IV. Policy: Nurturing the Transformation

The U.S. is leading the world into the new economic terrain. Over one quarter of all economic growth in the U.S. last year was directly accounted for by growth in the semiconductor, computer, and telecommunications equipment industries--the ones that are making new tools for thought. We have no roadmap to this transition. We have no reliable speedometer to judge how large it is. And we cannot turn back. The genie--based on scientific knowledge and procedure--is out of the bottle. But it can come faster or slower, in more positive, helpful or more disruptive, harmful way. 
Moreover, it need not continue under American leadership. The United States can, as it has so far to all of our great advantage, continue to lead the world into this new economic territory. But it will not necessarily do so. The center of development -- and wealth formation -- could easily be displaced to other countries if the United States fails to support the transformation, and stunts much of this development. But the economic transformation won't stop. Other nations will run with the change to dominate and shape the future--their future, and probably also ours.

A. The Past: Policy Successes

For the past fifty years U.S. government policy has played a major role, and in large part a supportive role, in the coming of the information technology revolution. Here we want to focus on two aspects of this supportive role. First, how government policy helped enable America to lead the way in the development of information technology. Second--and just as important--how government policy created the conditions for America to lead in the use of information technology throughout the economy. Over this long period in these two important aspects our government has largely gotten policies right, and not just by blind luck--skill was involved, and applause is due. Government got policy right under two important headings: resources--the skills, tools, ideas, and capital needed for information technology to get off the ground--and rules--systems of private and public governance to make the market for information technology work.

1. Resources
Information technology is based on science: more than two generations of research done mostly at leading research universities and laboratories, done largely under U.S. government sponsorship. Clever engineers working in the family garage were standing on the shoulders of an enormous mass of systematic work and development based on generations of fundamental research in formal, academic science. And much of this fundamental research was funded by the U.S. government's large-scale bets on the defense and civilian utility of computer and communications technologies.

Human resources are at least as important as basic research. In Britain in 1850 the city of Manchester--the heart of the industrial revolution--was seen by everyone as showing both the potential and the dangers of the industrial revolution. The potential was the enormous increase in productivity and output. The dangers were found in the slums, for the British government was not then investing in the infrastructure needed to keep its rapidly-expanding urban population healthy, let alone to provide education for its urban children.

Few in Manchester during the industrial revolution noticed this--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 even then 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.

In the two post-World War II generations the U.S. government did an excellent job in making sure that the human resources to fuel expanding high-tech industry were there. To carry  on research scientists and engineers had to be educated at the major research universities. To apply the results of basic research a broader stratum of technically-literate and well-educated engineers and technicians was needed to develop the advanced versions and then the real-world applications of basic information technologies. First the GI Bill and subsequently large-scale federal support for the build-out of our universities in the 1950s and 1960s ensured that in the 1970s, 1980s, and 1990s the American labor force was the most technologically literate in the world. 

Government funding of R&D on a large scale, a large expansion in the pool of technically-trained workers--those combined with the availability of finance to fund the expansion of high-tech industries all meant that the resources to fuel the first two post-World War II generations were there.

2. Rules so Markets Can Work

But more is needed to nurture the transition to the new economy than just resources--human resources, finance, and knowledge. The growth of the E-conomy has required shifts in private and public systems of governance as well.

What do we mean by systems of governance? A historical example may make it clear. 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 "health" and "safety"--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 system of governance--in this case public governance, federal preemption of state health and safety regulation affecting interstate commerce--you don't have America's highly efficient Chicago meatpacking industry. 

What did the American government do to allow competition--to make it so that efficient producers would prosper and grow--in the first two post-World War II generations? First, the government was for a long time an effective leading user. We should not let the present image of a federal government that cannot get its act together to even purchase an efficient electronic air traffic control system, or IRS database system, or to run the space shuttle with less than one decade old computers erase the image of the federal government as leading demander for first calculation, then (with the expansion of the social insurance state) database systems in the first post-World War II generations.

Second, the government took its antitrust policy seriously. It encouraged licensing. It--eventually--required that owners of essential telecommunications and other services allow less-integrated producers to connect to those portions of existing networks needed to serve consumers. Experimentation and diffusion of modern computers and telecommunications were much slower where telecoms remained integrated monopolies than in the United States.

Finally, starting with Alfred Kahn and the deregulation of airlines in the Carter Administration, the U.S. government stepped back from the picture. It deregulated airlines, finance, telecommunications and so created enormous incentives for firms in these industries to figure out how to use modern high technologies to gain a competitive advantage quickly. Without intense competition in industries that are such intensive users of computers-and-communications, it is doubtful that technological progress in hardware and software manufacture would have been so fast in the years leading up to the explosion of the internet.

Examples include greater efficiency in inter-company transactions that reduce paperwork, improvements in inventory handling, automation--autobody painting, warehouses--improved dispatching systems, better use of repair and other mobile personnel through better communications made possible by mobile telephones, and so on.

Successfully supporting and nurturing will require changes in public policies and attitudes. Our old ways of doing things will not get high-tech the resources and the systems of governance that it needs to flourish. In the eighteenth and nineteenth centuries the pace of technological advance and the level of technological complexity was sufficiently low that the Constitution-ordained patent system was a reasonable policy for promoting technological development. It balanced the goal of rewarding innovation with the goal of preventing intellectual property holders from permanently stifling the diffusion of useful knowledge. 

But over the past fifty years the increasing pace of technological advance and the increasing level of technological complexity has made the system of relying on private investment in research and development alone less adequate. We can see this in the large number of fundamental advances in American technology directly funded or jump-started by the government in the past fifty years. We can see this in the important role played in fundamental research by semi-national laboratories like Bell Labs or Xerox PARC where the link between corporate-funded research and corporate profitability was... tenuous.

As we shift to the new economy this dependence of further technological advance on fundamental research and development which is unrewarding from the perspective of a private corporation's bottom line. As the old regulated monopolies have fallen and government support of research has shrunk and shifted toward biomedicine, where is the fundamental research needed to drive the further advance of high-tech (outside of biomedicine) going to come from?

Fundamental knowledge is only the first of the resources needed for high-tech to flourish and the new economy to realize its potential in America. The 1980s taught us how bad macroeconomic policies could produce a very high cost of capital and a very unfavorable exchange rate--both things that greatly retard investment on the scale that the new economy needs. A look at the consequences of Brazil's controls on hardware imports or of the DRAM cartel of the late 1980s on more valuable "downstream" industries and on ultimate users underscores the importance of free trade and competition in the products that high-tech industries use as inputs.

Over the years these research and advanced education budgets accumulated to substantial sums.

America today is also facing both a schools crisis at the pre-college level and a massive diversion of talent away from technology (and toward law, business, and medicine) at the college and post-college level. Even a successful school reform would be a solution only for a generation hence. What is to be done in the meantime to make sure America's high-tech industries have the human resources they need? (Bear in mind that one consequence of the new economy is that jobs can much more easily move to wherever the appropriately-trained people are.)
But what, exactly, are the systems of public and private governance that are in tune with this techno-economic transformation?

This is perhaps the hardest set of issues raised by the transition to a new economy. One set of systems of governance that must be altered is that of intellectual property. In the past intellectual property rights--patents and copyright--were important, but not of today's salience. Consider as an example the burst of German innovation in organic chemicals in the late nineteenth industry. That industry was the highest of high-tech industries for its day, depending deeply on the industrial application of knowledge at the frontiers of science. But the key to the industry was not its intellectual property but its physical and organizational capital: the factories that enabled the carrying-on of the chemical reactions at enormous, profitable scale; and the organization that kept the factories running near capacity and the markets for their outputs filled--those were the truly scarce elements that were the principal source of value, not the knowledge of chemistry.

Today the organizational capital is still important (but not as important: there is something to the idea of the "virtual corporation"). Today the physical capital is still important: the value of the physical capital that has been and will be invested to build up the network is almost beyond imagination. But the physical capital is not scarce with respect to any one application or industry: server programs, memory, microprocessors, routers, and bandwidth are very flexible and can be used to process and communicate information for almost any ultimate use. What is scarce--and thus the source of  value--are the ideas and the headstarts on competitors that having had the idea first gives.

But what is the best regime of governance for intellectual property? We know that it must give innovators sufficient protection over their ideas to make innovation and experimentation worthwhile--and that the rewards for success must be very large to compensate for the near-certainty that any one startup will ultimately fail the market test. But individual firms have a very strong incentive to craft their systems to create lock-in: large groups of customers effectively captive for decades. While the user interest is for interoperability and flexibility. 
Moreover, what is the true lesson from Xerox PARC? Is it that Xerox should have spun every idea from PARC out into an entrepreneurial startup, retaining a healthy share of the equity for itself? Is it that intellectual property protection needs to be made much stricter--that every thought Warnock and Geschke and Metcalfe and Simonyi had while at PARC should have remained the property of Xerox, or else we will have no future PARCs because no corporation will invest in them? Is it that we need much more in the way of licensing, for had we had stronger intellectual property protection Bob Metcalfe would still today be fighting the Xerox corporate bureaucracy, trying to get them to introduce a product based on ethernet?

We do not know the answer. We do know that the stakes are high. And that this is one area of governance that has to be addressed--or else the lawyers will, collectively, address it for us and reach an answer that will be based on their own habits of thought and not on any principles that are good for the nurturing of the new economy.

There are a host of other governance issues: the role of taxes, the structure that assigns responsibility for tasks like backbone maintenance, the role of privacy and security, making sure that the human resources needed are there, and that the commitment to fundamental research and development are strengthened. In all cases we do not have strong views about policies. But it is clear that there are important needs that policies must meet.

What will determine that? A whole set of factors, but the simple most important will prove to be Government Policy. Even though many of us would just as well see the government step aside and let the economy develop according to its own devices, government policy, more than any other single factor (for the good and bad) will have a decisive influence on the shape, rate, and character of the New Economy.

Moreover, 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 and know that they are cushioned by what must be an inclusionary economy.

