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Foreword


History matters. This is an unexceptionable assertion, surely, but one that has also become a slogan in the current economic literature, intended to epitomize a newly discovered flaw in the market system. The flaw is this: the merest of historical accidents, perhaps an early engineering choice by a technology pioneer responding to some random influence or ephemeral advantage, locks in future generations to an inefficient technology owing to path dependence. Examples of such supposed market failures include the notorious QWERTY keyboard that has bedeviled typists for nearly a century, failure of the Beta videotape format to replace the inferior VHS design, and the strangely persistent quirky English inches, ounces, and quarts in the face of the more rational metric system of measures.


Analytically, path dependence is blamed on network effects. An initial mistaken (or only temporarily correct) choice retains a kind of natural monopoly over a superior one. Electric autos might be better than gasoline-driven ones. But given that there are almost no recharging stations, a private individual does not find it sensible to buy an electric car. Nor can any firm profitably install recharging stations when there are so few electric cars around to use them. Everyone is supposedly aware of the inefficiency, yet no single rational decision-maker—having to conform to the actions of everyone else—is in a position to correct it.


Stan Liebowitz and Stephen Margolis show that inefficient outcomes due to network effects are indeed theoretically possible in a market economy, though only under rather stringent conditions. These outcomes are a matter for empirical study. How frequently do such inefficient lock-ins actually happen? Liebowitz and Margolis’s fascinating historical review of the leading reported instances demonstrates that several of them, notably the QWERTY problem, are essentially mythical while other widely accepted stories represent misinterpretations of the evidence.


To begin with, path dependence is inefficient only when an inferior product survives at the expense of a superior one and if the costs of changing over do not exceed the value of the postulated quality improvement. Omitting this rather obvious qualification represents what Harold Demsetz has called the Nirvana fallacy: comparing a real-world actuality with a hypothetical ideal not within the range of feasible opportunities.


Network effects constitute a possible source of natural monopoly and lock-in that operates on the demand side. (In contrast with the traditional explanation of natural monopoly as due to decreasing average cost, increasing returns on the supply side.) These demand-side increasing returns stem from the advantages of synchronization. The value of a good to a consumer may depend not only on the characteristics of the commodity itself but also on how many other users have adopted the same product. This is evidently true of literal networks such as the telephone system (there is no point having a phone if there is no one else to call). And to a degree the same logic applies to any product for which person-to-person compatibility and standardization are advantageous. Notably, in computer hardware and software there are efficiency gains to be made if people can exchange files with one another or move from machine to machine without worrying about incompatible standards and formats.


Liebowitz and Margolis explore the range and limits of these network effects. Suppose product A is superior to B, in the sense that all consumers prefer the former at each and every possible given ratio of market shares. Thus, A would be preferred over B if they each had 10 percent of the market, or if each had 20 percent, and so on. Yet such a superior product may indeed fail to displace an inferior one if the incumbent starts with a sufficient initial preponderance. (With 90 percent of the market to begin with, B might be preferred by most consumers over a superior newcomer A with only 10 percent.) That is the essence of the market failure due to network effects, and it can happen.


But Liebowitz and Margolis do not stop at this point. They go on to ask what rational consumers and rational suppliers, faced with such a situation, would be expected to do—and whether we actually observe such responses. Manufacturers of innovative superior products are not powerless; there are ways to enlarge market share. For a firm aiming to acquire the critical mass needed to tip consumers’ decisions in its direction, evident possibilities include offering a low introductory price or money-back guarantee. And because by hypothesis the new product really is superior, the new entrant might profitably subsidize the cost of the user’s changeover, and even commit to pay the cost of changing back should that be desired. All of these devices are observed in real-world markets. Furthermore, just as suppliers can often find ways to escape the stasis trap, so can buyers. Users can and do remain alert to technological progress; in the computer field, Liebowitz and Margolis show, published product reviews in magazines aimed at consumers have had very significant effect on market share. Given the likelihood of the superior product eventually winning the battle, foresighted purchasers may well (among other things) demand the same return and exchange privileges from incumbents as from newcomers B thereby attenuating the market advantage of simply having been first in the field.


In what for many readers will be the most exciting portion of the book, the authors go on to examine histories of alleged market failures, starting with QWERTY. Were producers and consumers actually locked into inferior market solutions? And if not, what devices were employed to escape the supposed trap? I will say no more on this topic here, so as not to take the edge off the authors’ accounts of the creativity and ingenuity displayed by both suppliers and consumers in the competitive battle for critical mass.


Finally, there are important implications for economic theory and public policy. High-tech markets, the authors show, do challenge some of the old textbook verities, though in ways somewhat different from those emphasized in most recent discussions. In a high-tech world, all market participants must anticipate continuing product changes. Incumbent suppliers have to decide how often to put improvements on the market, how big a change to make each time (among other things, how to balance between optimality and compatibility), and what to do about prices. And rational consumers must correspondingly anticipate such supplier decisions, taking into account the likely entry of market contenders with entirely new offerings.


Turning from decision-making to overall market effects, one implication is that economists need to reconsider notions of competition. The authors show that, in tech markets, predominant market share may be the consequence and hallmark of effective competition. This often takes the paradoxical form of serial monopoly, as instanced by WordStar giving way to WordPerfect, which in turn lost out to Microsoft Word.


As for economic policy, a firm’s having dominant market share need not lead to exploitation of consumers by high prices or low-quality products. In support of their argument, what better evidence can there be than the history of rapidly improving products and falling prices in high-tech industries, even where single firms have had dominant shares in particular markets? This point has obvious implications for antitrust issues, as elaborated by the authors, with particular attention to the Microsoft story.


So increasing returns/synchronization effects and consequent tendencies toward market concentration are indeed important in tech markets. But equally important and more in need of analytic appreciation are the steps that consumers and firms can take to deal with these effects. Dominant market share attracts competitors anxious to offer new and improved products to watchful and alert users. The situation may be one of natural monopoly, but no firm can retain such a monopoly position unless it matches or surpasses what hungry outsiders are ready and anxious to provide. In an increasingly high-tech world, competition does not take the textbook form of many suppliers offering a single fixed product to passive consumers. Instead it becomes a struggle to win, by entrepreneurial innovation and sensitivity to consumer needs, the big prize of dominant market share. It is this form of competition that has been mainly responsible for the success of the modern American economy in recent decades.


Jack Hirshleifer
Professor of Economics
University of California
Los Angeles




Preface to the Revised Edition


When we were finalizing the proof for the first edition, the Microsoft trial had just begun, but it was already well on its way from a narrow examination of certain business practices to a broad examination of the Microsoft’s role as the provider of the standard platform for desktop computing. Not long after publication, the court issued its findings of fact. As we prepare revisions for this second edition, not quite a year later, the appeals process has not yet begun.


The trial brought a surprising amount of attention to the first edition, attention that is in part responsible for the paperback edition. We anticipated that chapters 8, 9, and 10 (which deal directly with some of the reasons for Microsoft’s market position) and the appendix (which examines antitrust issues) would be of interest to people who followed the trial. We did not suspect, however, that the subject of network effects would play a role in the court’s decision. Although the ideas of lock-in, path dependence, and network effects—ideas that we examine critically throughout the book—underpinned the government’s claim on economic justification for its activism in high-technology markets, we thought that the judgment would most likely hang on more-established antitrust doctrines.


But in fact, the trial and the especially the court’s decision did rest heavily on lock-in explanations of various sorts. The court’s findings are peppered with phrases such as “the collective action problem,” “the chicken and egg problem,” and the “applications barrier to entry.” Such phrases indicate that the appellate process may have to decide, among other things, whether it is appropriate to build antitrust doctrines on such unseasoned foundations.


Although the courtroom activity has moved apace, market activity has moved even faster. Technological development has moved away from the desktop and toward communications channels and other data-handling devices. Generation changes—what we refer to as “paradigm changes” in chapter 7—seem to be upon us in several areas, most notably in the rise of the Internet as the possible central focus of computer activity, and the movement away from PCs to personal-information managers, cellular phones, and game machines. Additionally, AOL, after its purchase of Netscape, has merged with Time-Warner, removing any David-versus-Goliath component from the browser wars.


This edition adds another appendix that considers some economic issues the trial raised and a discussion of the court’s remedy. Otherwise, it is largely unchanged form the first edition, except for the correction of some typographical and other minor errors.
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PART ONE


The Paradigm


In laissez-faire economies, resources are allocated by the independent decision-making of firms and individuals—what we often call the free market. Beginning with Adam Smith, one of the central questions of economics has been whether all this independence of consumers and producers leads to anything that we could judge to be good, or more precisely, whether it leads to the greatest achievable wealth and efficiency. For Smith, and for much of economics since, the conclusion has been that for the most part it does.


That is not to say, however, that economists never find imperfections in free markets. On the contrary, much energy ahs been spent answering the policy question: How can we improve upon independent decision making? This quest for improvement, however, has proven to be difficult. Economists have sometimes spent time and energy analyzing some purported market imperfection, only to have it shown decades later that the imperfection doesn’t occur, or that there is no realistic means of overcoming it.


In Part One we present an overview of the most recent claim of a market imperfection. The claim is that free markets are not capable of making good choices among competing products, technologies, and standards where the values of these things depend upon interactions among users. Instead, markets are alleged to “lock in” to inferior choices.


The paradigm-setting case for this claim of market failure is the typewriter keyboard. This section presents our treatment of the history of the typewriter keyboard, which was first published in 1990. As we show, the keyboard story concisely illustrates not a market failure but rather a market success.




1


Networked World


“Build a better mousetrap and the world will beat a path to your door.” This adage, most often attributed to Ralph Waldo Emerson, is implicit in enough economic thinking that it might well take its place alongside “Incentives matter” and “Marginal returns eventually decline” as a fundamental building block. In the past decade, however, some journalists, bureaucrats, and even some economists have begun to doubt Emerson’s adage. The markets for new technologies, they say, seem to behave differently from the markets for traditional goods and services. Laissez-faire policies may have produced good results in other times, but they cannot be relied on in the Age of Technology. Emerson, they say, may have been right about mousetraps, but his adage doesn’t hold up so well if the only mouse in sight is a computer mouse.


Doubts, of course, are niggling things, but once they gain a footing, it’s only human nature to look for evidence that doubts may be facts. And the evidence seems to be everywhere. Consider the typewriter keyboard. Everybody knows that the QWERTY keyboard arrangement is completely arbitrary. We’d all be better off if we had a different one, but changing now would just be too much trouble. We stick to the old, inefficient arrangement only out of unhappy habit. The market failed us on that one, didn’t it?


And what about VCR format? Surely you’ve heard that the Beta format was much, much better than the VHS format that dominates the market today. Another market failure?


Or let’s look at the war between Apple and DOS operating systems. Talk to any Mac owner. He’ll be quick to tell you that Macintosh was a whole lot better than DOS. We’d all be using the Mac today except for one thing: The market failed. Didn’t it?


If such stories were true, the evidence would be incontrovertible: In markets for technology, the best does not always prevail. And in this unpredictable New World, quality would lose out to the oddest things: a trivial head start, an odd circumstance, a sleight of hand. When there are benefits to compatibility, or conformity, or certain other kinds of interaction that can be categorized as network effects, a single product would tend to dominate in the market. Moreover, this product would enjoy its privileged position whether or not it was the best available.


Thus, the new technology gives economics, the dismal science, a chance to forge an unhappy marriage with the bad-news media. Journalists have been quick to file the bad-news story of how the world is not only unfair, but also illogical. Private litigants in the antitrust arena file suits alleging unfair competition. Incumbents, they say, are using unfair advantages to foist inferior products on an unsuspecting public. The U.S. Justice Department has been quick to second the notion, using it to support their cases against Microsoft and other successful U.S. firms.


The good news for consumers, though the bad news for the failure-mongers and the U.S. Justice Department (and possibly for consumers if the Department of Justice should prevail), is that the economic theory of a high-tech market locked in to failure has its foundation only in shallow perceptions—not in facts. A hard look at the claims of real-world market failures shows that they are not failures at all. The winners in the high-tech world have won not by chance, but rather by the choices of consumers in an open market. A responsible examination of the historical record provides evidence that entrepreneurship and consumer sovereignty work as well in high-tech markets as they do in more traditional ones—which is to say, very well indeed.


Does Wheat Separate from Chaff?


The prospect that the mediocre prevail is certainly intuitively intriguing. Anyone who has spent any time watching the celebrity talk shows, where celebrities talk about being celebrities, has already confronted a version of the world where cream doesn’t seem to rise to the top. Do television commentators really represent our best intellects? How many of these people are famous for being famous? How many of them just look and sound good, inasmuch as they merely need to read statements over a teleprompter?


One might also ask how many political leaders represent the pinnacle of the talent pool. It is easy to suspect that success might be arbitrary. Alternatively, if success is not perfectly arbitrary, perhaps it is imperfectly arbitrary: the consequence of a head start, being in the right place at one particularly right time, or having the right connections.


On the other hand, television viewers might not necessarily want to watch someone who reminds them of a teacher in school, no matter how erudite that teacher might have been. Instead, they might want to be entertained. They might prefer a politician they like over one who might better understand the issues. They might prefer Metallica to Mozart, or Sidney Sheldon to Shakespeare. If we want to, we can conclude that they have bad taste, but we can’t conclude that they are not getting the products that provide them the most quality for their money. So we need to be careful when defining quality.


Quality might well be in the eye of the beholder, but for certain utilitarian products, consumers can be expected to prefer the ones that perform tasks the most economically. Who wants a car that breaks down, or doesn’t accelerate, or fails to stop when the brakes are pushed? Who prefers a television with a fuzzy picture, or an awkward-to-use tuner, or garbled sound? We ought to expect some agreement about quality among these utilitarian products. But even here we need to distinguish between efficient solutions and elegant solutions. In 1984, a Macintosh operating system might have ranked highest in terms of elegance, but DOS might have gotten the job done most cost effectively.


Still, it is natural to suspect that things—products, technologies, standards, networks—might be successful independent of their quality. It might be even more predictable that intellectuals, who prefer Mozart and Shakespeare, or at least Norman Mailer and Woody Allen, might disdain markets as reliable arbiters of product quality.


One part of the answer seems clear. Success sometimes does breed more success. It’s human nature to get on a bandwagon—as any parent who has tried to track down a Cabbage Patch doll, a Beanie Baby, or a Furby can tell you. And bandwagons can be more than mob mentality. Some things are more useful when lots of people have them. The owner of the first telephone or fax machine found his purchase a lot more useful when a lot more people jumped on that particular consumer bandwagon.


A different and more interesting question, however, is whether it is possible for a product like a telephone or fax machine to continue to be successful only because it has been successful. If this can happen, it could be that in some important aspects of our economic lives, we have the things we have for no particularly good reason, and, what is more important, we might be doing without better things, also for no particularly good reason.


Let’s look at the VCR example again. People benefit from using videotape recorders that are compatible with other people’s videotape recorders. That way they can rent tapes more readily at the video store and send tapes of the grandkids to mom. If some early good luck in the marketplace for VHS leads people to buy mostly VHS machines, VHS might come to prevail completely over Beta, the alternative, in the home-use market. Further, Beta might never recover because no one would want to go it alone: No one buys Beta because no one buys Beta. Some people allege that not only can this happen but also that it did happen, in spite of the fact that Beta (it is alleged) offered advantages over VHS.


Although this story is at odds with the actual history of VCRs in a number of important ways (which we will examine in detail in chapter 6), it does illustrate the kinds of allegations that are often made about market performance regarding new technologies. First, if there are benefits to doing or using what other people are doing or using, it is more likely that we will all do and use the same things. This condition might lead to a kind of monopoly. Second, it is possible that for some kinds of goods, it is only by chance that the resulting market outcomes are good ones.


If in fact these allegations about market performance could be borne out, we would indeed have a problem. But these scenarios are not true stories; they are mere allegations of problems that could occur. The thrust of our research for the last decade, and that of a several other scholars, shows that in the real world, the marketplace is remarkably free of such disasters. Nevertheless, the fearmongers’ allegation of possible problems has begun to exert a powerful influence on public policy—particularly antitrust policy.


Where’s the Beef?


Almost everyone will acknowledge that the market is a pretty efficient arbiter of winners and losers for most goods. If two brands of fast-food hamburgers are offered in the market, we expect people who like McDonald’s better to buy McDonald’s, and people who like Burger King better to buy Burger King. No one is much concerned about how many other people are buying the same brand of hamburger that they are buying, so each person buys what he wants. If one product is, in everyone’s estimation, better than the other and also no more costly to produce, then the better one will survive in the market and the other one will not. If it is possible for new companies to enter the industry, they probably will choose to produce products that have characteristics more like the one that is succeeding.


But many other outcomes are possible. If some people like McDonald’s and some like Burger King, then both brands may endure in the market. If Wendy’s comes along, and everyone likes Wendy’s better, Wendy’s will displace them both. If some people like Wendy’s better and others are happy with what they’ve had, then all three may survive. None of this is terribly complicated: May the best product win. It might be that VCRs can be successful merely because they are successful, but hamburgers are different. They have to taste good.


The VCR and hamburger stories appear to be different in three important ways. First, the tendency toward monopoly is alleged only in the VCR story, not in the hamburger story. Second, the possibility of the best product failing is alleged only in the VCR story, not in the hamburger story. Third, the impossibility of a new champion replacing the old one is alleged only in the VCR story, not in the hamburger story.


Size Matters: The Economics of Increasing Returns


If, for some activity, bigger is better, we say that the activity exhibits increasing returns to scale. Economists have long observed that increasing returns can pose special problems in a market economy. In the best-understood cases of increasing returns, the average or unit cost of producing a good—the average cost of a good—decreases as the level of output increases. Such effects can be witnessed within firms—for example, there are often economies to mass production. They can also be observed at the industry level—a whole industry may experience lower costs per unit of output as industry scale increases.


Most production exhibits this increasing-returns property to some degree. As we go from extremely small quantities of output to somewhat larger outputs, the cost per unit of output decreases. A great deal of direct evidence supports this claim. It explains why a homemaker might make two pie crusts at once: one to fill right away; one to put in the freezer. It explains why two might live almost as cheaply as one. It explains why we don’t see a television manufacturer or a tire plant in every town. Instead, larger plants serve broad geographical markets. Regions specialize.


For most activities, however, we expect that these increasing returns will run out, or will be exhausted as output gets very large: Bigger is better—but only up to a point. This is why we do not satisfy the nation’s demand for steel from a single plant or satisfy the world’s demand for wheat from a single farm. Some constraint—land, labor, transportation cost, management ability—ultimately imposes limits on the size of a single enterprise.


On the other hand, it is possible for a special case to arise where a single company enjoys decreasing production costs all the way up to outputs large enough to satisfy an entire market. This circumstance is what economists call a natural monopoly. A natural monopoly arises as the inevitable outcome of a competitive process. Bigger is better, or bigger is at least cheaper, so a large firm can drive out any smaller competitors. Many of the so-called public utilities were once thought to exhibit this property, and some are still monopolies. Generation and distribution of electricity, for example, was once understood to enjoy increasing returns all the way up to the point of serving entire regions of the country. This was, at least according to textbook explanations, the reason that these public utilities were established as price-regulated monopolies.


Even for public utilities, we now think that the benefits of increasing returns are more limited than we once believed. The result has been a public-policy decision to restructure and deregulate many of the utility industries, separating the increasing-returns parts of those industries from the rest. But even as deregulation in these industries proceeds, a number of analysts have begun to argue that we ought to get involved in regulating modern high-technology industries, basing their argument on the claim that high-tech industries are particularly prone to increasing returns.


The software industry, they argue, is subject to increasing returns that are almost inexhaustible: Once the code for a software product is written, a software firm has very low costs of producing additional copies of that product. But while the relationship between the fixed costs of designing a software product and the direct costs of making additional copies may explain increasing returns over some range, the idea that software production is subject to inexhaustible economies of scale merits careful scrutiny. After all, the cost of serving an additional customer is not confined to the cost of reproducing the software. It also includes the costs of service and technical support, the costs of marketing, and the design costs of serving a larger, and therefore more diverse, user population. In this way, the software industry is a lot like many older, traditional industries that have large fixed and low variable costs, including book, newspaper, and magazine publishing; radio and television broadcasting; and university lecturing.


Two’s Company, Three’s a Network


Many of our newest industries involve information technologies. In one way or another, they allow us to access, process, and distribute large amounts of information at high speeds and low costs. Many of these industries exhibit one variety or another of increasing returns.


One important form of these increasing returns results from what is called a network effect.1 If consumers of a particular good care about the number of other consumers that consume the same good, that good is subject to network effects. The telephone, though hardly a new technology, is an obvious example. Your telephone is more valuable to you if many other people have telephones. Telephones are, in fact, extremely important because almost everyone has one, and everyone expects everyone else to have one. The VCR problem that we discussed also relies on a network effect. Similarly, fax machines are much more valuable as more people get them—another network effect.


A particular kind of network effect occurs as technology develops. As more firms or households use a technology, there is a greater pool of knowledge for users to draw upon. As we gain experience and confidence in a technology, the expected payoff to someone who adopts it may become greater. Once a few people have tried a technology, others know what can be expected. Working knowledge of a technology, availability of appropriate equipment and supplies, and more widespread availability of expertise all make a well-worked technology more useful to businesses and consumers.


A special kind of network effect is the establishment of standards. Standard systems of building products allow projects to go together more quickly and more cheaply, make building materials more immediately and more assuredly available, and make design easier. Standard dimensions for nuts and bolts make it easier to find hardware and easier to fill a toolbox. In very much the same way, software standards make it much easier to build computers, design peripherals, and write applications.


Network effects, including technology development and standards, are examples of increasing returns that extend beyond individual firms to entire industries. Each of the firms in an industry may enjoy advances in technology, or they all may benefit from the establishment of networks where products are compatible, or they all may benefit from the emergence and consolidation of a standard.


Certainly network effects, scale economies, standards, and technology development are important ideas that correspond to important features of our economy. One cannot observe the emergence of the Internet without being impressed with the power of networks. One cannot survey developments in microelectronics or biotechnology without understanding that the rate and direction of technological development has a profound influence on our standard of living. Furthermore, it is in this world with network effects and increasing returns that the VCR type of problem that we described above is a theoretical possibility. It is precisely this possibility that has become an important influence on policy, particularly in the area of antitrust.


Conventional versus Serial Monopoly


Because bigger is better in increasing-returns industries, such industries tend to evolve into monopolies. Monopoly, however, does not lead inevitably to a bad economic outcome for society. The harm of a monopoly is not that it exists, but rather that it exploits its advantage by restricting the quantities of goods or services that it produces in order to elevate price. It is this decrease in quantity and increase in price that constitutes the economic inefficiency of monopoly power. If there is an objective in antitrust that can be argued from well-established economic principles, avoiding this particular inefficiency is it. But rising prices, of course, are not characteristics of high-tech industries. On the contrary, prices for high-tech products and services have drifted (and sometimes plummeted) down over time. Why is this?


Sometimes an industry develops in such a way that monopoly is not only a likely outcome but also a desirable one. In such industries, what we are likely to witness is not conventional monopoly, but rather serial monopoly: one monopoly or near monopoly after another. WordStar gave way to WordPerfect, which gave way to Word. Beta gave way to VHS, which will, in time, give way to some digital format. In such a world, anything that a firm does to compete can be, at some point, viewed as an attempt to monopolize. And anything that a firm does to improve its products, extend its standards, or reach additional markets will look like an attempt to monopolize. It will look like an attempt to monopolize because it is an attempt to monopolize.2 But where standards or networks or other sources of increasing returns are sufficiently important, such actions might be socially desirable. In fact, these actions are the very things that allow more valuable societal arrangements—standards, networks, and new technologies—to replace less valuable ones.


In the special environment of serial monopoly, monopolistic-looking firms that offer an inferior deal to consumers are readily replaced. In such circumstances, an attempt to exploit a monopoly by restricting output and raising prices is suicidal. Furthermore, in the environment of serial monopoly, firms, even monopolistic ones, will end up decreasing their profits if they handicap their products in some way. For example, if they unwisely bundle goods into their product that cost more than they are worth, given the available alternatives, they will lose out. In short, in the environment of serial monopoly (unlike conventional monopoly) the punishment for inferior products, elevated prices, or inefficient bundling is obsolescence and replacement.


The Typewriter Keyboard


In academic, legal, and popular circles, the possibility of products locking in to inefficient standards generally comes around to the paradigmatic story of the history of the typewriter keyboard. This story serves as the teaching example, the empirical foundation for any number of theorems that have been served up in economics journals, and the label for an entire way of thinking.


As a popular book on the economics of policy issues concludes, “In the world of QWERTY, one cannot trust markets to get it right.”3 This statement captures two important features of economic orthodoxy. First, the paradigm-setting case is the story of the typewriter keyboard. Second, academic thinking about these models and the policy discussions surrounding them are inextricably tied up with a kind of market failure. Although markets may work with conventional goods, where individual interactions are unimportant, markets cannot be trusted to make good choices in QWERTY worlds, where one person’s consumption or production choice has implications for what others can consume or how others can produce.


The standard typewriter keyboard arrangement owes its existence to the Remington typewriter, which was introduced in 1873. Christopher Latham Sholes had patented a typewriter in 1867, developed the machine for a while, and ultimately sold it to the Remington company, a manufacturer of firearms. The story is told that the arrangement of the typewriter keys had been chosen by Sholes in order to mitigate a problem with jamming of the typing hammers. Remington had a good deal of trouble marketing the typewriter, but it did begin to catch on toward the end of the nineteenth century. There were a number of typewriters that competed with Remington, some of them produced by Sholes’s original collaborators. In 1888 a contest in Cincinnati pitted a very fast hunt-and-peck typist who used the rival Caligraph typewriter against one of the world’s first touch-typists, who used the Sholes-Remington design. According to the tale, an overwhelming victory for the Sholes-Remington typewriter helped establish touch-typing on the Remington machine as the proper way to type. The QWERTY arrangement, so called because of the order of the letters in the left top row, became the standard, and the world has not looked back.


QWERTY remains the standard, it is claimed, in spite of the fact that a vastly superior alternative is available. In 1936 August Dvorak, a professor of education at the University of Washington, patented an alternative keyboard arrangement. Dvorak’s arrangement was alleged to follow ergonomic principles to achieve a keyboard layout that allowed faster typing and was easier to learn. Nevertheless, the Dvorak keyboard has never caught on. The failure of the Dvorak keyboard, it is alleged, is an example of lock-in. No one learns to type on the Dvorak machine because Dvorak machines are hard to find, and Dvorak machines are hard to find because so few typists learn to type on the Dvorak keyboard. Thus, the superior latecomer has never been able to displace the inferior incumbent; we are locked in to a bad standard.


If true, the keyboard story would be the perfect illustration of lock-in. First, the failure to change to a better outcome rests on an interdependence across users. It might be costly to know only an odd typewriter configuration. Second, there are few performance characteristics that matter, and better would be fairly unambiguous, so better would be well defined.


But the keyboard story, as outlined above and retold in any number of places, is simply not true. The Dvorak keyboard is not, as urban legend has it, vastly superior to the standard QWERTY configuration.


When we first began our research on the economics of standards in the late 1980s we, like others, took the typewriter story we have just outlined as one of the illustrative lessons on the topic. Our interests at the time were how institutions such as standards were shaped by the benefits and costs—demand and supply—that they generated. As we began to look into this case to get a more precise measure of the benefits that Dvorak offered, we began to discover a body of evidence that indicates that Dvorak, in fact, offered no real advantage. As we dug further, we discovered that the evidence in favor of a Dvorak advantage seems to be very unscientific in character and came mostly from Dvorak himself. Eventually, we encountered claims that Dvorak himself had been involved in one study that had been given prominence by other writers, a study attributed to the U.S. Navy. After some struggle, we found a copy of the study—not an official U.S. Navy publication—and found that it was shot through with error and bias. Our conclusion, based on a survey of various ergonomic studies, computer simulations, and training experiments, is that the Dvorak keyboard offers no significant advantage over the standard Sholes or QWERTY keyboard.


Our research into the QWERTY keyboard was published as “The Fable of the Keys,” the lead article in the Journal of Law and Economics, in April 1990. For a time after the paper was published, it was ignored by many economists who had a stake in the theory of lock-in. Even though the article had appeared in one of the most influential economics journals, and was appearing on graduate reading lists in graduate economics courses throughout the country, it was seldom cited in the theoretical literature. Instead, the flawed version of QWERTY continued to be cited as evidence of the empirical importance of lock-in. It was only with our publication in 1994 of an article in the Journal of Economic Perspectives, a journal that goes to all members of the American Economics Association, that it became more common to acknowledge that the received history of the typewriter keyboard might be flawed. We made further progress with publications in Regulation and Upside magazines, both in 1995, which introduced our findings to policy and business audiences.


Yet the myth lives on. In the January 1996 issue of Harvard Law Review, Mark Roe makes much of QWERTY as an example of market failure. In February 1996 Steve Wozniak explained Apple’s problems by analogy to the Dvorak keyboard: “Like the Dvorak keyboard, Apple’s superior operating system lost the market share war.” In spring of 1997, Jared Diamond published a lengthy discussion in Discover magazine in which he fretted over the demise of the “infinitely better” Dvorak keyboard. Other recent references to the paradigmatic story appear in the New York Times, Washington Post, Boston Globe, PBS News Hour with Jim Lehrer, and even Encyclopedia Britannica.


Indeed, what may be the most telling feature of the QWERTY keyboard story is its staying power. Lock-in theory suggests that in an increasing-returns world, the market selects good alternatives only by good luck. If there are lots of so-called QWERTY worlds, there should be no problem finding plenty of examples of inferior technologies or products that have prevailed against superior alternatives. If the QWERTY story does not illustrate the point, it ought to be possible for lock-in theorists to replace it with another, just as compelling, story. Such a story has not been forthcoming. But this does not keep the lock-in theories from pouring forth. Nor does it keep the lock-in theorists from broadly applying these theories to sweeping policy prescriptions.


Application to Antitrust


Theories of lock-in, network effects, and increasing returns have come to greater public prominence as a result of their very conspicuous, and sometimes inconsistent application to antitrust. As we write, the Microsoft antitrust case is in district court. There is no telling how the court case will come out, but it is now thought that it is very likely that the case will affect very profoundly how antitrust law is applied to information technologies and other industries that involve some degree of increasing returns.


The government’s case against Microsoft depends heavily on network effects. Franklin Fisher, the economic expert witness for the government, begins the substantive portion of his report as follows: “The dominance of Microsoft’s windows 9x operating system in the market for operating systems for Intel compatible desktop personal computers is protected, among other things, by what are sometimes referred to as network effects.” Nothing about the argument we present here would dispute the claim that there are network effects, although the ability of these effects to “protect” a firm’s market position is very much in dispute. The very heart of our argument is that network effects do not “protect” market participants from competition. The essence of the lock-in claim is that inferior products are “protected” from superior newcomers. As we will see, however, there is neither convincing theory nor even minimal empirical support for the lock-in proposition.


Weak as the lock-in argument is as an economic foundation for an antitrust case, it is a foundation that antitrust enforcers cannot really do without. The usual monopoly concern—low output and high price—is simply not much in evidence in the computer software market, as we show in chapters 8 and 9. It is particularly not in evidence in markets where Microsoft has become dominant. Instead, prices continue to fall and products keep getting better, all while the number of users keeps getting larger. This would seem to be the opposite of the monopoly inefficiency problem. Instead, it is evidence of sharp rivalry assuring that consumers get a better and better deal.


If that problem is not fundamental enough, network effects or increasing returns-to-scale industries pose a still more basic conflict for antitrust practice. If industries really do have network effects, we would expect them to gravitate toward monopoly. If we all really do want to use the same word processor, or the same VCR, then we probably will. And should. So, in fighting monopolies that would arise in some network industries, antitrust enforcers are not only fighting against the workings of the marketplace, they are fighting against efficient outcomes as well.


These monopolies, we would argue, are efficient outcomes in network industries, where the network effect, or scale economy, is strong. It is not our argument that such monopolies would never arise, but rather that these monopolies would not be locked in. Such industries are serial monopolies; one monopoly after another. One firm occupies a monopoly position for a while, only to be replaced when something else comes along. The stakes are always very high in such industries. The new entrant seeks not to coexist with the incumbent, but rather to replace it. These high stakes, and the rivalry that they create, is apparently sufficient discipline to hold monopoly prices in check and to keep the rate of innovation very rapid.


This condition—that network effects, if strong enough, will give us a succession of monopolies—alters the antitrust world considerably. As we write, the government’s expert witness in the Microsoft case is testifying that Microsoft has monopoly power. As evidence of monopoly power, he cites a Microsoft internal e-mail in which a Microsoft employee expresses concern that the price of the Windows NT operating system may induce the entry of a rival that would replace NT. The e-mail is, however, not evidence of monopoly power “protected,” to use Franklin Fisher’s term, by network effects. Instead, it is the inevitable manifestation of competition in an industry with important network effects, a world of serial monopoly. In this world, the firm competes not to take its share of today’s market; it competes to take the market for its share of days. Legislatures and courts may choose to make some ways of competing legal and some not, but the old structuralist approaches to antitrust will only be misleading. In a world of strong network effects, all competition is monopolization, though perhaps short-lived monopolization.


The Plan of This Book


Because of the importance of the keyboard story for this debate, we have included “The Fable of the Keys” in its entirety as chapter 2, which along with this opening chapter constitutes Part One of the book. “The Fable of the Keys” presents in detail the history of the QWERTY keyboard, and the relationship of that history to economic thought.


Part Two, “The Theory” develops the theoretical background for the arguments that we present in “The Fable.” In chapters 3 and 4 we discuss the assumptions, logic, and limitations of the theory of network effects, path dependence, and lock-in. In chapter 5 we examine how these theories come together in a simple model that we construct for two hypothetical competing standards. These three chapters explain why it is reasonable to expect that the keyboard arrangement, and any other network product that survives in competitive markets, would be at least passably efficient. They also explain why lock-in theorists have had a difficult time providing examples of inefficient lock-in.


Part Three, “The Real World,” begins with chapter 6, which examines the histories of several alleged lock-ins to inferior arrangements, including Beta versus VHS, and Macintosh versus Windows. These cases build a record in which claim after claim of harmful lock-in turn out to be faulty. Although we cannot prove the negative proposition that there are no cases of harmful lock-in, the fact that the best cases for lock-in are not lock-in at all suggests that the theoretical possibility of lock-in may not have a great deal of relevance in the real world.


The final three chapters in Part Three focus on the software market. They provide a strong factual basis on which to judge the Microsoft case. Chapter 7 describes a method for examining software markets. Chapter 8 applies the method to spreadsheets and word processing. Chapter 9 extends the method to personal finance, desktop publishing, online services, and browsers. We find that a firm can succeed in the software market only when its product is better than the competition’s. Furthermore, this rule applies even to Microsoft. When a Microsoft product is judged the best available, it displaces incumbent standards and dominates its product segment. When another firm’s product is judged the best available, the Microsoft product fails.


The appendix describes the general antitrust principles raised by the new technologies and examines some of the specific claims that are being raised in the Microsoft case.





NOTES TO CHAPTER 1


1. Originally, these were called network externalities by a number of writers. That term reflected the presumption that these effects constituted a kind of market failure. Much of our writing argues that these effects most often are not market failures. Our 1994 paper suggested that network effects is a more appropriate term for the general concept, relegating network externalities to a subset of cases where markets were demonstrated to work incorrectly.


2. We should point out that almost all competitive actions could be construed as attempts to monopolize an industry. The difference is that market shares grow sufficiently large in network industries that the possibility of monopolizing an industry appears much more real.


3. Paul Krugman, page 235, contained within a chapter aptly titled “The Economics of QWERTY,” in Peddling Prosperity (1994). We quote Krugman’s statement as typical of the treatments. We note, however, that Krugman does suggest caution in drawing policy conclusions from the typewriter story, and has since indicated that he thinks the force and frequency of the QWERTY problem may be limited. See Gomes in the Wall Street Journal (1998), and Krugman in Slate (1998).
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The Fable of the Keys




This is a very lightly edited version of our article “The Fable of the Keys,” which appeared in the October 1990 issue of the Journal of Law and Economics. We have retained the complete article even though there is some minor duplication of material with other sections of the book, because “Fable” is, in a way, a microcosm of the rest of the book, and we wanted the reader to get the gist of the story up front.





The term standard can refer to any social convention (standard of conduct, legal standards), but it most often refers to conventions that require exact uniformity (standards of measurement, computer operating systems). Current efforts to control the development of high-resolution television, multitasking computer-operating systems, and videotaping formats have heightened interest in standards.


The economics literature on standards has focused recently on the possibility of market failure with respect to the choice of a standard. In its strongest form, the argument is essentially this: An established standard can persist over a challenger, even where all users prefer a world dominated by the challenger, if users are unable to coordinate their choices. For example, each of us might prefer to have Beta-format videocassette recorders as long as prerecorded Beta tapes continue to be produced, but individually we do not buy Beta machines because we don’t think enough others will buy Beta machines to sustain the prerecorded tape supply. I don’t buy a Beta format machine because I think that you won’t; you don’t buy one because you think that I won’t. In the end, we both turn out to be correct, but we are both worse off than we might have been. This, of course, is a Catch-22 that we might suppose to be common in the economy. There will be no cars until there are gas stations there will be no gas stations until there are cars. Without some way out of this conundrum, joyriding can never become a favorite activity of teenagers.1


The logic of these economic traps and conundrums is impeccable as far as it goes, but we would do well to consider that these traps are often avoided in the market. Obviously, gas stations and automobiles do exist, so participants in the market must use some technique to unravel such conundrums. If this Catch-22 is to warrant our attention as an empirical issue, at a minimum we would hope to see at least one real-world example of it. In the economics literature on standards,2 the popular real-world example of this market failure is the standard QWERTY typewriter keyboard3 and its competition with the rival Dvorak keyboard.4 This example is noted frequently in newspaper and magazine reports, seems to be generally accepted as true, and was brought to economists’ attention by the papers of Paul David.5 According to the popular story, the keyboard invented by August Dvorak, a professor of education at the University of Washington, is vastly superior to the QWERTY keyboard developed by Christopher Sholes that is now in common use. We are to believe that, although the Dvorak keyboard is vastly superior to QWERTY, almost no one trains on Dvorak because there are too few Dvorak machines, and there are almost no Dvorak machines because there are too few Dvorak typists.


This chapter examines the history, economics, and ergonomics of the typewriter keyboard. We show that David’s version of the history of the market’s rejection of the Dvorak keyboard does not report the true history, and we present evidence that the continued use of QWERTY is efficient given the current understanding of keyboard design. We conclude that the example of the Dvorak keyboard is what beehives and lighthouses were for earlier market-failure fables. It is an example of market failure that will not withstand rigorous examination of the historical record.6


Some Economics of Standards


Some standards change over time without being impaired as social conventions. Languages, for example, evolve over time, adding words and practices that are useful and winnowing features that have lost their purpose. Other standards are inherently inflexible. Given current technologies, it will not do, for example, for broadcast frequencies to drift in the way that orchestral tuning has. A taste for a slightly larger centimeter really cannot be accommodated by a sequence of independent decisions the way that increased use of contractions in academic writing can. Obviously, if standards can evolve at low cost, they would be expected to evolve into the forms that are most efficient (in the eyes of those adopting the standards). Conversely, an inappropriate standard is most likely to have some permanence where evolution is costly.


In their influential article on standards, Joseph Farrell and Garth Saloner presented a formal exploration of the difficulties associated with changing from one standard to another.7 They constructed hypothetical circumstances that might lead to market failure with respect to standards. To refer to the condition in which a superior standard is not adopted, they coined the phrase “excess inertia”. Excess inertia is a type of externality: Each nonadopter of the new standard imposes costs on every other potential user of the new standard, and there is no third party (entrepreneur) in the model who can rearrange incentives to achieve efficient adoption. In the case of excess inertia, the new standard can be clearly superior to the old standard, and the sum of the private costs of switching to the new standard can be less than the sum of the private benefits, and yet the switch does not occur. This is to be distinguished from the far more common case where a new standard is invented that is superior to the old, but for which the costs of switching are too high to make the switch practicable. Users of the old standard may regret their choice of that standard, but their continued use of the old standard is not inefficient if the costs of switching are greater than the benefits.


Farrell and Saloner’s construct is useful because it shows the theoretical possibility of a market failure and also demonstrates the role of information. There is no possibility of excess inertia in their model if all participants can communicate perfectly.8 In this regard, standards are not unlike other externalities in that costs of transacting are essential. Thus, standards can be understood within the framework that Ronald Coase offered decades ago in his paper on externalities.9


By their nature, this model and others like it must ignore many factors in the markets they explore. Adherence to an inferior standard in the presence of a superior one represents a loss of some sort. Such a loss implies a profit opportunity for someone who can figure out a means of appropriating some of the value made available from changing to the superior standard. Furthermore, institutional factors such as head starts from being first on the market, patent and copyright law, brand names, tie-in sales, discounts, and so on, can also lead to appropriation possibilities (read “profit opportunities”) for entrepreneurs, and with these opportunities we expect to see activity set in motion to internalize the externalities. The greater the gap in performance between two standards, the greater are these profit opportunities, and the more likely that a move to the efficient standard will take place. As a result, a clear example of excess inertia is apt to be very hard to find. Observable instances in which a dramatically inferior standard prevails are likely to be short-lived, imposed by authority, or fictional.


The creator of a standard is a natural candidate to internalize the externality.10 If a standard can be “owned,” the advantage of the standard can be appropriated, at least in part, by the owner. Dvorak, for example, patented his keyboard. An owner with the prospect of appropriating substantial benefits from a new standard would have an incentive to share some of the costs of switching to a new standard. This incentive gives rise to a variety of internalizing tactics. Manufacturers of new products sometimes offer substantial discounts to early adopters, offer guarantees of satisfaction, or make products available on a rental basis. Sometimes manufacturers offer rebates to buyers who turn in equipment based on old standards, thus discriminating in price between those who have already made investments in a standard and those who have not. Internalizing tactics can be very simple: Some public utilities once supplied light bulbs, and some UHF television stations still offer free UHF indoor antennas. In many industries firms provide subsidized or free training to assure an adequate supply of operators. Typewriter manufacturers were an important source of trained typists for at least the first fifty years of that technology.11


Another internalizing tactic is convertibility. Suppliers of new-generation computers occasionally offer a service to convert files to new formats. Cable-television companies have offered hardware and services to adapt old televisions to new antenna systems for an interim period. Of interest in the present context, for a time before and after the Second World War, typewriter manufacturers offered to convert QWERTY typewriters to Dvorak for a very small fee.12


All of these tactics tend to unravel the apparent trap of an inefficient standard, but there are additional conditions that can contribute to the ascendancy of the efficient standard. An important one is the growth of the activity that uses the standard. If a market is growing rapidly, the number of users who have made commitments to any standard is small relative to the number of future users. Sales of audiocassette players were barely affected by their incompatibility with the reel-to-reel or eight-track players that preceded them. Sales of sixteen-bit computers were scarcely hampered by their incompatibility with the disks or operating systems of eight-bit computers.


Another factor that must be addressed is the initial competition among rival standards. If standards are chosen largely through the influence of those who are able to internalize the value of standards, we would expect, in Darwinian fashion, the prevailing standard to be the fittest economic competitor. Previous keyboard histories have acknowledged the presence of rivals but they seem to view competition as a process leading to results indistinguishable from pure chance.


Consideration of the many complicating factors present in the market suggests that market failure in standards is not as compelling as many of the abstract models seem to suggest. Theoretical abstraction presents candidates for what might be important, but only empirical verification can determine if these abstract models have anything to do with reality.


The Case for the Superiority of the Dvorak Keyboard


Paul David, a leading economic historian, with his 1985 paper introduced economists to the conventional story of the development and persistence of the current keyboard standard, known as the Universal, or QWERTY, keyboard. The key features of that story are as follows. The operative patent for the typewriter was awarded in 1868 to Christopher Latham Sholes, who continued to develop the machine for several years. Among the problems that Sholes and his associates addressed was the jamming of the type bars when certain combinations of keys were struck in very close succession. As a partial solution to this problem, Sholes arranged his keyboard so that the keys most likely to be struck in close succession approached the type point from opposite sides of the machine. Because QWERTY was designed to accomplish this now obsolete mechanical requirement, maximizing speed was not an explicit objective. Some authors even claim that the keyboard is actually configured to minimize speed since decreasing speed would have been one way to avoid the jamming of the typewriter. At the time, however, a two-finger huntand-peck method was probably all that was contemplated, so the keyboard speed envisioned was quite different from touch-typing speeds.


The rights to the Sholes patent were sold to E. Remington & Sons in early 1873. The Remingtons added further mechanical improvements and began commercial production in late 1873.


A watershed event in the received version of the QWERTY story is a typing contest held in Cincinnati on July 25, 1888. Frank McGurrin, a court stenographer from Salt Lake City, who was apparently one of the first typists to memorize the keyboard and use touch-typing, won a decisive victory over Louis Taub. Taub used the huntand-peck method on a Caligraph, a machine that used seventy-two keys to provide upper- and lower-case letters. According to popular history, the event established once and for all that the Remington typewriter, with its QWERTY keyboard, was technically superior. More important, the contest created an interest in touch-typing, an interest directed at the QWERTY arrangement. Reportedly, no one else at that time had skills that could even approach McGurrin’s, so there was no possibility of countering the claim that the Remington keyboard arrangement was efficient. McGurrin participated in typing contests and demonstrations throughout the country and became something of a celebrity. His choice of the Remington keyboard, which may well have been arbitrary, contributed to the establishment of the standard. So it was, according to the popular telling, that a keyboard designed to solve a short-lived mechanical problem became the standard used daily by millions of typists.13


In 1936 August Dvorak patented the Dvorak Simplified Keyboard (DSK), claiming that it dramatically reduced the finger movement necessary for typing by balancing the load between hands and loading the stronger fingers more heavily. Its inventors claimed advantages of greater speed, reduced fatigue, and easier learning. These claims have been accepted by most commentators including David, who refers, without citation, to experiments done by the U.S. Navy that showed that the increased efficiency obtained with the DSK would amortize the cost of retraining a group of typists within ten days of their subsequent full-time employment.14 In spite of its claimed advantages the Dvorak keyboard has never found much acceptance.


This story is the basis of the claim that the current use of the QWERTY keyboard is a market failure. The claim continues that a beginning typist will not choose to train in Dvorak because Dvorak machines are likely to be difficult to find, and offices will not equip with Dvorak machines because there is no available pool of typists.


This is an ideal example. The number of dimensions of performance are few and in these dimensions the Dvorak keyboard appears overwhelmingly superior. These very attributes imply, however, that the forces to adopt this superior standard should also be very strong. It is the failure of these forces to prevail that warrants our critical examination.


The Myth of Dvorak


Farrell and Saloner mention the typewriter keyboard as a clear example of market failure. So too does the textbook by Tirole.15 Both works cite David’s article as the authority on this subject. Yet there are many aspects of the QWERTY-versus-Dvorak fable that do not survive scrutiny. First, the support for the claim that Dvorak is a better keyboard is both scant and suspect. Second, studies in the ergonomics literature find no significant advantage for Dvorak that can be deemed scientifically reliable. Third, the competition among producers of typewriters, out of which the standard emerged, was far more vigorous than is commonly reported. Fourth, there were far more typing contests than just the single Cincinnati contest. These contests provided ample opportunity to demonstrate the superiority of alternative keyboard arrangements. That QWERTY survived significant challenges early in the history of typewriting demonstrates that it is at least among the reasonably fit, even if not the fittest that can be imagined.
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