goods they create--goods that are now and in the future are likely to be even more capable of rapid and effectively costless reproduction?

Intellectual property

The significance of intellectual property in the new economy.  

Legal reform

What reforms will keep (or make) the legal system and other institutional structures sources of support for rather than parasites upon the industries of our technological revolution?

Standard-setting

Alternatives to government policy: e.g. the role of self-regulation and standard setting.

Silicon Valley

The discussion of Silicon Valley must emphasize that this region is a magnet for well educated highly motivated people from all over the world.  One distinguishing advantage over alternate growth poles in Japan or Germany, for example, is precisely our openness to ideas and people from all nations.

Conclusion
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      Introduction

      Politicians come to Silicon Valley these days much as their

      predecessors came to Manchester, England to ooh and ahh over

      the industrial revolution a century and a half ago, or to Detroit

      before the Great Depression to ooh and ahh over the mass-production

      assembly-line. Yet when they leave do they understand the nature

      and significance of the technological and economic transformation

      through which we are living? Do they understand the extent to

      which policies to nurture and support the high-tech information-based

      computer-and-communications sectors of the American economy are

      in all of our interest--and not just the redistribution from

      weak claimants to powerful special interests that is the meat

      and fish of American politics? 

      By and large they do not. And this is too bad. For we all

      believe that this is a genuine moment of transformation--one

      in which getting the foundations, the rules and resources to

      support a new kind of economic growth, right will pay enormous

      dividends. And getting the foundations wrong, failing to properly

      set the rules and provide the resources, will recoil badly. For

      in such transformative moments change comes so rapidly that politicians

      and their advisors trying to shape the future face an almost

      impossible task. How are they to understand the choices they

      have and the opportunities available before it is too late to

      make the right decisions? 

      Few in Manchester during the industrial revolution, for example,

      noticed that the British government was not building schools

      for children of workers migrating in from the countryside to

      the jobs in the new factories. Yet it was clear to keen-eyed

      observers that industrial technology was rapidly becoming both

      closely linked with science and increasingly sophisticated. By

      the end of the nineteenth century the lack of a well-schooled

      workforce meant that the post-steam-engine technologies of electricity,

      metallurgy, and chemistry found themselves much more at home

      in late nineteenth century Germany--where investments in schools

      had been made. Thus Britain entered the twentieth century and

      its half-century death struggle with anti-democratic German regimes

      having squandered a large initial edge in technology and productivity,

      because its political leaders hadn't even realized that nurturing

      the next generation of industrial development required upgrading

      the literacy and technical skills of the workforce. 

      But perhaps politicians and their staffs--elite journalists

      and those who rely on them for their opinions--policy-planners

      and think-tank experts who rarely venture beyond the Beltway--would

      have a chance of grasping the nature and significance of this

      age if we can communicate to them a framework for understanding

      our &quot;new economy,&quot; a consistent thread on which the

      can hang anecdotes and experiences, and to which they can refer

      when they need to form opinions on issues of policy.

      Framework: The New Economy

      That is what we are here to do--to try to lay out a framework

      for understanding our &quot;new economy&quot; in which we all

      believe. Ideally the framework should be simple enough to be

      easily incorporated as a five-minute motivating section in larger

      briefings, clear enough that a wet-behind-the-ears congressional

      staffer can gain enough from reading a thirty-five page document

      to sound sophisticated and knowledgeable, and bullet-proof enough

      that its hundred-page version can withstand serious critiques

      without suffering serious damage. 

      So let's begin. First of all, it is important to note that

      all kinds of people have been using the phrase &quot;new economy&quot;

      in all kinds of ways to mean all kinds of things with which we

      would not agree. For example, the &quot;new economy&quot; is

      not going to give us permanently low unemployment without inflation.

      It is not going to give us a world without bear markets. It is

      not going to eliminate the business cycle.

      So it is important to reclaim the phrase &quot;new economy&quot;

      for what we do believe. The new economy is about a new source--with

      the potential to become the dominant source--of economic growth.

      Economic development has become less and less about accumulating

      more and more physical capital, and more and more about the creation

      and deployment of intellectual capital. It is science based.

      But it also includes innovations in business models--many of

      these innovations made possible by technology. It is about a

      new style of business entrepreneurship and risk taking that is

      exploding many of the organizational tactics of business--again

      a style made possible by new technologies. 

      Now as this new source of economic growth expands throughout

      the economy, it is going to need foundations: rules of the marketplace

      that are consistent with its needs, and resources to fuel its

      development. Thus the right government policies become important--or

      at least the wrong government policies become significant obstacles--to

      the economic transformation. Recall that a little more than a

      century ago the railroad and the refrigerated boxcar made the

      Chicago stockyards possible: mass-slaughter the beef in Chicago,

      ship it dressed to Boston, and undercut local small-scale Boston-area

      slaughterhouses by a third at the butchershop. Or you could do

      so unless the Massachusetts legislature required--for &quot;health&quot;

      and &quot;safety&quot;--that all meat sold in Massachusetts be

      inspected live and on the hoof by a Massachusetts meat inspector

      in Massachusetts immediately before slaughter. 

      Without the right rules--in this case federal preemption of

      state health and safety regulation affecting interstate commerce--you

      don't have America's highly efficient Chicago meatpacking industry.

      Without limited liability you don't get corporations with enough

      capital to take advantage of the economies of scale available

      in late nineteenth-century America. As it was then, so it is

      now. But what, exactly, is the nature of this techno-economic

      transformation? And what foundations--what rules and resources--are

      needed to support its full growth and development? 

      This Transformation

      You all have your favorite pieces of evidence of the speed

      and breadth of this transformation. Take your pick. Some

      are most impressed with the rapid take-up of the web. Others

      with the new forms of employment, new approaches to compensation,

      and new ways of launching enterprises many of which were developed

      right here. Others are impressed with Moore's Law and Metcalfe's

      Law--how this time it seems not to be the case that the highest-value

      uses of new technology are adopted first, or rather this time

      it seems that the continous explosion in the amount of processing

      power and the size of the network is constantly bringing new

      and even higher-value applications of technology within our reach.

      Still others focus on analogies--to the modern computer network

      as the equivalent of telephones, telegraphs, radios, televisions,

      and books all rolled into one, and even more. 

      The emergence of an &quot;information&quot; economy, the successive

      clusters of innovation--semiconductors and computers, microprocessors,

      the net--the reconfiguration of existing economic activities

      from package delivery to customer support--it is clear that what

      we have here is not a garden-variety leading sector that greatly

      amplifies productivity in making some small slice of commodities,

      but instead a wave of innovation that is going to greatly amplify

      productivity practically everywhere. Think of Sam Walton as the

      first network billionaire: Walmart's cost advantage is supposed

      to have come from purchasing power and economies of distribution,

      but previous attempts with less sophisticated information technology

      to take advantage of such economies--think of Federated Department

      Stores--did not fare well. For me the most impressive statistics

      is the 20 percent fall in the manufacturing and trade inventory-to-sales

      ratio since this stage of the last business cycle: better information

      technology--and pressure from competitors with better information

      technology--seems to be making a difference everywhere. 

      Let me highlight that for a moment. It is a commonplace that

      workers who use computers are more productive, that sites that

      computerize and network see boosts in productivity, that firms

      are eager to computerize and network--and yet that aggregate

      economy-wide productivity shows next to no sign of productivity

      gains from computerization and networking. And it is rapidly

      becoming a commonplace that the resolution to this &quot;productivity

      paradox&quot; lies in our inability to measure changes in the

      quality of shopping or in the degree of fit between the good

      bought and the consumer who bought it. Because of the automatic

      teller machine, people don't have to take sick time to make it

      to the bank. But that change the Bureau of Labor Statistics's

      statistical system does not catch. Thus it seems likely that

      the productivity benefits from computerization and networking

      are already being distributed extremely widely--that even people

      who wouldn't know an object method if it bit them are already

      the substantial beneficiaries of computers-and-networks through

      lower costs, better quality of service,and more choice. 

      Let me also highlight that this techno-economic revolution

      has--so far--proven to be overwhelmingly an American one. The

      entrepreneurial, risk-loving, independence-rewarding culture

      of the Americas has proven vastly more effective at sparking

      innovation and driving through to success than the cultures--loyalty-rewarding,

      consensus-loving, organization-building--that a decade and a

      half ago many of us saw as mounting a serious and significant

      challenge to the United States's role as the leading edge of

      world technological development.

      But it will not stay all-American forever. Consider the success

      of Finnish wireless innovation. And consider how the European

      wireless standard offers potential competiive advantages to firms

      focused on that standard. We have to expect new and unexpected

      nodes of innovation to emerge from diverse locations--and we

      have to fear that foreign government decisions about rules and

      resources will play to foreign competitors' strengths and not

      to the strengths of America's entrepreneurial, free-wheeling,

      risk-loving pattern.

      So how can we as a nation sustain this transformation, and

      assure that broad national advantage flows from it? How can companies

      for which it is genuinely true that what is good for them is

      good for America educate our political masters to what is at

      stake?

      Through a policy debate. But what should it be about?

      Resources and Rules

      Fifteen years ago the policy debate had to have a large &quot;macro&quot;

      component: high deficits that drained the pool of savings and

      led to high domestic interest rates and a high cost of capital;

      a high exchange rate generated by high domestic real interest

      rates that priced U.S. producers out of world markets and foreign

      producers into U.S. markets. Now--thanks to shrewd changes in

      congressional operating procedures pushed by George Bush and

      his team that changed the dynamics of congress, thanks to Bill

      Clinton's and Alan Greenspan's trade of deficit reduction for

      more expansionary monetary policy, and thanks to a good deal

      of luck--we don't have to worry about the macro picture. We don't

      have an extraordinarily high cost of capital and an extraordinarily

      overvalued real exchange rate.

      So, instead, the debate should be about resources and

      rules. Resources to sustain innovation and use of these

      revolutionary technologies. Rules to make sure that competition

      happens and that competition is constructive.

      Resources come in four overlapping categories--human, physical,

      financial, and intellectual.

      Human resources fall into three categories. Elite workers--how

      to make sure that the U.S. educational system produces the elite

      scientists and engineers that high-technology industries need

      (rather than producing hordes of lawyers and MBAs only), and

      how to make sure that U.S. businesses get the chance to draw

      on the elite scientists and engineers that our--very good--universities

      train. Skilled workers--how to reshape our educational systems

      so that a good chunk of young adults are able to use computers

      and their technologies as familiar tools. Mass--how to make sure

      that the skills and orientations necessary to make effective

      use of computer-driven systems are part of the basic stratum

      of literacy that everyone acquires. It would be extremely cruel

      if we developed technologies capable of greatly amplifying human

      powers of recall, association, calculation, and thought--and

      then created a large divide which many people could not cross

      by failing to give them basic experience with how computer systems

      work. 

      Physical resources--who is going to build and maintain the

      network? AT&amp;T has one view of the incentives it needs to

      provide high-speed service to the last mile. (And they did just

      install an extra repeater 2/10 of a mile up my private road to--as

      best as I can see--boost cable signal strength to acceptable

      levels for a cable modem for one house: mine.) So far this isn't

      a problem. May it not become one.

      Financial resources--cost of capital is not a problem now.

      Availability of financing for entreprenurial ventures is not

      a problem now. Financial institutions to properly support Silicon

      Valley systems of options-based compensation may become a problem.

      Intellectual resources--knowledge--investment in research

      and development--where will the next generation of advances in

      fundamental knowledge come from? These are very serious questions

      that are by and large not debated enough in Washington. 

      In addition to resources there are rules: taxes, management

      of the network backbone, access to the &quot;last mile,&quot;

      privacy, legal reform--modernizing adjudication--making sure

      that separate sets of rules made by nations jealous of their

      sovereignty do not hinder a globally interoperable network--making

      sure that rules abroad do not disadvantage American competitors.

      Last, but surely not least, every transformation has winners

      and losers. There are people whose lives are disrupted--whose

      economic niches disappear. Many times the winners do not realize

      that they are the winners from change. But the losers always

      realize that they are the losers. Government policies to create

      the right kind of resources and rules will be stable and sustainable

      only if politicians believe that they are genuinely acting in

      the public interest--rather than doing favors for a particular

      sector that is making life difficult for numbers of their constituents.

      So the debate must make sure that the winners know that they

      are winners--that their ATM cards would not work without fast

      routers--and must make sure that the losers are cushioned by

      what must be an inclusionary economy.

The Policy Debate

We concern ourselves with ends, not with means, for three reasons:

First, we don't know the best means (yet)

Second, arguments over means tend to be... divisive

Third, means are not important per se

Desired ends fall into two groups

Adequate resources, and adequate rules

Resources

Knowledge

Fundamental R&D

Xerox PARC and Bell Labs

DOD, DARPA, ONR

Where will future fundamental R&D come from?

Living off the past in basic research

Xerox PARC and the lesson in the Valley that it is better to "liberate" than to research fundamental technologies

The U.S. government as leading user

And thus as forcer of technology

And thus as forcer of industrial development

Clipper (as attempt at leading user)

…As Applier of Leverage

using laws intended for one purpose to try to direct private activity in another arena 

(i.e., export restraints on crypto...) 

Other examples

Physical capital

Preserve past victories—lowered cost of capital from lower interest rates, adequate investment incentives, and so forth…

Finance for high-tech not a problem now, but “now” won’t necessarily last forever

Preserve the liquidity of the market—importance of options

Establish enabling infrastructure?

Who has the right incentive to keep the backbone working?

Human capital

Domestic education

Immigration

The role of the university

Rules

Intellectual property

Appropriability

Producers and inventors need to be rewarded

Users need access to the tools they want to use

Bad patents create feasts only for lawyers

Electronic enclosure movements

Government and other forms of standard-setting

Decentralization

Key to the explosion of innovation

Yet afterwards you need standards

U.S. strength: "more like us," in James Fallows' words

Competition policy

Actions by other governments

Venture capital

Certainly not a problem now

But what if the stock market turns? 

Society will still need venture capital even if Wall Street becomes allergic to IPOs

Alternatives to government policy

Industry standard-setting

Industry self-regulation

Enforcement power issues

Introduction

Early in the nineteenth century politicians, journalists, and other observers would travel to Manchester, England to see the birth of the industrial revolution. More than half a century ago the same types would travel to Detroit, Michigan to see the birth of the mass-production assembly line. Today politicians, journalists, and other observers travel not to Manchester or to Detroit but to Silicon Valley to see the birth of... what, exactly? 

Observers of Manchester could see that the application of steam power and machinery to the repetitive tasks of industry promised great opportunities and great challenges. They could see that the industrial revolution unleashed productive powers and methods that have made modern societies richer by orders of magnitude than any previous generation had ever dreamed humans might become. They could also see the growing contrast between the robber barons and the working poor as well as the repetitive, limited patterns of human work dictated by the first generations of industrial technology. To take advantage of the opportunities and to deal with the challenges--that was the task of the nineteenth century.

Observers of Silicon Valley today see a buzzing confusion. When they leave do they understand the nature and significance of the technological and economic transformation through which we are living today? Do they understand what the opportunities and challenges are that will be the task of the twenty-first century? Do they understand what policies will nurture the further development of the high-tech sectors of the American economy--and how large a stake we all have at risk?

By and large, no. They lack a framework for understanding what is going on. They need a consistent thread on which the can hang anecdotes and experiences, and to which they can refer when they need to form opinions on issues of policy.

That is the task here: to present a framework for understanding our emerging "new economy":

This is an unusual moment, a dramatic moment

Speed of industrial churning

Increasing sense of puzzlement about what is going on--

how our economic structure is evolving

Such a transformative moment can go either well or badly

This one is very fast, still ongoing, hard to forecast, in its early stages, with no end in sight

Tech Network's mission

Politicians' problem

Transformative moments

What they are

Moments of technological revolution

Not only revolutionize--change--technology

But also alter the choices open to the rest of economy and society

Thus moments of choice, opportunity, and danger

Inevitable: winners and losers

But a positive-sum game

Enabled by technological coalitions

But also require political coalitions to flourish

Examples

Example: coal, iron, steam--and Britain's loss of its technological edge

Failure to invest in education and social infrastructure

Loss of edge in industry after industry

Incalculable consequences

Example: continuous-process technology and the Gilded Age--craft to mass production

Regulation and antitrust

Populists and progressives

Try to get (most of) the benefits of competition, and (most of) the benefits of economies of scale: stable, unionized, oligopolies

In this transformative moment as in its predecessors:

What is at stake is not just how things are made

But what is at stake is how society is organized

Transformative technology and public policy

Transformative technology makes opportunities

New tasks require new capacities

New capacities are created by policy

Coalitions that underlie these new capacities

Technologically-illiterate politicians do not understand the opportunities until it is too late to grasp them

Yet often there is a great deal at stake...

This is a transformative moment

What the new economy isn't

Not the goldilocks economy

Not ever-rising stock prices

(Although linked--somehow--to these two)

A change in the types of activity that generate immense wealth

Transistors--integrated circuits--microprocessors--the internet

The sequence of related events

The sequence may be amplifying the consequences, and sustaining its impact

Is this a bigger transformative moment than we have seen in the past?

We don't know if this is a bigger transformative moment than we have seen in the past

But in the past we didn't have Moore's law and Metcalf's law

The speed of change--nature of who can employ these new technologies

Dynamic process accelerated by ability to build out over existing Bell System structure

The network productivity problem

We do know that government must play a different role in this transformative moment

Rules change

Character of property changes

Excludability, rivalry, transparency

Enclosure on the electronic frontier

No way for the government to hide and do nothing 

Even though many people think that would be nice

Examples of social infrastructure: FDA, securities regulation, mortgage financing.

This transformative moment

The character of this transformative wave



1. Economies of scale




a. Small start-ups seeking to grow to economies of scale




b. Opposite tensions



2. Rivalry/ excludibility -- what is policy to do?



3. Do these cause carpal tunnel syndrome of the Invisible




Hand?



4.. Bottom-up decentralized initiative rather than 




top-down control




a. UNIX couldn't build a spreadsheet




b. PCs waste enormous computing ability--yet





somehow it doesn't matter enough to





get people back to the server



5. Use and leading users




a. User driven and venture-based




b. How is this different from bottom-up 





decentralization?




c. Special importance of standards and standard-setting

Examples of transformative impact



1. Revolution in control--WalMart



2. Revolution in communications--e-mail



3. Revolution in information archiving



4. Revolution in production




a. From NC machine tools to catalog distribution




b. From making change to making movies

We ain't seen nothing yet

Analogies? Limits of analogies?

The combined features of

TV (broadcast)

Telephones (narrowcast)

Books (information cumulation storage and retrieval)

New dynamics of learning

New dynamics of innovation

Moore's law and Metcalf's law

Self-renewing technological revolution?

Usually the most valuable uses are early uses

But network + bandwidth mean that new--even more valuable--uses are continually being created and recreated

Difference between *illumination* and *information*

Indicators and measures

Price of computing

Other stuff

The international context

The international dynamic

Initially American

But it won't stay American for long

Differences in governance and network structures will drive innovation from abroad

The wireless story

Each national e-conomy will be a little bit different

Construction of rules

Intellectual property

Privacy

Security

Competition

Monopoly

Spillover of rules

Compatible standards

Harmonization

Market driven economies

Footloose

Key resources become much more footloose

Hence the penalties to getting national policies wrong

U.S. used to be an island as far as microelectronics and the internet were concerned

Japan in the 1980s taught us that we weren't an island as far as microelectronics were concerned

What will it take to teach the U.S. government that we aren't an island as far as the internet is concerned?

What are the international stakes?

U.S. lawyers and PR professionals earn eight times Argentinian (and thirty times Chinese) salaries

It's not because they produce eight (or thirty) times as many legal arguments or impressed minds

It's because they (and others) share rents derived from the low (domestic) prices of high-tech and manufactured goods

Yet importance of recognizing that negative-sum games over industrial location aren't worth playing 

(Mercedes-Benz in Alabama?)

And importance of recognizing that U.S. state capacity is highly limited

(tariffs on imports of active-matrix LCD screens, but not on imports of laptops with LCD screens already attached...)

And importance of recognizing the domestic redistributions involved in policies with international aims 

(RAM chip manufacturers gain but software writers lose when VER's are imposed...)

Stoking this technological revolution

Concern ourselves with ends, not means

We don't know the best means (yet)

Arguments over means tend to be... divisive

Means are not important per se

Desired ends

Fundamental R&D

Xerox PARC and Bell Labs

DOD, DARPA, ONR

Where will future fundamental R&D come from?

Living off the past in basic research

Xerox PARC and the lesson in the Valley that it is better to "liberate" than to research fundamental technologies

Venture capital

Certainly not a problem now

But what if the stock market turns? 

Society will still need venture capital even if Wall Street becomes allergic to IPOs

Human capital

Domestic education

Immigration

The role of the university

Appropriability

Producers and inventors need to be rewarded

Users need access to the tools they want to use

Bad patents create feasts only for lawyers

Electronic enclosure movements

Decentralization

Key to the explosion of innovation

Yet afterwards you need standards

U.S. strength: "more like us," in James Fallows' words

Policies

Principal federal-level policies

The R and D discussion

The U.S. government…

…As leading user

Clipper (as attempt at leading user)

Other examples

…As Applier of Leverage

using laws intended for one purpose to try to direct private activity in another arena 

(i.e., export restraints on crypto...) 

Finance for high-tech

Establish enabling infrastructure?

Competition policy

Immigration policy

Education policy

Actions by other governments

Intellectual property and the new economy

Compensating originators and producers

Enabling users

Legal reform

Government standard-setting

Alternatives to government policy

Industry standard-setting

Industry self-regulation

Enforcement power issues

Silicon Valley

Silicon Valley as a national resource

Other potential worldwide growth poles
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 Yet when they leave do they understand the nature

      and significance of the technological and economic transformation

      through which we are living? Do they understand the extent to

      which policies to nurture and support the high-tech information-based

      computer-and-communications sectors of the American economy are

      in all of our interest--and not just the redistribution from

      weak claimants to powerful special interests that is the meat

      and fish of American politics?

Executive Summary

-----------------

There are—rarely—moments when technology changes so rapidly and so broadly that politicians trying to shape the future face an almost impossible task: how can they—technically untrained and technologically undereducated—understand the choices before it is too late to make them. This is one of those moments. And in such moments those who do (or think they do) understand the choices and opportunities have a special responsibility to make them—and their consequences—visible.

Over the past decade more and more people have recognized that something genuinely new is driving the American economy. For a generation it has been widely recognized that the microelectronics and microelectronic-derived information processing and communications industry complex certainly make up a "leading sector" in the sense of Schumpeter: a sector in which demand growth is high and technological progress rapid, as has been the case for many leading sectors—from jet aircraft to radios to chemical dyes and back to steam-powered cotton spinning at the very beginning of the industrial revolution. But today it is becoming clear that they are more: this particular leading sector is transformative: it is a set of technologies and capabilities that transform everything else in the economy.

This particular transformative wave of technology is different from past transformative waves in many aspects. One aspect, however, that is important here is the role of the government. The original transformative wave of steam power and its application to textiles and transport began and proceeded remarkably far without any government’s taking much notice. Subsequent transformative waves—electric power and the internal combustion engine—attracted the enabling (and grabbing) hand of government somewhat earlier.

But for this particular transformative wave, policy matters. Policy matters because the wrong policies could materially slow down (and the right policies materially speed up) this wave. Policy matters more because different national policies can play a very large role in determining just where on the globe this transformative sector places its long-run core.

What is the economic character and significance of the transformation? Technology driven growth. Technology driven growth in theory:  What is distinct, and policy significant about technology driven growth.  What does Washington and the public at large need to know to understand this process.  This section needs to be lucid, pointed and crisp.  It must serve both to root the policy argument and provide an intellectual defense for its approach and conclusions. The distinctive economic characteristics of today’s leading sectors. The distinct importance of use, leading users, and widespread diffusion of these transformative technologies. Where the U.S. stands relative to other national competitors: the scorecard. 

How to Seize the Opportunities? Ends not means. Note that the outcomes, such as available venture/risk capital, need to be highlighted.  The precise means to achieve them should be left open.  There are three reasons.  One is that this study should encourage politicians to address the TechNet agenda from whatever their policy perspective.  Second, TechNet should want to encourage policy innovation, not adherence to a particular approach.  Third, the TechNet community itself may not agree on particular approaches. 

Policy. The policy issues will flow from the analysis above. The full choice of policy issues would require discussion with TechNet staff and members of its Board, as appropriate.  Policy choices to be explored might include: The R and D discussion. The R and D discussion must emphasize that we have been living for the past years off the major research by government and private institutions made as long as twenty years ago. How do we assure that we restock.  How is the federal government going to prepare the ground for further technological development? Perhaps, more important, what kinds of technological development should public funds be used to nurture? Actions by other governments. Actions by other governments are already foreclosing American options, just as Japanese strategy a generation ago became central to the policy debate in electronics. Consider, for example, how European privacy regulations applied to databases are now shaping the environment here, a continent and an ocean away. Compensation for innovation. How are technology originators and producers to be compensated in the long run for the goods they create--goods that are now and in the future are likely to be even more capable of rapid and effectively costless reproduction? Intellectual property. The significance of intellectual property in the new economy.  Legal reform. What reforms will keep (or make) the legal system and other institutional structures sources of support for rather than parasites upon the industries of our technological revolution? Standard-setting. Alternatives to government policy: e.g. the role of self-regulation and standard setting. Silicon Valley. The discussion of Silicon Valley must emphasize that this region is a magnet for well educated highly motivated people from all over the world.  One distinguishing advantage over alternate growth poles in Japan or Germany, for example, is precisely our openness to ideas and people from all nations. More like us.

Table of Contents

-----------------

Introduction

No one doubts that modern microelectronics-based information technologies are transformative in the sense

This is the message of the study.  One, something new is driving the American economy.  That driver is transformative technology, technologies which change everything else.  Two, policy matters mightily to the continued success of the new American economy and, therefore, our continued leadership in the world economy.   The study must not be abstract in form of expression.  Rather, it must be at once accessible and academically rigorous, that is solid in its development to be defensible against criticism.

The historical and international context 

There are times and places where dynamic technological change is so rapid and so far-reaching as to shape the future not only of economies but of polities and societies as well. We here today--in the vicinity of San Francisco, at the end of the twentieth century--live in one of these times and places.  It is a place like Detroit in the era of Henry Ford and the mass production of the automobile, like Manchester, England in the nineteenth century with the invention of the first steam-powered machinery for making textiles.

In such eras change comes so rapidly that those trying to shape the future face an almost impossible task: how are they to understand the choices they have and the opportunities that are available to them before it is too late to make the right decisions?  Few in Manchester, for example, even noticed that the British government was not building schools for children of workers migrating in from the countryside to the jobs in the new factories. Yet lack of an educated workforce meant that the post-steam-engine technologies of electricity, metallurgy, and chemistry found themselves much more at home in late nineteenth century Germany--where investments in schools had been made--than in late nineteenth century Britain. And so Britain entered the twentieth century, and its half-century death struggle with anti-democratic German regimes, having already squandered a very large initial edge in technology and productivity.

We owe it to ourselves and our descendants to at least make the choices we have--and their consequences--visible. 

What is the economic character and significance of the transformation?  

Technology driven growth 

Technology driven growth in theory:  What is distinct, and policy significant about technology driven growth.  What does Washington and the public at large need to know to understand this process.  This section needs to be lucid, pointed and crisp.  It must serve both to root the policy argument and provide an intellectual defense for its approach and conclusions.  

The distinctive economic characteristics of today’s leading sectors

The distinct importance of use, leading users, and widespread diffusion of these transformative technologies.

Where the U.S. stands relative to other national competitors: the scorecard.

How to Seize the Opportunities?

Ends not means

Note that the outcomes, such as available venture/risk capital, need to be highlighted.  The precise means to achieve them should be left open.  There are three reasons.  One is that this study should encourage politicians to address the TechNet agenda from whatever their policy perspective.  Second, Technet should want to encourage policy innovation, not adherence to a particular approach.  Third, the TechNet community itself may not agree on particular approaches. 

Policy   

The policy issues will flow from the analysis above. The full choice of policy issues would require discussion with TechNet staff and members of its Board, as appropriate.  Policy choices to be explored might include:

The R and D discussion 

The R and D discussion must emphasize that we have been living for the past years off the major research by government and private institutions made as long as twenty years ago. How do we assure that we restock.  How is the federal government going to prepare the ground for further technological development? . Perhaps, more important, what kinds of technological development should public funds be used to nurture?

 Actions by other governments

Actions by other governments are already foreclosing American options, just as Japanese strategy a generation ago became central to the policy debate in electronics. Consider, for example, how European privacy regulations applied to databases are now shaping the environment here, a continent and an ocean away.

Compensation for innovation

How are technology originators and producers to be compensated in the long run for the goods they create--goods that are now and in the future are likely to be even more capable of rapid and effectively costless reproduction?

Intellectual property

The significance of intellectual property in the new economy.  

Legal reform

What reforms will keep (or make) the legal system and other institutional structures sources of support for rather than parasites upon the industries of our technological revolution?

Standard-setting

Alternatives to government policy: e.g. the role of self-regulation and standard setting.

Silicon Valley

The discussion of Silicon Valley must emphasize that this region is a magnet for well educated highly motivated people from all over the world.  One distinguishing advantage over alternate growth poles in Japan or Germany, for example, is precisely our openness to ideas and people from all nations.

Conclusion
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      Introduction

      Politicians come to Silicon Valley these days much as their

      predecessors came to Manchester, England to ooh and ahh over

      the industrial revolution a century and a half ago, or to Detroit

      before the Great Depression to ooh and ahh over the mass-production

      assembly-line. Yet when they leave do they understand the nature

      and significance of the technological and economic transformation

      through which we are living? Do they understand the extent to

      which policies to nurture and support the high-tech information-based

      computer-and-communications sectors of the American economy are

      in all of our interest--and not just the redistribution from

      weak claimants to powerful special interests that is the meat

      and fish of American politics? 

      By and large they do not. And this is too bad. For we all

      believe that this is a genuine moment of transformation--one

      in which getting the foundations, the rules and resources to

      support a new kind of economic growth, right will pay enormous

      dividends. And getting the foundations wrong, failing to properly

      set the rules and provide the resources, will recoil badly. For

      in such transformative moments change comes so rapidly that politicians

      and their advisors trying to shape the future face an almost

      impossible task. How are they to understand the choices they

      have and the opportunities available before it is too late to

      make the right decisions? 

      Few in Manchester during the industrial revolution, for example,

      noticed that the British government was not building schools

      for children of workers migrating in from the countryside to

      the jobs in the new factories. Yet it was clear to keen-eyed

      observers that industrial technology was rapidly becoming both

      closely linked with science and increasingly sophisticated. By

      the end of the nineteenth century the lack of a well-schooled

      workforce meant that the post-steam-engine technologies of electricity,

      metallurgy, and chemistry found themselves much more at home

      in late nineteenth century Germany--where investments in schools

      had been made. Thus Britain entered the twentieth century and

      its half-century death struggle with anti-democratic German regimes

      having squandered a large initial edge in technology and productivity,

      because its political leaders hadn't even realized that nurturing

      the next generation of industrial development required upgrading

      the literacy and technical skills of the workforce. 

      But perhaps politicians and their staffs--elite journalists

      and those who rely on them for their opinions--policy-planners

      and think-tank experts who rarely venture beyond the Beltway--would

      have a chance of grasping the nature and significance of this

      age if we can communicate to them a framework for understanding

      our &quot;new economy,&quot; a consistent thread on which the

      can hang anecdotes and experiences, and to which they can refer

      when they need to form opinions on issues of policy.

      Framework: The New Economy

      That is what we are here to do--to try to lay out a framework

      for understanding our &quot;new economy&quot; in which we all

      believe. Ideally the framework should be simple enough to be

      easily incorporated as a five-minute motivating section in larger

      briefings, clear enough that a wet-behind-the-ears congressional

      staffer can gain enough from reading a thirty-five page document

      to sound sophisticated and knowledgeable, and bullet-proof enough

      that its hundred-page version can withstand serious critiques

      without suffering serious damage. 

      So let's begin. First of all, it is important to note that

      all kinds of people have been using the phrase &quot;new economy&quot;

      in all kinds of ways to mean all kinds of things with which we

      would not agree. For example, the &quot;new economy&quot; is

      not going to give us permanently low unemployment without inflation.

      It is not going to give us a world without bear markets. It is

      not going to eliminate the business cycle.

      So it is important to reclaim the phrase &quot;new economy&quot;

      for what we do believe. The new economy is about a new source--with

      the potential to become the dominant source--of economic growth.

      Economic development has become less and less about accumulating

      more and more physical capital, and more and more about the creation

      and deployment of intellectual capital. It is science based.

      But it also includes innovations in business models--many of

      these innovations made possible by technology. It is about a

      new style of business entrepreneurship and risk taking that is

      exploding many of the organizational tactics of business--again

      a style made possible by new technologies. 

      Now as this new source of economic growth expands throughout

      the economy, it is going to need foundations: rules of the marketplace

      that are consistent with its needs, and resources to fuel its

      development. Thus the right government policies become important--or

      at least the wrong government policies become significant obstacles--to

      the economic transformation. Recall that a little more than a

      century ago the railroad and the refrigerated boxcar made the

      Chicago stockyards possible: mass-slaughter the beef in Chicago,

      ship it dressed to Boston, and undercut local small-scale Boston-area

      slaughterhouses by a third at the butchershop. Or you could do

      so unless the Massachusetts legislature required--for &quot;health&quot;

      and &quot;safety&quot;--that all meat sold in Massachusetts be

      inspected live and on the hoof by a Massachusetts meat inspector

      in Massachusetts immediately before slaughter. 

      Without the right rules--in this case federal preemption of

      state health and safety regulation affecting interstate commerce--you

      don't have America's highly efficient Chicago meatpacking industry.

      Without limited liability you don't get corporations with enough

      capital to take advantage of the economies of scale available

      in late nineteenth-century America. As it was then, so it is

      now. But what, exactly, is the nature of this techno-economic

      transformation? And what foundations--what rules and resources--are

      needed to support its full growth and development? 

      This Transformation

      You all have your favorite pieces of evidence of the speed

      and breadth of this transformation. Take your pick. Some

      are most impressed with the rapid take-up of the web. Others

      with the new forms of employment, new approaches to compensation,

      and new ways of launching enterprises many of which were developed

      right here. Others are impressed with Moore's Law and Metcalfe's

      Law--how this time it seems not to be the case that the highest-value

      uses of new technology are adopted first, or rather this time

      it seems that the continous explosion in the amount of processing

      power and the size of the network is constantly bringing new

      and even higher-value applications of technology within our reach.

      Still others focus on analogies--to the modern computer network

      as the equivalent of telephones, telegraphs, radios, televisions,

      and books all rolled into one, and even more. 

      The emergence of an &quot;information&quot; economy, the successive

      clusters of innovation--semiconductors and computers, microprocessors,

      the net--the reconfiguration of existing economic activities

      from package delivery to customer support--it is clear that what

      we have here is not a garden-variety leading sector that greatly

      amplifies productivity in making some small slice of commodities,

      but instead a wave of innovation that is going to greatly amplify

      productivity practically everywhere. Think of Sam Walton as the

      first network billionaire: Walmart's cost advantage is supposed

      to have come from purchasing power and economies of distribution,

      but previous attempts with less sophisticated information technology

      to take advantage of such economies--think of Federated Department

      Stores--did not fare well. For me the most impressive statistics

      is the 20 percent fall in the manufacturing and trade inventory-to-sales

      ratio since this stage of the last business cycle: better information

      technology--and pressure from competitors with better information

      technology--seems to be making a difference everywhere. 

      Let me highlight that for a moment. It is a commonplace that

      workers who use computers are more productive, that sites that

      computerize and network see boosts in productivity, that firms

      are eager to computerize and network--and yet that aggregate

      economy-wide productivity shows next to no sign of productivity

      gains from computerization and networking. And it is rapidly

      becoming a commonplace that the resolution to this &quot;productivity

      paradox&quot; lies in our inability to measure changes in the

      quality of shopping or in the degree of fit between the good

      bought and the consumer who bought it. Because of the automatic

      teller machine, people don't have to take sick time to make it

      to the bank. But that change the Bureau of Labor Statistics's

      statistical system does not catch. Thus it seems likely that

      the productivity benefits from computerization and networking

      are already being distributed extremely widely--that even people

      who wouldn't know an object method if it bit them are already

      the substantial beneficiaries of computers-and-networks through

      lower costs, better quality of service,and more choice. 

      Let me also highlight that this techno-economic revolution

      has--so far--proven to be overwhelmingly an American one. The

      entrepreneurial, risk-loving, independence-rewarding culture

      of the Americas has proven vastly more effective at sparking

      innovation and driving through to success than the cultures--loyalty-rewarding,

      consensus-loving, organization-building--that a decade and a

      half ago many of us saw as mounting a serious and significant

      challenge to the United States's role as the leading edge of

      world technological development.

      But it will not stay all-American forever. Consider the success

      of Finnish wireless innovation. And consider how the European

      wireless standard offers potential competiive advantages to firms

      focused on that standard. We have to expect new and unexpected

      nodes of innovation to emerge from diverse locations--and we

      have to fear that foreign government decisions about rules and

      resources will play to foreign competitors' strengths and not

      to the strengths of America's entrepreneurial, free-wheeling,

      risk-loving pattern.

      So how can we as a nation sustain this transformation, and

      assure that broad national advantage flows from it? How can companies

      for which it is genuinely true that what is good for them is

      good for America educate our political masters to what is at

      stake?

      Through a policy debate. But what should it be about?

      Resources and Rules

      Fifteen years ago the policy debate had to have a large &quot;macro&quot;

      component: high deficits that drained the pool of savings and

      led to high domestic interest rates and a high cost of capital;

      a high exchange rate generated by high domestic real interest

      rates that priced U.S. producers out of world markets and foreign

      producers into U.S. markets. Now--thanks to shrewd changes in

      congressional operating procedures pushed by George Bush and

      his team that changed the dynamics of congress, thanks to Bill

      Clinton's and Alan Greenspan's trade of deficit reduction for

      more expansionary monetary policy, and thanks to a good deal

      of luck--we don't have to worry about the macro picture. We don't

      have an extraordinarily high cost of capital and an extraordinarily

      overvalued real exchange rate.

      So, instead, the debate should be about resources and

      rules. Resources to sustain innovation and use of these

      revolutionary technologies. Rules to make sure that competition

      happens and that competition is constructive.

      Resources come in four overlapping categories--human, physical,

      financial, and intellectual.

      Human resources fall into three categories. Elite workers--how

      to make sure that the U.S. educational system produces the elite

      scientists and engineers that high-technology industries need

      (rather than producing hordes of lawyers and MBAs only), and

      how to make sure that U.S. businesses get the chance to draw

      on the elite scientists and engineers that our--very good--universities

      train. Skilled workers--how to reshape our educational systems

      so that a good chunk of young adults are able to use computers

      and their technologies as familiar tools. Mass--how to make sure

      that the skills and orientations necessary to make effective

      use of computer-driven systems are part of the basic stratum

      of literacy that everyone acquires. It would be extremely cruel

      if we developed technologies capable of greatly amplifying human

      powers of recall, association, calculation, and thought--and

      then created a large divide which many people could not cross

      by failing to give them basic experience with how computer systems

      work. 

      Physical resources--who is going to build and maintain the

      network? AT&amp;T has one view of the incentives it needs to

      provide high-speed service to the last mile. (And they did just

      install an extra repeater 2/10 of a mile up my private road to--as

      best as I can see--boost cable signal strength to acceptable

      levels for a cable modem for one house: mine.) So far this isn't

      a problem. May it not become one.

      Financial resources--cost of capital is not a problem now.

      Availability of financing for entreprenurial ventures is not

      a problem now. Financial institutions to properly support Silicon

      Valley systems of options-based compensation may become a problem.

      Intellectual resources--knowledge--investment in research

      and development--where will the next generation of advances in

      fundamental knowledge come from? These are very serious questions

      that are by and large not debated enough in Washington. 

      In addition to resources there are rules: taxes, management

      of the network backbone, access to the &quot;last mile,&quot;

      privacy, legal reform--modernizing adjudication--making sure

      that separate sets of rules made by nations jealous of their

      sovereignty do not hinder a globally interoperable network--making

      sure that rules abroad do not disadvantage American competitors.

      Last, but surely not least, every transformation has winners

      and losers. There are people whose lives are disrupted--whose

      economic niches disappear. Many times the winners do not realize

      that they are the winners from change. But the losers always

      realize that they are the losers. Government policies to create

      the right kind of resources and rules will be stable and sustainable

      only if politicians believe that they are genuinely acting in

      the public interest--rather than doing favors for a particular

      sector that is making life difficult for numbers of their constituents.

      So the debate must make sure that the winners know that they

      are winners--that their ATM cards would not work without fast

      routers--and must make sure that the losers are cushioned by

      what must be an inclusionary economy.

