C. What Is at Stake

1. Historical Analogies

Serious attempts at forecasting the future development and implications of these technologies and organizations are fantasy. If the history of technological development has anything to teach us, it is that the most explosive and productive uses of new information technology capabilities are likely to come as a surprise. If the inventors of the computer had understood how much sorting and searching and how little calculating the machines would do, they would have given it a name more like the French ordinateur than the English computer.
 Few saw the utility of the spreadsheet or of desktop publishing in advance. Next to no one expected that the most important single use of online networks would be email. Few in advance understood how strong network economies would quickly extinguish proprietary online services. Recall that in the summer of 1995 executives from AOL and other companies called for a preemptive antitrust strike against Microsoft because of the automatic monopoly it was about to gain in proprietary online services by bundling the Microsoft Network with Windows 95.  

Thus we should expect our forecasts of the likely uses of broadband internet to go similarly awry. The best we can do to look forward is to look back at relevant historical analogies, and try to sketch out the kinds of developments that may follow. 

Four historical analogies seem especially relevant. The first is the development of person-to-person long distance communication in the nineteenth century via the telegraph and the telephone. The second is the development of broadcast media like radio and television in the twentieth century. The third is--far earlier--the invention of movable type and the freeing of one-to-many communication from the amphitheater. And the fourth is the filing system These seem to us to be likely to generate four kinds of effects: the death of distance, the birth of cultures, the liveliness of knowledge, and the possibility of organization.

Consider the telegraph and telephone. The telegraph had a number of immediate implications. First of all, it nearly halved the capital requirements of running the railroads of the mid-nineteenth century. With a telegraph in operation a single-tracked railroad can effectively carry goods and passengers in both directions (with the occasional horrific head-on crash). Without a telegraph in operation railroads must be double-tracked. 

Second, the telegraph could only transmit a few bits worth of information. But those few bits could be transferred in real time. And they were the highest value bits--telling shippers of prices in destination cities, and allowing headquarters to keep track on a day-to-day basis of at least a few facts about what was going on in other locations. For the first time with the telegraph it was possible for a business organization to keep itself informed and in some control of what was happening in more than one place at once.

Perhaps the most interesting example in the nineteenth century of this extension in reach is the role it played in the creation of the Morgan partnership: the investment banking firm run by J.S. Morgan and his son, J.P. Morgan. Investors in capital-rich Britain had foreseen high returns from committing their capital overseas to resource-rich America. But how were investors in London to tell what companies in America were worth investing in? With the coming of the transatlantic telegraph Junius Spencer Morgan could sail to London to sell American securities to British investors, and keep in touch via telegraph with his son John Pierpont Morgan to inform him what was going on in New York, Philadelphia, and Chicago. The Morgan partnership thus had an important informational edge, and could serve its London clients as a well-informed honest broker and investment advisor.

The telephone turned out not to be a total replacement for face-to-face meetings: too much of the communication in a meeting flows through non-voice channels. But it did become an effective way of rapidly conveying well-defined chunks of information. Moreover, the telephone did become an effective replacement for face-to-face meetings among people who know each other well and can infer the content of the non-voice channels of communication. It used to be that the effective span of communication within an organization was the very large room: if you didn't work in the same room with somebody else, then you couldn't effectively cooperate with them. It was the coming of the telegraph and telephone that has changed this.

Modern computer and communications technologies will offer us the telephone plus--video conferencing, remote collaboration on documents in real time, and through email a relaxation of the constraint that people be on the line synchronously: no one ever complains about having to play email tag. They will carry the death of distance up another notch.

Modern computer and communications technologies will also ratchet up the power that broadcast media have had to create cultures--to inform and entertain a mass audience at extraordinarily low cost. Considered as broadcast media, the network offers and will offer additional flexibility: more channels of information, and nearly automatic time shifting to once again relax the constraint that people be online synchronously.

[Another paragraph needed]

But the most important of the future transformations opened up by modern computer and communications technologies may be the universal online library. The invention of printing via movable type amplified access to the accumulated store of human knowledge: people no longer had to travel to Alexandria or Constantinople to view the only extant copy of The Kindly Ones. To duplicate a book no longer required three months of work by a highly-skilled--literate--professional. 

The possibility of the universal online library means that very soon many of us may have transparent access to virtually all the collective knowledge of humanity. If the anwer to a question is known--or even if it isn't known, but a bunch of people have opinions--each of us will be able to get that answer within five minutes. There remain the problems of figuring out which people's opinions are worth paying attention to, and of possessing the background needed to understand the answer. Nevertheless, ignorance on any subject matter will be much harder to maintain in the future than in the past.

And the last of the future transformations opened up by this technological revolution is the ratcheting-up of the utility of our filing systems by yet another notch. Even with our drawers of vertical files and our best systems for managing paper flow, it has still been the case over the past century that much accumulated information has been effectively lost--either because it is misfiled, or because it would be too expensive to pull it out of the many locations in the filing system and collate it.

As everyone who has ever used an internet search engine knows, current information technologies have not solved the problem of gathering the information relevant to a query and presenting it in an organized and comprehensible fashion. But the arrival of much better information organization and retrieval tools is only a matter of time, software design, and Moore's Law.

Thus one way to look at the future of information and communications technology is as an order-of-magnitude improvement in all branches of communications-and-information processing, all happening at once. The telephone allowed long-distance real-time information transfer--but did nothing to improve filing systems. The book greatly aided information retrieval--but did nothing to improve control and communications within the organization.

Now we see further order-of-magnitude improvements in all these capabilities coming at once. We know what some of the possibilities they open are: the resolution of the innovation dilemma through the startups and spinoffs of the Silicon Valley system, and the resolution of the production dilemma through a much finer division of labor between organizations--both located in the same neighborhood and halfway around the world--mediated through the high-bandwidth communication of needs, requirements, and possibilities that simply could not be accomplished in any previous decade.

But we don't know what further possibilities for the use of these technologies will prove to be truly valuable--and we don't know what organizational and institutional changes will open up the way to these truly valuable uses.

More than a Leading Sector

It is these social and organizational transformations that are the true answer to skeptics' dismissal of the information technology revolution as "just another leading sector." It is certainly true that there have been leading sectors of economic growth for more than two hundred years, and that each leading sector sees very rapid increases in productivity and concordant shifts in the pattern of production and consumption. The pace of productivity improvement offered by Moore's Law is exceptional; but during its heroic age of technological advance the automobile saw productivity improvements that gave you tenfold the car for your money over the course of a generation.

Why, skeptics ask, are boosters of information processing and communications so sure that this current transformation is more important than the leading sectors we see every decade? Why are they so sure that the impact on our material welfare of the internet is so much greater than the impact of the automobile, or of penicillin and other antibiotics, or of network television?

One answer is that we do not know that our modern wave of technological innovation is bigger than the increases in human material welfare produced by the leading sectors in the past. How would we make such measurements convincing? We have no reliable speedometer to measure the rate of increase in consumer utility. And it is true that network television, jet air transport, the automobile, and antibiotics were each a very big deal in the past. 

But we do know that our current wave of innovation is part of a different process.

Leading sectors generate rapid productivity growth in the production of goods and services in a relatively small slice of the economy: treatment of infections for antibiotics, speed of getting to other cities for air transport, access to movie-like entertainment for the television. They make us better off by producing "gadgets." But this transformation creates tools for thought--and carries with it organizational and institutional changes and innovations that are orders of magnitude greater than those that accompanied the rise of jet air travel, or the birth of the organic chemicals industry, or the invention of the spinning jenny. 

The Productivity Paradox

But if this wave of technological innovation is so important, why has it not yet had a more powerful impact on our picture of the overall economy? Back in 1987 Nobel Prize-winning MIT economist Robert Solow wrote in the New York Review of Books: "How come we see the computer revolution everywhere but in the [aggregate] productivity statistics?" Solow shared the general view that computers-and-communications held a potential for economic revolution. Yet when he looked at the aggregate overall measurements of the state of the economy, he saw slow productivity growth.

The fourteen years from the date generally accepted as the beginning of the productivity "slowdown"--the oil crisis year of 1973--to 1987, when Solow wrote, had seen measured output per hour worked in the nonfarm business sector of the U.S. economy grow at a pace of only 1.1 percent per year. By contrast the fourteen years before 1973 had seen measured output per hour worked grow at a pace of 2.8 percent per year. 

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

This "productivity paradox" was sharpened because at the microeconomic level economists and business analysts had no problem finding that investments in high technology had enormous productivity benefits. MIT economist Erik Brynjolffson and his coauthors found typical rates of return on investments in computers and networks of more than fifty percent per year. Firms that invested heavily in information technology flourished in the 1980s and 1990s--and their lagging competitors did not.

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

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

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

However, as Sichel () points out, what was true in the 1980s is no longer true in the 1990s: now investments in information technology are more than half of total investment. The contribution of the computer sector to overall GDP growth is high. And in the past four years productivity growth has been accelerating: the productivity slowdown of 1973 to 1995 may well be over--and if so then computers and communications are the prime candidate to be awarded responsibility for this recent acceleration in American economic growth.
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Problems of Measurement
Yet these partial answers are not sufficient to explain all of the productivity paradox. The overwhelmingly likely possibility remaining is that there are systematic flaws in the process by which real GDP is estimated--systematic flaws that have led us to overstate inflation and understated true economic growth in recent decades. Popular awareness of these flaws has been largely the result of the Boskin Commission, which tentatively concluded that true economic growth had been understated in recent decades by somewhere between one and two percent per year--enough to double material productivity in 72 years (at one percent per year) or 36 years (at two percent per year).

Whether you accept the conclusions of the Boskin Commission or not, there is no doubt that a number of individual components of productivity growth have been significantly understated. The Bureau of Labor Statistics failed to track the shift in American consumers' purchases from department and other to discount stores--WalMart, Costco, and so forth. Some 0.2% per year of aggregate productivity growth was missed as a result of this failure to track the shift in location alone. And the competitive edge of the discount stores was in large part due to their superior inventory management and goods distribution systems. They were among the first to figure out how networked computers could be used to slim inventory and improve the match of goods supplied with consumers demanded. In a sense, therefore, Sam Walton was America's first network deka-billionaire. Yet the increase in consumer welfare and economic productivity that his business, WalMart, created were totally missed by the Bureau of Labor Statistics.

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

In education, health, general government, finance, and even transportation, good measures of productivity growth are next to impossible to achieve. The national income accountants--doing the best they can--have been strongly tempted to assign zero productivity growth to sectors that they cannot measure. And all this leaves completely to one side the problems in accurately assessing the increase in material well being and productivity that arises from the invention of genuinely new goods and new types of goods. 

Moreover, all this leaves completely to one side the problems in assessing increases in productivity that do not generate an immediate revenue stream from final consumers to producers. Does anyone doubt that Americans' material standard of living was raised in the 1950s and 1960s by the coming of network television? Yet because network television's revenue model is based on advertising, it shows up in the national income and product accounts as an intermediate cost but not as a final service--it shows up as a reduction in measured economic productivity.

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

�As Joe Farrell has pointed out.





