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INTRODUCTION 




“WE’RE LOSING MONEY FAST ON PURPOSE, to build our brand,” Toby Lenk, chief executive officer of eToys.com, proudly proclaimed. Lenk claimed that revenues were increasing an astounding 40% monthly. While most consumer purchases were still made in buildings called “stores,” in Toby Lenk’s world, the new economy had arrived. It was February 2000 and eToys was trading at $86 a share, implying an enterprise valuation of $7.7B, 35% more than bricks-and-mortar industry leader Toys “R” Us. Lenk believed he understood: the internet was changing the business world; traditional retailers would soon be a thing of the past; we would soon be buying groceries, or at least toys, in our underwear. The new economy was inevitable. 

This was an astounding proposition given that in 1999 eToys’ revenues were $30 million. In 1999, Toys “R” Us took in $30 million in a single day. Not to mention, Toys “R” Us was profitable, earning $376 million that year, with a respectable, if not particularly remarkable, margin of 6.2%.¹ 

The key to e-commerce was to buy high and sell low, in order to generate volume. With volume, costs would decline and profits would ensue. The revenue growth of eToys’ was extraordinary. These revenues came from “eyeballs,” or website traffic. Investors fit this fact into a narrative that justified losses to attract this traffic: get big fast. Build it, and they will come, costs will drop, and profits will follow!² Get big fast was a narrative shared by the entire dot-com sector. 

Meanwhile, Fortune magazine reporter (and later TechCrunch editor) Erick Schonfeld, was struggling with a different question: How much is a customer worth? In the heady days before costs had dropped to support profits, it was all guesswork. For example, in February 2000, a few weeks before the dot-com crash, a Yahoo! customer was valued at three times the value of an Amazon customer. To make sense of this, investors came up with stories to justify stock market valuations. The margins of Yahoo! would be higher than Amazon’s because online advertising is not as competitive as retail. And while pricing power had proved considerably stronger in advertising than in retail, Yahoo! was a long way from winning the online advertising space (if you don’t believe us, just Yahoo! it). 

Was eToys overvalued? If it was, then we might have a bubble. More precisely, if eToys was worth more than the sum total of all the profits that it would make in the future, it would be a bubble. Toby Lenk didn’t think so. And who was to say he was wrong? To support his cause, Lenk proclaimed himself the expert: despite his lack of experience in retail, he was “a grizzled veteran.”³ He had a story too! According to Lenk, the e-commerce market was a land grab, and eToys was grabbing land and worrying about the rest later.⁴ 

For eToys, getting big fast required overcoming multiple challenges. The organizational challenges of building a multibillion-dollar business, which are difficult in any low-margin business, would be insurmountable for most new ventures. Timing the build-out of infrastructure to match the unpredictable growth in demand while buying high and selling low further complicated the challenge. The audacity of the bet, trying to sell all toys to all people, instead of focusing on a high-margin niche to start, complicated the mission. By November 2000, the game was almost over. eToys’ stock had fallen from $86 to $6.25 a share, and the “get big fast” narrative was showing cracks.⁵ Without investors who were willing to continue to make sense of the world through Lenk’s narrative, there would be no way for the company to assemble the funds it needed to survive, let alone grow. With its stock further falling to trade at $.09 a share, eToys shut down in March 2001.⁶ 

The eToys story was built on the “get big fast” narrative. And while the magnitude of eToys’ rise and fall is exceptional, the fact that it was built on a story is not. Generally, entrepreneurial capitalism is built on narratives that strive to make sense of imagined futures. These narratives, or stories, do much more than interpret the present; they shape the future. Not all narratives are equal. The logic of capitalism constrains which narratives will be convincing and to whom. For example, all investments require supporting narratives that are plausible to someone, but only a subset of these narratives produce eToys-style bubbles. Hence, understanding why and how narratives, and in particular speculative narratives, form is critical to understanding when there are—and when there are not—bubbles. 

eToys was just a subplot in a much larger narrative that included other parallel subplots such as Webvan (groceries), Value America (general retail), CDNow (compact discs) and, of course, Amazon. com.⁷ These stories had a magnificent effect on the financial markets. The plot accelerated on August 9, 1995, when the browser company Netscape had its initial public offering. That day, the NASDAQ Composite Index closed at 1,005. On March 10, 2000, driven by a host of eToys-like subplots in the larger “get big fast” narrative, the index peaked at 5,132, more than 500% higher. Two and a half years after that, on September 23, 2002, the same index closed at 1,185, marking a loss of nearly 77% from its peak. This decline wiped out $4.4 trillion in market value. Accounting for inflation, it was not until January 2018 that the NASDAQ recovered its value.⁸ 

This collapse was much more severe in the tech-heavy NASDAQ than in the broader Dow Jones Industrial Average, which collapsed from 14,164 to 6,547.05 (a mere 54% decline), or the Standard & Poor’s 500 which fell from 1,516 to 800 (only 48%). If we look exclusively at a dot-com index the contrast is even starker. An index of four hundred dot-com stocks increased tenfold from the end of 1997 to March 2000, only to lose 80% of its value in the following nine months.⁹ The dot-com bubble was concentrated almost exclusively in, well, dot-com and closely related sectors.¹⁰ 

The events of the dot-com era fit into a long line of boom and bust episodes in the prices at which these types of assets change hands. Historical boom and bust episodes, popularly known as “bubbles,” often define their economic eras. For example, relative to the size of the British economy in the mid-nineteenth century, the “Railway Mania” bubble was several times the size of the dot-com bubble. The Roaring Twenties and, subsequently, the Great Depression scarred an entire nation; it was almost two generations before the next major speculative episode hit Wall Street in the form of the “’tronics” boom in the 1960s.¹¹ Bubbles are important, undeniable facts of life for citizens living under entrepreneurial capitalism. However, bubbles are both inefficient (from a strictly economic perspective) and potentially damaging to the individual interests of those who are caught up in them. Our inability to avoid bubbles suggests that our understanding of them is incomplete. 

A closer look at the investors in dot-com firms on the NASDAQ reveals additional curiosities. First, inexperienced investors threw around large sums of money. Many retail investors, usually viewed as less experienced than professional investors, were trading in dot-com firms.¹² These investors were particularly bullish on dot-com firms and took bigger risks. For example, investors trading on E*Trade—the online, no-frills brokerage catering to retail investors—were over seven times more likely to trade on margin than investors who kept their assets with the full-service brokerage Merrill Lynch.¹³ One suspects that these margin investors not only were trading online but also were more invested in internet stocks. Second, many Wall Street investors were also inexperienced. While only 12% of professional money managers were younger than the age of 35 in 1997, these younger, less experienced mutual fund managers were more likely to invest in technology stocks than were their more seasoned colleagues.¹⁴ Third, many of those providing the initial funding to the dot-com firms that later went public were also inexperienced. From 1990 to 1994, the share of investments made by venture capitalists in the business for less than five years was 10%.¹⁵ By the year 2000, recent entrants to the VC space made 40% of all VC investments. Fourth, the entrepreneurs themselves were inexperienced. In earlier work, together with our student Michael Pfarrer, we estimated that between 1998 and 2002, fifty thousand would-be entrepreneur-millionaires founded dot-coms.¹⁶ We do not have good statistics on whether dot-com founders themselves were first-time entrepreneurs, but we do know that none of these founders had ever built an internet business—no one had. 

What was the lure of dot-coms for investors? Why did they think their investments in dot-com ventures would pay off? For one, it seemed clear that the internet was going to be big. It was flashy, in the news, and most of all already familiar—investors used the new technology. Unlike products and services that targeted industrial buyers, the World Wide Web engaged Main Street, which made its potential value quite tangible to many of those who chose to invest. For example, investors in eToys could purchase toys on eToys.com. As we have documented extensively elsewhere, with economist David Miller, investors thought they knew that the “get big fast” narrative was a good bet. 

In retrospect, it proved quite difficult to imagine and implement business models that turned the internet, the next big thing, into profitable businesses. As a young business school professor, David would ask his students questions like “How are entrepreneurs expecting to ‘appropriate’ or capture part of the value that was being created by the internet?” Students often responded that generating a positive bottom line was no longer a relevant business metric. Investors and entrepreneurs were fighting for “eyeballs,” not dollars. These entrepreneurs, analysts, and investors (and, apparently, students) believed that they understood the new economy. It was an urgent land grab, and the land was inherently, inevitably valuable. This confidence is puzzling, given that in the late 1990s few dot-com businesses had generated profits. There was still profound uncertainty about how to value them. It was not merely unknown if and how such metrics would translate into bottom-line profits—it was unknowable.¹⁷ 

The eToys story epitomizes the interaction of unknowability and consequent narratives that are used to divine the unforeseeable future. Understanding this interaction provides clues as to how to identify when a bubble is occurring and, perhaps, how to avoid the most destructive excesses of rampant speculation. For a given opportunity, is it known which business models will be profitable? Can we identify why entrepreneurs, investors, and analysts believe what they believe? Are such beliefs based on real, relevant past experience, or are they simply guesses? Do the players proclaim the future with certainty? Are investors and entrepreneurs making similar bets based on the same emergent, urgent narratives built on flimsy foundations? Do they all look to one another for social proof they are doing the right thing? 

If this first set of questions explores attributes of a given opportunity, a second set asks who is investing. For any asset or class of assets, if many novice investors are investing when asset values are fundamentally unknowable, this is reason for concern. Such investors are unlikely to have access to information that would allow them to provide sound reasons to be bullish and are more likely to make decisions based on what others have told them. That is, novice investors are unlikely to understand what is unknowable. Thus, understanding who else is investing and why is critical to making an informed evaluation of whether an asset or class of assets is being traded at unjustifiably inflated prices. 

While we hope you find this interpretation of the dot-com bubble intriguing, generalizing from a single convincing story is unwise. There are many problems with making the leap from statements like “entrepreneurs didn’t know how they were going to convert eyeballs into profits” and “there were novices investing in dot-coms” to a causal statement such as “there were novices investing in dot-coms who thought they understood how dot-com entrepreneurs would convert eyeballs into profits, and this was a significant factor in causing the bubble.” This leap requires not only a plausible cause-and-effect argument that links investor type and beliefs as well as the nature of uncertainty to investment decisions and asset prices, but also some “counterfactual” evidence to convince us that the dot-com bubble might have been avoided altogether in the absence of novice investors and the narrative that emerged. 

More generally, one strategy to help convince a skeptical reader would be to demonstrate that novice investors were systematically not investing in the companies commercializing early-stage technologies that were not associated with bubbles, and conversely, that novices were active investors in new industries that experienced bubbles. We would then need to demonstrate that when novices were present but there were no compelling narratives, bubbles were less likely to form. To find examples of each of these situations, we would need to sample across a wide range of assets with varying financial histories. This exercise is the intellectual journey of this book. 

Our principal methodological challenge is fundamental to the scientific method: identifying causal links requires that we observe instances when the outcome of interest does not happen. For example, imagine that we wanted to breed faster thoroughbreds and so examined the dietary histories of all horses that had won the Triple Crown. Further, imagine we discovered that most Triple Crown winners were found to have received more oats and grains than vegetables. Is this sufficient to change the recommended diet of all racehorses? Hopefully not. It could be that the horses that finished last in every Triple Crown race also received more oats and grains than vegetables. To conclude that diet was an important causal determinant of the outcome of the races, we would need to compare the diets of winning and losing horses, and show that horses that won had different diets from those that lost.¹⁸ Similarly, identifying causal factors requires an analysis of assets that were associated with speculative episodes and those that were not associated with speculation at all. Although there are many prior studies that relate the theory of market speculation to the existence of a bubble, we have been unable to identify studies that systematically compare such speculative episodes to historical instances when broad-based market speculation might have occurred but did not.¹⁹ 

To do so, we need a class of assets that appears to be at similar risk of sparking speculative episodes. The category “major technological innovations” meets our requirements. Major technological innovations, as defined in the literature on long waves in economic activity, are interesting and important precisely because they are hypothesized to be economically and socially significant.²⁰ We examine a subset of major technological innovations identified in the long-wave literature so as to observe when bubbles do and do not occur. Then, we relate those observations to, among other things, whether novices were present and whether technological narratives were available that might have aligned investors’ and entrepreneurs’ beliefs in support of speculative activity. In this way we identify robust conditions for the appearance of a bubble. 

We analyze fifty-eight major innovations appearing between 1850 and 1970 that may or may not have led to speculative activity. For each, we delve into the history of the innovation and its commercialization—with a particular focus on the uncertainty surrounding how entrepreneurs and businesspeople would make money in the emergent industries. Such uncertainty accompanied many, though not all, new technologies. We then examine the contemporaneous press coverage and historical accounts to understand how entrepreneurs, investors, and the public perceived the market opportunities associated with the innovation. Which types of technology and investment narratives could a given innovation support? We provide the list of technologies in Table A.1 in the Appendix. The table has many fields, which we describe in the forthcoming chapters. 

Our interpretation of investment activities would be incomplete without a close examination of the market institutions of the day. Many technology stocks were floated in the early part of the twentieth century when financial market regulation was nonexistent, and trades were literally conducted “on the curb” outside the New York Stock Exchange building in Lower Manhattan. The historical contexts help us understand the level of market access enjoyed by different classes of investors, and understanding the nature of the technology and its related narratives provides windows onto investor composition and entrepreneurial beliefs. 

Early on in our study, we discovered important practical barriers to the identification of bubbles associated with the introduction of new technologies. First, there was no comprehensive database of stock market movements that covered the periods of introduction of such profoundly important technological innovations as the telephone or the steel industry. Sometimes, though, we were able to supplement our use of existing databases with indices derived from primary sources. Second, our focus on beliefs and the narratives that string them together required a similar window into public perceptions of the various technologies under study, one that allowed for cross-technology comparisons to find the presence or absence of bubbles, as well as the identification of events that may have coordinated beliefs about the promise (Charles Lindbergh’s successful transatlantic flight) or limitations (the Hindenburg disaster) of a new technology. Understanding these narratives required a careful reading of contemporaneous press accounts. It is doubtful that this exercise would have been possible without the digitization of historical newspapers. Our next step is to clarify precisely our definition of a bubble, then outline when we think bubbles are more likely to occur. 




Bubbles, Booms, and Busts 




A bubble refers to the rise and fall in asset prices such that prices deviate from “fundamental” or “intrinsic” value. Defining “fundamental” value is hard, so financial economists have tried to tie it to something real, the asset’s future discounted returns. This is easy when considering a bond with a fixed interest rate but much harder to think about when we consider a new, highly uncertain start-up. 

But we are getting ahead of ourselves. Simply predicting rises and falls in asset prices—which we call boom and bust episodes—would be sufficient for any practical use. However, such cycles are much more interesting when the price movements fail to reflect underlying intrinsic value; that is, when they are irrational, inspired by “animal spirits” or the “madness of crowds.” Financial economists call such episodes “bubbles,” and so will we.²¹ 

Distinguishing between bubbles and mere boom and bust cycles requires a statement about the rationality of traders. This in turn requires some idea of what might have been reasonable to believe at the time trades were made. One has to have a theory of what is reasonable to believe about a future profit stream. The problem is, though, that one can come up with a justification to explain any price as rational. For example, if one has good reason to believe that the $7.7 billion eToys valuation in February 2000 was a reasonable assessment of eToys’ future profits from selling toys on the web, then the eToys episode is properly classified as a boom and bust cycle, not a bubble. In general, many stories are plausible in highly uncertain settings. To quote the famed baseball philosopher Yogi Berra, “It’s tough to make predictions, especially about the future.”²² This prediction challenge has led to claims that even the most excessive price fluctuations, such as those of the dot-com bubble, were not examples of irrational exuberance but measured decisions of thoughtful traders.²³ Such arguments rely on an options-based logic that suggests that prices should increase with uncertainty; in this view, high prices reflect the possibility that a given venture might be the next General Electric or Apple while also taking into account the fact that losses are limited—stock prices can’t fall below $0. However, rational theories do not explain why the presence of novice investors increases the likelihood of the phenomenon, nor do such accounts square well with contemporaneous descriptions of bubbles and other market anomalies. They do not incorporate the role of narratives and stories in human decision making. While we will be more precise about these arguments and our definitions in later chapters, we use the term “boom and bust episode” to refer to a substantial increase and subsequent decrease in prices. We label such an episode a “bubble” if we find that the boom and bust occurred at a time with a substantial influx of novice investors and was also accompanied by identifiable narratives. 




Causal Factors 




What causes technology bubbles? Inevitably, this is the bottom-line question that drives our study, haunts investors in their sleep, and has brought you this far. As noted already, we can offer only probabilistic statements. We identify four principal factors that, taken together, increase the likelihood of a speculative bubble forming around a given technological innovation: the nature and degree of uncertainty surrounding the innovation, the existence of “pure-play” firms whose fortunes are tightly coupled with the commercialization of the innovation, the availability of narratives that coordinate and align beliefs about the likely development of the innovation, and the presence of novice investors to fund those firms. We take up each of these factors in depth in the body of the book but give a brief overview here. 




Uncertainty 




The arrival of a major technological innovation is often associated with uncertainty about how firms will capture value from the innovation and which firms will profit. The financial economics literature has suggested that bubbles are more likely to occur under greater uncertainty and that speculation will end as this uncertainty is resolved.²⁴ If positive beliefs are both pervasive and, in hindsight, misplaced, then a boom and a bust will follow. In retrospect, this will appear to be speculative.²⁵ Unfortunately, existing research says little about how uncertainty will manifest in the context of new technologies, and if and to what extent institutional and market features will mitigate or exacerbate the effect of uncertainty on the likelihood of a speculative bubble forming. 

For example, there might be considerable uncertainty regarding which business model will prove to be an advantageous means to exploit a new technology.²⁶ A business model describes the way businesses will make money selling or using the new technology. It depends on the entire economic system used to deliver value to the end user. Do the best opportunities come from selling cars to consumers or tires to car manufacturers? Although it might appear counterintuitive, when investors have trouble understanding how a new technology will fit into this system, or alternatively, when it is surmised that a new technology might displace extensive portions of a value chain, then this will encourage investment. If there is uncertainty about which part of the value chain will be able to appropriate returns, then we can rest assured that there will be a variety of opinions, and those opinions will be woven into stories justifying investment. Moreover, if firms are replacing greater proportions of a value chain, they may have a better chance of appropriating more value. Different types of investors will get caught in the different webs of stories generated to make sense of each idea about capturing value. This dynamic will push up the entire sector.²⁷ For example, in the case of radio, it was unclear how anyone would make money in broadcasting. In the early 1920s department stores produced broadcasts as a loss leader to attract customers to their store, and the Radio Corporation of America (RCA) began broadcasting as a means to increase demand for its primary product, radio sets. But this also encouraged entry of dozens of independent radio broadcast and receiver producers, and the airwaves were quickly filled with many stand-alone, privately financed radio stations. Contemporaneous observers did not know whether great profits would emerge in broadcasting, radio production, or the production of radio broadcast equipment, although there were opportunities to invest in any of those segments. This variation may have appealed to different investor segments, thereby increasing overall demand for stock in the sector.²⁸ 

Similarly, electric lighting was demonstrably useful and a sight to behold when all one had experienced was lower quality gas lighting.²⁹ It was first introduced before a metering technology existed and before it was well understood whether electricity should be transmitted using direct or alternating current, or for that matter, whether value would be appropriated by light-bulb producers or electricity suppliers.³⁰ It was also unknown whether electricity would most profitably be sold on a per-light, per-watt, or subscription basis. Different firms and their subsidiaries each pursued different potential solutions (e.g., Brush, Edison, Westinghouse).³¹ 

Counterintuitively, knowing who might profit from an innovation might reduce the likelihood of a bubble. Because all bets are tied up in one firm, the bet is more closely aligned with the success of the technology, as opposed to different segment or monetization strategies associated with the new technology.³² There is less room for competing narratives to appeal to different populations and thereby drive up the entire sector. For example, once the US Supreme Court upheld Alexander Graham Bell’s broad patent claims on the invention of the telephone, uncertainty surrounding the fate of other inventors’ claims was reduced. Bell had successfully prevented their entry into the market. Thereafter, the expected value of their ideas and ventures decreased, even if the exact business model that American Telephone and Telegraph (AT&T) would follow had yet to become clear.³³ In general, strong intellectual property protection may reduce uncertainty regarding who will profit, even before the precise mode of profit is known. 

Uncertainty is necessary for the existence of a boom and bust episode. Without it there are no surprises, and hence neither booms nor busts.³⁴ As we discuss in further detail in Chapter 2, technological innovation is not the only source of uncertainty, but uncertainty is the sine qua non for the formation of a bubble. Uncertainty does not last forever. We expect the likelihood of asset bubbles to wane as appropriate business models are discovered, and it becomes clear who will profit. These periods map closely onto stages in industry evolution that are identified in the strategic management literature.³⁵ 




Pure Plays 




For a bubble to form, pure-play firms—firms tightly coupled to the commercial fate of the technology or innovation—must exist, and investors must be able to buy and sell shares in them. This factor highlights several important features of the landscape that predict the presence or absence of a bubble. First, the existence of pure plays is tied to the degree of uncertainty. Uncertainty is higher when it is not understood whether the skills and capabilities of existing firms will be necessary or useful in the commercialization of a new technology. The presence of pure-play firms indicates that uncertainty may be exploitable by new entrants. Second, pure plays make good stories. Given an interest in, say, electric vehicles, it is more exciting to invest in Tesla than in General Motors, despite the fact that both companies are deeply involved in the electrification of transportation. Conversely, the public and the media are less likely to attend to technology stories that lack a pure-play protagonist. Finally, for a bubble to form, there must be a way for investors to literally buy into the story. This point emerges from our sampling methodology of technologies. Many important technologies were not commercialized by publicly traded companies, or if they were, the companies’ fortunes were broadly diversified. If there are no tradable financial assets that closely track the fortunes of the technology, then there can be no market speculation. Without a pure-play investment opportunity in a given technology, it is simply not possible for a speculative bubble to form for that technology. Simply put: a market must already exist for there to be a market bubble. 




Coordination or Alignment of Beliefs Through Narratives 




As pointed out in theories of herding and in studies of fads and fashions, beliefs must be sufficiently focused to drive up the value of a class of assets; investors with heterogeneous beliefs must become aware of the opportunity to participate in an emerging market for a new technology. On the one hand, attention must be focused on a particular market. On the other hand, uncertainty is necessary. Bubbles are rarer when attention is focused on a single means of generating returns and more likely when there is uncertainty about how to exploit the new opportunity. 

Beliefs are coordinated through stories that circulate in the media and among investors. These stories or narratives piece together different facts, ideas, and guesses about a new technology and its potential profitability. Toby Lenk of eToys told a compelling story that was believable because of the uncertainty surrounding the viability of e-commerce and whether niche players could survive in online retailing. Some ideas and technologies are better subjects of narratives. It was easier to tell a story about human flight than the world’s first synthetic plastic, Bakelite. The degree to which technologies lend themselves to storytelling is an important factor in driving bubbles. 

The arc of a narrative is often propelled or stalled by particular actors and events. There are many historical examples of events that appear to have propelled narratives by aligning investor beliefs about the potential profitability of an opportunity. For instance, President James K. Polk, prior to the California gold rush, publicly confirmed the veracity of the rumors of gold in California in his State of the Union address.³⁶ Similarly, Charles Lindbergh’s transatlantic flight was followed by a wave of 127 IPOs of airline and aircraft-related stocks, just like in 1995 the successful Netscape IPO brought increased attention to internet opportunities.³⁷ The Hindenburg disaster halted interest in airships. For other technologies, such as polyester or the laser, neither of which generated a boom and bust cycle, we find no associated coordinating event and no set of plausible entrepreneurial narratives. 




Novice Investors 




The fourth and final causal factor that contributes to the likelihood of speculation is the presence of novice or unsophisticated investors. Overoptimism or overconfidence may lead to poor buying decisions, thereby increasing demand for risky assets. Certain populations may be especially vulnerable to such biases. This thinking dates back at least to 1841, with Charles MacKay’s Extraordinary Popular Delusions and the Madness of Crowds.³⁸ Contemporary scholars have explored this idea and observed that investors possess different levels of sophistication. Less sophisticated investors, sometimes called “noise traders,” may be overly bullish, and individual traders appear less sophisticated than professional investors.³⁹ We expect that noise traders are especially likely to invest when the technology or its application is something they can understand, even if it is unclear how one might profit from the new technology. For example, in the late 1990s it was evident to the casual observer or investor that the internet was useful, although it was unclear who might profit from its adoption and how. 

With this in mind, we argue that potential investors are more likely to buy an asset when they believe that they understand how value will be appropriated. If investors are more likely to invest in something they think they understand than in something they do not, then we suspect that at a minimum, the commercial potential of an innovation, or at least its usefulness, needs to be comprehensible and accessible to the investor. For example, relatively obscure developments in science such as the Nipkow disk in 1885 did little to stimulate the public imagination, despite the fact that the innovation was critical to the eventual development of television. In contrast, the public broadcast of the Metropolitan Opera on the radio in 1922 was accessible to the general investor and may have helped stimulate and align investor beliefs about the commercial prospects of radio.⁴⁰ Thus, retail-facing innovations may be more likely to grab the attention of a broad set of investors, even when that retail-facing quality is not perfectly correlated with profitability.⁴¹ This observation is in line with evidence that individuals tend to invest in assets with which they are familiar.⁴² We expect (and find) that speculative activity is more likely in innovations or ideas that are familiar and understandable based on common experience. The role of familiarity is exacerbated when the arrival of a retail-facing innovation coincides with an influx of novice or unsophisticated investors.⁴³ 

The ebb and flow of new investors depends on many factors. Of course, each generation brings new investors to the market. Other factors, such as new investment technology (e.g., the stock ticker, E*Trade) or changes in regulation (e.g., bans on insider trading or the Jumpstart Our Business Startups Act and its influence on crowdfunding in the United States), may increase the influx of novices. To assess the importance of novices, we proceed with direct and indirect measurement. We piece together estimates of the number of households investing across our time period. We then supplement this direct measurement by developing a timeline of innovations and structural changes that increase (or decrease) market access for equity investments. These supply-side innovations lower barriers to entry for investors and reduce transaction costs. To help quantify this across our time periods, we put together a long-term series of the months of labor it takes the average worker to buy the average share traded on the New York Stock Exchange. We put these factors together to identify periods in which the number of possible participants in a financial market increase, thereby allowing us to identify influxes of novice or unsophisticated investors into markets. We term this process “market democratization.” 

Moreover, the performance of the market itself will attract or discourage investors. A bull market will attract more novices, and a level of optimism will persist among participants who have yet to experience a bear market. In contrast, a bear market will not only drive investors from the market but also discourage new entrants. The most dramatic of these events is the bull market of the 1920s and the investment desert that prevailed during the Great Depression. We summarize major events in the democratization of investment in Chapter 3. 

While the first factor, uncertainty, may lead to rational boom and bust episodes, the fourth factor, the presence of novices, is associated with bubbles: rational models from financial economics do not explain why the presence of novices might be associated with price fluctuations. As we discuss in Chapter 3, these two factors, uncertainty and novice investors, may interact in ways that exacerbate the likelihood of a bubble, because uncertainty exacerbates the liabilities of inexperience in investing. 




An Illuminating Example 




A single example should never convince us of the importance of these institutional features—there are simply too many other factors that can plausibly explain one event. Nevertheless, such an exposition can illustrate our approach. We develop the four-factor model for two similar cases: the commercialization of Brush electric arc lighting in Cleveland and in London. 

Electric lighting, a novel and, to contemporary observers, amazing technology, was demonstrated in Cleveland, Ohio, on April 29, 1879, when Charles F. Brush, backed by Cleveland financier George Stockly, lit up Public Square—then known as Monumental Park—with twelve arc lamps. As reported at the time, Brush’s streetlights turned night into day and were visible for miles. The demonstrations were widely covered in the media and served to coordinate beliefs around the potential of this marvelous new technology.⁴⁴ A narrative emerged about the inevitability of electrical lighting. The eventually successful Brush Electric Company was capitalized at $3 million. Nevertheless, investors were still unsure how to profitably exploit the innovation. Given the general uncertainty surrounding the technology, and the difficulty investors may have had in assessing the ability of entrepreneurs to exploit it, investors looked for endorsements of prominent businesspeople. Indeed, the Brush Electric Company was funded by what would be known today as business angels. These wealthy investors, mostly Cleveland’s business elite, were connected to Brush through social networks.⁴⁵ More generally, Brush Electric and its numerous competitors were financed through informal, private equity networks. 

The success of the Brush company sparked entry. However, the market for new equity investment in quality firms was limited to these individuals. For example, Brush spin-off Linde was subscribed by “prominent Cleveland businessmen.”⁴⁶ Not only were investors in these assets relatively sophisticated, at least by the test of using endorsements as signals of underlying quality; they also had strong incentives to make sure that the underlying assets were of long-term value. There was a very illiquid market for shares in early high-technology enterprises in Cleveland, as described by economic historians Naomi Lamoreaux, Margaret Levenstein, and Kenneth Sokoloff: 




The wealthy Clevelanders who bought shares in these new high-tech enterprises seem to have been motivated by the returns they expected to earn from owning and holding them rather than the profits they could reap by selling them after an initial run-up in price. Although a few investors cashed out their investments relatively early, the practice seems uncommon. Before the formation of the CSE [Cleveland Stock Exchange] in 1900, the only firms associated with the Brush network for which share prices were quoted in Cleveland papers were Brush Electric itself and the Walker Manufacturing Company. Even after the formation of the exchange, we do not see much trading in equities of concerns associated with the hub. The one major exception, National Carbon, was listed on the exchange from the very beginning, but by that time it was a consolidation of a large number of previously competing firms.⁴⁷ 




While it is clear that the most promising opportunities were funded through Cleveland’s angel investor network, it is possible that smaller, individual investors funneled money into ventures of inexperienced entrepreneurs (or worse). The same authors report that there were perhaps forty attempts by fly-by-night artists to raise money in pursuit of dubious electric lighting companies in Cleveland. However, there is little evidence that they raised much money.⁴⁸ Although public beliefs were aligned in the presence of uncertainty, the structure of the Cleveland investment market limited the influx of new investors and stifled speculative activity. 

A remarkably different history can be told about the Anglo-American Brush Company (AABC), founded in London in 1882. This company, established to commercialize Brush’s arc lighting system in Britain, generated a number of “little Brushes,” each receiving territorial exclusivity to establish central stations and supply lighting. Through a political process, monopoly rights were granted to central stations for a period of seven years, which, at the time, was predicted to provide sufficient time to generate a return for investors, although later, in August 1882, this was amended to twenty-one years under pressure from business interests. AABC became part of a larger speculative bubble in electric company assets in the spring of 1882. In the first five months of 1882, British electrical companies registered with authorized capital of £9 million, reflecting investments of £7 million. In mid-May shares of the Anglo-American Brush Electric Light Corporation dropped £600,000 in three days of trading (though they remained above par value). 

Why was there a bubble in Britain but not in the United States? While it was clear that lighting was valuable, it was not clear in the 1880s which business model would sustain a lighting company. Would money be made on light bulbs or by selling electricity? (Electricity meters were not yet invented.) To what degree were inexperienced investors interested in this innovation? The historical record is clear that lighting generated interest, if not awe, among contemporary observers. Early entrepreneurs lit up prominent areas of both Cleveland and London (and other cities as well). However, there is reason to suspect that inexperienced investors had much greater market access in London than in Cleveland. The London Stock Exchange (LSE) was a very democratic institution that accommodated smaller, less sophisticated traders. First, commissions on the LSE were lower than on the New York Stock Exchange (NYSE). Second, perhaps more important, trades were settled in London every fortnight. Thus, London traders enjoyed a two-week “float”; they could “buy” for the account what they could not afford and sell short as well. This increased liquidity and allowed for greater speculation. While there was no market in Cleveland, stocks may have been floated in New York on the NYSE. However, in New York trades settled the following day. What’s more, the NYSE had a policy of monopoly that held down the number of securities that were traded.⁴⁹ By contrast, the London exchange would list any security for which there was a market, and hence traded smaller companies’ shares. Even as late as 1914 the average capitalization of the NYSE was $24.7 million, whereas the average LSE listing was capitalized at one-fifth that amount (£1.03 million, or contemporaneously approximately $5 million). Importantly, the inability to list on the NYSE also made smaller-capitalization stocks less available as collateral for other margin purchases. 

Through this example we see that even when the specific asset in question is the same—that is, investors in Cleveland and London were investing in the same underlying technological system—the potential for speculation can be determined by the institutional and organizational context through which investors access the relevant financial market. In this case, the specific features of the LSE supported, perhaps encouraged, speculation. In Cleveland, because shares of Brush and related companies were not readily traded, speculation was certainly harder to engage in, if not impossible. 

The London bubble had deleterious effects on the British electric lighting industry and on the British economy more generally.⁵⁰ In the aftermath of the bubble, and with the help of entrenched interests (gas lighting companies), the British Parliament passed the Electric Light Act of 1885. Not only did this law retard the adoption of the new lighting systems, but perversely, the more “developed” London capital markets set up the darkness exploited by Jack the Ripper. London remained dark well into the 1890s while other worldly cities such as Paris and New York were lit. This episode also deprived British entrepreneurs of valuable opportunities to move down the learning curve with the new technology. This latter cost is quite difficult to quantify. 

The fact that public investors in London were able to invest easily in the electric lighting companies itself became part of the story of electric lighting. While journalists in America focused on the magic of the electric light, their British counterparts overlay on this a narrative of investment opportunities. This reporting, in turn, fed the narrative of speculation. 




Road Map 




In the chapters that follow, we summarize our studies of the history of the commercialization of fifty-eight major technological innovations. This sample—which we describe in greater detail in Chapter 1—contains variation in the features in which we are interested and allows us to generate the causal model we have described here. In the spirit of our previous work with David Miller, our analysis is stochastic.⁵¹ Even if all the potential causes are present, a bubble still may not form—and a bubble may form even if few potential causes are present. A successful theory of bubbles will identify factors that, when present, imply that a bubble is more likely to occur. We identify such factors. In no place do we claim or mean to imply that these conditions are sufficient or necessary to generate asset bubbles. 

To evaluate whether our ideas have any external validity—that is, to see if the theory applies beyond our initial fifty-eight technology “training sample”—we then test the theory on a different set of thirty more recent technologies that includes the internet, laparoscopic surgery, and liquid crystal displays. Because at this point our framework was fixed, this exercise allowed us to assess how well the framework works outside the historical settings of the initial sample. We then consider whether the theory helps us understand recent events such as the housing crisis and the Great Recession (Chapter 5). 

Our work puts the role of narrative at center stage. We cannot understand real economic outcomes without also understanding when the stories that influence decisions emerge and under which conditions they are most likely to be created. Much to the dismay of economists such as the Nobel laureate Robert Shiller, the history of much of economics has been an attempt to assume away the role of stories; they have no space for a rational decision maker.⁵² However, our analysis suggests that ignoring stories and narratives makes it much harder to understand important economic phenomena such as bubbles. 

Independent of our theoretical interpretation, our basic finding—that certain major technological innovations are associated with speculative bubbles and others are not—affirms our methodological approach. This establishes a point of departure for subsequent debates about the possible causes of speculative behavior, regardless of whether one agrees with the specific conditions we describe. To understand the antecedents of bubbles, we must examine when there are and when there are not bubbles. Although we believe that our analysis and interpretation advance theoretical and practical understanding of the causes of bubbles, one might plausibly disagree with these implications, yet still accept the basic empirical framework we set forth. Other explanations of why some but not all major technological innovations lead to speculation are possible. 



Chapter 1 




BUBBLES AND NON-BUBBLES ACROSS TIME 




What Is a Bubble? 




In January 1926 a share of the Radio Corporation of America (RCA), the leading radio manufacturer, patent holder, and broadcaster of the day, could be had for $43 on the New York Stock Exchange. The same share peaked at $568 in September 1929 but cost only $15 in 1932. RCA’s dividend-adjusted price did not recover to 1929 levels until the 1960s. By that time, the company was making most of its money from television rather than radio. By any measure imaginable, investors were better off avoiding RCA stock in 1929. 

The RCA story is not unique. In early 1637, prices for some tulip bulbs in Amsterdam were briefly on the order of seventeen years’ wages, before collapsing by 99.99%. For a time in 1998, plush toys known as Beanie Babies sold for $5,000 each, and trading in such toys accounted for 10% of eBay transactions.¹ Today, most of these toys can be had for $10, a 99.998% collapse. Were these bubbles? If not, it is hard to imagine what would qualify as one. 

This question of whether an event is a bubble is confusing without some discussion of what we mean by bubble—and we will have difficulty answering the central question of our book, “When are there not bubbles?” without careful attention to this. Therefore, we take a moment here to define what we mean by a bubble. This becomes even more interesting when we consider that bubble is a loaded term in some academic circles. Some financial economists contend that bubbles do not exist at all! 

Academics who study financial markets traditionally define a bubble as a deviation from fundamental value. A subset of these scholars, the true believers in efficient markets, deny that prices can deviate from fundamental value. They do not deny that prices rise and fall; rather, they contend that prices always reflect nothing but investors’ reasoned beliefs about the asset’s fundamental value. But the prices must summarize the beliefs that investors have about future profits or value. Most economists call price expansions and collapses bubbles only if investors are paying more than future profits or expected share-price increases would justify—or, more specifically, more than a reasoned or “rational” investor would expect the market to price the asset in the future. If investors purchase an investment asset that they know will be worth less when they expect to sell it, this is clearly foolish.² For example, paying full price for a Christmas tree on December 26 with the purpose of reselling it is foolish, or in academic speak, “irrational.” Following common practice, we define bubbles as extreme price fluctuations associated with fools and foolish behavior. 

To stay true to this terminology, we refer to a rise in prices followed by a sharp decline as a boom and bust episode.³ Bubbles are those boom and bust episodes in which investors drive up prices and get fooled. Perhaps the investors are newcomers or naïfs, but however we identify them, their essential behavior consists in getting fooled. If reasonable beliefs justified the high prices, then boom and bust episodes are better thought of as examples of investors making reasonable bets that turn out poorly. 

The distinction between a foolish investor and one making a bad bet may seem arbitrary. Were the ill-fated investors who bought RCA stock in 1929 buying because they were irrational (and therefore foolish), or did they simply overestimate the expected value of future cash flows accruing to the company? Both look the same in hindsight—a high price followed by a collapse, with many people losing money. However, for financial economists and the policy makers they advise, assumptions about investor beliefs are critical: if the cause was foolishness, perhaps we should consider a policy response to prevent such events in the future. In contrast, if the rearview mirror is showing us just a reasoned bet gone bad, then there is no room for any policy response. In this view, the result is not a bug but a feature of capitalism. We need to experiment to find the correct solution, and capitalist incentives are funneling money to such experiments. To summarize, a boom and bust episode is a bubble if it is associated with an increase in investors who are unlikely to have the tools or experience to understand whether any given price is reasonable, or if we have compelling evidence that investors were justifying their investments on the basis of particularly foolish arguments. 

Although bubbles can arise in many different asset classes, this book is about technologies. It is simply much more interesting for us, and intellectually compelling for you, to learn about the history of airplanes as we study bubbles than, say, the history of Beanie Babies. Airplanes shape our experience today to a much greater extent than cute stuffed animals.⁴ In Chapters 5 and 6, we argue that because the causes of bubbles are based in fundamental characteristics of markets, human psychology, and the interaction of those two things, our conclusions generalize to many different asset classes, including Beanie Babies, real estate and mortgage-backed securities, and other objects of speculation. 

To compare episodes across time periods and industries, we also need to take into account the fact that some stocks will be naturally more volatile than others. When ventures are inherently hard to assess because they are trying to do something that is actually new, investors will find it difficult to find similar ventures to which to anchor their assessments of value—but unless investors’ analogies are close, the resulting assessments of value will rarely be accurate. Because of this, every bit of new information causes investors to reassess. If the information is ambiguous or the analogy imprecise, investors will arrive at different opinions about the value, which will lead to volatile trading patterns: there will be numerous price movements as investors trade on their various guesses. That is, we will see volatility. Contrast this to, say, a stable, boring utility business that is well understood. New information is unlikely to be weighted as heavily given a reliable and predictive track record. Different opinions about value will be rare, and volatility lower. With more uncertain stocks, it will take more severe swings to raise our scholarly suspicions that something is amiss. Alternately, better-understood assets will trigger our interest with more modest deviations in value, simply because such patterns are likely to be more exceptional with respect to historical price trends. 

Over the course of the next few pages, we introduce several cases, each an instance of a significant technological innovation that either was or was not associated with the formation of a boom and bust episode. Not only do we find the cases interesting in their own right; these examples also provide context for us to introduce the sample of technologies that we will analyze throughout the book. For each one, we spend some time contextualizing how the technology and investment opportunity was viewed in the day and documenting the price fluctuations. We then consider how we might compare episodes across time and technology. 




“Talking at a piece of sheet iron”: The Telephone, 1878–1889 




“The very idea of talking at a piece of sheet iron was so new and extraordinary that the normal mind repulsed it. Alike to the laborer and the scientist, it was incomprehensible. It was too freakish, too bizarre to be used outside the laboratory and the museum. No one, literally, could understand how it worked; and the only man who offered a clear solution to the mystery was a Boston mechanic, who maintained that there was ‘a hole through the middle of the wire.’” 

HERBERT N. CASSON, THE HISTORY OF THE TELEPHONE, 1910 




Historically, the conditions necessary to create a bubble have been rare simply because the markets for assets have been limited. The investment history of the telephone illustrates this clearly. When Alexander Graham Bell demonstrated the telephone on August 4, 1876, the ability to transfer voice in real time across distance was incredible, if rudimentary. The telephone business model was neither obvious nor uncontested, and success of the platform was not ensured. Even Bell’s inner circle was unsure of how to build a profitable business around the invention. In mid-1879—three years after Bell first demonstrated the device—when National Bell sought additional working capital to support geographic expansion, investor demand was weak. Par-value shares priced at $100 fetched only $50 in the contemporary equivalent of a failed IPO.⁵ We do not know whether investors were uncertain about the basic functioning of the technology or doubted demand for the initial value proposition or worried about potential competition. All three concerns would have been valid. The feasibility of the telephone as a network connecting any subscriber to any other subscriber was still very much a work in progress. The exchange-based architecture that supported any-to-any communication had only been introduced in New Haven, Connecticut, in 1878. Telephone numbers were introduced in 1879. Challenges to the enforceability of Bell’s patent were looming, as was competition from the leading telegraph operator of the time, Western Union. Investors likely debated all these issues, resulting in the first tranche of Bell shares being overpriced relative to market demand. 

Soon thereafter, however, Western Union and National Bell Telephone Company settled outstanding legal claims and agreed not to compete in each other’s respective lines of business. Investor interest strengthened, and as Stehman describes it, “a mad rush for the stock” followed. Within a matter of months, the final tranche of the same $100-par-value shares that had been hard to place at $50 sold for $600 each. The fact that the agreement with Western Union calmed investors’ fears suggests that investors had doubted Bell’s ability to successfully compete with a well-capitalized incumbent. As noted, Western Union and Bell would soon come to occupy distinct lines of business, but at this early stage, basic features of the telephone industry were not yet fixed, and investors saw the resolution of the potential competitive threat from Western Union as an important positive signal for Bell.⁶ 

Was there a bubble in Bell stock? On the one hand, the reported stock price surged 1,200% in less than a year, and it is unlikely that the investors who purchased shares in the final tranche at $600 profited from their investment for some time.⁷ But who were the buyers, and were they investors participating in a bubble or simply rewarding the firm for having successfully resolved underlying uncertainties and thereby paving a path for successful growth? Unfortunately our sources do not enable us to definitively answer these questions. 

What we do know, however, is that it was difficult to invest in telephone stocks until at least 1881. Shares of the early Bell companies like New England Bell Telephone Company (1877), National Bell Telephone Company (1879), and American Bell Telephone Company (1881) were placed privately, with scant secondary trading on the Boston Stock Exchange. There were 338 investors who owned the 8,500 shares of National Bell Telephone and 12 who owned 4,795 shares (56.4%), but even the remaining “small” investors had average holdings larger than 11 shares each (more than $1,100 in 1879 at par value).⁸ We note that at this point in time, $1,100 was three times the amount an average American worker earned in an entire year.⁹ Thus, direct, public access to the Bell stock book was limited. 

Access to the market was easier after the American Bell Telephone Company’s private placement was complete. An index of telephone stocks from the 1880s was not available, so we dug into old Boston newspapers to reconstruct one on our own. We pick up the price trend on October 22, 1881, when the price was $145 per share. The price rose to $296 by March 1883. In late 1883, Bell’s general manager Theodore Vail announced to shareholders, “The telephone business has passed its experimental stage.”¹⁰ Nevertheless, the price dropped by 50% to $150 by the summer of 1884, perhaps because patent litigation continued to cast a shadow on the company’s prospects. It wasn’t until 1887 that the Supreme Court granted Bell expansive rights over all transmission of voice using wires and electricity.¹¹ Thereafter, the price rebounded, hovering around $200–$230 through late 1889. The stock was volatile. Should we call this a bubble? 




Resurrection: Insulin, 1920–1923 




In 1919, diabetes was a devastating disease, especially for children. Individuals with juvenile diabetes faced a “ghastly choice between death from diabetes or a few more months of famished life before dying of starvation.”¹² It was in this setting that Elizabeth Hughes, the eleven-year-old daughter of US Secretary of State Charles Hughes, was diagnosed with diabetes. Following the state-of-the-art treatment of the day, diabetes specialist Frederick M. Allen put Hughes on a four-hundred-calories-per-day diet to limit her blood-sugar levels. By 1922, young Elizabeth had outlived the life expectancy of childhood diabetes by two years, although her weight had dropped from seventy-five to forty-five pounds. The Hughes family prepared to bury their daughter. 

Situations such as young Elizabeth’s were nothing new and had stimulated the search for a cure for diabetes for many decades. At the time diabetes affected, by some estimates, 1 million people in the United States. However, the childhood version of the disease was particularly insidious in that it was both more severe than the adult version and the victims were, well, children. The search for a cure was in full swing. Fifteen years earlier it had been recognized that the pancreas produced something that helps metabolize carbohydrates and control blood-sugar levels. By the early 1920s several teams were trying to isolate that factor. In Toronto, the amateur scientist Frederick Banting conceived of an experimental method to extract and isolate the pancreatic factor known to be associated with metabolizing carbohydrates. He approached his former teacher J. J. R. Macleod, a professor at the University of Toronto, who arranged for lab assistant Charles Best to help on the project. Banting’s insights proved amateurish, and later that year, senior scientist J. B. Collip was added to the team. Collip developed a technique to isolate the pancreatic secretion that came to be known as insulin. Initial treatment focused on children who were in a diabetic coma. The results were nothing short of miraculous. Early observers reported that insulin treatment appeared to “resurrect” the stricken. This dramatic impact was soon picked up in the press. 

Elizabeth’s mother, Antoinette, petitioned the Toronto team to treat her daughter. She was rebuffed. The Toronto process was experimental, and the team was unable to produce insulin in quantity. A desperate Antoinette then asked her husband to use his position to intervene. The secretary of state thought it unethical to use state power to intervene on his own child’s behalf, but he did so at his wife’s behest. In mid-August 1922, Elizabeth arrived in Toronto emaciated. The fourteen-year-old began receiving two insulin shots a day. Her recovery was nothing short of miraculous. She gained two pounds during her first week of treatment and quickly recovered strength. She then did what any child would like to do: she went to the movies. 

Insulin’s transition from remedy for the few to salvation for the many required a series of technological and business processes. First, despite concerns that patenting medical technology would violate the Hippocratic oath, the University of Toronto patented the process. A partnership with Eli Lilly and Company was soon formed to produce the drug. Scaling production was difficult, but by 1923, insulin was becoming widely available. The ability to transform a severe, debilitating, often fatal illness into a manageable condition was a major achievement of modern medicine. In October that same year, Banting and MacLeod shared the Nobel Prize in Physiology or Medicine.¹³ Elizabeth Hughes was one of the first individuals with juvenile diabetes to live a full life. She graduated from Barnard College, was active in civic affairs throughout her life, married, had children, and lived to the age of seventy-three. Over the course of her life she injected an estimated forty-five thousand doses of insulin. 

Despite these accolades, the estimated million people in the United States who were living with the disease at the time, and the undeniable advance to human health that insulin represented, we found no evidence of market speculation in companies that were producing insulin.¹⁴ The patent protection eliminated any uncertainty regarding who would control the technology. Eli Lilly was not traded publicly at the time, so there was no way for the public to invest in the company behind this dramatic new business opportunity. Therefore, despite the miracle of resurrection, there was no bubble in insulin. 

The new remedy did attract fraudsters, a phenomenon we observed across many exciting new technologies. Although a few firms tried to market alternatives to insulin (using deliberately confusing names like “Insulans” that were superficially similar to Lilly’s branded insulin), the clarity of the biological mechanism quickly revealed these frauds for what they were. Only insulin—the “magic hormone”—would keep diabetics alive. It was easy to verify whether a substance would keep a patient alive, and no one would invest in a company whose product did not keep people alive.¹⁵ We highlight this historical footnote because if there had been opportunities to invest in the new space, fraudsters would have likely exacerbated any bubble potential as they did in other settings. 




“When virtually nothing was fixed”: Radio, 1898–1933 




If insulin is on the non-bubble end of the spectrum, radio is on the frothier end. Radio was the first, live, mass-media technology. The ability to transport voice into living rooms and parlors satisfied a primal human need of social connection. It allowed people to feel part of broader society while in the intimacy of their homes. However, the original turn-of-the-century radio inventors did not imagine broadcast, and early radio technology could transmit only Morse code, not voice. Even once the idea of radio broadcast took hold, it was still unclear how to build and support the necessary infrastructure—nor was it obvious how radio firms would make money. The historian Susan Douglas eloquently captures the uncertainty in the 1920s radio industry: 




These were the frothy “boom” years of radio, when virtually nothing was fixed—not the frequencies of the stations (although at first everyone was supposed to broadcast at the same wavelength), not the method of financial support, not the government regulations, and not the design or the domestic location of the radio itself. There were no networks—known in the 1920s as the chains—and there was very little advertising on the air. With a few exceptions, like the Sunday broadcasts of church services, there was not a predictable program schedule. Instead, stories geared for children might be followed by a lecture on “hygiene of the mouth”; or “how to make a house a home,” which would in turn be followed by a phonograph music of “Madame Buru-mowska, formerly of the Moscow Opera” singing Rimsky-Korsakov’s “Hymn to the Sun.” Department stores, newspapers, the manufacturers of radio equipment, colleges and universities, labor unions, socialists, and ham operators all joined the rush to start stations.¹⁶ 




And the rush was intense. In January 1922, 8 new stations were licensed. In February, 24 new stations added, March, 77 and then 76, 97, and 72 in April, May, and June, respectively. By July there were 76 more, and by the end of 1922, there were 690 radio stations broadcasting across America.¹⁷ 

In this environment, one could weave many stories about the potential profitability of a venture designed to build out any part, or a combination of parts, of this emerging ecosystem: radio broadcast stations, broadcast equipment, programming, and radio sets. The industry was filled with experimentation. For example, the closest technological precedent was the telephone, and the early radio pioneer David Sarnoff sought to replicate Bell’s model with RCA through aggressive patent protection and by charging radio listeners a fee to tune in.¹⁸ This proved difficult, because unlike the case of the telephone, there was no way to know who was tuning in. Alternatively, RCA sought to derive profits from the sales of magazines with programming information. Eventually, RCA derived the bulk of the company’s revenues through programming and the licensing of radio patents.¹⁹ 

Without question, radio had one of the most dramatic boom and bust episodes that we examine. In 1925, radio stocks traded on the New York Curb Market (yes, there really was a stock market located on the street curb; it moved inside in 1922 and was eventually renamed the American Stock Exchange, or AMEX, in 1953). We have calculated a price index of radio stocks traded on the Curb. This index rose from a base of 5 in January of 1924 up to 30 in January 1925 and back to 7 in January 1926. But the real drama came later in the decade, an episode epitomized by the rise and fall of RCA stock with which we opened this chapter: RCA stock rose thirteen-fold and then lost 97% of its value within seven years. There is nothing in our depiction that helps us understand whether this was a bad bet, and hence a simple boom and bust episode, or a bubble. We’ll need some patience to answer that question, which requires considering who was investing in the stock market generally and in radio stocks in particular in 1929—a task we take up in Chapter 3. 




Visual Radio, 1926–1951 




The story of television is quite different from that of radio, even though ultimately the business models of the two broadcast technologies are similar. The first television demonstration occurred in a London department store on January 27, 1926—a time when radio was entering the mainstream in the United States. This was a simplistic demonstration, with no more than rough shapes transmitted in motion. Nevertheless, although early televisions were low-resolution, mechanical devices, many thought that television would cannibalize theater and other live productions. Commercialization and widespread adoption awaited the development of the electronic television and broadcasting systems, along with the standardization of the broadcasting format by RCA in 1941. At the end of World War II, the television craze hit. While there was great excitement around television, and there is no doubt that the advent of television was a major historical event, indices of TV stocks and radio broadcast stocks exhibit only modest evidence of speculation. An index of TV and radio broadcasters reached a peak in January 1946 and lost half its value by the summer of 1947. A similar pattern is seen in the parallel index of radio and TV and electronics manufacturers. Because many firms were active in both the radio and the television industries, it is hard to know whether investors were trying to invest in the TV industry, the radio industry, or both. In 1947 few individuals owned televisions and radios were pervasive. This is not simply a flaw in our ability to measure; rather, it reflects the difficulty an investor had in trying to make a pure-play investment in the television industry. Many, if not most, of the industries in our study never overcome this difficulty. We improvise a partial solution by assembling an index of firms that manufactured exclusively TVs, even though this captures only part of the industry’s activity.²⁰ But it was possible to invest in this set of stocks only after 1948, and between 1948 and 1960 the greatest sustained decline in these stocks was 30% in the mid-1950s. All these indices recovered their lost value in the late 1950s and far exceeded this value going forward. TV stocks were volatile, but the investor experience was very different from the earlier radio episode. 




Comparing Boom and Bust Episodes Across Technologies 




Comparing the investment histories of radio and TV poses an additional challenge. The peak radio stock prices occurred during the run-up in prices of 1929 and can be understood only in the context of the historic stock market crash and depression that followed. Thus, the 97% collapse in the value of radio stocks must be understood in the context of the 81% general average decline in stock value during the same period. In contrast, the 30% drop in television stocks in the mid-1950s occurred at a time when the market was much flatter. On the one hand, in a relative-to-market sense, the fluctuations in TV stocks in the late 1940s are more striking than those of radio stocks in the late 1920s. On the other hand, it might be more relevant to investors and practitioners to keep our focus on the percentage decline: if forced to choose, most of us would prefer to lose only 30% of our money rather than 97% of it. 

How different were these episodes? Which should we consider a boom and bust episode? Which was a bubble? To make progress in understanding the causes of these fluctuations, we need a concrete, objective way to compare the introduction, commercialization, and societal and market responses to technologies as disparate as the telephone, insulin, radio, and television. How do we know if one is “frothier” than the next while also taking into account market conditions? Maybe the radio crash was just part of a larger macroeconomic process, and the observed fluctuations were due to factors that were unrelated to our variables of interest. At a minimum, any solution must take into account the movements of technology-linked stocks relative to the broader market. 

To compare stock market fluctuations across time and technology we measure their frothiness. Formally, frothiness is the number of standard deviations from the predicted stock or index trend. We classify an episode as a boom and bust when frothiness is greater than 2, that is, 2 standard deviations above the trend, where the “trend” is the predicted stock price looking forward and backward seven years. 

It is helpful to think of frothiness as a stock’s temperament.²¹ For example, some people are quick to anger and others are relatively calm. When someone who is quick to anger gets angry, we might brush it off, saying, “Oh, that person is a hothead; he reacts at the slightest provocation,” whereas when someone with a calm demeanor loses their temper, we really notice, because it is exceptional and likely indicative of something wrong. Consider the index of rubber and tire companies in the early part of the last century, shown in Figure 1.1. There are three lines—solid, dashed, and dotted. The solid line is the realized price index. The dashed line is the projection based on a window that looks forward and back seven years. One can think of it as the long-term average value of an index.²² The dotted line is the bubble line—or the line that at every point in time is exactly 2 standard deviations above the trend. 

We see in Figure 1.1 that in the case of tires and rubber, the index was at a record high in 1920. Through the lens of history it becomes clear that the entire run-up in stock prices was erased by the mid-1920s. Prices rebounded in 1929, but that was erased too. The prices went well above the trend line. In July 1919, the tire and rubber index peaked at 301, whereas the predicted trend was only 129. This implied a frothiness of 3.19 (or 3.19 standard deviations above the trend). This is well above the bubble line, which marks two units of frothiness from the underlying trend. To emphasize this, we’ve darkened the stock trend line when frothiness is above 2. Tires and rubber had two boom and bust periods, one in 1920 and the second in 1929.²³ 
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FIGURE 1.1   Rubber and Tire Index, 1912–1938 

Sources: Authors’ calculations based on A. Cowles, Common-Stock Indexes (Bloomington, IN: Principia Press, 1939), Automobile Tires & Rubber Goods, Series C, p. 202. 

Notes: Index is normalized to 100 in January 1912. Index takes into account stock dividends. 




These trends may be different even with two related technologies. Looking at Figure 1.1, we see that rubber and tires peaked at about 300 in both 1919 and 1929. This peak was three times the value in 1912. In Figure 1.2, we graphed the same data that is in Figure 1.1 on the left panel. You can see the two boom and bust periods, but they appear very small. This is because we have scaled the graph to depict the history of automobile stocks. Automobile stocks moved together with tires and rubber, but in 1919 the index almost hit 1,900, more than six times the level of the corresponding tire and rubber index. Both products exhibit a bust period in 1921. Evidently, despite Ford’s great success, it was not entirely clear how profits would be distributed through the industry, and it was not yet possible to invest in Ford stock anyway. General Motors was in the index, but it was still very much a challenger to Ford’s dominance. By the mid- to late 1920s, it was clear that tires were a commodity; consequently, tire companies would not enjoy great pricing power. In 1929 automobiles and trucks hit 11,000, or 110 times the 1912 value. Profits (and shareholder returns) would clearly concentrate in successful automobile manufacturers rather than in their suppliers. With this forward knowledge, the automobile movements do not measure as frothy. In our analysis, the frothiness of the automobile index peaked in 1920 at 2.5 standard deviations above the index’s trend at a time when the market was also at 2.5. But the events of 1929 and the Great Depression dwarf these patterns. Automobiles experienced a boom and bust period in 1929, as did tires. But how do we compare these episodes? In 1929, tires peaked at 3.34, whereas automobiles only 2.66. Tires were frothier than automobiles, and both were frothier than the general market frothiness of 2.15. 
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FIGURE 1.2   Rubber and Tire and Automobile manufacturer indices, 1912–1938 

Sources: Authors’ calculations based on A. Cowles, “Common-Stock Indexes,” 1939, Automobiles & Trucks, Series C, p. 240; Automobile Tires & Rubber Goods, Series C, p. 202. 

Note: Both indices take into account stock dividends and are normalized to 100 in January 1912. For frothiness data, see the Appendix. 




When Are There Not Bubbles? 




We can now almost answer the question of when there are not bubbles, at least for these technologies. Taking the four cases explored in the previous sections as a minisample, we can measure and compare frothiness, and thereby assess whether there was a boom-and-bust period for each one, but we cannot yet determine whether each boom and bust episode was a bubble. So we can say when there are not bubbles, but we cannot yet say when there are. That is the “almost” sense. According to our calculations, Bell stock was frothy, peaking at 1.92, just shy of our bubble cutoff. But it did not stay there for long, very few shares were traded at this price, and it fell just 52%. This contrasts with the case of insulin. Here, it was not possible to trade in insulin companies, as Lilly was a private company at this time. So we cannot even construct a frothiness measure, and there was no possibility of public speculation. The radio index was extraordinarily frothy. Indeed, it was one of the frothiest industry indices we found in all our studies. Radio stocks peaked in 1929 at 3.35 and subsequently lost 97% of their value. Moreover, the frothiness of radio remained above 2 for eleven consecutive months. By contrast, television wasn’t nearly as frothy. At its peak, the index peeped just above 2 for a single month in 1946. Subject to the limitations of our data, we can now rank these episodes from most frothy (definite boom and bust period) to least frothy (no boom no bust): radio, television, telephone, insulin. 

With our measure of frothiness in hand, we can compare historical episodes to each other. But which to compare? Imagine that we chose a set of speculative bubbles, such as radio, dot-com, and other historical bubbles, such as the seventeenth-century Dutch Tulipmania and the eighteenth-century British South Sea Bubble, and then analyzed and compared the episodes to identify the underlying causes of bubbles. As intuitive as this may sound, it would be an error—indeed, an affront—to the scientific method.²⁴ We need what social scientists call a “sampling strategy,” a way of choosing assets, events, what-have-you, that were at comparable risk of leading to a boom and bust episode. We could then compare times when bubbles happened to times when they did not in order to understand what is different about each case. 

To understand why a sound sampling strategy is needed, it is helpful to consider what might happen if we did not carefully define our sample. Assume for the moment that we embarked on a study of technology bubbles and found out that there was a large population of novice investors investing in high numbers in each bubble. Assume further that we then concluded that novice investors were a cause of bubbles. This would be a gross error of inference. It may be that there was a large population of novice investors investing in most new technologies, but many of these technologies did not experience a bubble at all. Because in our hypothetical example we examined only cases of bubbles, we would never know that novices are generally investing in all new technologies and therefore cannot explain why some new technologies are associated with bubbles and some not. This leads to the obvious conclusion that one cannot understand underlying causes of bubbles without making comparisons of assets that were associated with bubbles to assets that were not. 

Given that market speculation appears more likely when something important happens, though, we needed a group of assets (in our case, technologies) that were actually important. If not, we might sample a large set of technologies (say, every new patent) and find so few associated with bubbles that we would not be able to say much at all about underlying causes. Thus, we must find a set of important assets that might have generated sufficient interest to spark speculation but were not chosen because they generated speculation. 

Economics is generally not considered a particularly dangerous profession, but here we are aided by the legacy of one economist who lost his life because of his ideas. In 1938, following ten years’ imprisonment, the leading Russian economist Nikolai Kondratiev was sentenced to death and executed by firing squad. Kondratiev was one of hundreds of thousands of individuals who lost their lives as part of Stalin’s catastrophic Great Purge. Stalin was threatened by Kondratiev’s ideas, which recognized that technological change was a key ingredient of economic growth. Kondratiev tried to explain economic growth through “long waves”—or, as he called it, long cycle theory. The theory postulates that new innovations spawn technological revolutions that in turn give rise to new industries. Industries first grow, then stagnate, and eventually decline, leading to aggregate patterns of the business cycle. While Stalin was able to eliminate Kondratiev, his ideas sparked many decades of research in which scholars assembled inventories of new and important technologies and attempted to link them empirically to growth rates and the business cycle. This voluminous research has not been particularly successful in supporting Kondratiev’s hypotheses because it has proven exceptionally difficult to relate aggregate growth to specific technologies.²⁵ 

However, buried in this tragic history is great news for our project. We need a list of technologies that we can compare to one another to try to relate characteristics of new technologies to the appearance of boom and bust episodes and bubbles. The list items cannot have been chosen because the history of the associated technologies generated bubbles. The long-range theorists’ legacy of lists of “major technological innovations”—whose criteria for selection was that the included technologies were economically important without consideration of whether they were associated with market speculation—is ideal for our task.²⁶ 

We identified three timelines of technology and technological innovations that were produced as chapters for a volume on long waves and technological change.²⁷ Each of the three individual chapters includes a list of important technological innovations from 1840 to 1967.²⁸ Because the long-wave scholars sought to identify innovations associated with consequential, durable shifts in the world economy, we infer that they would have made a good-faith effort to prepare exhaustive inventories of important technological innovations. Also, the scholars were recognized experts in this area. Therefore, if the authors erred, it was likely that they counted too many major innovations rather than too few. We joined the three lists and identified those innovations that appear on at least two, resulting in a list of fifty-eight innovations. We took this list as our baseline set of major technological innovations that were at risk of creating financial boom and bust episodes. We then went to work figuring out what happened to each innovation. 

The results—which appear in Table A.1 in the Appendix—warrant closer inspection. We list the name of the technology, the window during which a bubble might have formed, an aggregation of factors based on our research as to whether it was likely a bubble would form, and whether there was a company or companies in which to invest. If there were publicly accessible investment options, we report peak frothiness, percentage decline from peak to trough, and the decline relative to the S&P 500 Index (post-1926) or the Cowles industrial index (pre-1926). 

Investors need investment targets for there to be speculation. For many of these technologies, there was no way, or no direct way, for investors to speculate. Sometimes, bubbles happen mostly outside the public markets, as private investors invest in new start-ups that are not traded publicly. We will note when we find some evidence that this has happened, but we cannot easily track asset prices in private markets, especially historically. Some technologies are explored by large diversified firms, which limits the ability of the independent investor to narrowly target investment in the new thing.²⁹ 

We then list the year in which much of the uncertainty about the technology and the associated business model disappeared because a dominant business model emerged. We get into how this resolution of uncertainty plays out and what we mean by it in Chapter 2. We call this period between initial investments and the resolution of business model uncertainty the window of bubble opportunity. Of course, there is quite a bit of judgment required in putting a date on something like this. Our reasoning for these dates is in our online Appendix available at the Stanford University Press website (http://www.sup.org/bubblesandcrashes). Nevertheless, we need to put time limits on our measurement because—as we will explore—bubbles feed on uncertainty. New windows can open when, say, economic relationships change in a related market, as in the case of rubber and the market for automobiles. Our sample includes television, which was introduced after World War II but was soon eclipsed by a second item on our list, the color television, in the 1960s. The introduction of color television closed the window for television as subsequent stock movements of television manufacturers would be associated with color television as opposed to the earlier technology. Similarly, the first commercial class of antibiotics, sulfa drugs, was eclipsed by penicillin after only a few years on the market. We stop our analysis of a technology when the initial window of bubble opportunity closes; future fluctuations may be caused by confounding factors that we do not track. 

Finally, even if we find signs of speculation in the index, it does not necessarily imply that these movements are caused by the factors in our theory—or even that the movements are associated with the given technology. This is because for some of the technologies, it is difficult to construct an index that properly maps the opportunity and the technology in question. To remedy this, we do two things. First, we cross-reference stock movements with the emerging narrative in the press. If widespread excitement about a new technology is moving stock prices, then this would have been reported in the press.³⁰ Therefore, for each speculative episode that we identify, we examine what was being discussed about the technology in the press, as well as how the stock movements were being described. We report how the movements were perceived in our online Appendix. 

Examining the discourse trends over time also allows us to identify periods during which there might have been speculation that we fail to pick up in stock indices. For example, drilling for oil caused a clear speculative episode in Titusville, Pennsylvania, in the mid-1800s. This episode was widely reported in the contemporary press. However, there was no way to publicly invest, as securities markets were primitive relative to today. 

Spanning nearly 130 years, the list of major innovations includes many that obviously had a large impact on society, such as the incandescent lamp, the telephone, the airplane, television, and penicillin. Although at least three of these are themselves evolving with the continuing information technology revolution, it is difficult to argue that these were not transformative technologies. However, the list also counts some innovations that might not, at first blush, seem as important: rayon, the electric record player, the pesticide DDT, and the automatic watch. Some are simply underappreciated. For example, we were amazed to learn that DDT was instrumental in eradicating malaria in large parts of the world. Without exaggeration, and notwithstanding the fact that DDT was ultimately abused and overused as an agricultural pesticide, DDT saved the lives of millions of people across the globe. 

To remove all subjective judgment in the selection of technologies to study, the sampling strategy of “appear on two of three lists” is a hard-and-fast rule that we must follow. We cannot pick and choose those that seem most interesting to us now, as that might lead to sampling only those that were associated with bubbles. Furthermore, this variation in perceived importance is what we need to test for the presence or absence of speculation, and it is exactly what has been missing from prior studies of bubbles. 

Although this sampling strategy is theoretically sound, implementation is a messy, imprecise endeavor. The biases of past economic historians, the complexity of history, and the ambiguity in what we actually mean when we categorize technologies as well as the interdependencies among technologies create a host of research challenges. One of these difficulties stems from the same reasons long-wave theory failed. Technologies are interdependent, and sometimes speculation in one is associated with a rise in perceived opportunity afforded by another. So it may be that an observed pattern in one industry may be due to developments in a related one, even long after the original innovation occurred. For example, both the internal combustion engine and vulcanized rubber appear on our list. The process to create vulcanized rubber was discovered by Charles Goodyear in the 1840s. Goodyear was half-mad and totally obsessive, and he engaged in behavior that would torpedo many a good marriage, conducting many of his chemical experiments in the kitchen. However, at first rubber was a solution in search of a problem. A modest industry emerged making things like raincoats and galoshes, and demand was easily met by tapping rubber trees that grew naturally in the Amazon rain forest. The “killer app” of vulcanized rubber—automobile tires—did not materialize for another sixty years. Against the backdrop of international industrial espionage in which a British subject earned his knighthood by stealing rubber tree saplings from Brazil in the 1870s, the first decade of the twentieth century witnessed speculation in Malaysian rubber plantations on the Shanghai and London exchanges. The speculation in Shanghai was so rampant and the potential crash so severe that at one point trading was halted on the exchange for several months! But it is impossible to understand this event without considering the transformative effect of the automobile. 

Somewhat surprisingly, the automobile does not appear on our list. But the internal combustion engine and the assembly line do. We suspect that the internal combustion engine is there because it enabled the automobile—as well as tractors, trucks, airplanes, and many other applications. Early applications of the assembly line emerged in the second half of the nineteenth century in the manufacture of sewing machines and bicycles and in the meatpacking industry. We are left with the question of whether we should consider the rubber boom and bust episode in 1907 a delayed reaction to Goodyear’s invention or a manifestation of the automobile craze associated with the internal combustion engine and the assembly line. Reading contemporaneous newspaper reports as well as secondary history indicates that speculation in rubber was an attempt by investors to hop on the automobile bandwagon, and this is how we view it. Most of the uncertainties associated with the technology of rubber, as well as its industry, were resolved decades earlier; the window of bubble opportunity had already closed. We therefore associate the later boom and bust episode in rubber-related assets with internal combustion and the explosive growth of the automobile. By contrast, in the 1840s, asset markets were not sufficiently developed to leave us records with which to detect anything except the most notable episodes of speculation. Hence, we are unable to measure frothiness for vulcanized rubber during the window of bubble opportunity. This is reflected in Appendix Table A.1. 

Internal combustion illustrates an additional aspect of technological interdependence: because of the linkage between engine makers and final assemblers, investors had limited options for investing in pure-play internal combustion engine manufacturers. In fact, we have few records of stand-alone producers of internal combustion engines. Instead, the technology was embedded in automobiles and other applications. In such cases, we take a broader view of the technology and investigate whether there was speculation in the internal combustion engine by examining the auto industry. In so doing, we also view this as an investigation of the moving assembly line, which was first applied to automobile production in the production of the Ford Model T between 1908 and 1913. We do so recognizing that Buick implemented a static assembly line, and that the assembly line had a longer history dating back to the production of rifles as well as the disassembly of cow carcasses in the meatpacking industry.³¹ However, the basic idea was brought to an entirely new level in the production of the Model T. We view any attempts to speculate in this technology as embedded in purchases of those automobile manufacturers adopting the technology, such as Ford, EMF, and General Motors.³² We describe the specific companies in our indices in the Appendix of this book, but fuller explanations can be found in our online Appendix, where we describe the historical basis of our coding. 

Even so, the history of the automobile industry illustrates one final empirical challenge. Like Eli Lilly at the time it brought insulin to market, Ford was a private company at the time it rose to prominence. Until 1912, public investors were shut out of the automobile market and hence had little opportunity to speculate. Although investors might have been able to buy shares in a few automobile companies on the Detroit Stock Exchange, we have been unable to re-create price indices for this early period in Detroit. For the assembly line, investors could have invested in related companies that were likely to implement this innovation, such as US Motors and General Motors. Whether we are able to detect any speculation in automobile companies, and whether that speculation reflects speculation in the underlying technologies of internal combustion and the assembly line, is a matter of judgment. We present the facts regarding any such episodes as they are and provide our interpretation, but we also make clear the assumptions and judgments on which these interpretations rely. 

On the bright side, for many of the technologies in our sample, we have relatively good records of asset prices during the window of bubble opportunity. Take, for example, the case of radio, a technology with an especially long window that extended across the entire period from earliest invention to the development of the capacity to transmit spoken language to the development of broadcasting. The first radio company, the Marconi Company, was founded in 1897. Guglielmo Marconi’s vision was to use the technology for wireless telegraphy. In 1902, Reginald Fessenden developed voice communication, a process improved by Lee de Forest in 1908 with the invention of the triode. Experimentation in radio broadcasting began in 1908, and the advertising business model was first tried in 1916, but public broadcasting began expanding only in 1920. The number of radio receivers increased quickly throughout the decade, expanding from 100,000 in 1922 to 4.4 million in 1929, when equipment sales reached $843 million. In 1919, RCA was established with the goal of pooling and licensing critical radio patents to producers General Electric and Westinghouse. However, between 1923 and 1926, strong demand and negligible barriers to entry encouraged several hundred firms to enter the radio market while ignoring or inventing around RCA’s patents. Although we are unable to trace the financing of most of these firms, the business historian Mary O’Sullivan documents that eighteen companies, including RCA, raised money on the Curb market by 1925.³³ These, we observe. Additional producers may have had successful offerings on the regional exchanges that proliferated through the country as well. These we do not observe. By the 1930s, both the technology and business models associated with radio were sufficiently understood, and the window of bubble opportunity closed.³⁴ 

Despite these limitations, and others that we share in the course of the ensuing chapters, these results represent an important advance in our collective ability to think about the demography of bubbles. Appendix Table A.1 is the point of departure for the deeper explorations of the causes of bubbles that follow, and the summary results support a raft of positive and comparative statements in the next chapters. Of the fifty-eight technologies in our sample, investors in nine experienced bubbles, three got close, three did not, and investors could not invest in forty-three. 

As previously noted, all fifty-eight technological innovations were associated with more or less uncertainty. We turn to this critical determinant of speculative interest in Chapter 2. 



Chapter 2 




UNCERTAINTY AND NARRATIVES 




“Before a company exists, it is a story about an imagined future.” 

ELLEN O’CONNER, STORYTELLING TO BE REAL: NARRATIVE, LEGITIMACY BUILDING AND VENTURING, 2004 




TODAY, THE CITY OF AUSTIN, TEXAS, is home to seventeen moonlight towers, relics of a path not taken on the way to the widespread use of electric light. The arc lights, mounted in 1895 on 145-foot towers, burned carbon filaments that showered smoldering ash on unsuspecting, awe-filled bystanders. The light was so bright that observers were known to use parasols to shield themselves from its harsh effects. Nevertheless, for most people living in a world that had previously contented itself with oil lamps and gaslight, this was the initial, profound experience of electric light.¹ In retrospect, it is clear that electric lighting was still a primitive technology in 1895, full of false starts. For electric lighting to become what it is today, the capitalist process needed to figure out how this marvel of electricity would be turned into a sustainable business proposition. 

Most major technological innovations come into the world like electric arc lighting—wondrous, challenging, sometimes dangerous, always raw and imperfect. Inventors, entrepreneurs, investors, regulators, and customers struggle to figure out what the technology can do, how to organize its production and distribution, and what people are willing to pay for it. As marvelous as the electric light was, the American economy would spend the following five decades figuring out how to fully exploit electricity. Along the way were many dead ends, seemingly promising opportunities that ultimately came to naught. In this chapter, we explore the various dimensions of uncertainty that characterize the commercialization of major new technologies. 

A key element of new industries and new technologies is that it is difficult to predict how the product and the market through which it is bought and sold will develop. Over time uncertainties are resolved. But in the meantime, the risk increases of a boom and bust episode and, potentially, a bubble. Two factors account for this risk: first, uncertainty implies that there is a chance for very high returns to materialize. This is in part why, for example, the value of options increases with the uncertainty (volatility) of an underlying asset. The second reason is that when there are few facts upon which to ground beliefs, investors can spin optimistic tales of favored outcomes to justify their decisions. These narratives can have real effects on the emergence of speculative episodes. The resolution of uncertainty does not occur at a set pace. In some cases, technical or market developments happen quickly and the role of uncertainty is limited, while in other settings, uncertainty can persist for years. 

Recognizing that uncertainty is a fundamental feature of the entrepreneurial dynamic, we explore how different types of uncertainty accompany the emergence of new industries. Each type of uncertainty—technological, competitive, business model and value chain, and demand—is introduced through a series of technology case studies. We mostly build on earlier discussions of technologies discussed in the introduction and Chapter 1: aviation, rubber, the telephone, internal combustion, and radio. Along the way, we look at how entrepreneurs and investors experience different types of uncertainty and how that experience differs from technology to technology, as each technology fits into existing and emergent industries in different ways. The details of how different types of uncertainty interact influences the likelihood that investors will see high-return outcomes as more or less likely and attend to the possibility that their outlook may be wrong. That is, to understand the likelihood of a bubble, we must first understand the setting in which investors construct the stories they tell themselves about uncertainty. 




Imagined Futures 




All things being equal, uncertainty can lead to higher asset valuations because of the option effect. The logic is straightforward: all limited liability investments (including investments in corporations) have some of the central features of options; the upside is unlimited, but one can lose only the amount invested.² When an asset is highly uncertain, there is a chance that some of the more optimistic scenarios might materialize, and this possibility increases its value. This feature of modern capitalism is interesting because most new businesses fail, especially those in new industries. For example, there is a chance that a new three-dimensional printing business may be a big hit, but there is a much greater probability that it will tank. An investor can lose only her investment. However, losing a bet does not necessarily equate to making a bad decision. The bet may have been the best guess, given the information at a specific point in time. 

But we should not assume that is the case. Psychologists, sociologists, and behavioral economists have given us many reasons to believe that individuals may systematically make bad bets, and these bets are justified through stories, or narratives.³ The Nobel laureate Robert Shiller coined the term narrative economics and used his presidential address to the American Economics Association in early 2017 to call for greater study and understanding of the “spread and dynamics of popular narratives, the stories, particularly those of human interest and emotion, and how these change through time, to understand economic fluctuations.”⁴ Shiller’s emphasis on the role of narratives is admittedly reluctant and the result of a long, intellectual journey through rich literatures in other social sciences. These views depart from mainstream economics in a fundamental way, and perhaps this is what makes Shiller uncomfortable. Instead of viewing uncertainty as a menu of possible futures to be discovered, these approaches view the narrative as a potential tool to shape the future. 

As noted in the epigraph to this chapter, Ellen O’Connor, in her 2004 ethnography of the earliest days of a Silicon Valley tech start-up, begins her account as follows: “Before a company exists, it is a story about an imagined future.”⁵ The more this “imagined future” resonates with potential stakeholders (e.g., investors, customers, regulators, prospective employees), the more funding, employees, and customers the stakeholders will be able to gather, and the more likely the company will arrive at the future its founders imagined. In the case of our sample of major technological innovations, we are interested in technological narratives and the role these narratives play in market speculation. Narratives are defined here as “temporally sequenced accounts of interrelated events or actions undertaken by characters.”⁶ For our technologies, a narrative is a story about how each imagined event in a technology’s future leads to the next. A technological narrative is compelling when it is a story or account of a future state of the world in which the technology in question or the venture that is its vector is legitimate and successfully embedded. For instance, when Elon Musk talks about the prospects of Tesla Inc., he relies on a technological narrative; the story of Tesla describes a future in which a significant fraction of total vehicle miles traveled (VMT) is provided by battery-electric vehicles. Consequently, in that future, Tesla is a successful, established, and—most important—profitable automobile manufacturer. No market participant—inventor, entrepreneur, consumer, or especially investor—will contribute to an emergent and uncertain technological system in the absence of a narrative in which the innovation is understood to be capable of producing meaning or value. For investors in an uncertain tech start-up like Tesla, the value of the firm is inextricably linked to its technological narrative. 

What makes a technological narrative successful? Recent work in the sociology of expectations offers some help: an effective technological narrative generates expectations—“statements about the future” that are “performative”; statements about the future can alter behavior of market participants; “they do something.”⁷ One important performative effect is that expectations can be self-fulfilling.⁸ If investors believe Elon Musk’s technological narrative, they will be more inclined to buy and hold Tesla stock. The more people accept Musk’s narrative, the more people buy and hold Tesla stock, and the more resources Musk has at his disposal to make his vision a reality. Many successful technological narratives share this feature: the more broadly they are believed, the more likely they are to produce the envisioned result. The most compelling narratives foster an illusion of inevitability, and the more people who jump on a particular narrative’s bandwagon, the more real this illusion seems and even becomes.⁹ 

Surely Elon Musk tells a good technological narrative, and ceteris paribus, inventors or investors would probably rather have Musk describing the future of their firm than almost anyone else. But as we look across the technologies in our sample, some better lend themselves to successful narratives than others. What determines the attractiveness of a given technology’s narrative to potential speculators? 

First, we can ask, how many different narratives are consistent with the success of the technology? For instance, there was only one basic technological narrative about insulin. As we saw in Chapter 1, this narrative was incredible: “the resurrection cure” woke dying children from diabetic coma to live normal lives. But that was about it. There was not much else to be done with insulin other than save the lives of people with diabetes. However, other technologies lent themselves to multiple narrative interpretations. Multiple narratives accompanied the super-frothy 97% evisceration of radio stocks in 1929 that is described in Chapter 1. As Susan Douglas describes the early days of radio, many possible technological narratives were available to potential entrepreneurs and their investors. Would radio be loss-leading marketing for department stores? A public service for broadcasting Sunday sermons? An ad-supported medium for entertainment? All were possible. All were the subjects of technological narratives. From an expectations perspective, these different possible narratives are “bids,” forward-looking bets about how the future will unfold.¹⁰ Assuming that the investing public possesses heterogeneous tastes for different narratives, the more technological bids we can construct about each technology, the more people are likely to be interested in potentially investing in a venture intended to create each particular “imagined future.” More potential narratives means more bids, and different bids will appeal to varied investor tastes. By sweeping up a larger, more varied set of investors, a technology that can support more narratives is likely to generate speculation. 

Second, the time it takes for competing technological narratives to be resolved varies by technology. Questions related to single (or limited) narratives can be resolved relatively quickly, whereas technologies that support multiple narratives take longer to shake out. Here, compare the case of insulin to that of the electric light. With access to a single technological narrative, would-be insulin entrepreneurs needed to demonstrate their product’s performance in the insulin narrative. Electric lighting—which required the development and construction of electrical networks, regulations, and hardware—was different. Would profits accrue to producers of light bulbs, suppliers of electrical equipment, or sellers of electricity? Would networks be alternating or direct current? For each narrative, entrepreneurs raised funds from different sets of investors at specific moments in time. The resulting bids were then enacted over time, with resolution coming slowly as each venture’s economic hypothesis was more or less effectively tested in the marketplace. The longer it takes for these competing narratives to be resolved, the more time is available for speculation to develop. In the context of our model, the longer the uncertainty persists, the longer is the window of bubble opportunity (introduced in Chapter 1). Some technologies have longer windows than others. Technologies with short windows will generate narratives that are quickly resolved and, therefore, are less likely to produce a bubble. 

Third, technological narratives may vary in their accessibility or availability to potential stakeholders.¹¹ As the Princeton psychologist and Nobel laureate Daniel Kahneman states, “The core of the illusion is that we believe we understand the past, which implies the future also should be knowable.”¹² Kahneman points out that our understanding of the past is infused with false narratives—but familiarity helps determine the degree to which a narrative will take root. For instance, narratives about the transformative effect of catalytic cracking or modern steelmaking are relatively inaccessible. Not only do such narratives describe processes rather than products, the processes themselves are abstract, occur in large industrial settings, and are remote from the final products that consumers know and buy. By contrast, for new products that consumers can understand (and buy), technological narratives will be more accessible and more likely to prompt action. There is a relevant past experience with which to make sense of the future.¹³ The sociologist Donald Mackenzie describes a “trough of uncertainty”: those who are closest to the technology know the fragility and contingent nature of the promised benefits. Meanwhile, those who are farthest from the innovation are least likely to even have been exposed to the narrative to know about the technology and are, therefore, more likely to reject it. In both extremes, the technological narrative is less likely to generate support. But as the sociologist Harro van Lente observes, those in the middle—“direct stakeholders . . . such as clients or prospective users . . . accept the promise but lack insight into the details that may hinder the realisation.”¹⁴ For these actors, the illusion is most dangerous: perceived uncertainty may be relatively low, and these individuals may be more inclined to accept proffered narrative bids. They think they understand. 

Fourth, and finally, sociologists have identified a relationship between expectations and the coordination of beliefs, especially in the presence of fundamental uncertainty.¹⁵ The self-fulfilling prophecy, noted earlier, is one manifestation, whereby behavior based on expectation of a particular narrative coming to fruition coordinates actors around that narrative and increases the likelihood of it happening. However, in the case of our sample, we also observe the converse: coordinating events can align expectations around given technological narratives. We see this in Chapter 3, where the Lindbergh transatlantic flight generated a self-reinforcing series of public events that aligned beliefs around a technological narrative that supported the growth of the aviation industry. In other cases, events intended to coordinate beliefs around a narrative of technological success failed: in 1968, the National Geographic Society sponsored a journey by hovercraft from Manaus, Brazil, to Port of Spain, Trinidad, billed as the “Last Great Journey on Earth.” The team successfully navigated the treacherous rapids of the Orinoco River, encountering all manner of interesting trials along the way, but the expedition failed to capture the public imagination and coordinate beliefs in support of a pro-hovercraft technological narrative. Few cared, and although a small number of hovercraft were placed in service shuttling travelers across the English Channel, the more optimistic technological narrative never came to pass. 

Speculation requires the clear and direct embodiment of narrative bids in investment targets. For our purposes, this implies the existence of publicly traded stocks that are “pure plays” in the new opportunities. Pure plays match entrepreneurs and investors with similar beliefs. Most important, pure plays open up the story line to an additional set of stakeholders: investors. Now the technological and industry story is of prime interest to consumers of investment news, whereas before it may have been of interest to technological enthusiasts but of lesser interest to a general investor. This dynamic can turbocharge the narrative, as the narrative will now command more media attention. This process, in turn, will attract more resources to the ventures commercializing the new technology. Thus, the existence of pure plays has a double-whammy effect on the emergence of speculation: without a pure play, it is difficult for investors to find a vehicle for speculation, but without a proper market, speculation will not occur. With pure plays, not only are there vehicles for speculation; their existence has the potential to turbocharge the narratives, and hence the extent, of speculation. 

These factors—number of narratives available, time to resolution, comprehensibility or proximity of narrative to actor, and extent of coordination—can predict whether and to what extent a given set of technological narratives will be “sticky” or “contagious.” To be sure, narratives are not technologically determined. For a given technological innovation, more creative entrepreneurs will craft more compelling narratives, but there are many factors outside the control of entrepreneurs that make it more or less easy to craft these narratives. 

The degree of uncertainty allows for the construction of multiple and more varied speculative narratives, and in turn, the uncertainty varies across technological domains. For example, it is easier to create a narrative that explains exponential growth in a new three-dimensional printing venture than it is for a single Subway sandwich franchise. The fate of a particular three-dimensional printing play, and for that matter three-dimensional printing in general, is at the time of this writing unknowable. A Subway franchise is limited by capacity and a known distribution of outcomes for other franchises that are different only in location and management. We could look for the best-performing Subway franchise and think of this as an upper bound on the potential performance of a new one. This upper bound constrains the narrative. Not so for the 3-D printing business. A skilled storyteller would envision a future and then a place for the new company in that vision. Imagine printing your steaks at home instead of going to the butcher! 

In other words, we cannot construct equally believable narratives about all possible futures. It is easier to form narratives around something that plausibly creates and delivers value—even if the business case for whether and how that value will be appropriated is poorly understood and unknowable. In fact, it is precisely cases in which value can be imagined but how that value might be delivered is unclear that we see an onslaught of entrants and investors. This happens not only because narratives can be readily constructed about the potential of an opportunity but also because those narratives are more likely to be believed. We want to believe we are going to be part of the project that will change the world. To borrow the language of longtime Stanford professor and student of organizations James March: “Clarity of vision protects deviant imaginations from the disconfirmations of experience and knowledge. Attachment to fantasy converts the ambiguities of history into confirmations of belief and a willingness to persist in a course of action.”¹⁶ Stratifying the nature of uncertainty—seeing it as a family of types—helps us understand when narratives are more likely to take off; we can more clearly see the various dimensions around which narratives might be constructed. That is, unpacking uncertainty allows us to estimate both the likelihood of the option effect mentioned earlier, as well as the likelihood of fantastic narratives. Both can lead to boom and bust episodes, but only the latter can lead to a bubble. 




Technological Uncertainty 




Will it work? After experimenting with gliders and wind tunnels for the better part of four years, on December 17, 1903, the Wright brothers’ plane the Flyer managed three test flights of 120 feet, 175 feet, and 200 feet—about the range of distance of a typical fly ball in baseball. The Flyer flew six miles per hour and was unflyable by any except the Wright brothers.¹⁷ It was a rudimentary device. Between the recognition that these devices were in their infancy and the high fatality rate of early aviators, investment in aviation came slowly. The industry received an infusion of government capital during World War I. Approximately $400 million ($8 billion in 2015) worth of airplanes were purchased as part of America’s war effort. Unfortunately, the technological improvements associated with this influx of cash were underwhelming.¹⁸ The severe drop in demand at the end of the war led to intense competitive pressures. So much so that, to stimulate development, Congress decided to subsidize the industry through airmail. This subvention encouraged investment, which, together with the establishment of the private Orteig Prize for the first successful, nonstop crossing from New York to Paris, led to the technology that enabled Charles Lindbergh’s famous first transatlantic flight. 

Insiders who knew the technology well issued honest and public opinions about the prospects of the industry. In June 1928, a year after Lindbergh’s flight, and just three months into an aviation IPO wave that would last into 1930, Daniel Guggenheim—a lead benefactor of aeronautics demonstrations and research—reallocated all of his foundation’s funds to basic aviation research. He explained his decision bluntly: “The populace understood the great potential of airplane flight, they overestimated the speed in which this potential might be obtained.”¹⁹ That is, as we noted earlier, narratives were most likely to take hold in the populace with a superficial as opposed to deep understanding of the emergent field. Six months later, investment pages warned the average buyer: “Reading constantly about this or that development in the industry, hearing about some achievement, discussing the general subject with his friends, he reaches the conclusion that ‘someone is going to make a lot of money out of aviation.’ He wants to get in on the ground floor and his lack of knowledge of the subject makes him an especially fallow field for the cultivation of the high-pressure salesman.”²⁰ There were several such warnings in this vein in the mainstream press,²¹ but they were lost in the stream of more superficial, optimistic news. For example, not three weeks earlier, the following short note was offered to investors in the Wall Street Journal: “In 1925 it is estimated that airplane manufacturers turned out 600 planes. This past year producers reached a schedule that called for 600 planes a month. The total number of planes that will be produced and sold during 1929 is estimated at 12,000. Several large companies had announced their schedules for next year. Many of them have already sold all that they can produce: It is now impossible to buy a plane under three weeks to a month.”²² Technological uncertainty, when discussed at all, was often framed as opportunity, not risk. For example, in late May 1929, one headline screamed “Engine Makers Take the Lead.” The article described how speculation would turn to companies’ experimenting with the “manufacture of engines,” since “much sooner than expected, the manufacture of airplanes has . . . definitely passed from the experimental era.”²³ The article then briefly described the leading companies developing airplane engines. 

The emergent picture is that the future of aviation was inevitable and happening in that moment. Early problems in the manufacture of airplanes were already in the rearview mirror, and the focus was on optimizing performance of components. The fact that the backlog in airplane delivery was due to orders from pilot schools who sought to train pilots for the new industry was lost at the time, as was the fact that the profitability of aviation companies—if it existed at all—was entirely dependent on government subsidies.²⁴ For a brief moment, the narrative was driving real demand in the industry. 

Investment continued unabated as prices peaked in May 1929, held steady until October, and then dropped 96% by May 1932. The dive might have been worse had the federal government not made airmail subsidies more generous in early 1930 in an effort to stave off a complete collapse of the aviation business. It was still too expensive to fly passengers profitably. In 1935, after almost thirty years of government underwriting, subsidies were cut completely. By that time, sufficient development in passenger air transportation had taken place, and the industry was able to climb to profitability.²⁵ Indeed, prices recovered somewhat and stood at close to 35% of the 1929 peak in 1941, when the United States entered World War II. But like the rest of the market, investors who put money into airplane and airline stocks at the 1929 peak would need to wait until June 1954 to avoid even nominal losses. Arguably, by then stock prices reflected the hope of the jet engine, suggesting that internal-combustion planes never fulfilled their promise. Even if investors sold when Guggenheim issued his warnings (well before the peak), they might have purchased an air transport index at less than the June 1928 price for the following fourteen years. 

In other words, whereas expert investors appreciated correctly the importance of airplanes and air travel, the narrative of inevitability largely drowned out their caution. Technological uncertainty was framed as opportunity, not risk. The market overestimated how quickly the industry would achieve technological viability and profitability. 




Competitive Uncertainty 




In Chapter 1, we discussed how the emergent automobile industry drove a derivative boom and bust in rubber in the early 1900s. The history of this episode is illustrative of the way narratives often under-emphasize the role competition will have on profits. For decades, Brazil monopolized the rubber supply by harvesting latex from naturally occurring rubber trees. However, a shady royal subject, the subsequently knighted Sir Henry Wickham, sowed the seeds of competition by spiriting dozens of rubber-tree saplings from South America to London in the 1880s.²⁶ 

Nevertheless, increased demand driven by automobile tires made the Brazilian monopoly much more lucrative as increased demand for automobiles led to a steady increase in raw rubber prices throughout the first decade of the 1900s. Rubber transformed cities. By 1910, Akron, Ohio, the new center of the tire industry, had become a booming metropolis that imported 70% of the world’s natural rubber supply.²⁷ While increased demand stimulated a search for alternative supplies of latex, workers forayed deeper into the Brazilian Amazon in search of undiscovered trees.²⁸ But they couldn’t keep up: by 1910, supply had doubled, but prices had quadrupled. To seize this financial opportunity, British capitalists—exploiting Wickham’s biopiracy—planted more than 70,000 acres annually between 1905 and 1911, driving up productive acreage to 542,877 in the Malay states. These plantations financed their operations by floating joint-stock companies on the London and Shanghai Stock Exchanges.²⁹ 

The uncertainty came from the nature of rubber trees. In 1910 half a million acres of rubber trees had been planted, but few were productive. It takes six years from planting to the first latex harvest. That meant that investor returns depended on prices six years in the future. Narratives about the inevitability of profits were based on available information—current rubber prices. All but the experts ignored the larger picture. In essence, investors in the new Malay rubber plantations were betting that rubber prices—several years in the future—would be sufficiently high to cover their investment. For this to happen, demand for rubber would have to increase quickly enough to absorb the massive capacity that was coming on line. To complicate this picture, suppliers not only reacted by increasing raw production; they also made production more efficient. The combination of new rubber trees coming on line and better use of raw materials led rubber prices to plummet 75% between 1910 and 1913, even in the face of increased demand for automobiles. This caused a bust. To this day, the inflation-adjusted price of natural rubber in 1910 remains the historical apex. Free entry into the production of rubber ensured that supranormal profits would never return to the rubber market. 

Why didn’t entrepreneurs and investors who were pouring their money into Malay rubber plantations anticipate the likely effects of competitive uncertainty? It is hard to argue that entrants were completely unaware of the extent of competition, but it is also clear that information was far from precise. For example, the president of the Firestone Tire and Rubber Company, H. S. Firestone, suggested that rubber prices would remain high in 1909.³⁰ Firestone, whose job it was to understand rubber prices, enticingly noted that the price of rubber was approaching a third that of silver, that there were supply problems in the Brazilian Amazon, and that demand was driven by the automobile. He failed to mention the forthcoming arrival of Malaysian rubber on the global market. The narrative of the inevitability of high rubber prices is surprising in a subsequent short piece, also in the New York Times, that describes in the same paragraph both the Brazilian government cornering the market for rubber and speculation in London. The article does not consider that the plantations represented by the London stocks would likely break the Brazilian stranglehold and lead to a reduction in prices.³¹ Speculation in the rubber market itself likely also contributed to the boom and bust.³² The fact that the Southeast Asian plantations would come on line was known; but even when reported, it was buried in the tenth paragraph.³³ 

These plantation pure plays, traded publicly on the London and Shanghai exchanges, were reported in both the trade and the popular presses as subjects of wild speculation. In contrast, the same press reports suggest that, in 1910, there was no clear consensus about how much planting was under way. Even when this information was reported, it was downplayed. The heart of the narrative was about prices. 

The example of the rubber boom is attractive because it is pure—in the sense that there was no narrative about whose rubber was best. Malay and Brazilian rubber came from the same tree species, and hence was of similar quality. Speculation arose from the difficulty in understanding and anticipating the effect of free entry on long-term prices. 

In contrast, the lack of free entry often restricts speculation because it limits the potential variety of narratives—that is, the potential bids. If different stories with the same overall conclusion appeal to different potential investors, multiple technology narratives—or bids—may lead to greater speculation. The case of the telephone—our example of an almost bubble from Chapter 1—helps illustrate this point. Here, certain types of uncertainty remained unresolved over time (business model, technological) while other types of uncertainty (competitive, value chain) were resolved more quickly through legal maneuvering. 

In 1879, investors initially framed Alexander Graham Bell as competing against the well-established Western Union; the original telephone patent was even titled “Improvements in Telegraphy.” Indeed, Bell modeled the telephone after the telegraph, envisioning it as a premium telegraph service for business that would be offered from centralized locations. No one yet imagined the telephone as the building block of an entirely new industry, and investor interest in a slightly improved telegraph was limited. The specter of competition with Western Union spooked investors, especially given the pending-patent dispute with the telegraph monolith. It was only after the resolution of outstanding patent disputes between Western Union and National Bell Telephone Company that investor sentiment improved.³⁴ This narrative was simple: Bell was David and Western Union Goliath. Once Goliath was subdued, Bell looked more attractive. This is true despite the fact that it was unclear precisely how Bell’s business model would work. 

What happened then is an important lesson in the role of free entry and market structure in producing broad-based market speculation. Under normal conditions, after seeing Bell’s initial success, investors and entrepreneurs would have started competing firms in a race to exploit and populate the newly proven market space. Each company would represent a different experiment in creating value, a unique bid. Most would eventually fail, but not before many would have generated convincing narratives describing their future success, leading to successful funding and—if the resulting stocks were publicly tradable—potential speculation. But instead, the Bell companies fiercely defended the primacy of Bell’s pioneering patent, bringing up to six hundred infringement lawsuits against would-be competitors.³⁵ We can interpret the fact that it took Bell’s legal department six hundred lawsuits to keep new entrants out of the telephone industry as an indication of the speculative opportunity that entrepreneurs saw in the new technology. Nevertheless, the rate of adoption for the telephone was slowed by the presence of a strongly defended patent supporting a monopolist, and it is likely that many more than six hundred competitors would have been started had the Bell interests not fought so hard to quash them. The short-term successes of a small handful of well-capitalized potential competitors—Molecular Telephone Company (1883), Pan-Electric Telephone Company (1884), and People’s Telephone Company (1880), to name some of the most prominent—also underscore the public appetite for telephone securities. Each of these entrants was able to craft a plausible narrative that placed its prospects beyond the reach of the Bell patents. Until the US Supreme Court finally upheld the Bell position in March 1888, these ventures had more or less successfully tapped into widespread public fascination with the telephone, raising significant capital. Thereafter, however, the plausibility of these alternative narratives collapsed, and future entrants would need to wait for the expiration of the founding Bell patents to craft a convincing entry story. Thus, the regulatory environment and government action—in this case, the judicial branch—had a large effect on competitive outcomes. 

By the time Bell’s patent expired in 1892, the bulk of the technological and business model uncertainty had been resolved, and the window of highest uncertainty had passed. Without the entry barrier of the patent, a degree of market structure uncertainty was reintroduced to the telephone sector. Although thousands of independent telephone companies were formed in the 1890s, the prospect of a speculative bubble was limited. Bell’s dominance was no longer in doubt. 

In the case of rubber, even though plantation entrepreneurs and investors observed their peers’ behavior, it is possible to believe that few knew the full extent of entry and, therefore, the fact that they themselves were fueling oversupply. This tendency may have been exacerbated by a well-known bias from which many investors and entrepreneurs suffer: overconfidence in their abilities and overrating their chances of success.³⁶ If there are more competitors, this bias is more likely to manifest. So, we should expect this phenomenon in a free-entry context like rubber but not with the telephone. Even if investors accurately predict the extent of entry, they may fail to consider how increased competition might affect prices. To understand the effect on prices, a well-developed model of supply and demand is needed—or at least a good heuristic. In the emerging, global market setting of rubber, neither was available. Such forces may lead to mass entry and a subsequent decline in prices as investors and entrepreneurs overlook the dynamics of market entry and its potential effect on prices. In the case of telephony, the forces of patent law and effective intellectual property strategy eliminated such a dynamic. Hence, we should expect bubbles to be more likely when free entry is possible—when all producers need, for instance, is the ability to plant trees as opposed to inventing around a telephone patent. 

The examples of rubber and the telephone demonstrate the importance of competitive uncertainty for the development of a financial bubble. High competitive uncertainty—either in the form of unregulated entry as we saw with rubber or uncertain regulation of entry, as was the case with the telephone—will encourage speculative activity. 




Business Model and Value Chain Uncertainty (and Regulatory Uncertainty, Too) 




In Britain, a “wireless” is a radio set. When radio inventor Guglielmo Marconi founded the Marconi Company in 1897, his goal was to commercialize wireless telegraphy. Advances by Reginald Fessenden and Lee de Forest allowed voice transmission and opened the door to the possibility of broadcast. However, imaginations are limited: at the time no one could conceive of broadcasting anything but religious services. Indeed, the idea of broadcast did not take hold until after World War I.³⁷ Early broadcasts re-created performance and lecture situations in which many listened to a few. For instance, in the 1910s and 1920s, many universities established radio stations to broadcast educational content, and a few contemporary observers predicted the end of the modern university. However, it was quickly discovered that universities did more than simply provide venues for lectures—and the university survived, as did many university radio stations. How would radio manufacturers make money? Would they sell radio subscriptions? Perhaps value would be created through production of radio content? Amid the early radio euphoria, newspapers, churches, universities, and even a laundry started broadcasting.³⁸ Some department stores experimented in broadcasting radio as a loss leader to bring in customers. 

Throughout the 1920s, David Sarnoff—at the helm of the Radio Corporation of America, or RCA—attempted to replicate Bell’s telephone strategy, whereby RCA, through its use of patents, would control every radio set sold. However, unlike a one-to-one telephone connection, one-to-many radio broadcasters had no way of knowing if a given radio set was receiving content. And while Sarnoff was able to generate a formidable patent portfolio, it proved difficult to enforce. Radio sets were not difficult to assemble, and there was no way of controlling who tuned in on the radio. There were dozens of radio producers in the 1920s. Although early radio sets were major household expenses, innovative telemarketing and sales techniques moved product.³⁹ 

In addition, the role of government was unclear. The proliferation of broadcasts led to crowded airwaves. How and when would the crowding of these airwaves be resolved? There was regulatory uncertainty. Regulation of the radio spectrum by the commerce secretary, Herbert H. Hoover, made it easier to control and monitor who was using broadcast equipment and also improved the likelihood that listeners would hear something intelligible—Hoover’s policies favored larger players such as RCA. This increased the value of RCA’s patent portfolio. But RCA could not profit by charging listeners when they tuned in. They had no idea who was actually doing so! 

If a radio subscription model was infeasible, and broadcasters themselves were barely covering the cost of expensive broadcast equipment and operations, would anyone in the industry make money? At the time, the idea of commercial radio—supported by advertisers willing to pay to reach listeners—was simply unknown. It took several years and many false starts for broadcasters to develop the innovation of commercial radio. Not only did they have to work out which types of programming would attract listeners; early broadcasters also needed to convince potential advertisers that people would listen and respond to ads.⁴⁰ Developing capabilities to sell ads took years.⁴¹ Over time, it did become clear that money could be made in broadcasting. Companies learned how to advertise, and the Radio Corporation of America became profitable. However, early uncertainty created a frenzy of speculative activity. Investors in radio at the peak in mid-1929 would recover only $0.30 on the dollar in the late 1950s. 

The uncertainty about how money would be made in the new radio industry allowed several narratives of inevitability of radio profits to emerge. Consequently, radio companies across the value chain were able to sell stock on the exchanges. In our language, each pure play was a different bid that might have appealed to a different set of investors who liked that particular story. For example, Hazeltine was a pure-play manufacturer of radios, while RCA was also experimenting in broadcast. Sonatron advertised its “radio,” or vacuum, tubes in the Saturday Evening Post. Using them would apparently “bombard [you] with energy.”⁴² Perhaps if Sonatron had enacted an early version of “Intel Inside,” they might have become a household name. Not knowing how money would be made and where in the value chain it would concentrate made spinning multiple narratives easier, and investors could choose from RCA, Hazeltine, and Sonatron stocks, among others. That is, just because a product or service goes on to become wildly popular, not all businesses related to that product or service will make money on it. A successful business must position itself in an advantageous part of the market ecosystem, even as that ecosystem is forming. Since the eventual form of this ecosystem is often unknowable, the business and its investors must be both good and lucky. Note the contrast among the different industries: radio, telephone, and rubber. Telephone was a single-firm play: Bell’s patent strategy allowed it to control the entire ecosystem. If you wished to speculate in the telephone business, Bell and its subsidiaries quickly emerged as the only way to do so. If you wished to speculate in rubber, you might have purchased shares in similar plantations all producing a commodity—or you might have purchased the commodity directly. Finally, any single speculative play in radio required a choice of a specific part of the value chain and business model: broadcast and patents, the sale of radio sets, or the sale of set components. It was uncertain! 




Demand Uncertainty 




The internal combustion engine (ICE) might have been a minor technology without its killer app: the automobile. Interestingly, though, from the first commercial production of the automobile in 1896 to the realized superiority of the ICE in about 1904, it was unclear whether automobiles should be propelled by an internal combustion, electric, or steam engine. 

In 1897, Ransom E. Olds founded the Olds Motor Vehicle Company in Lansing, Michigan, and placed his bet on internal combustion. Olds was betting on the failure of some powerful business interests. In early 1899, the New York–based businessman William H. Whitney and his fellow investors capitalized their own nascent electric vehicle empire at $200 million ($5 billion in 2015). The Electric Vehicle Company (EVC) offered a fee-for-service model, where the central company would own the vehicles and lease them for hire to wealthy consumers. EVC projected that it would have 4,200 vehicles in service by 1900. The projection was audacious, as only a hundred or so cars had been manufactured for sale at that point. Thus, Olds was not only betting on internal combustion; he and his backers were betting on the particular business model prevalent today, in which users own their cars. The EVC and its subsidiaries around the country put only 850 vehicles into service. Fragile cars and dubious business practices revealed the business model to be, at best, marginally viable.⁴³ The decline in electric vehicle stocks started in late 1899 and heralded the end of the early electric vehicle experiment. By 1901, every sixth automobile sold was an Olds. Although only 425 Oldsmobile Curved Dash models were sold that year, the growth of the internal combustion automobile market was exponential. By 1910, 250,000 cars were produced; by 1916, 1 million. Electric vehicle production never scaled beyond a few thousand units per year. But the market was still evolving; the high price of early autos left the product out of reach for most consumers.⁴⁴ The extent of the market and whether cars could be produced at a price that would appeal to a larger, mass market were open questions. Betting on growth implied a bet as well that demand would be high if a product could be offered that provided sufficient quality at the right price. As we now know, this was a good bet. In contrast, it was a much poorer bet for airplanes in the late 1920s. They were too dangerous and expensive for mass appeal until the jet age, and other technologies on our list, such as airships, failed altogether. 

Demand uncertainty is complicated by value chain and business model uncertainty. For example, even if investors or entrepreneurs could have predicted automobile demand, where in the supply chain should they have invested? Raw rubber producers? Tire manufacturers? Automobile producers? Where was competition destined to be least intense? We are experiencing a very similar situation today when we consider autonomous vehicles. It is unclear which companies will make money, where the bottleneck will be, and which company, if any, will control the bottleneck. Should we place bets with ride-sharing companies such as Uber or Lyft, legacy automobile manufacturers such as Ford and GM, diversified tech firms like Google and Apple, upstarts such as Tesla, or technology specialists such as Intel, which purchased the leading sensor provider Mobileye? 

Similar questions plagued investors in the earlier days of the automobile industry. In 1917, there were forty-five automobile securities actively traded in New York and Detroit. But the financial news editors did not, or perhaps could not, meaningfully separate the companies along the value chain. For example, on a representative day in October, listings of “automobile” security prices in the trade periodical Automotive Industries included twenty-four automobile companies but also ten tire producers and eleven other suppliers producing auto bodies, wheels, engines, and lights.⁴⁵ This mixing was, in retrospect, misleading for investors. Whereas a single dollar invested in an automobile index in 1917 would be worth $19 in 1938, a similar investment in auto accessories would return “only” $7.50, and an investment in tire companies would return a meager $1.20.⁴⁶ It was, apparently, difficult to foresee the low returns of companies like Goodyear, Firestone, Goodrich, and US Rubber after the 1922 advent of corded tires.⁴⁷ As a result of poor patent protection, these tire manufacturers all soon offered similar products, and automobile manufacturers exploited the similarity of the big-four tire manufacturers’ products to keep supplier margins low. Even though together the four suppliers controlled 80% of the market by 1929, margins on tires have never recovered. 

Given the excitement around automobiles, it is not surprising that investors extrapolated from the unprecedented profits and returns on assets being earned in the automobile industry to other parts of the value chain. It fit into the narrative of inevitability that surrounded the automobile. 

To summarize, we have seen that uncertainty is more than a binary description of the state of the world. Rather, uncertainty can be decomposed into components—technological, competitive, business model and value chain, regulatory, and demand uncertainty. This decomposition leads to specific questions that we can ask when applying our framework, which is set forth in Table 2.1. Uncertainty is understood only when applied to specific contexts. It is only then that we might consider what is uncertain. What might entrepreneurs and investors disagree about in the first place? 

Our minds like stories, and we make sense of new and uncertain technological innovations through narratives, some of which can lead to speculation. The imagined future is inevitable! When there are more types of uncertainty, it becomes easier to weave these stories, and the stories themselves may be more plausible. 

But sometimes the narratives themselves shape the course of technological development. Narratives are bids to create a particular version of reality. If the bid is compelling and plausible, investors offer their resources to help support a given imagined future. If there is only one narrative, uncertainty will be limited, and the spread between the known and the imagined will be minimal. In other cases, however, multiple technology-specific narrative bids may be supported, indicating greater and more diverse sources of uncertainty. 




TABLE 2.1 Types of uncertainty 
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For these reasons, we consider the levels of uncertainty when the various technologies in our sample came to market, as well as when these uncertainties were resolved. This approach allows us to understand both the speculative potential of each technology and the time period, the window of bubble opportunity, in which we should look for speculation associated with these factors. 



Chapter 3 




NOVICES, NAÏFS, AND BIASES 




“Question: I am a daily reader of your valued column in The Tribune, and your knowledge on investments has commended itself to me. The great impulse given to wireless telegraphy by the wireless concerts given daily at Newark and elsewhere suggest to me the advisability of making a modest investment in some wireless equipment stock that has potentialities. Could you name a few such stocks that I might invest in with reasonable assurance of large returns later on? What do you think of Radio common?”—Mrs. W. C. B. 

“SPECULATING IN WIRELESS AGE,” NEW YORK TRIBUNE, MARCH 27, 1922, 15 




Novices 




In the previous chapter we discussed how narratives affect investors’ choices. In theory, financially literate investors choose their stocks on the basis of a deep understanding of the market and knowledge of the investment opportunity. That is, investors build well-informed, reasoned narratives to justify their choices. While figuring out whether a company will generate profits is almost impossible except in the short term, some investors might have a better sense of which companies or industries are good bets. In practice, our very humanity makes this worse. This humanity manifests in what psychologists like to call decision-making biases. The psychologists’ list of biases is long, so we focus on a few that have outsized influence on investment decisions. First, we are more likely to buy into narratives that draw analogies to things with which we are familiar. That is because in we tend to falsely believe that the past always predicts the future. But often, new opportunities are difficult to understand, and sloppy analogies lead to bad decisions. These biases are exacerbated by the nature of stock picking. There are an overwhelming number of potential stocks to buy, and we are drawn to those that attract our oft-fleeting attention, for whatever reason. Experience is about learning to restrain and override these very biases; it is about not constructing specious narratives. 

When investors are inexperienced and less financially literate, they may be beguiled by opportunities that are new and seem exciting—as is often the case with new technologies. The (new) internet (new) economy will change EVERYTHING! Blockchain will eliminate firms! Bitcoin will end government currencies! But just because something is new, exciting, and the subject of buzz does not make it a good investment. In fact, as we discussed in the preceding chapter, newness is often associated with uncertainty, uncertainty leaves room to generate narratives, and it’s easier to generate these narratives when we know less about the opportunity. Sometimes, we investors—even experienced ones—collectively fixate on such new shiny objects. Call it herding, a fad, or fashion, but either way, this behavior can lead to bubbles. Perhaps a parable will better illustrate what we mean. 

In the spring of 1993 a cocky twenty-four-year-old Israeli undergraduate student in economics and computer science discovered the Tel Aviv stock market. In Israel before the internet, trades were done through a phone call to your bank, and the trade came directly out of your checking account. So if you had a bank account and signed a few papers, you could dabble in the stock market. Hearing a tip that a locally traded oil exploration company, Isramco (currently trading as ISRL on NASDAQ), was searching for oil in the Mediterranean, he and his friend bought some shares in the stock—about $1,000 worth each. Everyone with a passing interest in the market appeared to be focused on it, so it seemed like a good bet. The neighboring Egyptians had found oil. And of course, everyone knew that the Persian Gulf countries were the epicenter of the global oil industry. By analogy, there should be some oil in Israel, too. After all, Israel is in the Middle East. The students had constructed a neat, clean narrative with a nice analogy. 

Simile and metaphor are critical to the construction of narratives. The use of analogies is typical in trying to understand an uncertain world. While working together at New York University, scholars Daniel Beunza and Raghu Garud studied how famed investment advisers Henry Blodget and Jonathan Cohen developed different analogies to help them make sense of Amazon in 1998. Cohen thought of Amazon as analogous to Barnes & Noble and felt it should be valued like a bookstore. Because bookstores had relatively low margins, he valued Amazon at $50 a share. Blodget suggested that Amazon was more like Dell Computers, which was earning a healthy 8% margin at the time. With this in mind, Blodget arrived at a $400 valuation.¹ Given the information available in 1998, both analogies yielded plausible narratives. There are ways in which both Cohen and Blodget got the analogy right, but the point is that their assumptions led to wildly differing conclusions. Unfortunately for our student stock pickers in Israel, the use of analogies is where their similarity to this Amazon comparison ends. 

Whether the “Israel is like the Persian Gulf countries” analogy made sense or not was far beyond the students; they knew nothing about the geology of oil deposits, or, for that matter, geology. But they were making sense of a really attractive comparison. Why should their country be the only one impoverished by lack of oil? 

This idea was what Stanford professor Chip Heath and his brother, Dan Heath, of Duke University, would call “sticky.”² Even in the face of countervailing evidence, sticky ideas have some or all of the following six attributes: simple, unexpected, concrete, credible, emotional, and (finally) part of a story. Simple means that the idea has a brisk message, even if the underlying reality is complex. The idea of offshore oil appears simple, even if the geology and economics of offshore oil extraction are not. Unexpected is something that makes an idea shiny, interesting. That Israel might have oil was unexpected in the sense that part of the mythos of Zionism is self-reliance and hard work. Oil would have been manna from heaven, which contradicted this mythos. The idea of oil is concrete. Oil is a commodity, and everyone buys it—even if the actual logistics and market structure of the industry are opaque.³ The story may not have been particularly credible, but the naïve students were credulous enough to accept that the company had committed to bring an oil rig to Israeli waters. The emotional content came from the combination of expected profits (who doesn’t want to win the lottery?) with a vague nationalistic idea that oil would be beneficial to the country as a whole. Indeed, the company founders had chosen a name, Isramco, to exploit this very idea. The name combined the name of the nation, Israel, with Aramco, the name of the Saudi national oil company. That is, the company had purposefully chosen a name to leverage the Middle East oil narrative. Finally, it was easy to put the entire episode into a narrative, a story. This story had more than one level. First, the analogy to the oil-rich Persian Gulf countries is a story in and of itself, just as the analogies of Amazon to Barnes & Noble or Dell Computers result in two competing stories. But the Israeli oil story was extra slick. The idea of offshore oil bringing a valuable natural resource to a country without many natural resources—a resource that might signal independence from world oil markets dominated by Israel’s enemies—is a very good and sticky story. This was the sort of story novices might accept. 

Sticky ideas are social phenomena. One of the Heath brothers, Chip, together with the financial economists Brad Barber and Terrance Odean have made the case that sticky ideas are more likely to catch on in groups, as opposed to individuals, who decide alone.⁴ Barber and Odean later summarized a host of studies suggesting that stocks are more likely to be purchased when they are either in the news or experiencing sharp movement in a short period of time. That is, when they are part of a popular narrative. In their own analysis, Barber and Odean find that the least sophisticated retail investors bought almost twice as many shares of the most heavily traded stocks than they sold, whereas sophisticated investors bought only 10% more.⁵ In other words, the least sophisticated, least experienced investors appear the most likely to react to salient facts that bring a stock to their attention.⁶ Novices are most likely to buy into these types of narratives. 

Indeed, the students might as well have been subjects in Barber and Odean’s study. They considered Isramco following a tip. This was reinforced by news stories and the general sense that the stock was “hot.” The choice of what to buy is daunting; there are hundreds or thousands of securities traded on the market. In contrast, the choice of what to sell is restricted to what one actually owns. Thus, once a story about a stock spreads, some investors will short-circuit an expansive, reasoned search and focus on salient stocks as investment targets. Isramco was psychologically “available,” easily digestible, and buzz laden. The students interpreted the general interest as (social) proof that Isramco was a winner; sticky ideas flow through social channels.⁷ 

The students contributed to a self-reinforcing process—indeed, they became part of the narrative. Retail investors buy popular stocks and in the process make them more popular. Financial economists have astutely noted that self-reinforcement is enhanced when investors realize that this process is happening, and then try to cash in on the cycle—further driving up the price with the hope and expectation of selling near the peak. As the stock starts to move, it becomes more interesting and further propels the story. The two processes, whereby investors invest in newsworthy stocks, and thereby en masse make them more newsworthy, work together. Novices learn of their friends’ and acquaintances’ market exploits and enter the market, while more sophisticated investors try to take advantage. The part of the process whereby investors believe that they can sell to later investors at inflated prices is often labeled the “greater fool theory,” and this theory has been, deservedly, the subject of many treatments of bubbles. Unfortunately, the greater fool theory has an important shortcoming. It doesn’t consider whether there are times when fools might more likely be attracted to the market. Because of this, we can identify that there were greater fools only in hindsight—and we lack the tools to predict when they will appear.⁸ 

Nevertheless, with hindsight, we can identify specific events that make people hyper-aware of certain opportunities. These events catalyze and magnify the process. For example, President James K. Polk’s fourth annual message to Congress in 1848 included this extraordinarily sticky and contagious passage: “It was known that mines of the precious metals existed to a considerable extent in California at the time of its acquisition [1848]. Recent discoveries render it probable that these mines are more extensive and valuable than was anticipated. The accounts of the abundance of gold in that territory are of such an extraordinary character as would scarcely command belief were they not corroborated by the authentic reports of officers in the public service who have visited the mineral district and derived the facts which they detail from personal observation.”⁹ Polk’s statement was the clearest signal in a long series of reports emanating from the first gold strike at Sutter’s mill in January of that year. Would-be prospectors who might have heard rumors about gold in California felt confirmed in the truth of the claim by none other than the president of the United States. Polk took a naturally sticky idea and put it on steroids—perhaps single-handedly catalyzing the California gold rush. In 1849, some three hundred thousand “49ers” left for California. Most 49ers found little gold but perhaps would have been consoled by the fact that they did inspire the name of a National Football League team. We call events like President Polk’s address coordinating events. They are rare, but they are important in that they are events or series of events that can draw attention to a particular opportunity and transform a loose set of ideas into a shared narrative that can then affect markets and economic behavior on a grand scale. Coordinating events direct traffic in the most expansive sense; they focus attention on particular narratives and in so doing propel the narratives forward—or even create the narratives. They can also catalyze bubbles. 

Our Israeli students knew little about the geology of oil deposits; the 49ers (neither prospectors nor the football team) knew even less about the practicalities of extracting gold from remote foothills. Nevertheless, similar forces were at work to entice their participation in the respective markets. Just outside the main Tel Aviv University gate was a bank. Israeli banks, which made money off commissions, encouraged interest in trading by generating printouts of prices throughout the day. It was the 1990s version of the ticker tape. The students ate it up. Every day, they would go to the bank to see what had happened to their investments. To stay informed, they followed the news, including a story that Isramco might, in fact, have secured that oil rig that could perhaps, maybe, be brought to the area to start exploration. 

Soon, the student and his friend noticed that there was too much money in their account, given that the price of the shares had not risen very much. Confused and certain that the bank had made an error in their favor, they met with a bank manager, who happened to be another friend’s father. The bank manager generously explained to them that Isramco had split their stock after it had appreciated—there was no error. That is, the company had created two new shares for each old share and had halved the price. On paper, each student had more than doubled his investment as speculators had driven up the value of the stock. By chance, one student was planning a trip to Turkey. Needing funds for his trip, the student sold his shares and enjoyed a month-long backpacking trip in Asia Minor. That student was one of your authors, Brent.¹⁰ 

Brent was very lucky (at least on this trade). He was financially illiterate; he did not understand the basic mechanics of stocks to the extent that he could not read a simple account statement. He did not know that something like a stock split existed. His luck notwithstanding, he had as much business investing in the market as he did panning for gold or playing professional football. 

Brent’s decision-making process was typical of inexperienced, unsophisticated investors. We quote Mrs. W. C. B. at the start of the chapter as an example of this type of decision making. Like Brent’s Isramco gambit, Mrs. W. C. B. was attracted to radio stocks because the idea of radio was salient and sticky. It was simple: the radio could be manufactured and sold. It was unexpected: the idea of transmitting voice invisibly through the air was exceptional and miraculous. There had been public demonstrations and broadcasts of the radio; these made it concrete. Moreover, she could hear the radio and see the miraculous device. It was exciting; that is, she had an emotional reaction to the new product. And there was a good story: radio was amazing; it would become popular, so set producers would make money. But she short-circuited her search process to focus on one small subset of the industry. She did not realize that the business model for radio was not well understood at the time. (As discussed in Chapter 2, even the ultimate insider, RCA’s president David Sarnoff, didn’t yet know how to make money on it!) It was unclear whether profits would accrue to any or all of the radio producers, radio stations, content producers, networks, or patent holders who were active in the market. Mrs. W. C. B. did not entertain the idea that any type of company other than the manufacturers of radio receivers could be an interesting investment target. She had focused her attention very narrowly—in this case to her detriment. 

But let us not judge Mrs. W. C. B. too harshly, for we are all susceptible. The celebrated early twentieth-century economist Irving Fisher publicly proclaimed that the stock market had hit a permanently high plateau and was bullish on the market. Unfortunately, Fisher said this just six days before the market crash that sparked the Great Depression. Arguably, Fisher was prognosticating outside his area of expertise—which was monetary policy and neoclassical economics, not the vagaries of the stock market. So although he may have believed he was an expert and his narrow worldview told him one thing, in terms of the stock market, he turned out to be more of a novice. 

In general, novices are more likely to follow the crowd. For example, during the 1990s internet boom, novice investors were more likely to invest in well-publicized internet stocks than were those with investing experience.¹¹ Novice investors were more swayed by the publicity and excitement about the “new way of doing business”—while more sober-eyed, experienced investors, especially those who had lived through the bear market of the late 1980s—were skeptical about the promises of the internet. Similarly, Mrs. W. C. B.’s financial illiteracy was also evident when she was considering radio stocks. She believed that “reasonable assurance of large returns” was possible. With this conception of investing, Mrs. W. C. B, like Brent, should not have been investing at all. 

What swayed her? Mrs. W. C. B. could tell herself a story in which it made sense to invest in radio. She was aware of “the wireless concerts given daily at Newark and elsewhere.” She had become familiar with the new medium, and familiarity implies comfort and encourages investment.¹² Some technologies translate into sticky ideas and stories more readily than others. For an idea to be sticky, at minimum, the commercial potential must be understandable to the investor. The public broadcasts of the Metropolitan Opera on the radio were sticky, and the public concerts made the technology accessible and understandable not only to Mrs. W. C. B. but also to general investors. Indeed, such public demonstrations may have been coordinating events that aligned investor beliefs about the commercial prospects of radio.¹³ Retail-facing inventions that people actually use or might use are more likely to attract attention of investors and breed familiarity, especially for novices. Thus, we offer the general prediction that retail-facing innovations are more likely to be associated with bubbles.¹⁴ 

Just as sticky ideas about new, emerging technologies can envelop novice investors, so, too, can incomplete information. Nobel laureate Daniel Kahneman points out that stories are easier to concoct when the facts are sparser.¹⁵ The less we know, the more we supply from our own imagination, which is influenced by our biases. To paraphrase former US secretary of defense Donald Rumsfeld, the young Brent was not just ignorant of known unknowns; he was also unaware that there was such a thing as unknown unknowns. A known unknown is, for example, the fact that Brent did not know what a stock split was. An unknown unknown? Brent did not even comprehend the scope of his financial illiteracy when he gambled $1,000 before a costly trip abroad. Perhaps Brent should take comfort in the fact that Mrs. W. C. B. made a similar error. We saw in Chapter 2 that there was significant business model and value chain uncertainty in radio. At the time, however, Mrs. W. C. B. did not know what she did not know, that profits might be generated from different parts of the radio broadcast value chain such as content producers, the emerging broadcasting stations, and advertisers—not just radio set producers. Mrs. W. C. B. assumed away this uncertainty altogether with her assumption that money would be made selling radio sets. 

Evidently, Rumsfeld was channeling Bertrand Russell: “The fundamental cause of trouble in the modern world today is that the stupid are cocksure while the intelligent are full of doubt.”¹⁶ In an attempt to account for the modern world’s toxic brew of ignorance and overconfidence, MIT Sloan School’s Dražen Prelec created a “Bayesian truth serum”—an algorithm that overweights the opinions of those who recognize the limits of their own knowledge.¹⁷ Together with the Princeton neuroscientist Sebastian Seung and MIT student John McCoy, they have formalized a method to detect who has more awareness, or “metaknowledge,” as they call it, and then weight those meta-knowing, non-cocksure doubters’ opinions more heavily. Doing so turns out to lead to more accurate predictions, at least in experimental settings. By implication, we expect that novices are more likely to not know what they don’t know, and therefore make less accurate investment decisions. 

Although it might be intuitive that novices are more likely to make judgment errors when they buy securities, it is not clear whether novices will have sufficient influence on the market to affect prices. At the end of the day, it is doubtful that Mrs. W. C. B. was investing enough capital to affect the price of radio securities, and certainly Brent’s small investment did not affect the aggregate market for Isramco shares. We should expect novices to affect the market only when a relatively large number of them go for gold—as in the case of the gold rush. 

Financial economists like to call these novices “noise traders.” According to Russell, Rumsfeld, and, more recently, Prelec and his colleagues, those who are full of doubt, the sophisticates, will outperform the noise traders. Indeed, if markets are working with no frictions at all, these sophisticates can borrow shares from those who own them and sell them on the market. This practice is referred to as short selling or shorting. Shorting is often very difficult to do, and risky as well, because if the price goes up, the lenders might get nervous about getting their shares back and so recall them. This scenario would force the short sellers to repurchase these appreciated shares at a loss. It is especially likely when novices and naïfs flood the market. This added risk makes the sophisticates less likely to short the market, contributing to the observed price rise.¹⁸ 

New technologies make this problem worse, as nobody can be a “grizzled veteran” in new things. The arrival of new technology both attracts new (novice) investors and devalues existing expertise, thereby rendering even experts like David Sarnoff or Irving Fisher more like novices. The shock of the new makes novices more plentiful. Technological innovation creates noise traders. 

This leads to the natural question of when an investor loses their naïve status? When do they become sophisticated? The experimental economist and Nobel laureate Vernon Smith and his many collaborators have investigated the role of experience in the lab. The emergence of bubbles is surprisingly robust to a variety of real-world conditions in the lab; many types of investors, such as small business owners, securities brokers, and corporate executives create bubbles in markets. Simple number of years trading does not appear to be a good proxy for becoming sophisticated. Doctoral students in economics, who study fundamental value and are trained to make such calculations, were able to stave of bubbles in their experimental markets.¹⁹ That is, if the fundamental value is explicit and investors are trained to think about this concept and calculate it, we can avoid bubbles. These subjects were probably as close to “rational” as a neoclassical economist could hope. However, it is never possible in the real world to calculate the fundamental value of an asset, particularly in an emergent technology industry. And such rational calculations become even more difficult when the assets are embedded in creative narratives. What is robust and replicable is that once participants experience a bubble and a crash, they are chastened and tend not to overbid for assets anymore.²⁰ Theoretically, bubbles should become more likely as the share of inexperienced investors and assets they control increases because naïfs overwhelm the sophisticated investors’ abilities to arbitrage the market. Consistent with this idea, bubbles become more likely as the time since the last bear market increases.²¹ 

Intriguingly, some of the very technologies that have the greatest speculative appeal—think telegraph, telephone, computer—also had the effect of making it easier for investors to invest and thereby magnified this appeal. Of course, it wasn’t all technology. The share of novices in the market has increased over time, with macroeconomic growth and the changing organization of investing having made trading cheaper, more accessible, and more transparent. This progress, though halting and nonlinear, has slowly opened up investment to an increasing share of the populace in a process that is commonly called market democratization.²² When market democratization speeds up, we will be more likely to see a greater influence of novices on the market and, therefore, more likely to see bubbles. This means that to understand when bubbles are most likely, we need to understand the process of market democratization in all its fits and starts. If we assume that investment opportunities arrive randomly, and if an investment opportunity happens to coincide with an influx of novices, we expect the likelihood of a bubble to increase. Conversely, if an opportunity arrives but novices are scarce, or are otherwise unlikely to participate, the likelihood of a bubble decreases. The history of market democratization is interesting in its own right. Although we only sketch it briefly here, it gives us important clues as to when we should expect influxes of novices, noise traders, or however you wish to call them. 




Market Democratization 




Today, many stocks can be had for the price of a Happy Meal at McDonalds, and the average stock can be acquired for the cost of an entree in a midpriced restaurant.²³ So from a cost perspective, it is not surprising that approximately half of US households own stocks. About 40% of those, or 20% of American households, have not only signed up for their company-sponsored 401(k) or invested in a mutual fund but also have gone the extra mile and purchased the stock of a specific company. In other words, in 2015 there were approximately 24 million households set up to purchase stocks.²⁴ It is no wonder. Purchasing stocks has never been easier. Establishing a trading account is no more difficult than opening a bank account, and trades themselves are very inexpensive. According to the Bureau of Labor Statistics, the average US worker earns enough to buy the average-priced share in just fifty minutes. For a day’s wages, a worker can choose all but the priciest 1% of currently traded shares. 

Although we wish we knew how many people were investing and when—and most important, when we might have seen changes in this number—before the 1950s this information was never recorded systematically. However, we can calculate how much work—as in paid labor—was needed to enter the market over time. We do that in Figure 3.1. On the vertical axis of Figure 3.1, we show the number of months of work it would take to earn enough money to purchase a single share of the average priced stock on the New York Stock Exchange over time. The horizontal axis lists the years. At the beginning of our series in the early nineteenth century, it took about five months of work to purchase the average share. By the latter half of the 1800s it took only a couple of months to earn enough to purchase the average share. By the 1920s only 0.4 months of labor was required. And merely 0.015 months was needed by the end (1995), or less than one hour! 

This change has been revolutionary. In 1817, the first year in which we can observe both wages and stock prices, the average stock price on the New York Stock Exchange was $106. That’s about $1,500 in 2015 dollars. But keep in mind that relative to today, most people were quite poor in the United States. Having $1,500 in 1817 was much, much rarer than it is today. At the typical monthly wage of $22, it took an average manufacturing worker five months to earn enough money to purchase a single share of the average security.²⁵ In 1850, “only” four months’ wages purchased the average share, and it was never less than one month for the rest of the nineteenth century. So, we can gather that there were not a lot of novices joining in. Just to make sure that investing was really out of reach, shares were traded in minimum lots of one hundred shares. That is, if an unskilled laborer started saving every penny of his or her wages in 1850, it would not be until 1866 that he or she would have earned enough to trade the average lot on the New York Stock Exchange. It was possible to trade smaller “odd lots” on the rival (and long defunct) Consolidated Exchange, but for all practical purposes, the stock exchange was a playground for the very rich for most of the nineteenth century. 
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FIGURE 3.1   Months of labor to purchase average NYSE share, 1817–1999 

Sources: Data through November 1925 are taken from the Yale NYSE database; Rose Razaghian, “Financial Credibility in the United States: The Impact of Institutions, 1789–1860,” Yale School of Management, July 29, 2013, https://som.yale.edu/faculty-research/our-centers-initiatives/international-center-finance/data/historical-newyork. Average prices from December 1925 to 1999 are calculated on the basis of data from CRSP US Stock Database, Center for Research in Security Prices (CRSP), Booth School of Business, University of Chicago. The average unskilled wage in Brandywine County, Pennsylvania, is used to calculate monthly wages from 1817 to 1860, the US nonfarm index is used from 1861 to 1928, and the US manufacturing index from 1929 to 1999. Robert A. Margo, “Daily and Monthly Wages in the Philadelphia and Brandywine Regions: 1785–1860,” table Ba4219–4223; “Hourly and Weekly Earnings of Production Workers in Manufacturing: 1909–1995,” table Ba4361–4366; “Annual Earnings in Selected Industries and Occupations: 1890–1926,” table Ba4320–4334, in Historical Statistics of the United States, Earliest Times to the Present: Millennial Edition, ed. Susan B. Carter, Scott Sigmund Gartner, Michael R. Haines, Alan L. Olmstead, Richard Sutch, and Gavin Wright (New York: Cambridge University Press, 2006). 

Note: The y-axis is the amount of labor, measured in months, that the average worker would need to work in order to buy the average priced share traded on the New York Stock Exchange. 




The first three decades of the twentieth century witnessed profound change in the time it took to earn enough money to invest. Initially, share prices remained relatively high, but urbanization, public education, and the Second Industrial Revolution increased earnings and wealth. As a result, workers earned significantly more. 

To better see the trend since the 1920s, we introduce a new figure (Figure 3.2) so that we can rescale the y-axis to days instead of months. By 1925, the average worker could enter the stock market for twelve days’ wages, and many fewer for professional classes. In the late 1920s, average share prices appear to have declined significantly. Either nominal values were kept low to encourage trading or the flurry of public offerings led to cheaper stocks on the market.²⁶ 

Following the Crash of 1929, relative purchasing power remained stagnant, falling slightly with wages in the hard, early years of the Great Depression before recovering with the economy in the late 1930s. Federally imposed wage controls limited income growth during World War II. As share prices rose, stock purchasing power declined. Even as the overall economy recovered strength in the 1950s, market democratization stalled at approximately two days’ work to purchase an average share. It would take the information technology revolution until the 1980s to bring the average share price down from two days’ work to less than an hour. 
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FIGURE 3.2   Days of labor to purchase average NYSE share, 1920–1996 

Sources: Average prices for December 1925–1999 are calculated on the basis of data from CRSP US Stock Database, Center for Research in Security Prices (CRSP), Booth School of Business, University of Chicago. Wage data: Robert A. Margo,“Hourly and Weekly Earnings of Production Workers in Manufacturing: 1909–1995,” table Ba4361–4366, in Historical Statistics of the United States, Earliest Times to the Present: Millennial Edition, ed. Susan B. Carter, Scott Sigmund Gartner, Michael R. Haines, Alan L. Olmstead, Richard Sutch, and Gavin Wright (New York: Cambridge University Press, 2006). 

Note: The y-axis is the amount of labor, measured in days, the average worker would need to work in order to buy the average share traded on the New York Stock Exchange. 




Overall, the basic trend is evident. The market has become much more accessible. Of course, average share prices are a function of supply and demand, as well as fluctuations in wages. Nevertheless, they paint a long-run aggregate picture. Although with sharp declines, the cost of shares should focus our attention on particular periods, we need richer information to understand when there were novices. We need to uncover when the conditions were right to see an influx of new investors. It is a story that repeats itself over and over again. As a market heats up, and as access to technology improves, a fraction of those for whom investing was on the margin of affordability began to invest. Over time, this margin shifted, so that less and less affluent people were able to access financial markets. From the 1960s we have reasonably accurate data on the number of investors. For the early part of the period we investigate, though, we do not. For this reason, we use the historical record to guess the periods when the largest influxes of novices occurred. 




The Nineteenth Century: 1800–1904 




“Be it known that I, CHARLES GOODYEAR, of the city of New York, in the State of New York, have invented certain new and useful Improvements in the Manner of Preparing Fabrics of Caoutchoue or India-Rubber; and I do hereby declare that the following is a full and exact description thereof.” 

JUNE 15, 1844, PREAMBLE OF US PATENT 3,633 (VULCANIZED RUBBER) 




Investors invest in corporations. So to understand the development of the stock market and the setting in which we study bubbles, we have to understand how corporations changed throughout our time period. Today, we show our students how to incorporate a company as part of an undergraduate assignment. We do not teach it in detail, because it is not a difficult task for anyone, including college students. When our period of study begins, however, in 1844, it would have been difficult for Mr. Goodyear to set up a company to commercialize his rubber process. At the time, incorporation in New York State was still governed by the inaccurately named General Incorporation Act of 1811, which applied only to companies producing textiles, metal, or glass. All others seeking to incorporate needed a special act of the New York State Legislature. Getting the legislature to allow one to incorporate through a special act did have advantages. Such enterprises were not limited to capitalizations less than $100,000, they could have more than five founding partners, and they did not need to seek renewal after twenty years.²⁷ Goodyear, however, had a backdoor. First, he started production in a textile factory he and his brothers had set up prior to his invention in Springfield, Massachusetts. He also licensed his invention to a company in Providence, Rhode Island. It appears that, in practice, once a corporation was chartered, it could change its purpose—at least on the margins, in this case from the production of textile products to rubber products. 

In New York, a more general act went into effect in 1848, although it took until the 1870s before most companies were chartered under the law. It is surprising to learn that many of the largest firms of the nineteenth century were not corporations at all. Standard Oil was set up as a trust, and Carnegie’s steel as a limited partnership. Not only was corporate law not well established, but the secondary market for shares was underdeveloped. Mary O’Sullivan, perhaps the preeminent expert on capital markets in the period, notes that the market for industrial securities was very limited until the end of the century. Individuals did invest in railroad bonds to support the connection of their local towns to the emerging rail network. Shares of some of these railroad lines were then floated on the New York Stock Exchange.²⁸ However, there was little room for experimental capitalism on public markets. Importantly, there was not a general expectation of selling shares as a means for investors to earn a profit; rather, the expectation was that shares would yield dividends in the same way that bonds earned interest. For example, investors in early automobile companies expected dividends, not to be able to sell their shares.²⁹ 

Incorporation became easier and easier as states struggled to balance shareholder and public protections with facilitating business. This culminated in Delaware’s general incorporation laws in 1893. These laws were the most management-friendly in the union and, conversely, the least protective of shareholder rights. Because it is the management of a company that decides where to incorporate, this “last-mover” act by the Delaware legislature led to a general preference of incorporation in Delaware that persists to this day.³⁰ General incorporation removed a choke hold on the supply of new firms, but it did not lead to a general democratization of investment. In fact, if anything the race to the bottom reduced shareholder protections. 

While general incorporation was emerging, one of the most profound changes in capital markets was also occurring. So much so that it is difficult to overstate how qualitatively different trading was in 1890 from 1860. One might even claim that this change in market technology was the most important transformation to financial markets that ever occurred—rivaled perhaps only more recently by electronic trading. 

A fundamental assumption of Econ 101 is that everybody easily can and does know prevailing prices. This prevents people from arbitraging prices. As a solution to difficulties in communicating prices, trading in the NYSE was done by members in twice-daily auctions. (Yes, for you economics geeks: a Walrasian auctioneer actually existed in lower Manhattan in the 1800s.) Although over-the-counter (OTC) trades happened outside the exchange in the street, some estimate that the volume of trades on the OTC market was much larger.³¹ To facilitate the trades, trading was done using pencil and paper, and information traveled via couriers. To get the prevailing prices paid by insiders, individuals would listen literally with their ears on the doors of the exchange, and information would then pass to the messengers out into the street where OTC trading took place. This began to change with the first telegraph line in 1844—the same year as Goodyear’s patent.³² 

The telegraph led to a revolutionary change in how capital markets were organized. For the first time it was possible to make trades from across the country—and across the ocean, for that matter. The trades were not blind as the telegraph also conveyed prices to potential traders. However, conveying prices via telegraph was imperfect and slow. Then, twenty-some years later, in 1867, an invention appeared that even more profoundly changed capital markets: the stock ticker. The stock ticker utilized telegraph lines to convey market prices, at least if you could afford access to the lines. Now, investors could gather remotely and follow the market in (Victorian) real time. Just three years later, in 1870, the president of telegraph giant Western Union privately predicted that stock-ticker traffic would soon dominate the telegraph business.³³ So important was the impact of stock tickers that, in 1871, the New York Stock Exchange abandoned its twice-daily auctions in favor of continuous trading and assimilated the OTC trading from the street. Only four years after its invention, there were around seven hundred machines installed in New York City in “brokers’ offices, banks, hotels, restaurants, and even in saloons and cigar stores.”³⁴ After Western Union acquired the ticker service provider in 1871, it expanded the service over its national network. In 1873, service was offered in twenty cities, and by 1879 there were 1,574 tickers in service—two-thirds of them in New York.³⁵ At this point, in 1874, Edison improved the ticker with the invention of the “quadruplex,” which enabled Western Union to quadruple its capacity without upgrading telegraph lines. By 1886, Western Union was operating two thousand ticker machines, and rival Commercial Telegraph Company was operating another nine hundred in major cities around the country. The arrival of the ticker changed how decisions were made because for the first time it was possible to reliably aggregate information. The Dow Jones Index was first published in 1884, and soon a “science” of stock prices emerged.³⁶ 

The ticker was a great instrument of democratization. In 1871 the Chicago Tribune made it arcanely (and perhaps optimistically) clear that “no broker is necessary, any person, man or woman, boy or girl, white, black, yellow or bronze can deal directly.”³⁷ Financial historian David Hochfelder describes how the ticker and quadruplex enabled the emergence of “bucket shops” where such small traders would speculate.³⁸ From the 1870s until they were outlawed in 1914, bucket shops occupied storefronts and served a broad swath of the urban population that received up-to-date prices with stock tickers. The bucket shops made trading affordable by enabling investors to make much smaller trades. While the NYSE required minimum trades of one hundred shares—or trades in the hundreds or thousands of dollars—bucket-shop transactions were much smaller, usually $10–$50. This was still a large sum of money—$50 was almost a month’s wages for an unskilled laborer. However, bucket shops typically encouraged customers to buy on margin. With a typical 5% margin requirement, $50 stocks could be had for $3, which was a little more than a day’s wages in 1870 for a skilled worker and two days’ wages for an unskilled laborer.³⁹ Never mind that prices might then be manipulated and margins called so as to shake down clients. The bucket shops proliferated.⁴⁰ 

The restrictive policies of the NYSE led to the emergence of competition. In particular, the Curb Exchange emerged in the 1880s and is central to our story. It was called “the Curb” because trading literally took place outdoors, rain or shine. Stocks deemed too risky or unworthy of the backing of the Big Board were traded on the curb. Note that the over-the-counter market existed through the 1880s outside the NYSE and traded the same securities as the Big Board. It was assimilated into the NYSE with the movement to continuous trading. The Curb exchange was a completely different animal. The Curb’s leadership was careful to allow trading only in smaller, more speculative securities that were not listed on the NYSE; thereby, the Curb had a more symbiotic, tense relationship with the Big Board. This was further tempered by a lack of will on the part of the Big Board to rein in the Curb’s actions: some estimates indicate that 80% of the Curb’s business came from NYSE members.⁴¹ In the 1880s the majority of Curb activity involved the trading of highly speculative mining stocks. 

The emergence of the new exchanges and new organization of the NYSE with the telegraph and the stock ticker came at a time when the railroads and industrialization associated with the steam engine were driving the economy. Booming economies tend to lead to higher wages, more disposable income, and potentially new investors. This period is no exception. From 1879 to 1891 wages increased by 33%, from around $30 to $40 a month! The market reflected this. The brand new Dow Jones Index increased from 62 in 1884 to 78 in 1890. The new communication technologies and their rapid application to trading, together with the expanding economy and rising wages, suggest that there would have been more demand and access to stocks. 

This suggests we should have seen more novices in the 1880s. But this is insufficient to conclude that the 1880s were ripe for market speculation in new technologies. Critically, the telegraph and ticker changed how trading occurred and who was doing it; at the same time, what was being traded was also changing. Contemporary reporters were struggling to make sense of this change: 




Last spring, when the market was in the dumps and London was constantly selling, it was suddenly turned and made intensely active by a movement in the industrial stocks. These stocks are beginning to come forward again. Public attention is turning to them, because it is getting to be recognized that as between a high-priced railroad stock of uncertain dividend, and an industrial stock, there is usually a good deal more money in the latter, while the risk is not appreciably greater . . . If investors did not want these industrial stocks the creation of them would not be going on . . . but they do want them, because there is more money in them, as a class, than in any other securities now in the public market.⁴² 




This quote is the first use of the word industrials in the context of investments in the New York Times. Six years earlier, in 1885, 81% of Big Board listings were railroad stocks—the industry accounted for one-twelfth of the US economy! Railroads were well suited to trading because they were easy to evaluate: metrics were clear and comparable across different routes. In contrast, industrials are heterogeneous, and to this date new industrial stocks befuddle investors. In 1885, there was only a sprinkling of industrials on the Big Board, and the few industrial securities that were traded initially appeared in the Unlisted Department, which included lower-status stocks that were not formally accepted on the exchange.⁴³ O’Sullivan points out that the industrial securities were not necessarily what we would today call start-ups, but even established industrial concerns were an enigma to investors who did not have a clear way to know what a share of an industrial should be worth. In the 1800s there was no accepted way to evaluate firms, no rules that governed disclosure, no generally accepted accounting practices (GAAP), and trading was unregulated. There was no common way to think about “growth” stocks—indeed, the idea of growth stocks did not emerge until the 1960s (see discussion in Chapter 5). But the new industrials still attracted investors because they were filled with wonder and generated cash. With the development of the telephone and telegraph—and the rise of alternative markets—the stage was set in the early 1890s for the impact of the new investors. History does not disappoint. Following the recession of 1890–1893 and the Panic of 1893, when the Dow Jones average bottomed out at 33 from its 1890 high of about 70, we see a general rise in security prices. That all this newness might be associated with speculative episodes is not surprising. As noted in Chapter 2, in 1900, perhaps foreshadowing Tesla Inc., the equivalent of ten billion of today’s (2015) dollars were committed to new electric vehicle start-ups floated on the Curb market. Most of this value was eventually lost.⁴⁴ Contemporary observers took notice: “In 1903 the financial writer Sereno Pratt claimed that there was ‘no better proof . . . of the universality of speculation’ than the ubiquity of the ticker.”⁴⁵ 

We are unable to say much with specificity, but our best guess is that the emergence of new trading technologies in the 1880s together with the bucket shops led to an influx of new investors. Eventually, in the 1890s the supply of industrial stocks also increased, attracting more investors, especially after the 1893–1897 recession. The emergence of the Curb market during the period and the sharp increase in industrial stocks point to a rise of a new investor class during the last two decades of the nineteenth century—a trend that likely accelerated at the very end of the century.⁴⁶ Based on 1930s work by Harvard economist Gardiner Means, we estimate that between five hundred thousand and one million people, or between 1 in 15 and 1 in 7.5 households, were investing at the onset of the twentieth century. On the basis of our analysis of profound changes in the institutions and technology of trading, we believe that many fewer were investing just thirty years earlier. In particular, we expect the greatest increases to have occurred with the diffusion of the ticker between 1885 through the Panic of 1893, and then after 1897 as the economy began to grow again. Nevertheless, we should be cautious with this statement, as inside observers believed that the prices on the NYSE market during the period were the aggregation of opinions of a “few hundred” informed men.⁴⁷ 




The Great Democratization: 1900–1929 




In the period leading up to 1900 we see the most profound changes in the organization of trading activity in history. But the period 1800–1904 only set the stage; the play hadn’t really begun. It wasn’t until the 1920s that democratization accelerated in a meaningful way. Additional regulatory, organizational, and technological advances were needed for that next big leap. At least four additional factors led to continued and, in the 1920s, accelerated market democratization: the continued rise of industrials, the spread of the telephone, the emergence of national brokerage houses (in particular Merrill Lynch), a wide-scale marketing campaign by the New York Stock Exchange, and perhaps blue-sky laws to make trading and traded companies more transparent to shareholders. 

The rise of industrials was swift, although it was certainly hampered by the Panic of 1907 and most likely that of 1893 as well. In 1900, NYSE unlisted stocks would command about 33% of the value of the market and 80% by the 1920s. The decade of the 1920s was set for speculation in industrial securities. This story is echoed on the Curb: in 1911 half of all listings were oil or industrials; by 1920, the number had reached 80%. Like the NYSE, the number of companies traded on the Curb increased immensely. For every company traded on the exchange in 1900, there were thirty in 1930—the majority of this increase occurring after World War I.⁴⁸ Many of these were directly relevant to our study: shares of firms commercializing radio, airplanes, and other new technologies all began trading on the Curb, moving to the NYSE only when they had become sufficiently large. Several oil-related innovations appear on our list, and the Standard Oil trusts all were listed there, apparently because J. D. Rockefeller wished to avoid disclosure requirements that had been initiated on the Big Board. 

While throughout the period the technology of investing made the markets much more accessible, and also disposable income increased, most of the rise in participation came after World War I. But in a surprising way, war policy itself may have attracted people to the markets. The Wilson administration chose to finance the war in part through the direct sale of so-called Liberty bonds to the general public. For many whose mode of savings was putting their money in a jar, or perhaps opening a bank account, this was the first time they had owned an intangible financial asset as an investment. The phenomenon was widespread. Estimates suggest that up to 25% of the population purchased the bonds.⁴⁹ Then, throughout the 1920s there was an ideological and business movement to enhance access to capital markets and create what became to be known as “citizens’ capitalism.” The primary vehicle was to sell shares to employees and customers—and literally millions of individuals became shareholders through these programs, more than five hundred thousand in AT&T alone!⁵⁰ There were hundreds of such programs operating throughout the first three decades of the 1900s. 

New technology played an important enabling role. In addition to the telegraph and associated ticker-related innovations, the telephone also contributed to the process of market democratization. We already discussed one of the most valuable business franchises to emerge from Western Capitalism in the nineteenth century, Alexander Graham Bell’s American Telephone & Telegraph. The telephone had a profound impact on communication, so it is not surprising that it also influenced how investors accessed financial markets. Telephone, telegraph, and ticker—in conjunction with the spread of local brokerage houses—allowed individuals to trade stocks on the NYSE from anywhere in the country. 

During the 1920s members of the New York Stock Exchange opened up brokerage houses across the United States (and the world). By 1900, NYSE members had brokerage offices throughout the city and country, 370 of them to be exact. By 1914, there were 414, but after the war the Big Board greatly expanded its reach. There were 663 in 1920, then 1,053 in 1928 and 1,200 in 1930. The market leader of this movement was Charles Merrill, and he led through the expansion of his firm, Merrill Lynch. Merrill Lynch leveraged ideas about familiarity discussed earlier in the chapter. The brokerage represented consumer-facing companies and promoted their shares to its customers. As described by financial journalist Joe Nocera, Merrill Lynch’s “small customers were investing in the same stores they were shopping in.” Charles Merrill both promoted chain retailers’ shares and supported their businesses directly.⁵¹ New investors were investing in businesses they knew because they were customers of those businesses. By the mid-1920s, it was possible to sit in one’s home, place a phone call to the local brokerage office, and have a trade executed on Wall Street. Finally, in 1928, the NYSE embarked on an aggressive public relations campaign aimed at popularizing the “people’s market.”⁵² As the market was reaching its peak, the Big Board embarked on a media campaign to attract new investors, otherwise known as novices. 

What is fascinating about this period was that investors were flocking to the markets even though they remained exceptionally opaque institutions. Insider trading and price manipulation were not illegal. The list of ploys that were permitted is astonishing: for example, one common practice was to send simultaneous buy and sell trades to the same broker to create a fictitious price. As the demand for and success of industrials increased, and interest in investing spread to more and more parts of the population, the resulting squeeze of investors by insiders proved politically unsustainable. In the 1910s, a series of securities regulations were enacted that sought to protect minority shareholders in almost every US state.⁵³ The pressure caused the NYSE to act to preempt government intervention. But the exchange moved unevenly, initially banning only the most egregious practices. In 1913, the practice of buying and selling simultaneously was banned, although using customers’ funds to manipulate prices to members’ advantage was only “condemned.” Only in 1917 did the NYSE enjoin its members from buying tomorrow’s headlines from hungry newspaper reporters, and it took another year after that for the exchange to forbid the deliberate circulation of rumors intended to move prices. Given the range of predatory practices to which the unsuspecting investor could be subjected, it is hardly surprising that many potential novice market players opted not to participate. There is little evidence that these protections were enforced, and the legal obligations of corporations toward their shareholders were being undermined by a race to the bottom in the laws of general incorporation.⁵⁴ 

Despite the questionable market reforms and remaining opaqueness, the conditions had been set and market capitalism exploded. Regional exchanges opened in Detroit, Cleveland, San Francisco, Chicago, and Los Angeles. Besides the aforementioned New York Curb Exchange, similar exchanges emerged near other regional exchanges. O’Sullivan reports that the number of traded securities increased significantly from 1880 through 1930. The number of stocks traded across all US exchanges increased from 916 in 1900 to 1,340 in 1915 and 2,659 in 1930.⁵⁵ 

These changes were met with increases in investors. Gardiner C. Means’s estimates from 1900 (mentioned earlier) were based on the total number of “book stockholders,” or the sum of the number of people holding each individual stock. This overcounts the total number of individual owners because the same person might hold positions in more than one company, in which case that person would be counted twice. But this method is good for examining trends, as the total number of individual investors must be highly correlated with the number of book stockholders, a number that quadrupled between 1900 and 1930. Specifically, the number of reported book owners increased from 4.4 million in 1900 to 7.5 million in 1913, and then to 12 million in 1920 and 18 million in 1928. Means estimated the total number of individuals by dividing book owners by 4 and triangulated with income tax records. Between four million and six million individuals owned shares in corporations in 1927, perhaps three million to five million of them in public corporations. And based on income-tax records, there are reasons to believe that the “few hundred men” controlling the market in 1900 were being diluted. From 1916 to 1921 the top twenty-five thousand highest-earning Americans saw their ownership share of corporate America decrease from 57% to 37%. During the same period, individuals who didn’t make the top hundred thousand highest earners saw their ownership share rise from 24% to 44%. But perhaps the most remarkable change occurred at the end of the 1920s. Between 1927 and 1930 the number of individuals owning stock almost doubled. Means estimates that ten million people owned stock by 1930. Ownership of corporate America became more diversified across class as well. Means opined that the shift was of “almost revolutionary proportions, and of great social significance.”⁵⁶ 

There are often brakes on investors’ ability to engage in speculative activity, and one of the most common is limiting their ability to buy stocks on margin. Indeed, a central theme of any historical reckoning of the striking frothiness of the late 1920s is the degree to which investors bought stocks on margin. When investors buy on margin, they pay a fraction of the cost of the purchase and borrow the rest of the money using the value of whatever shares they buy as collateral. Lenders bet that the value of the securities will remain sufficiently high to cover their loans. This leverage can greatly magnify the effect of investor optimism, as smaller amounts of new investment can be used to drive up prices. Across most histories and studies of bubbles, such leverage is highlighted as an important factor in driving up prices. Buying on margin was common throughout the early twentieth century (and a subject of some of the reforms instituted by the NYSE during the 1910s), but in the 1920s it reached an unprecedented scale.⁵⁷ What is particularly surprising, and to our knowledge has not been noted by prior scholars, is the extent to which margin loans were made by novices in 1928 and 1929. We depict this in Figure 3.3: from 1927 through the crash and into 1930, the predominant source of funds was not the New York city banks (which we would expect to have the highest level of expertise) or the outside banks (which we might expect to be informed, though not quite as much as the local New York city banks), but the nebulous “others.” Just over half of these funds came from outside corporations, which sought to park idle funds in the hands of investors who were paying interest rates well above 10%, while the rest came from abroad, both from individuals and from investment trusts. From 1926 through 1930, New York banks loaned $25 million on margin ($342 million in 2016 dollars), and out-of-state banks loaned $16 million ($218 million in 2016 dollars), but other lenders loaned more than $48 million, equivalent to $641 million in 2016, so more than both other groups combined. Not only were novices investing, we can also conclude that stock market speculation in the late 1920s was also backed by a new and likely inexperienced class of margin lenders. The democratization of investment had worked on more than one level. Money markets allowed industrial firms to park idle capital in the hands of market speculators, even as the firms themselves were ill equipped to understand the risks involved in the practice. 




[image: image_6.jpg]




FIGURE 3.3   Margin loans by lender, 1919–1930 

Source: Board of Governors of the Federal Reserve System (US), Banking and Monetary Statistics, 1914–1943 (Board of Governors of the Federal Reserve System, Washington, DC, 1943), 494, table 139. 




The Great Kibosh and the Resurrection: 1930–1980 




The Great Depression put the kibosh on market democratization for decades. The conservatism of individuals scarred by the events of the 1930s helped depress ownership levels to a fraction of the population until the 1950s.⁵⁸ That is, despite the series of reforms in the 1930s that successfully increased market transparency—including the creation of the Securities and Exchange Commission—market participation did not increase for thirty years. At this point, the memory of the great crash was fading, and a new generation of investors began looking at the stock market. The introduction of mutual funds helped: these bundled offerings mitigated some of the psychological biases described earlier and allowed investors to delegate decision making to expert fund managers while simultaneously diversifying holdings. Around the same time, Merrill Lynch instigated a brokerage house campaign aimed at making stock investing more accessible to ordinary people.⁵⁹ The history of this period includes important additional changes: growing incomes and decreasing transactions costs made stocks more affordable to all, and perhaps most important, the standardization and regulation afforded by the Securities and Exchange Commission may have increased investor confidence. By the mid-1950s, the number of new investors again began to increase.⁶⁰ Fortunately, and thanks in no small measure to the regulatory reforms of the 1930s, for the post–World War II period, we have much better data on the number of shareholders, and this allows us to skip over some of the historical details and identify the arrival of novices based on specific trends in the data. There are several estimates of the number of shareholders, the most optimistic of which is that put forth by the NYSE. Their fact books estimate that in 1952, there were six million shareholders; about 4% of the US population owned stock. By 1956, some estimates suggest that this number had increased by one-third.⁶¹ By 1965, the number increased to twenty million, or 10% of the population.⁶² That is, the 1960s witnessed a very sharp increase in the number of individual investors investing in the stock market. By 1972, this number may have been as high as thirty-two million people, although it declined following the oil crisis to twenty-five million in 1975. 

This pattern is mirrored in our time series of stock affordability in Figure 3.2. Following World War II, average share prices continued to decline, wages rose, and odd-lot stock trading was increasingly available. By the 1950s, almost any manufacturing worker could afford to purchase an average priced stock with a couple of days’ wages, and this remained fairly constant until the 1970s. While not cheap, stocks were now in the realm of affordable investments for much of the population. It was in the 1970s that the cost of a share decreased to less than a day’s labor. In short, we most likely did not see many new novices throughout the 1940s and 1950s, and we then witnessed a sharp increase in the late 1950s and in particular in the early 1960s. The windows of bubble opportunity for the technologies on our list were all closed by the end of the 1970s, so we stop our historical account here. We briefly consider the impact of changes since, such as the impact of discount brokerage firms like Charles Schwab and then, later, internet trading in Chapter 5. 

Novices make mistakes, and these mistakes impact markets. In this chapter we’ve explored why this happens and considered when novices entered the market. They entered for a variety of factors—and there can be little doubt that rising prices enticed new investors and falling prices discouraged them. But underlying this cyclical pattern is a history of profound changes in how price and trading information is communicated, how investor behavior is regulated, how much it costs to invest, and how stock market investing integrates into the social fabric of society. Understanding these changes allows us to identify periods in which we should expect more novices—and hence a greater likelihood of price fluctuations and bubbles. In particular, we have identified distinct periods where an influx of novices might have influenced markets. The 1890s, the 1920s, an increase in the 1950s and a bigger one during the go-go years of the 1960s. It was during these periods that we might expect more “noise traders” than before. This is when we might expect more bubbles. If our theory is correct, we should be more likely to see market speculation and bubbles in periods when there were more novices in the market. Moreover, speculation should be most concentrated in technologies novices believe they understand and with which they have some familiarity. These are assumptions we test in Chapter 4. 



Chapter 4 




WHEN ARE THERE NOT BUBBLES? 




Applying the Framework 




It is now time to put our framework to the test. In Chapter 2 we described how narratives feed on uncertainty and, when extant, produce conditions that can lead to bubbles. In Chapter 3 we described how novices are more likely to buy into narratives about opportunity and explored how the supply of novices has varied with the development of institutions that facilitate trading and the startling decline in the cost of investing. We now consider whether these factors have any predictive power. When technologies lend themselves to better stories, are we then more likely to see a bubble? 

Bear with us for the next few paragraphs. We wish to go though and describe the core of our exercise. It’s a bit tedious, and a bit technical (we put most of the more obscure technical details in the notes and online Appendix, at http://www.sup.org/bubblesandcrashes). But we hope to be transparent so that you can judge for yourself whether you think our approach is reasonable. If you are not interested in the details or measurement, skip ahead to the section on the automatic watch. 

We systematically evaluated every technology in our list to understand the levels of the types of uncertainty described in Chapter 2. We evaluated the stage of the technology at the time of industry emergence, its complexity, and the degree to which successful commercialization was understood to require the complementary capabilities of existing firms, or whether it was thought to be disruptive to existing value chains by making other technologies obsolete. We also evaluated the extent and effectiveness of intellectual property protections, whether there was uncertainty regarding the type of business model that would lead to success, and whether there were indeed different bets about successful commercialization strategies. To make things as comparable as possible, we developed a strict scheme to map vague historical attributes into numerical rankings. To these measures, we added factors that we predicted would lead to a narrative, somewhat independently of the strict levels of uncertainty, including whether the technology was consumer facing (and therefore likely to be accessible and available); whether its capabilities were surprising, and whether it was likely to be of broad, collective interest; and, relatedly, whether its capabilities were concrete and obvious. Finally, we asked whether there were novices investing in the window of bubble opportunity. This meant asking whether high levels of uncertainty in each technology and its potential commercialization paths coincided with periods of excess novices in the market identified in Chapter 3: in the 1890s, the late 1920s, or between 1960 and 1973. This strategy enabled us to score each technology on a scale of 0 to 8, where 0 is least likely to lead to a boom and bust episode and 8 is most likely. You can see this in Figure 4.1 later in the chapter, where we put the sum of the bubble risk-factor score on the horizontal x-axis. Technologies on the extreme right are the 8s, and those to the left have lower scores. Our model predicts that these “low-scoring” technologies will be less likely to be associated with market speculation. 

To illustrate the power of the framework, we work through several examples on our list: the automatic watch, nylon, sulfa drugs (the first antibiotics), and movable type. We further develop the stories of the jet engine, the automobile, and aviation, which we explored in earlier chapters. Each example is invoked to describe a different pathway of events, narratives, and outcomes. At the end, we turn to the chart to discuss the correlations between the factors and our measure of speculation so you can understand how well the model works in aggregate. 




The Automatic Watch: How Significant a Technology? 




One of the authors, Brent, treasures a family heirloom, his Grandpa Joe’s automatic watch. The watch was a gift from his father’s medical practice to his grandfather in 1967. His grandfather had been volunteering in the practice to keep busy after Brent’s grandmother had suddenly passed away, and the practice gave him the watch as a gift of appreciation. It was a stylish, expensive object for a frugal and abstemious man. Brent’s grandfather wore this watch until he died almost twenty-five years later. This choice of gift for an older man in the mid-1960s hints at the rather peculiar inclusion of the automatic watch on our list of major technological innovations. This was a sophisticated object of the day, and many of the researchers who were studying Kondratiev long waves in the 1970s and whose efforts produced our underlying sample of technologies likely sported automatic watches. The technology itself was long in development, with related patents spanning centuries. Englishman John Harwood took out English and Swiss patents for a self-winding watch and entered the market in 1928. At the end of the day, style aside, the self-winding watch was a marginal improvement over a watch that one had to wind. Nice, but not nearly as profound as, say, insulin or flight. Uncertainty regarding the size of the market was not particularly high. So this technology has low uncertainty, and our model suggests that an associated boom and bust was unlikely. 

Looking at other factors, it does not get much better for those hoping for a speculative episode. As an incremental luxury good, the automatic watch did not have the characteristics necessary for an emergent narrative. Although it is simple and concrete, it is neither particularly emotional nor unexpected to the general public. Or if it was, the reflected narratives of the day did not convey those emotions. In fact, almost no narrative emerged. In the New York Times, the innovative, patented Harwood automatic watch was mentioned twice—in advertisements for the Harwood company. If you are curious, it was sold at Saks Fifth Avenue. In fact, the automatic watch received a middling narrative score of 1 on our 0–2 scale but produced no observable narrative at all. All the factors that we evaluate are measures of the potential for an event (i.e., could a story about the technology be told?), not a declaration that the event did occur. 

Although it is true that the narrative emerged in the 1960s—a time when there were many new investors, or novices, in the stock market—investors had no way to invest! Mr. Harwood, the British founder of the eponymous company, was a watch repairman. As is true today, expertise in the production of mechanical watches rested in Switzerland, so Harwood worked with the Swiss to produce his watch. Rolex quickly followed, as did other Swiss watchmakers. These manufacturers were private at the time. There was no opportunity for a public pure-play investment by which investors might have speculated. The automatic watch is a great example of a technology that was exceptionally unlikely to produce a speculative investment bubble. 

When we aggregated the factors, the automatic watch scored a 4. There was no pure play, no boom and bust, and no bubble. 




Phototype Printing: Technological Disruption Without Pure-Play Investment 




In 1951, Albro T. Gaul’s The Wonderful World of Insects was published in New York by Rinehart and Company. This introductory text to the world of entomology included dozens of sketches. A beautiful book, it was not noteworthy because of its content. Its significance, instead, was stated on the final page of the book, “The Wonderful World of Insects derives added significance from the manner it which it was composed. It is the first volume composed with the revolutionary Higonnet-Moyroud photographic type-composing machine. Absolutely no type, in the conventional [hot metal] sense, was used in the preparation of this book.”¹ 

Though a vast improvement on Gutenberg’s original movable type, the prevailing, midcentury hot-metal technique was still a messy, inefficient industrial process. Production was difficult, with high fixed costs and multiple complementarities at work. As a result, three firms dominated the printing machine market. Of these, the American firm Mergenthaler controlled 70% of the market. The new photographic typesetting technique was invented by two French electrical engineers: René Higonnet and Louis Moyroud. After they were unable to generate interest for their invention in France, they teamed up with the struggling Lithomat Corporation of New York to produce the Lumitype Photon. So promising was the new technology that Lithomat soon dropped other pursuits and renamed the company “Photon.” The technology spread slowly, and it was not until the late 1960s that half of new machines were no longer based on the previously dominant molten-lead process. The new technology was important because machines could be placed in office environments. They were smaller, quieter, and, perhaps most important, did not use the not-very-office-friendly material molten lead. The technology is interesting because until the invention of phototypesetting, printers used mechanical impressions. After The Wonderful World of Insects, it took Mergenthaler eight years to offer its own phototype machine, and the company never recovered its former dominance. But Mergenthaler adapted better than its other competitor Intertype, which never successfully made the jump to the new technological paradigm and eventually closed shop in 1984. Companies such as Photon maintained strong competitive positions.² The slow pace of adoption of the new phototype machines, together with a commanding position in fonts, allowed Mergenthaler to survive. In the late 1960s, Mergenthaler produced its first digital phototypesetting machine. Although much of the market was ceded to new entrants, Mergenthaler regained a leadership position and took a 30% share of the market. The destruction of the value of Mergenthaler’s and other incumbents’ complementary assets in metallurgy and the production of molten lead machines, together with the long lag between the emergence of the first phototype product and mass adoption in the market, suggests considerable uncertainty. 

A search of the press at the time reveals that there was discussion of these new generation machines and competition in the market. However, there was no way for an investor to directly participate. In 1963, Mergenthaler had merged with Electra-Autolite, which produced auto and electrical equipment. Even without the complication of diversification, an investor seeking to own a piece of the new phototype industry confronted the problem that Mergenthaler was also an incumbent manufacturer whose revenues continued to be derived from the legacy technology that phototype aimed to replace. The investor would have needed to balance the value-creating effect of Mergenthaler’s entry into the phototype market with the value-destroying effect of phototype on the firm’s legacy, molten-lead, Linotype business, thus diminishing the upside of such an investment play. 

Without a pure play, no investment narrative developed. While the importance of the new machines was reported in the news, including documentation of Mergenthaler’s entry and investment in the new technology, contemporaneous reports indicate that this was a minor news item. Perhaps we should not be surprised: the market for printing equipment is important, but individual consumers and investors did not buy printing equipment. It was a back-end technology, the output of which was exactly like that generated with molten-lead typesetting machines. This does not make for a story of general public interest. The technology was not simple; and while the technology represented a major change for publishing houses, the printing revolution generated little emotion outside the industry. It is not a coincidence that the technological advance embodied in The Wonderful World of Insects was printed as a note at the back of the book. Printing technology did not engage the public. This lack of stickiness inhibited the construction of a narrative, much less the emergence of a speculative narrative that could have led to a broad financial bubble. Phototype’s score is high on dimensions of uncertainty, and it was commercialized at a time when there were novice investors in the market. However, the technology does not serve well as a subject for narrative. To summarize, phototype scored a factor score of 6 due to high uncertainty and the presence of novices. However, there was no narrative and no way to invest in the technology directly. Hence, no boom and bust, and no bubble. 




From Antibiotics to Hosiery: Popular Narratives Without Investment 




In December 1936, Franklin Delano Roosevelt Jr., a twenty-two-year old “Harvard crewman” and the second youngest child of President and Eleanor Roosevelt, was diagnosed with a streptococcal throat infection that developed into acute septicemia. Fearing the worst, his mother, Eleanor, rushed to his bedside, where she joined his fiancée, Ethel du Pont.³ Even a few years earlier, the young man would almost certainly have died, but his physician administered a new sulfanilamide-based (sulfa) drug, and Roosevelt made a miraculous recovery. The story was widely reported in the press and drew attention to the existence and presumed effectiveness of the drug. An article in the New York Times reported that the company that produced the version of sulfanilamide that saved young Roosevelt received hundreds of inquiries from potential patients.⁴ 

Unlike the discovery of insulin—which affected only those suffering from diabetes—the introduction of sulfa drugs offered the first truly broad spectrum treatment of the bacterial infections that plague everyone. And while penicillin is often mentioned as the first antibiotic, that title properly belongs to sulfanilamide. 

The first sulfa drug, a chemical named sulfamidochrysoïdine, was patented in Germany in late 1932. More correctly, sulfanilamide was the active agent, and sulfamidochrysoïdine was the mixture that allowed safe delivery of the active agent. The drug resulted from an exhaustive search at Bayer laboratories to figure out whether any known synthetic dyes had antibiotic properties. The active ingredient, sulfanilamide, a red or pinkish dye, also successfully cured bacteria-infected mice. In February 1935, Gerhard Domagk published results showing effectiveness in humans. Within two months the drug was introduced under the brand name Prontosil. At the time, most doctors believed that bacterial infections could not be treated with “chemotherapeutic agents” like Prontosil.⁵ However, FDR Jr.’s miraculous recovery changed the narrative among physicians and reversed prevailing beliefs about such treatments. 

In most of the other cases of medical innovation in our sample, patent claims limited the ability of potential competitors to enter the new market. Sulfanilamide was different because it had been invented and patented decades earlier for its properties as a dye, and the original 1909 patent had expired. Thus, once the active ingredient was understood, any competent chemist could synthesize a vehicle to deliver sulfanilamide. As such, many firms rushed to enter the lightly regulated market for synthetic chemotherapies. Entry was easy because sulfa drugs were available over the counter (i.e., without a prescription from a licensed medical expert). Medical authorities worried about the misuse of the new drugs, especially to self-medicate for treatment of potentially embarrassing conditions like gonorrhea.⁶ These fears proved well founded when a Tennessee-based pharmaceutical company, S. E. Massengill, sold an untested, liquid version called “Elixir of Sulfanilamide.” The catastrophic elixir killed more than one hundred patients and led directly to the passage of the Food, Drug, and Cosmetic Act of 1938, which put the US Food and Drug Administration in the position of overseeing the safety and effectiveness of all medications sold in the United States.⁷ Little more than a year after the public learned about the effectiveness of sulfa medications, the cost of entry increased substantially. 

Either way, uncertainty was high because the therapeutic possibilities of the new class of drugs were poorly understood. From 1938 onward, new uses of sulfanilamide or close chemical variants were discovered; headlines from 1938 and 1939 in the New York Times were triumphant: “meningitis deaths ‘unbelievably’ cut,” “pneumonia curbed,” “drug checks tubercle bacilli,” “agencies hail mortality drop in birth cases,” “rheumatic fever yields.”⁸ 

With war raging across Europe, in October 1939, the German scientist Gerhard Domagk was awarded the Nobel Prize. But even if we were to ignore the Nobel Prize, sulfa drugs were the most important advance in chemical therapeutics of the decade. In theory, any one of these technological narratives might have coordinated beliefs about the opportunities for the new drug class. The technology had all the trappings of a compelling story. The idea was simple and concrete and had many of the attributes that, according to the Heath brothers, make ideas sticky. 

The narrative never sparked an investment bubble. It is possible that the outbreak of the war killed this possibility, but we do not believe that to be the case. There was a miraculous drug narrative. What was lacking was a parallel investment narrative. While the Elixir of Sulfanilamide debacle closed any window that might have existed for small pure-play firms to enter the market, it seems that from the outset larger chemical companies held an advantage in the development and marketing of chemical therapeutics. We observe some information about entry: none of the firms reported by the Council on Pharmacy and Chemistry in early 1937 to have submitted sulfa compounds for inclusion in the council’s list of “New and Nonofficial Remedies” was a pure-play investment opportunity. All—Calco Chemical Company, Lederle Laboratories (American Cyanamid), Eli Lilly and Company, Merck and Company, E. R. Squibb and Sons, Winthrop Chemical Company (Sterling Labs), and Parke, Davis and Company—were either diversified or private.⁹ Not only were there no public stocks likely to tightly track the fortunes of the new sulfa drug business, once the Food, Drug, and Cosmetic Act of 1938 was passed, it became more difficult for an entrepreneur to start one. Given the new regulatory environment and the technical expertise necessary to safely develop, market, and deliver a new sulfa drug, it was difficult to construct a story in which small start-ups might compete with these large companies. Moreover, the existing firms already possessed valuable, and ultimately necessary, complementary assets in the marketing and distribution of chemotherapies. For example, Eli Lilly had experience in the production of insulin. Thus, not only was there no pure-play investment opportunity: the prevailing market structure limited the ability of entrepreneurs to plausibly concoct a narrative that would support one. As a result, no speculative narratives emerged. For example, in 1941 the Wall Street Journal had a feature article about American Cyanamid, but the headline proclaimed: “New Products in Its Calcium Field.” Sulfadiazine—American Cyanamid’s sulfa product—was not mentioned until the ninth paragraph.¹⁰ Similarly, on the occasions the company was mentioned in the Wall Street Journal, its position in the rubber business was always featured more prominently than its nascent sulfa drug business.¹¹ We might add that during this period there were not novices in the market; the memory of the Great Depression was still fresh in investors’ minds. By May 1943 the promise of sulfa drugs was eclipsed by the “medical magic” of penicillin.¹² Attention had turned elsewhere.¹³ 

In our coding, sulfa drugs scored a 5 on factors for a bubble: the technology was not tightly controlled, uncertainty was high, and a variety of narratives were constructed. However, because no pure-play investments were available, no boom and bust episode could form, and hence no bubble. 

Narratives emerge around somewhat less consequential products than antibiotics. When nylon hosiery was first offered for sale in October 1939—in a limited market test in Wilmington, Delaware—consumer response was unambiguous: “Customers were lined up three deep at the counters.”¹⁴ Later that week, DuPont vice president Charles Stine officially introduced the miracle fiber to considerable fanfare. Speaking at a gathering of three thousand members of a women’s club to celebrate the New York World’s Fair, Stine promised that nylon could be spun into “filaments as strong as steel, as fine as a spider’s web, yet more elastic than any of the common natural fibers.” The audience erupted into applause.¹⁵ Although whispers of nylon had been circulating in the business press for a year or more, a large-scale rollout of synthetic stockings was still several months away. DuPont sought to manage both supply and demand, distributing as much nylon fabric as its first factory could produce while simultaneously warning consumers about DuPont’s inability to meet expectations: “Most stores laid elaborate plans to restrict the sale as far as possible, and some set a maximum of two pairs to a customer.”¹⁶ Think: new iPhone! Initial demand did not disappoint. Stock-outs were common, and DuPont was unable to replenish the supply chain for almost two months. By the time the hosiery market reached a semblance of equilibrium the following spring, merchants were selling more than six million pairs of nylons per month, and the new fabric accounted for over 15% of overall hosiery sales by volume.¹⁷ 

To be sure, the introduction of nylon was “a four star success.”¹⁸ But the stock of DuPont barely budged. Should we have expected otherwise? Perhaps not. Since the company’s founding in 1802 as a gunpowder manufacturer, DuPont had developed into a diversified chemical company. Despite nylon claiming a 15% share of the hosiery market, DuPont was not a pure-play investment in nylon. This would change over time, although DuPont would never become a true pure play in any single product. Writing about the history of DuPont, historians of technology David Hounshell and John Smith conclude that DuPont “was by the 1950s, in many respects, a fibers company that had some other businesses on the side.”¹⁹ But in 1940, DuPont was still very much a diversified firm. 

Alternately, would investors have been tempted to fund competitors? As director of DuPont’s chemical department, Charles Stine had overseen the introduction of the scientific research and development strategy. The firm had invested tens of millions of 1930-era dollars to bring nylon to market and could boast a strong portfolio of product and process patents related to nylon.²⁰ Despite the hoopla, no one could tell a story, or imagine a future, in which a nylon start-up challenged DuPont and took center stage. 

The lack of a pure-play investment opportunity meant that investors could not invest only in nylon. By the same token, we cannot assemble an index that accurately tracks the technology—there were no nylon start-ups whose value might multiply exponentially as they tracked the new industry; there were no stories to tell about pioneering entrepreneurs who would revolutionize the materials with which we clothe ourselves. 

This example illustrates a key point: the existence of pure plays in new technology industries and speculative narratives about these industries are codetermined. By this, we mean that they are caused by the same thing. The existence of pure plays is influenced by the nature of the technology and who is likely to control the technology based on legacy capabilities, intellectual property protection, and other factors. The availability of narratives is influenced by the same factors. Start-up stories are more interesting than profits or products in particular divisions of existing firms, and—all else equal—publicly traded start-ups are the most interesting of all. Start-ups are more likely to form when entrepreneurs can tell a story about how a new technology makes existing firms’ capabilities obsolete. 

The flip side of this argument is that when start-ups or pure-play companies are developing a new technology, the other factors that we expect will be associated with market speculation are also likely to be present. It is for this reason that the propensity to see speculation in industries with pure-play entrants is so high. The same forces that encourage speculation simultaneously encourage the formation of pure-play ventures. 

Without a pure-play investment option and with total factors at 1, nylon did not experience either a boom and bust or a bubble. 




Jet Engine: A Pure Play 




The jet engine completely transformed the air transportation and the defense industries. The first applications were defense related and secret. As the veil of secrecy was lifted in the 1950s, the potential for the technology became clear. By 1955, the stock market was already six years into a bull market, and while the Korean War had ended, in the language of President Eisenhower, the “military-industrial complex” was ascendant. Jet fighters and bombers, such as Boeing’s B-52 were in great demand by the Department of Defense. Reflecting the business opportunities that the expanded defense spending created, E. F. Hutton published a “missile index.”²¹ The Cold War and its offshoot, the aviation arms race, made consistent headlines throughout 1955. 

The existence of successful military applications reduced uncertainty about whether the technology would eventually make its way into passenger travel. And perhaps more important, the constant stream of military orders and the arms race were real purchases that affected the bottom lines of companies in the industry. In 1955 and 1956, Douglas Aircraft announced plans for a commercial jet, although in October of the same year it was understood that Boeing and Douglas would compete to get a technology to market, and passenger jet travel was still a few years off.²² However, what did not emerge was a bubble narrative similar to what was observed earlier in aviation and radio. Although the technological uncertainty was still high, perhaps not much different from the uncertainty that existed in propeller-based planes at the time of Charles Lindbergh’s historic 1927 flight, the business uncertainty was completely different. Airlines were an established business that the jet plane would complement and enhance. It was expected that existing manufacturers would produce commercial jetliners.²³ Indeed, the public markets were sufficiently skeptical that Boeing’s massive $1 billion ($9 billion in 2017) development of the 707 was financed by a consortium of banks.²⁴ The more modest uncertainty dampened the frothiest tendencies in the market and constrained the prospects for entrepreneurial narratives. 

In 1955, our aerospace and defense index hits a frothiness of 2.94. Our use of the index is generous: this was not strictly a pure-play index, and it reflects, in part, the general emergence of the military-industrial complex. Nevertheless, the performance of several of the companies in the index is relatively closely tied to the jet. The aerospace index fell from its peak, recovered within a decade, and never lost more than 50% of its value. Recall that the frothiness measure reflects deviations from the underlying market trend; because the trend was relatively stable, even a comparatively modest collapse translates into high frothiness. Our analysis of the contemporary press accounts attributes these stock movements to the Cold War narrative. This narrative lacks the speculative fervor that we document in the cases of the radio, airplane, and automobile. We find few stories about investors flocking to the stock market. 

Although we are unable to know precisely who was purchasing stocks in the aerospace index that we study, and the share of novices in the market had increased significantly during the 1950s, most of these investors were investing via new mutual funds, and the popular stocks in investment clubs were blue chips. Therefore, it is unlikely that these movements were driven by novices, so we classify this episode as a boom and bust but not a bubble.²⁵ This is a judgment call derived from a reading of historical accounts about the makeup of investors in a class of stocks; if we are wrong, this episode could be correctly classified as a bubble. To summarize, the total factors for the jet engine was 6, with medium levels of uncertainty and a good foundation for a narrative but a lack of novices. The boom and bust appears. 




Commercial Aviation: A Broad Bubble 




In April 1925, Henry Ford and his son Edsel invested in Stout Aircraft. Ford was to build the engines, and Stout was developing the flying “Flivver.” The Flivver was to be an all-metal aircraft, an advance over the existing wood “aeroplanes.” Recycling earnings from the Model T, Ford provided land, infrastructure, and production knowhow necessary to manufacture the airplanes.²⁶ At the time, the Flivver was what today we would call “vaporware,” a promised but not yet existing product. At the time, Stout had produced a few planes that Ford was using to ferry mail between its operations in Detroit and Chicago.²⁷ The aviation industry appeared ready to take off after the industry emerged from a post–World War I nosedive during which leaders such as Curtiss-Wright resorted to selling appliances to keep afloat. The rush was on. 

By the mid-1920s the technology had advanced sufficiently, and investors were enthusiastically buying the few available aviation stocks such as Curtiss and Fokker. When Ford invested, Curtiss was trading on the Curb exchange at $17 per share. When Lindbergh flew across the Atlantic in May 1927, Curtiss was trading at $34 per share. Lindbergh’s flight, as discussed in Chapter 3, coordinated and propelled both public and investor imaginations in an ongoing narrative. One year later, in June 1928, Curtiss was trading at $125 as investors tried to buy a piece of the three hundred companies in the aviation industry. Savvy observers understood that it was not difficult to start manufacturing airplanes; demand might outstrip supply in the fall of 1928, but that was unlikely to persist once announced investments in production capacity began to come online.²⁸ However, the story proved irresistible. Human flight had sparked the popular imagination from the dawn of time: “The glamor and romance of man’s conquest of the air is a big help. So are these venturesome undertakings of the airman which are recorded on page one. . . . [The small investor] reaches the conclusion that ‘somebody’s going to make a lot of money out of aviation.’ He wants to get in on the ground floor.”²⁹ Wright Aeronautical’s declaration of a 100% dividend reinforced this narrative. Wright was then selling at $280 per share. It was real: airmail miles flown were up 40% over 1928. Forty companies were carrying either mail or humans, and no fewer than twenty-eight had announced plans to produce, together, ten thousand planes. Attracted by the apparent success of the airframe manufacturers, firms in adjacent sectors sought to enter. Automobile manufacturers leveraged their expertise in internal combustion engines in the new market; General Motors invested in Fokker and purchased aviation engine manufacturer Allison Engineering, Packard was experimenting with a diesel engine, and Henry Ford also announced an engine-manufacturing program. The scale was completely different: at the time Ford and GM together manufactured almost three million cars per year. Aviation was a much smaller business. Even large aircraft such as the Flivver were small, propeller-driven models that could carry no more than a dozen people. It was so easy to enter that by 1930, 124 firms would raise over $300 million through initial public offerings ($4 billion in 2017 dollars). The market was frothy, peaking at a frothiness of 3.32 in 1929, about 17% more than the overall market. 96% of this value was erased by 1932, whereas the general market would drop “only” 80%. 

The crash was driven by the reality of the commercial aviation business. Between Lindbergh’s flight and 1930, eight thousand nonmilitary aircraft were sold. Only six hundred or so went to what we would now call airlines, and a similar number were exported. Perhaps 40% were sold to private users for recreation or business purposes. The remainder went to pilots and aviation schools. That is, a large share of early production was reinvested in building pilot capacity for future production. At the time, profitability in the industry was entirely supported by the US Postal Service. Air traffic handled approximately 1% of the long-distance passenger market; the rest was dominated by rail. In 1929, revenue for passengers was $0.65 per ton-mile, and for mail, $5 per ton-mile. The implication is that by weight, an airline could earn fifteen times more ferrying post than people. Flying people was “sexy” but not sustainable without mail.³⁰ 

The bubble in aviation is perhaps the canonical example of bubbles in our story. Only radio is as dramatic. First, it rests on a very sticky story. Aviation demanded attention—and received it after the Lindbergh flight. Airplanes were simple, visible, and concrete. Aviation was so exciting: how would there not be money to make? The leap from Lindbergh to profitability was not discussed in any detail, and in the late 1920s, the market had become a place where novices were investing. 

The realities of the new industry gave rise to speculative narratives, or bids, around the fortunes of an almost-limitless number of firms. Barriers to entry were low, so many firms could and did enter. As we document elsewhere, even Ford’s hypothesized advantages in the production of internal combustion engines and manufacturing capabilities did not pan out.³¹ Several narratives allowed investors to entertain the possibility of riches from companies developing businesses in the manufacture, operations, and perhaps flight training parts of the industry.³² The existence of these pure-play bets reflected technological, competitive, business model, and value chain uncertainty. Just as it was unclear whether profits would be made in the production of content, radio sets, or broadcasting, in aviation it was unclear whether profits would be made in the production of airplanes, flying passengers, or training pilots. The resulting pure-play aviation companies became protagonists in stories of interest to technological enthusiasts and, with some overlap, investors. As it turned out, growth in the commercial aviation industry was very slow, and until Douglas developed the DC-3 in 1936, profitability relied on the subsidies provided by the US Postal Service.³³ Investors who invested at the peak of the aviation index would not return their principal until the mid- to late 1950s.³⁴ Our model predicts this reality. Uncertainty is high across the board; the technology has characteristics that facilitate narratives; it appears at a time when there were many novices in the market, and there were pure plays. It is not surprising, therefore, that the aviation index was very frothy at 3.75; nor is it surprising that this index lost almost the entirety of its value. 




Wankel Motor: A Narrow Bubble 




In a sense, the internal combustion engine is a ridiculous technology. Fuel is mixed with air and ignited causing a violent explosion. The force of this explosion is harnessed to move a piston about 2.5 inches—at best, half the length of the book or e-reader you’re holding. At this point, an explosion in an adjacent cylinder occurs, and this energy is used to stop the piston on a dime and move it in precisely the opposite direction. The engine is horribly inefficient—in a modern car, about 75% of the energy from these explosions is wasted: converted to heat instead of forward motion. The internal combustion’s saving grace is that the high density of energy stored in gasoline makes for great portability. The eponymously named “Wankel,” or rotary, engine was considered a solution to this problem. The Wankel engine uses controlled explosions to turn the axle, much like pushing a merry-go-round. In theory, it is much more efficient, simpler, vibrates less and is more compact.³⁵ 

Writing about the future of the automobile in 1972, journalist Jan Norbye described the road ahead: “Chances are good that in a couple of years you can buy a Ford rotary, or a Chevrolet rotary, or a Hornet rotary from your local dealer.”³⁶ Given the economic and cultural importance of the automobile, the potential to make the internal combustion engine less ridiculous sparked public imagination, even when there was doubt how such a project might be integrated into motor vehicles. First, in 1959 speculation occurred in the Swedish company NSU (where Wankel was working). US-based Curtiss-Wright had secretly licensed the rotary engine technology from NSU. When Curtiss-Wright realized that the secret project was well known in the engineering world, the company publicized its efforts in a coordinated media campaign, taking out full-page ads in several newspapers. NSU’s strategy of country-level exclusive licenses fueled a narrative about the Wankel’s potential to revolutionize “everything.” Citroën, Alfa Romeo, and small automaker Toyo Goygo (Mazda) sought to differentiate their vehicles by developing rotary engine cars in 1965. At the time, NSU itself was already producing a sports car in West Germany.³⁷ A significant bubble in NSU stock (several hundred percent) and about 50% in Curtiss-Wright ensued.³⁸ Optimism and investment continued throughout the 1960s. By 1969, Mercedes announced a new Wankel-powered sports car that could go from zero to sixty miles per hour in 4.6 seconds. Wankel had “captured the attention of the automotive world,”³⁹ and the “little engine [was] a big performer,” with the potential for “revolutionizing the worldwide auto industry.”⁴⁰ The narrative was compelling. The engine “weighs a third less and has forty percent fewer moving parts than other internal combustion engines yet can deliver the same horsepower so smoothly one cannot hear the engine running in traffic.”⁴¹ The promise of the engine, in particular its small size, led to speculation that the engine could sit in other parts of the car, freeing designers to reimagine its basic structure. Although production levels in Europe were low, and persistent problems with the rotary seals remained unresolved, delays in the US rollout were attributed to the less threatening problem that the Wankel produced more emissions than a standard internal combustion motor. That is, the idea that environmental regulation was holding up the Wankel business steered the narrative away from the very real technological problems with the engine.⁴² Instead, the European experience was seen as evidence that the technology was “proven.” The articles under the above-mentioned headlines reported that Curtiss-Wright had licensed the rights to the Wankel to General Motors. General Motors expected to bring the technology to market within a decade. Ford and Chrysler were rumored to be following suit. The big three automakers were not attractive investment targets, as the Wankel would make up only a fraction of their portfolio. Instead, speculation on the Wankel focused on Curtiss-Wright.⁴³ The stock had moved from 10 in 1971 to 52 by June 1972. The narrative was intoxicating. For example, on June 10, shares in Heinicke Instruments were driven up 73% on the rumor that it was acquiring an outboard motor company that had a licensing agreement with Curtiss-Wright.⁴⁴ On July 4, Fortune magazine ran a feature article on the Wankel motor and reported that some analysts predicted that by 1980 a majority of automobiles would use Wankels.⁴⁵ However, the environmental story was giving way to the underlying reality of technological roadblocks. Throughout July a series of conflicting reports of GM’s technological challenges with the Wankel led to a 25% decline in Curtiss-Wright stock.⁴⁶ In late August 1972, GM’s announcement that it would produce the Wankel in “limited quantities” was front-page news.⁴⁷ In April 1973, victory was claimed, even though details about problems in the rotary seals were leaking out.⁴⁸ These reports generated additional speculative activity in Curtiss-Wright and some machine tool companies. 

It was not to be. In the end, sealing the rotating cylinder proved too difficult; the promised advantages of the Wankel motor could not be realized.⁴⁹ By the end of 1974, GM had stopped licensing payments to Curtiss-Wright. But even before the GM decision was announced, Curtiss-Wright declared that it would withhold dividends, and the stock lost 87% of its value. The stock had been frothy too, with peak frothiness greater than 5 when market frothiness was 1.4. Speculators underestimated the likelihood of technological failure. By any measure, there was a boom and bust in Curtiss-Wright stock, all associated with the Wankel engine. Further, given that the Wankel story occurred when many novices were entering the market, we view this event as a bubble. 

The Wankel motor illustrates several of the criteria that we predict will be associated with a bubble. Two types of Wankel motor stories emerged. The first type discussed the likelihood that the general public will buy cars with rotary engines. These stories are of general interest to readers of newspapers who often own cars; the title of Norbye’s article makes this clear: “A Wankel in Your Future.” The second type of article was targeted toward investors. This technology demonstrates both the existence of bubbles and the emergence of narrative. Investors were primarily interested in the investment opportunities that were mapped to the fortunes of the rotary engine. Therefore, the volume of narrative—and indeed its contagion—was, in part, a function of whether there was a possibility for investors to bet on a pure play. 

In the case of the Wankel motor, the narrative that emerged was very optimistic. The appeal of the story relied on the fact that the engine is the core component in the automobile and the automobile played a central role in American life. Thus, even though the engine is not consumer facing, it would have affected products that most people owned and, at least in terms of use, understood. 

It was exceptional for the public to have access to a stock that tracked an essential, embedded component of the automobile. For decades, the automobile industry had been vertically integrated. This opportunity was an artifact of the intellectual property regime surrounding the Wankel motor. If Curtiss-Wright had developed the technology internally and sold it, NSU would have sued. Therefore, Curtiss-Wright found it advantageous to license the technology from NSU. Curtiss-Wright then built up a portfolio—more accurately, a thicket—of more than one hundred related patents to enhance their intellectual property claims. GM did not need Curtiss-Wright’s expertise to build the engine. In fact, GM was developing the rotary engine internally and simply paying Curtiss-Wright to avoid a legal dispute. But it was going to be very difficult for any engine manufacturer in North America to use a rotary engine without a license from Curtiss-Wright. The result of this, and what is exceptional in this case, is that the strength of the Curtiss-Wright patent portfolio allowed Curtiss-Wright to overcome the fact that it did not have the capabilities to vertically integrate and produce automobiles or, for that matter, any of the other products such as outboard motors, motorcycles, or snow blowers that might use a rotary engine. The centrality of the automobile in American life, together with the investment opportunity, made the Wankel story doubly interesting. Thus, despite the high uncertainty and ambiguity about the future success of the technology, uncertainty about control of the technology was low, and a narrative emerged around Curtiss-Wright: investors came to believe it was inevitable that the Wankel would fundamentally change a central product in many Americans’ lives and that Curtiss-Wright would profit from it. 

The stories of Curtiss-Wright in the 1960s and early 1970s and Bell Telephone in the 1880s are similar in that in each case, as a result of intellectual property rights, investing in the new technology implied investment in a single firm. While we see a bubble in Curtiss-Wright, we do not see nearly the same stock movements in Bell. There are two reasons for this difference. The first is that investment was much less democratized in 1883 than it was by 1973. Whereas in 1883 a worker would have needed to save up for two months to purchase a single share, in 1973 it would have only taken a few hours to earn enough to purchase a share of Curtiss-Wright. In 1883, there were few novices, or noise traders, with the capability to speculate in Bell Telephone. 

The other factor is no less important: whereas Bell Telephone eventually succeeded, the Wankel never achieved its imagined potential. Despite optimistic predictions, the market share of the rotary engine in passenger automobiles remained tiny. This observation is at the center of the debate over the definition of a bubble. If the bet pays off, in hindsight, it looks like a pretty good bet. Who is to say that the investors were not making reasoned, “rational” decisions? This question is, of course, fundamentally unanswerable. If rational explanations were correct, we would expect the discourse influencing investors to have reflected reasoned thinking about the new technology, its potential, the probability of success, as well as the likely risks. Investors in the Wankel would have been subject to long descriptions of the technical issues associated with the rotary seals of these engines, as well as emergent problems in Europe. This was not the case. Instead, reporting was superficial, suffused with hyped-up language that stoked an unwarranted narrative of inevitability. 

Thus, the Wankel engine scored a 4. Control uncertainty was low, technological uncertainty low, but narrative rank was high and there was a pure play. And the timing coincided with the presence of novices. Curtiss-Wright stock was frothy, peaking at 5.06 and falling 88%. By our criteria, it was a bubble. 




Transistor: A Broad Bubble with a New Set of Novices 




With a total factor score of 7 out of 8 in our model, the transistor is a prime candidate for a bubble. Its first mention in the bowels of the New York Times in December 1947 suggested that the new technology might be used to make “hearing aids for the deaf.”⁵⁰ Transistors have two capabilities: they can amplify signals, and they can turn them on and off. It is this second capability that sits at the heart of computers, whereas the first is the foundation of the early hearing aids. That is, the transistor—the ur-general-purpose technology that powered the digital age—was first recognized primarily as an analog device. 

The market for products that used transistors had characteristics of uncertainty that amplified narratives. There was considerable competitive uncertainty. With the exception of IBM, incumbent vacuum-tube firms were not able to make the transition to electronics; accordingly, new entrants dominated the industry. The early market was driven by defense applications, and by the mid-1950s electronic hearing aids appeared on the consumer market. But hearing aids have limited resonance with the public. Nevertheless, the transistor had a consumer-facing killer app: the transistor radio. Though expensive at $50, hundreds of thousands of radios were sold through 1957. Importantly, the transistor created an entry opportunity for new firms that might have been struggling to compete in the manufacture of vacuum-tube-based technologies. New applications such as the photocopier also appeared. Defense applications and the digital functions of the transistor sparked the beginning of Moore’s law: exponential miniaturization of digital functionality. This variety of applications and new firms founded to explore them led to a host of narratives, embedded in an overarching story about the new electronic age. 

By the early 1960s, with the advent of the integrated circuit, the market was in the throes of the “’tronics” boom:⁵¹ “Dozens of companies now have ‘electronics’ in one form or another woven into their corporate names. To mention just a few: Electro-Sonic Laboratories, Electronic Assistance Corp., Electro Nuclear Systems, Electronics Inc., Electronized Chemical Corp., Electrosolids Corp., Electronic Nuclear Co., Electronic Missiles Co., and Electronisonic Laboratories. . . . There are so many of them that customers are always getting confused in placing their orders.”⁵² 

No longer was investment logic centered on dividends, a direct measure of profitability. Instead, the focus was on “value,” which meant capital appreciation. The greater-fool theory now had a narrative: buy today and someone will pay more for it tomorrow, especially if some version of the word electronics is in the company name.⁵³ Important businesses emerged during this period, including household names, such as Texas Instruments, Xerox, and Polaroid, but many over-the-counter issues, such as the names above (our favorite is Electronisonic) are long forgotten. Our index, which unfortunately misses the small, over-the-counter firms that we expect to be most frothy, has peak frothiness in late 1961 of 2.75.⁵⁴ In part reflecting the fact that the bigger players comprise the index, the measured decline is not extreme (only 30%), although this was more than the decline in the general market (21%). 

The emergence of the “value” narrative implied that profits were no longer necessary to encourage investment. Facilitating this narrative, the Great Depression was more than twenty years in the past, and there were many novice investors in the market.⁵⁵ A brief correction in 1961 was attributed to oversupply of semiconductors, although clearly the overpromise of everything electronic contributed to the decline as well. Technological and production improvements to chips resulted in increased competition, a decline in profitability of these early firms, and the shuttering of many.⁵⁶ Our model predicts these events reasonably well. Supported by the concrete example of the transistor radio, high uncertainty helped move an obscure, mysterious technology into the public imagination.⁵⁷ We record a middle-level narrative score, and the timing of these events does coincide with the arrival of novice investors. Finally, there were pure plays. By our criteria, a bubble occurred in the transistor, and our theory predicts it. 




How Is the Theory Doing? 




In Figure 4.1, we summarize our analysis, which is based on Table A.1 in the Appendix. The figure aggregates the factors in the model on the horizontal x-axis, and on the y-axis it reports the percentage decline in value from the index value at peak frothiness to the low point in the subsequent decline. Each index is based on the aggregate movements of stock prices of companies associated with each technology. 

The non-pure-play technologies scattered along the bottom are those for which there was no investment vehicle, or those for which the investment vehicle was heavily diluted in the sense that the technology represented a single product line in a diversified company. For these non–pure plays, we cannot observe a frothiness score or a market decline. In the figure, they are stacked for readability around zero, but it is not the case that those at the top of the stacks are frothier in any way than those at the bottom. 
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FIGURE 4.1   Factors versus percentage fall of indices, Original 58 technologies 

Sources: Factor scores are calculations detailed in the Appendix. Scores are in Table A.1. Sources for stock indices are detailed in Table A.3. 

Notes: Percentage fall, shown on the y-axis, is the decline from the index value at peak frothiness to the lowest point within the following seven years. The x-axis is the factors predicted to lead to speculation. The scale is 0–8. The predicted likelihood of speculation is higher as we move to the right. Per discussion in the text, no pure-play investment opportunities existed for those technologies listed below the dashed line. 




Intriguingly, consistent with our discussion of nylon, sulfa drugs, and the Wankel engine, narratives and conditions for narratives are associated with the existence of a pure play. In cases where new technologies complemented capabilities of existing industry players—as in the case of most drugs and chemicals, for example—pure plays do not emerge, which further confounds potential emergent narratives. Across all fifty-eight technologies, our uncertainty factors (sum of technology and business uncertainty, together with control uncertainty) are correlated with the emergence of a pure play at 0.34, a correlation high enough to be interesting. Speculation requires pure plays, and pure plays are defined by the way new technologies complement existing firm capabilities. Existing firms tend to have diversified across a range of markets, and new technologies that complement those already in use are likely to become part of the portfolios of diversified firms. Indeed, some technologies on our list, such as nylon, emerged as part of the research and development efforts of an already-diversified firm. We should not be surprised, therefore, that investors were unable to map their investments directly onto the fortunes of many new technologies. 

Conditional on there being a pure play, frothiness increases with the factors. However, our ability to test this statistically is weak. There are only fifteen technologies for which we observe frothiness: the pairwise correlation between the factors and frothiness is 0.4, and a similar correlation (0.45) is found between factors and the percentage decline from peak to trough.⁵⁸ Fifteen is not a large sample, so our ability to say that this is not a chance correlation is diminished. Therefore, we must weigh the entirety of the information we have available, which includes the historical narrative, in our assessment of the framework. 

Six technologies do not experience bubbles during the window of bubble opportunity: the incandescent lamp, the electronic computer, the television, the basic oxygen process for steelmaking, and the telephone. The incandescent lamp was frothy—greater than 2—but it declined less than the general market index. Television stocks performed very well throughout the 1950s. Television production was dominated by RCA, which was also in the business of radio. Our index excludes RCA and is comprised of pure-play television manufacturers. The market did a fairly good job evaluating these stocks, as compared to its evaluation of radio. This is not surprising because there was little question that the television business model would mirror that of the radio industry. The basic oxygen process completely changed the way steel was made; until its introduction, steel was made in large open hearths. However, the large capital investments associated with the new and old technologies implied that the transition spanned decades, and hence, even though our steel-sector index does a good job representing the affected firms, none of the indexed firms was ever truly a pure play. The stocks are better viewed as a balanced portfolio of both the new and the old steelmaking technologies. 




The Bubbles That Weren’t 




Our favorite part of the graph is that it allows us to explore a world that wasn’t—what social scientists like to call “counterfactuals.” We can imagine what we might have seen had there been investment vehicles for the technologies on the bottom of the figure, those for which there was no pure-play investment vehicle. For example, drilling for oil checks all the boxes, scoring a full 8 on factors that are likely to lead to bubbles. But we are unable to measure broad-based market speculation in drilling for oil. This technology was first employed by “Colonel” Edwin Drake in western Pennsylvania. Drilling for oil was revolutionary, as it provided a much-cheaper source of energy and light than whale oil. The discovery of oil together with a means to extract it generated considerable popular excitement and thousands journeyed to see the new opportunity. There were purportedly several hundred emergent oil companies, and historical records indicate that shares were traded with patterns we would associate with a bubble.⁵⁹ The popular press created cartoons describing the speculative losses many oil investors experienced. However, these stocks were not traded on the New York Stock Exchange, and we were unable to locate records of stock trades and prices from the period. As such, we were unable to reconstruct an index for them and cannot measure frothiness. Perhaps the best interpretation of this is not a bubble that wasn’t, but a bubble that wasn’t measured. 

We might have also expected a cortisone bubble. The technology of cortisone had all the trappings necessary for a narrative: a Nobel prize was awarded, and Merck had rights to the technology—although its position was quickly eroded as close substitutes such as prednisone and prednisolone were synthesized. However, there were no pure plays. We suspect that had there been, we would have observed a bubble in the late 1950s or early 1960s. 

In fact, given our expectation that industry structure interacts with the formation of narratives, we believe that had the industry structure allowed pure plays for these non-index technologies, the factor scores would have been higher. We would have given them higher narrative scores. This would have shifted these technologies to the right, implying a greater likelihood of speculation. 

To sum up, for each of these technologies we evaluated whether at the time of introduction there was uncertainty along a variety of dimensions. As we have seen in the earlier cases, how the new technologies fit into the industry structures at the time and the degree to which the capabilities of existing firms were important and helpful in bringing these new technologies to market is critical in the emergence of a speculative narrative and associated bubbles in the stock market. We evaluated not only the technological uncertainty at the time of introduction but also the degree to which the technology relied on extant firms’ existing sales, marketing, and production capabilities. This is often highly related to the degree to which the new technology is a component in a broader value-delivery system. When new technologies produce entirely new value chains, or mostly new value chains, they are often disruptive to those firms that have invested in the current ones (and are also likely to become objects of speculative narratives). We also consider the extent to which the technology is likely to engage the popular imagination by hinging on or becoming part of a particularly sticky idea. Cures for illness and manned flight make for better dinner conversation than do improvements in the process of steel production or the use of chemicals instead of heat to separate benzene from crude oil. Speculative bubbles are rare when there are not new value chains or when commercialization will rely heavily on assets of existing firms, even when the new technology captures the public’s imagination. 

Of course, there must be a vehicle for speculation. And the existence of this vehicle—the pure play—can help reinforce the narrative and allow for greater speculation. Similarly, the lack of a pure play suggests that the narrative around certain technologies would have been even greater if the public also had reason to discuss how to get a piece of the action. However, the existence of a pure play does not guarantee a narrative. 

Our framework is imperfect. Measurement is imprecise. For example, we believe we undermeasure the boom and bust in the case of the transistor, because we are unable to pick up all over-the-counter companies. The overall exercise is ambitious. We are trying to compare uncertainty and the attractiveness of narratives across technologies and times that are inherently different. Our measures of market activity, frothiness, and percentage decline also have limitations. And perhaps most important, history does not provide many major technologies that have pure-play investment opportunities. We cannot construct a large sample to wash out errors in measurement in our data. We devote the next chapter to evaluating whether the framework helps explain booms, busts, and bubbles in technologies that originated more recently. But even if the framework does a decent job explaining new technologies, it is a framework, a theory—not a law. 

Our framework focuses attention on particular attributes of new opportunities. It provides a way to interpret the past and guides questions about the future. Perhaps our most important lesson is that answering these questions requires an understanding of the particular characteristics of a given technology, an understanding of the capabilities needed to commercialize it, and an understanding of the historical moment of its arrival. 



Chapter 5 




RECENT AND FUTURE BUBBLES 




IN 2008, FORBES MAGAZINE, based on expert opinion from the Wharton School at the University of Pennsylvania, published a list of the thirty technologies that had changed life most dramatically during the previous thirty years.¹ We call this list the Wharton 30. This list, in Appendix Table A.2, includes nineteen information technology technologies, eight of which are internet infrastructure or direct internet applications, seven health-care-related technologies, three energy technologies, and a single business model innovation. Can our framework be used to predict which of the thirty technologies generated a bubble? For example, casual observers understand that there was an internet bubble in the late 1990s, but would our model have predicted it? Should we have expected the alternative energy bubble that crashed in 2008? What about the absence of a bubble in LCD display technology, on which you may be reading these words? 

We examined these thirty technologies with the same empirical rigor as the first fifty-eight, which we call the Original 58. Statistics gives us only one part of the picture. We were able to construct indices for only sixteen or, as we shall see, perhaps seventeen of the thirty technologies. But nevertheless, here is what we found: the model predicts reasonably well which technologies will have a pure play: the correlation between the quantified factors that we introduced in Chapter 4 and the existence of a pure play is 0.4. Another way to look at it is that these factors averaged 5.9 for those technologies with associated pure plays and 4.1 for those technologies without. But we were surprised to observe that bubbles occur in most of the pure-play technologies. Moreover, at first glance, the factors do not predict the decline very well. But just as with the first fifty-eight, there are relatively few observations. Sixteen technologies had specific, traceable, pure-play indices. The correlation between both the frothiness and the percentage of index decline and the factors for these technologies is about 0.3. That is, the model performs similarly for the Wharton 30 as it did for the Original 58. Nevertheless, we are quite fearful of seeing patterns that are not really there, or, as we like to say, “scientific apophenia.” Formally, scientific apophenia is “the assigning of inferential meaning when limited statistical power should have prevented such a conclusion or when the data are actually random.”² This is not some far-fetched problem; one of us has written a paper describing and measuring the extent of exactly this problem. 

In the context of the Original 58, we are concerned with the peculiar economic history of the twentieth century. Many of the speculative episodes center on the Roaring Twenties and the Great Depression. What if we are mistaking coincidences of history associated with these events for meaningful, more general social processes?³ To resolve this problem, we need to take our model to other settings to determine whether the basic framework has general predictive power. If we found the first result by chance, it is unlikely that chance will repeat itself. If we can satisfy ourselves that our model is useful, then we will feel more confident applying the model to current and even future scenarios. 

To make matters worse, it is possible that we were correct about the more distant past, but we still may find that the model is irrelevant in more recent times. Scientists call this a problem of external validity. Does the theory apply in settings that are different from the one from which it was generated? In our case, there are reasons to think that it may not. For example, what if investors make better decisions now than in the past? Investors and other market participants may have learned from the investment missteps of the past and become less prone to making decisions that lead to speculative episodes; there may have been a secular increase in the rate of technological innovation in recent decades due to increased investments in basic and applied research. Investors would then have been exposed to a greater number of new technologies and have developed better tools for evaluating them. More frequent exposure to technological innovations might have led to more experienced pools of investors, fewer novices, and less speculation. Similarly, financial innovations may have led to more efficient capital markets in which contrarian or short positions can be more easily taken. Call it learning, inoculation, or innovation—the net effect would be similar: contemporary financial markets would be less susceptible to speculative activity. Better financial market regulation may also have reduced the likelihood of speculation in uncertain technological innovations. Advances in any or all of these areas would reduce bubbles generally and thereby reduce the predictive power of our theory. 

In contrast, financial markets may now be more vulnerable to speculation. The growth of the high-tech public relations industry pumping out “narratives” may counteract investor sophistication. In addition, increasingly sophisticated public and private financial markets may have led to a greater number of pure plays.⁴ The ideology of the value of tying pay to performance has led to the emergence of tracking stocks that capture the performance of specific parts of multidivisional firms. These forces allow pure plays for investors, even if a subsidiary is owned by a diversified firm. Indeed, we find that there are more pure plays in the Wharton 30 than in the Original 58! Finally, it is possible that the democratization experienced during the past forty years when the Wharton 30 was commercialized is more profound than what happened earlier. 

But there is an additional, methodological problem. Given that we may not have sufficient historical perspective to evaluate the Wharton technologies and the fact that there are many plausible interpretations, we are in danger of choosing an interpretation that best fits the model. We cannot answer the types of questions we ask in this book with a randomized controlled trial so as to replicate the exercise in Chapter 4.⁵ Instead, we must pick and choose the aspects of the Wharton 30’s histories we believe are relevant to our story. That is, we need to make these judgments as we are learning the story of each technology, including whether or not a bubble occurred. To meaningfully interpret history, one has to, well, understand the history. But the histories of several of the Wharton 30 are yet unfinished. Nevertheless, the exercise is useful. Although it does not, indeed cannot, prove our theory, it allows us to triangulate, to learn a bit more. The irony is not lost on us: a central argument of our book is that understanding booms, busts, and bubbles requires a deep appreciation of the historical contexts in which technologies appear, but this is difficult to do when the history is still playing out. 

We hope we have injected you with a hefty dose of skepticism. But now, we forge ahead. Will we become a bit more certain looking at the Wharton 30? How does our model fare? Can we use it to project into the future? 




The Internet: Bubble with a Wake 




The internet comprises many technologies. The Wharton experts list internet, broadband, and www (browser and html) as the most important invention of the period between 1978 and 2008. However, other internet-related technologies make a good showing in their list, too. The enabling technology for the internet, PCs and laptop computers, comes in second. The internet’s original killer app, e-mail, ranks fourth, and microprocessors that enable PCs and laptops seventh. Fiber optics, used to carry internet signals around the world quickly and efficiently, rank eighth. Open-source software and services (e.g., Linux) would be much more difficult to use without the communication infrastructure afforded by the internet, and Wikipedia would not make sense without it. Coming in fifteenth is online shopping, e-commerce, and auctions (e.g., eBay). Sixteenth is media file compression (e.g., jpeg, mpeg, mp3), which developed as a result of attempts to maximize internet bandwidth, and finally, twentieth is social networking via the internet, a clear derivative of our top-placed technology. That makes eight of the thirty technologies on the list internet related. 

Importantly, although the internet complemented existing companies’ capabilities, it also was hypothesized that it would make firms obsolete. There are some sectors in which this turned out to be correct in a relatively short time frame (Amazon.com quickly affected booksellers) and others in which it has not (Webvan did not disrupt traditional grocers). It was unknown in the late 1990s precisely which businesses were in trouble. Moreover, there was considerable variation in the scale necessary to achieve success. There was significant technological and business model uncertainty. No less important were the numerous attempts to monopolize the gateways to internet traffic. For example, an early internet success story, America Online (AOL), was one of many internet portal plays in the early internet. Nobody knew who would profit from the new technology. 

The internet arrived at a time that interest in the stock market was spreading. Moreover, one of the bellwether applications of the internet—online stock trading—substantially accelerated its democratization. Discount brokers such as E*Trade, Ameritrade, and even the established discount broker Charles Schwab made it easier for individuals to invest in mutual funds and individual stocks. New investors entered the market. The adoption of online trading was remarkable and fast.⁶ For example, at Charles Schwab, online trades accounted for 20% of the market in 1995. By 2000, that share was 80%, where it remained even after the market crash.⁷ These early adopters traded speculatively—being 2.5 to 5 times more likely to trade on margin than old-fashioned, call-your-broker-to-make-a-trade investors. Importantly for our story, online traders focused their trades more on technology stocks, traded more frequently, and underperformed the market.⁸ The price of transactions decreased as well. Whereas commission costs for broker-assisted trades ran into the hundreds of dollars, the new online brokers executed trades for as little as $8.⁹ 

Although we lack an overall census of trading behavior, we do have very suggestive evidence that the effects were widespread. For example, the ease of trading on the web doubled trading frequency and portfolio turnover in the 401(k)s of two large companies, and the increase was more pronounced in young, white, wealthy men—a demographic particularly interested in tech.¹⁰ We know that wealthier people are more likely to hold stock. However, during this period, all else being equal, those who owned a $2,000 computer were 33% more likely to hold stocks than those who didn’t. This is a large number. We would see the same difference if the potential investor had $27,000 more income!¹¹ However, it was not just that traders were emancipated from their brokers. Some investors were trading the old-fashioned way and soliciting advice from their stockbrokers. But even these professionals were largely inexperienced. In 2000, more than one hundred thousand financial professionals—half of the profession that includes financial planners, advisers, and brokers—had entered the profession since 1990.¹² They had missed the 1987 historic market crash. The infiltration of novices was not restricted to stock market investors and their advisers. The venture capital market was filled with novices. From 1990 to 1995, the share of investments made by venture capitalists who had been practicing for less than five years hovered at about one in ten. It then increased about 8% every year so that by the year 2000, 40% of venture capital investments were by investors who had made their first investment since 1995, that is, during and just before the boom.¹³ Thus, at almost every level of the investment chain, there were many actors who were relatively inexperienced. 

These novices, from individual investors and financial professionals to venture capitalists and entrepreneurs, were taken in by a particular set of beliefs about the “new economy” that was being ushered in by the internet. The idea of “get big fast” propelled the investment frenzy: “Tossing aside just about every experience-honed tenet of business to build businesses in a methodical fashion, internet businesses . . . adopted a grow-at-any-cost, without-any-revenue, claim-as-much-market-real-estate-before-anyone-else-moves-in approach to business. This mentality [came] . . . to be known as ‘Get Big Fast.’”¹⁴ 

“Get big fast” was a belief that there were significant first-mover advantages in internet business domains and that, therefore, the key to success was to preempt others in particular internet niches.¹⁵ In theory, first movers would lock in consumers or users and would then enjoy secure, defensible rent streams for long periods of time. Indeed, this belief played out in a few cases, such as eBay and Google.¹⁶ But in many spaces, it failed miserably. To see this clearly, it is helpful to revisit the story that we told to introduce the book, that of Toby Lenk, CEO of the ill-fated eToys.com. In 1998 Lenk was confident: “There is all this talk about [competitors] Toys ‘R’ Us and Wal-Mart, blah blah blah. We have first mover advantage, we have defined a new area on the Web for children. We are creating a new way of doing things. I am the grizzled veteran at this thing.”¹⁷ Lenk had a Harvard MBA and had worked at Disney in strategic planning. Perhaps he was a veteran in business compared to other younger internet entrepreneurs. However, a mere three years into the commercialization of the internet, there were no veterans of e-commerce, “grizzled” or otherwise. This did not prevent him and his investors from supporting a massive infrastructure investment. As Lenk reflected after his $850 million paper fortune had evaporated: “We had the capacity for $500 million in revenue but came to a stop at $200 million. That’s hard to survive.”¹⁸ Lenk’s bet on getting big fast turned out to be wrong. At the time, though, he was not a contrarian thinker. “It was the whole land-grab mentality,” Lenk observed. “Grow, grow, grow. Grab market share and worry about the rest later. When you’re in that cycle, and less capable people are doing IPOs, it’s like an arms race. If you turn down the gun and put it on the table, all you’re doing is letting other people pick it up and shoot you. I made the decisions and I take full responsibility. But there were a lot of amazing forces at work.”¹⁹ 

The ideas behind “get big fast” had taken root by 1995. But it is the Netscape initial public offering, or IPO, that is considered the event that brought the internet-as-an-investment-opportunity to the general public’s attention. The IPO itself was remarkable. At the last minute, the offering price was doubled from $14 to $28, and shares moved as high as $75 during the first day of trading before closing at $58.25. Overnight, the yet-unprofitable company that produced the gateway to the internet was worth $2.9 billion! The event was etched into the public’s memory and the term Netscape moment has since been used as shorthand for an event that signals the inflection point of new industry development.²⁰ The investor interest in the Netscape IPO did not come out of thin air. Rather, the media had been drumming up interest, describing the revolutionary qualities of the internet. The IPO happened at a time when technology was making the internet more accessible to the public through the Mosaic and then Netscape browsers, which is to say that the internet made information about the internet more accessible. The somewhat unprecedented success of the IPO sparked the public’s imagination and “confirmed” that the media hype was real. Before the Netscape IPO on August 9, the New York Times published articles with the words internet and either stock or share at a rate of 0.8 articles a day. After August 9 that rate increased to 1.5. 

The increased media attention fed the “get big fast” frenzy. Before long, success was defined in terms of website traffic (“eyeballs”) and top-line revenue, as opposed to a traditional and important measure—at least in terms of solvency—profit. When Jupiter Research projected that top-line aggregate (revenue) sales figures for online sales in 1998 would reach $2.3 billion, Fortune magazine confused revenue for profit, reporting that “the $2.3 [billion] figure sent a message: Companies are making money out there in cyberspace.”²¹ 

The hype extended throughout the internet entrepreneurial ecosystem. Approximately 50,000 firms were formed to commercialize the internet.²² About 24,000 of these raised $256 billion from investors between 1996 and 2002. A subset of these, around 8,500 companies, received the lion’s share of private equity investment in the form of $217 billion of venture capital financing.²³ The NASDAQ, the Curb market of the 1990s (home to most internet stocks), rose 500% between 1995 and 2000. There were 245 internet-related IPOs from 1996 through the third quarter of 2000, and 195 offerings of these occurred during the frenzied period of 1999 and 2000. Ironically, a belief that becoming profitable from the “get big fast” strategy took time prolonged the frenzy by extending the window of the bubble opportunity. The market was patient during the 1998 holiday season when ecommerce businesses were struggling to deliver gifts on time and efficiently. But by the 1999 holiday season, investors expected profits.²⁴ 

The failure to deliver profits helped trigger the crash in e-commerce stocks and closed the internet IPO window.²⁵ From its peak in March 2000 to its nadir in September 2002, TheStreet.com’s e-commerce index dropped 87%. The general decline of the NASDAQ was a less extreme, though still precipitous, 76% (5,132 to 1,185); the S&P 500 fell a mere 48% (1,527 to 800). That is, the leading technology on the Wharton 30 list experienced a major boom and bust. Given the strong evidence of the role of novice investors, it was a bubble. The internet had a value of 8 in our factor scoring. There was no intellectual property protection to speak of, and there was so much business model uncertainty that it inspired books about internet business models!²⁶ The technology had all the components of a sticky story, and there were pure plays that drove the narrative—hundreds of them! Novices were in the market, and we have strong evidence that many directed their investments to the internet. The market was frothy—the internet index registers at 4.29—and the internet index lost 84% of its value. 

What is particularly fascinating about the narrative frenzy surrounding the internet is that it swept up technologies that were not all that exciting to the general public or that were relatively mature in terms of the nature of their industry structure. The internet proved a killer app for PCs, which is an important consumer-facing product. But it also swept up more mundane Wharton 30 technologies, including fiber optics, open-source software, and media file compression. Speculation in the PC industry in the latter part of the 1990s is a reflection of the convergence of a maturing PC industry and the burgeoning internet and networking technology sectors. The internet led investors to believe that there would be increasing demand for computer hardware, including personal computers and laptops, computer chips, and internet backbone equipment. Uncertainty about the rate of adoption of the internet—and precisely how it would manifest in hardware purchases—created excitement and increased demand uncertainty. The business model for PCs was well understood, and much of the uncertainty around platforms had been resolved at this point; Microsoft, together with Intel, was dominant. There were no arguments that PC manufacturers needed to “get big fast” to dominate hardware markets; Microsoft was already big enough to be subject to a Department of Justice antitrust investigation. Thus, our model would predict that, although there might be a bubble in the PC space, with a factors score of 5, it should be less pronounced than the internet index, or that of e-commerce for that matter. And it was: the frothiness of the PC index crested at 3.65 in January 1999, and then 80% of its value washed away. 

Relative to the internet, fiber optics peaked late, with its factors scoring a modest 4. The underlying story around fiber optics—that is, transmitting bits through glass—is not sexy. Fiber was not sold to individuals, and the intellectual property surrounding the fiber technology was well protected. The technology was also not new; its first prominent application was at the 1980 Lake Placid Winter Olympics. In fact, one could make a strong argument that the window of bubble opportunity had long closed by the late 1990s. But a narrative took off, and a fiber boom and bust ensued. Corning, a glass company, had become the darling of Wall Street. Given this, the business opportunities were in laying fiber and surrounding technologies. There were many small concerns, but in terms of public pure plays, the index was powered by two new companies: Qwest Communications, which went public in 1997, and Global Crossing, which went public in 1998. In retrospect, both industry players and investors ignored the basic economics of fixed and marginal cost pricing associated with transmitting bits. Once the fiber is ready for use, the cost of using the fiber is zero. If there is overcapacity and competition, which there was, fiber companies will reduce their prices to marginal cost—and indeed, this is what happened. The new-economy internet narrative drowned out the prospect of overcapacity and competition, which economists have understood since the 1800s. Fiber will power the internet! In fact, we observe a bubble only because the internet narrative created demand for Qwest and Global Crossing in the first place. So we are left with an insight: narratives can create pure plays, and pure plays allow for the creation of bubbles. But without the speculative narrative, there is no pure play, and hence nothing to measure. That is, we observe the index only because there was a bubble! Sure, an investor could have invested in Corning back in 1945—but considering this a pure-play investment made sense only under the presumption that fiber optics would become a major part of Corning’s business. And that happened only once the internet narrative took hold. 

The telecom bust was both surprising and severe—driven by an exceptional narrative and fraud.²⁷ The peak frothiness was 3.48—less than that of the internet. But the crash was greater: the sector lost 97% of its value. Should we interpret this as a strike against our theory? Fiber optics scores a 4 if we view the window as occurring in the 1980s, and a 5 in the 1990s because more novices were present. The middling factor score is due to Corning’s strong patent position, although there was some business model uncertainty. Fiber itself is a boring back-end technology. Alone, it makes for a terrible narrative. It is possible to understand what happened in this market only when one understands that fiber is on the list because it is an internet-supporting technology. Indeed, the fiber narrative was a subplot of the internet narrative in the same way that the rubber narrative in the 1900s was a subplot of the automobile narrative. If we are to view fiber as part of the internet story, then it is incorrect to score fiber as a stand-alone technology. Instead, it should have the same score as the internet itself—an 8. Bubbles happen when fundamentals are ignored—and that is what happened here. Investors were not investing in fiber; they were investing in the backbone of the internet. 

The areas of open-source software and media file compression are similar. Neither technology is that interesting to the general public. Open-source software is about giving software away for free. Media file compression is a series of algorithms that allow for efficient storage and streaming of information. By themselves, they make for terrible narratives—except to people who are programming and compression algorithm geeks. However, just like fiber optics, the stories of each of these technologies were swept up in the internet narrative. Red Hat, which gave away the Linux operating system for free and sold services to help customers use it, was a hot tech stock during the tech bubble in 2000. Media file compression had stronger complementarities with the internet. The media file compression index comprises companies such as NetRadio and Broadcast.com, which sought to stream video or audio over the internet. So a correct understanding of the technology requires a broad assessment of, again, the opportunity of the internet. When the internet narrative began to crest, it brought up these technologies in its wake. 

In Figure 5.1 below, we consider the fiber optics window as having closed in the early 1990s; that is, there is no boom and bust in fiber optics because there were no pure plays until the late 1990s. However, we might reasonably think of the window as having closed later, after 2000. But then it also makes sense to reinterpret its factor score to reflect the fact that investors were considering how the technology was being used for the internet. In this case, we would score it as a 7 or 8. As it happens, the model is equally predictive either way in terms of the correlations we describe in the opening paragraphs of the chapter. But if we ignore the convergence by keeping the score as a 5 and using the extended window, the model does not perform as well. Similarly, if we score open source and media file compression as stand-alone technologies, they score a modest 5 each. There is a strong argument that we should consider media file compression an internet technology. Streaming music and video was sticky, disruptive, and subject to high levels of uncertainty. So we scored it an 8. Open source is trickier. We score it an 8 because it was understood in the context of the internet—to reflect the technological convergence. These are judgment calls—and the correlation between the factors and the frothiness as well as the percentage fall are sensitive to these judgments. If you would like to experiment with these assumptions yourself, you can find the data at the book’s website (http://www.sup.org/bubblesandcrashes). 

Either way, our model performed reasonably well in that it correctly predicted a bubble in internet technologies but not in the early history of fiber optics. We think we deserve a gold star! But the judgment calls we make are not ironclad. So we give half a gold star to false positives, to maintain a healthy degree of skepticism. 




Score: Our model, 1.0; False positives, 0.5 




Personal Computers and Laptops: Investors Get It Right 




PCs and laptops are rated as the number-two innovation on the Wharton 30, and we just saw that they were the object of market speculation during the late 1990s.²⁸ However, here we focus on the early days of the industry, before the internet tidal wave swept up the stock prices of PC manufacturers. At first, personal computers were the domain of a small group of hard-core hobbyists. With the introduction of the “trinity” (Apple II, Commodore PET, and Tandy TRS-80) in 1977, the industry began developing. Home computer sales increased as a result of the curiosity of early adopters, Radio Shack’s nationwide store network, and eventually gaming. However, the best gaming PC, the Apple II, was very much a luxury item. It was difficult to use, programs were loaded onto tape, and it cost more than $1,300—equivalent to $5,000 today.²⁹ The Apple II really began to gain market share with the introduction of VisiCalc, a spreadsheet program. At that point, it became more than a toy. Indeed, some were buying a $2,000 Apple II solely to run the $100 program, which did not run on other platforms.³⁰ With the introduction of the IBM PC in 1981, the later introduction of the PCjr in 1984, and the development of a suite of useful programs—most important, spreadsheet and word-processing software—personal computers started to reach a larger market. When Lotus 1–2-3, the new spreadsheet program that took advantage of the PCs greater computing power was introduced in January 1983, VisiCalc sales evaporated overnight. 

The excitement over the PC was strong. Although it is consumer facing, early sales were mostly for businesses, driven by the spreadsheet application. Early spreadsheet software, given the nature of its functionality, caught the imagination of people in finance and potential investors. The term personal computer was mentioned in 0.37% of New York Times articles at the peak of the first PC bubble in 1983. This was the more than any other item on the Wharton list, with the small exception of internet, which was mentioned in 7.5% of articles in 2000.³¹ To the extent that popular media reporting reflects public interest, the PC created interest, but the internet created a frenzy. 

The PC excitement produced an expected entrepreneurial response: competitive entry. Similar to the history of television described in Chapter 4, and despite growing demand, a crash was precipitated by excessive competition in the PC market and the emergent dominance of Microsoft and Intel, at the time referred to as the “Wintel” monopoly. First, IBM entered with its highly successful PC in 1981. Compaq produced the first IBM clone a year later, undercutting IBM’s price. This triggered a struggle between IBM and its clones for market dominance. The battle, and missteps of the presumptive winner, IBM, reflected the significant uncertainty with which part of the value chain would lead to great profits (e.g., hardware assembly, software, microprocessor) and precisely how to extract rents from each part of the value chain.³² Early bets by IBM and early speculative betting on Commodore and, for that matter, Apple, reflected considerable uncertainty in the ways companies would earn profits.³³ 

These events were set in an opportune macroeconomic period. There was a strong bull market between 1981 and 1983; the Nasdaq more than doubled during this period. As our model would predict, the movements of PC stocks were more dramatic. Adjusting for stock splits, Commodore International’s price rose from $0.88 to $90 from 1975 to 1980. An additional stock split was timed with the expected introduction of a lower-priced computer that would compete with Tandy and Apple and was designed, according to the company’s chairman, to bring the “stock back within the range of the average investor.”³⁴ In November 1980, Apple’s IPO was one of the most anticipated IPOs in then-recent memory.³⁵ The only pure-play PC makers that one could invest in the early 1980s were Commodore, Apple (which had its IPO in November 1980), Compaq (which had its IPO in December 1983), Atari, Digital Equipment, Altair, and Prime Computer. This PC index increased 163-fold from 1977 through 1983! This, of course, dwarfed movements in the NASDAQ. The optimism implied by the index was misplaced—at least temporarily. The index declined by more than two-thirds from 167 to 49 by mid-1985. Eventually, with the exception of Apple’s Macintosh, the IBM PC and its clones dominated the market and knocked out competing platforms such as the TRS-80 and Commodore. The battle between these computer companies only scratches the surface of activity. The number of companies making computers had increased from 8 in 1981 to 47 in early 1985; microcomputer software companies had increased from 34 to 280; the number of disk-drive manufacturers increased from 11 to 54; and LAN networking companies increased from 9 to 61. Competition, along with the quick domination of the PC market by IBM, strangled profits, or, according to William Hambrecht, the chairman of an investment banking firm specializing in technology, “What we’re going through is a large-scale hangover from a speculative orgy.”³⁶ 

It was a hangover, but the index was not frothy at all. In fact, the frothiness peaked at 0.3 (you read that correctly). The reason is that the further entry of players such as Dell and Gateway into the market, combined with the relative success of Apple, reinvigorated the index. Computers were a huge and profitable market. By February 1987 the index had recovered; though volatile, it never dipped below 300. An investor aggressively rebalancing his or her index would have done exceptionally well. 

To summarize, in the 1980s, the PC had some of the characteristics we might think of as likely to lead a boom and bust cycle or a bubble. Competitive uncertainty was high, as was business model and value chain uncertainty. In addition, the PC made for a good story; it was consumer facing and captured the public imagination. There was not, however, a cohort of novice investors. The introduction of the three computers in 1978 (Apple II, TRS-80, and Commodore PET) seemed to have triggered broader interest. What we do not see during this period is a secular increase in the entry of new investors. During the 1970s and 1980s the share of households holding stocks (outside of retirement accounts) is relatively constant.³⁷ Thus, there is not a source of novice investors that would likely have been feeding the bubble. Our model gave PCs a factors score of 7, and the decline was 71%. However, this was a short-term event—the index recovered—and is not something we would consider a bubble. We’ll call this a draw and give ourselves half a gold star in support, and false positives half a gold star. 




Score: Our model, 1.5; False positives, 1.0 




Liquid Crystal Displays: Controlled Disruption 




Liquid crystal displays, or LCDs, changed the way we interact with information in fundamental ways. Not only have LCDs made our TVs flatter, lighter, and brighter; they also have enabled the mobile phone revolution. Take a moment to look at your immediate surroundings. Chances are good that you are either reading this text on an LCD screen or are about to stop reading to check your e-mail on an LCD screen—or both! LCDs have become ubiquitous and have enabled the development of many multibillion-dollar product categories, such as laptop computers, GPS devices, portable game devices, tablets, and smartphones. Surely a technology this revolutionary should have sparked an investment frenzy. Was there a bubble in LCDs? Would our model predict one? 

The story of the modern LCD dates to the mid-1960s, when research was fueling dreams of video display screens that would be light enough to hang on walls and in cars. Over the course of the following decades, the promise of affordable, mass-market video displays was always just over the horizon. As the industry pioneer Larry Weber says, “For thirty years, we could say we will have wall-hanging televisions in ten years.”³⁸ Because the technology was potentially revolutionary (with a large, consumer-facing product market) and highly uncertain (always ten years away), liquid crystal display technology was clearly a candidate for speculation. 

The technology moved from science experiment to nascent industry in the late 1980s and grew to scale in the 1990s, in conjunction with the rise of the laptop or notebook computer. In the course of the same interview, Weber said, “Now [1996], I can say ‘next year.’” By 2000, the traditional cathode ray tube (CRT) technology was clearly in decline, and flat-panel displays using LCD technology were poised to dominate the industry. Sales soared, rising from $3.17 billion in 1990 to $29.5 billion in 2000. At the same time, the average price for a standard product (10.4-inch display) fell from $3,000 in 1991 to $230 at the end of 2000. The 10.4-inch was the largest standard display in production in 1991, but by 2000, it had become among the smallest. The promise of early LCD science was delivered during the 1990s. 

Were investors in LCDs equally rewarded? The pace of technological change in the 1990s was extraordinary, faster than in microprocessors and other technologies supposedly driven by Moore’s law.³⁹ Large-scale, high-throughput facilities were required. With each new generation of technology, entry costs increased, reaching $1 billion for an advanced “generation 4” manufacturing facility. Entrants into this maelstrom “did not enter an industry so much as they entered a knowledge stream,” with critics calculating “the cost of entry as a plunge into the infinite.”⁴⁰ Yet despite high entry costs, from 1991 to 1996, “at least twenty-five high-volume fabrication lines were started to produce the most advanced FPDs [flat-panel displays].”⁴¹ More than 80% were built in Japan, where major industrial conglomerates like Hitachi, Sharp, NEC, Fujitsu, and Matsushita competed fiercely. Later in the period, Korean industrial chaebols like LG and Samsung also entered the market. Many of these firms showed strong stock performance during the 1990s, in line with relevant market indices, and shares also declined in the early 2000s, but there was not an LCD bubble. 

Should we have seen one? LCD production was not the province of start-ups: as described in Popular Science in 1997, “the technology is fiendishly difficult to scale up,” requiring careful coordination of multiple, complex production processes.⁴² Only large manufacturers were able to enter at sufficient scale, and because the producers were multinational conglomerates, investors were not able to invest specifically in the LCD industry. Later, even as LCDs became more affordable and were incorporated into an ever-increasing array of products, the displays were usually embedded in more complex technological assemblages such as laptop computers, DVD players, and other portable electronics (e.g., GPS, games). Although the final products of the electronics industry were consumer facing, the firms producing the displays were relatively undifferentiated and therefore less likely to attract speculative interest. There is some evidence of popular interest; that is, there was a technological narrative. But there was no accompanying investment narrative.⁴³ General media did not amplify the initial crossover report in the New York Times; nor did public markets respond. In fact, the low score in technological and business uncertainty is consistent with the absence of a pure play. For there to have been a bubble in LCDs, the technology would have needed to be swept up in a convergent technological narrative like we saw in the case of fiber optics and the internet. LCDs scored a 3 on our factor scale. There was low control uncertainty and moderate technological uncertainty—which declined with the emergence of the industry in the 1990s—but these did not support a good narrative. Even though there were novice investors, the model does not predict a pure play—and there were none. Therefore, there was no boom and bust, and no bubble. 




Score: Our model, 2.5; False positives, 1.0 




Laparoscopic Surgery: Lack of Narrative 




Laparoscopy, ranked tenth on the Wharton list, is a technique of creating a small incision and visually examining interior parts of the body through a fiber-optic instrument. Laparoscopy is used in myriad diagnostic and surgical techniques.⁴⁴ Laparoscopic surgery is slowly revolutionizing surgical practice. The central advantage of laparoscopy is that it is less invasive than traditional surgery and therefore provides for a patient’s quicker recovery. The idea that smaller incisions lead to quicker recoveries was recognized by 1925. Early applications were mostly diagnostic and because light is needed to see inside the body, the heat given off by 1920s incandescent lights was problematic. In the 1950s the use of fiberglass to transmit a distal light source opened a new era of endoscopy. However, it took many decades before laparoscopy made a significant impact in surgical procedures. The first laparoscopic appendectomy was completed in 1981. A more complicated procedure, the laparoscopic removal of a gallbladder, followed in March 1987. Importantly, the use of a video camera in the procedure allowed for taping and viewing at specialized meetings of gastrointestinal surgeons in 1989. A picture is worth a thousand words: the documentation of this event led to an overflowing lecture hall at the meetings of the American College of Surgeons in San Francisco in 1990. Laparoscopic surgery was popular—at least among surgeons. Within a few years laparoscopic techniques had been applied to a host of other—mostly gastrointestinal—procedures.⁴⁵ 

Would our theory predict the development of a boom and bust or a bubble? The first requirement is that there be uncertainty about the value of the innovation and, in particular, which company would benefit from its commercialization. There was clearly uncertainty about the precise future for laparoscopic surgery. Was there a general emergent narrative? Of the seven New York Times articles mentioning the term laparoscopic surgery in 1993, two were focused on concerns about the efficacy of the technique, and two on its benefits—including a story about virtual reality. One was about a medical students who died in a car crash, and one on the declining fortunes of American Surgical, a company that produced surgical equipment and profited in part from laparoscopic surgery.⁴⁶ The narrative of inevitability, though, did not appear. In 1995, there were ten articles in the New York Times.⁴⁷ In the following decade there were thirty-seven. Although laparoscopy was mentioned, it was often in passing. A story about the removal of polyps from Plácido Domingo’s colon mentioned the use of laparoscopic techniques. There were several articles about laparoscopically removing an ovarian cyst from then-chief of the Environmental Protection Agency, Christine Todd Whitman, or its use in the removal of a rare tumor from Dan Quayle’s appendix. The rather astounding fact that 80% of gallbladder surgeries were completed using laparoscopic techniques was only an incidental part of the narrative. The fact that celebrities received laparoscopic treatment might have coordinated beliefs—just as in the case of the secretary of state’s daughter’s treatment for diabetes, or the president’s son’s use of sulfa drugs (both cases described in Chapter 4). But laparoscopic surgery is hardly a consumer-facing technology. The sales process is complex, whereby the expert surgeon might recommend the technique to a patient—and a third party, a health insurance company, tends to cover the costs. Most individuals will never have need for the technology—as most people never undergo surgeries that require such techniques. While the advantages of this technique over traditional surgery are important, they do not rise to the dramatic, widespread potential of insulin (resurrection!) or a cure for disease. It was not the case that appendicitis was formerly fatal and now cured. Rather, the treatment (appendectomy) had become a bit better. 

There was also the potential for pure plays with laparoscopy. The medical device industry was a hotbed of start-ups and attracted significant venture capital funding.⁴⁸ While events in this space were dwarfed by the activity in the internet sector, there was room for investment. The timing of the development of laparoscopic techniques coincides, more or less, with the development of the internet, and there was a wave of investment in medical devices that followed the internet boom and bust episode (though the fall-off in investment was not nearly as sharp for medical devices as it was for the internet). So there was certainly democratization. However, while one could invest in medical device giants such as Johnson & Johnson, and American Surgical was a major player, there were no pure-play stocks on the public market. So while democratization was at a temporal peak, there were few vehicles for popular investment. Inexperienced investors did not have an avenue to speculate. 

Laparoscopic surgery has a factor score of 3 on our scale of 0 to 8. While the uncertainty regarding the relative efficacy of the technology was somewhat high, in the 1990s there was little uncertainty about the type of firm that would control and earn money from the technology, there were no pure plays, and the technology itself did not make for a great narrative. In short, our model does not predict that the conditions were fertile for a bubble—nor does it predict public pure plays. 




Score: Our model, 3.5; False positives, 1.0 




At this point, and in light of the more general analysis summarized in Figure 5.1 and the online Appendix (see http://www.sup.org/bubblesandcrashes), we will call this a victory for our model. The model fares well in the new, post-1980 economy. The presence or absence of specific factors is correlated with increased or decreased likelihood of speculative activity in both recent technologies and older ones. However, having followed our argument this far, you should not be surprised that we caution you not to overinterpret our findings. Throughout this exercise we have made judgment calls for the sake of our empirical analysis. Specifically, as we saw with fiber optics and the internet or with LCDs, our model cannot predict which technologies will converge and which interdependencies will arise. That understanding can come only from investigating the historical context of each technology and its uses. The application of our framework to the set of more contemporary Wharton technologies shows that the model is generalizable to some extent. But the history of these technologies is still unfolding.⁴⁹ 
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FIGURE 5.1   Factors versus percentage fall of indices, Wharton 30 

Sources: Factor scores are calculated detailed in the Appendix. Scores are in Table A.2. Sources for stock indices are detailed in Table A.3. Knowledge@ Wharton, “Top 30 Innovations of the Last 30 Years,” Forbes.com, February 19, 2009, https://www.forbes.com/2009/02/19/innovation-internet-health-entrepreneurs-technology_wharton.html. 

Notes: Percentage fall, shown on the y-axis, is the decline from the index value at peak frothiness to the lowest point within the following seven years. The x-axis includes the factors predicted to lead to speculation. The scale is 0–8. The predicted likelihood of speculation is higher as we move to the right. Per discussion in the text, no pure-play investment opportunities existed for those technologies listed below the dashed line. 




We expect and hope that our analysis will be reinterpreted as the future unfolds. This may lead to different assessments of the variables that we have used to characterize the technologies in our sample. To facilitate this process, you will find our data, coding, and historical analysis online at the Stanford University Press website. Check it out. If you come to a better alternative explanation, then we have successfully moved the conversation forward. 




Future Bubbles and Non-Bubbles 




In the concluding pages of this chapter, we apply the model beyond the confines of technologies that are already known to have been significant and outside the domain of technological innovation. We first consider housing, one of the largest and most costly bubbles in the long history of such episodes. We then apply our model to the case of Tesla and the electric vehicle. 




Housing 




The housing bubble that burst in the United States in 2007 sparked the largest economic calamity since the Great Depression. Our framework has much to offer in understanding these events and leads us to focus on two questions: First, why did lenders lend to subprime borrowers, and why did borrowers take loans that they were unlikely to be able to repay? Second, why did investors purchase mortgage-backed securities even though they understood them very poorly? 

Housing markets are interesting because there is no fundamental uncertainty in the technology of housing or in the market structure of new home construction or home sales in general. Rather, the narrative that sustains housing bubbles is that prices will not fall. However, mortgage-backed securities were new, or at least unfamiliar to most. Their pricing required models of future home prices, which all used past price trends to predict the future ones. We learned in Chapter 3 that narratives based on past events are often misleading, and that, together with a host of incentive problems, created the housing bubble. 

The housing market during this period had (and still has) three central types of participants. First, borrowers take out mortgages to buy homes. Second, originators, usually banks and mortgage companies, lend the money to the borrowers. If originators hold the loans they originate, they will lose money in case of default. Originators do not like defaults, so they have strong incentives to ensure that the borrowers to whom they lend will be able to repay the loans. Starting in the 1980s, originators often bundled mortgages together as “mortgage-backed” securities and then sold them to the third party of interest, investors on capital markets.⁵⁰ On the one hand, the securitization of mortgages encouraged lending and allows a greater share of the public access to credit at lower cost. On the other hand, this system relied on an investor’s ability to judge the quality of the loans. For that to work, either the originators needed the will and ability to certify the quality of loans, or a third party needed to do this. Unfortunately (for most of us), a series of practices and deregulatory events that began in the 1970s eroded incentives to ensure loan quality.⁵¹ Put simply, there were insufficient incentives on the part of the originators to evaluate borrowers’ ability to repay loans and insufficient incentives on the part of third party certifiers, credit-rating agencies, to make sure that they were not overstating the quality of the loans. These failures encouraged originators to create risky loans that could be easily sold to naive investors.⁵² 

The housing market was rife with investor inexperience. For example, one criteria we used in Chapter 3 to define a novice was someone who had never experienced a bear market. Credit-rating agencies seemed to consider our definition explicitly. They ignored the bursting of the housing bubble in the late 1980s by integrating into their mathematical models only the history of defaults that had occurred since 1992.⁵³ Credit-rating agencies did not simply behave like novices; they codified their naïveté by putting it explicitly into their mathematical formulas! Not all loans were securitized. Bankers who held on to the securities likely made the same mistake.⁵⁴ Some buyers of mortgage-backed securities did see through the credit-rating problems. However, it appears that there were enough inexperienced traders who did not; originators exploited this to dump the lowest-quality loans on them.⁵⁵ 

Inexperience was rife in the borrower’s market as well. In 2007, 51% of first-time home buyers were between the ages of twenty-four and thirty-five, and an additional 20% were between the ages of thirty-six and forty-five. That is, in 2007, half of the first-time homeowners’ market comprised people who were at most seventeen years of age at the time of the previous real-estate crash, and 70% were under the age of twenty-seven.⁵⁶ This inexperience made it more likely that they would hold the belief that housing prices would indefinitely increase. 

We can learn more by looking at how prices varied across geographic regions, which we do in Figure 5.2. In some markets, such as Dallas, it was more difficult for home buyers to get loans. This constrained the demand for housing and kept price variations relatively modest. This was not true in other cities. For example, prices in Boston and San Francisco remained relatively in line with each other from 2000 through 2004. In both cities the supply of housing is severely constrained, which leads to an inelastic housing supply, which gives a sense of real scarcity and “justifies” increasing housing prices. Cities with more elastic housing supply, such as Phoenix and Las Vegas, experienced more modest price increases. Then, in 2003, these rapidly growing cities began seeing dramatic increases in prices, perhaps the result of home builders’ somewhat sluggish initial response to increased market demand. Given these circumstances, it is understandable that first-time home buyers might have failed to anticipate the response of the construction industry to extreme increases in home prices. Mortgage originators and buyers of mortgage-backed securities probably should have known better.⁵⁷ 
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FIGURE 5.2   Geographic variation across five cities in seasonally adjusted housing prices, 2000–2012 

Source: S&P Dow Jones Indices LLC, S&P/Case-Shiller Home Price Indices [SFXRSA, LVXRSA, PHXRSA, BOXRSA, DAXRSA] retrieved from FRED, Federal Reserve Bank of St. Louis, https://fred.stlouisfed.org/ series, August 15, 2014. 




It is important to note that the housing bubble would likely not have occurred at all, or would have been much smaller, absent the myriad incentive problems in the mortgage origination market. This point is well documented in the finance literature and in the federal government’s own inquiry.⁵⁸ However, our claim is that it would also have been unlikely had the level of inexperienced investors not risen to the levels it had by 2007. 

We are no longer keeping score, as housing is not one of the Original 58 or one of the Wharton 30, but if we were: 




Score: Our model, 4.5; False positives, 1.0 




Tesla and the Electric Car 




Tesla Motors, the electric car manufacturer led by PayPal entrepreneur and itinerant futurist Elon Musk, was founded in 2003 and had a successful, if unspectacular, IPO in 2010. During its first two and a half years as a public company, Tesla shares seesawed around their initial offering price. Then, in early 2013, the company announced its first quarterly profit, and the price of Tesla shares increased dramatically. As of this writing, Tesla’s valuation gyrates around $50 billion, on par with General Motors and Ford. 

Many hundreds of posts on internet fora have argued the merits and demerits of Tesla’s valuation, and far be it from us to second guess the value of any specific stock. Although the electric vehicle is not one of the Wharton 30 (perhaps, in part, because the history of the electric vehicle goes back to the 1890s), we can still ask whether our model can explain some of the recent activity in Tesla shares. 

First, is there uncertainty surrounding the future of the electric vehicle? Yes. For nearly a century, the future of the electric vehicle has been intertwined with the so-called better battery bugaboo, the fixation of scientists, engineers, and policy makers on the need for radical improvement in battery technology.⁵⁹ On numerous occasions, engineers and entrepreneurs have claimed that the advent of a super-battery was ready to disrupt the global vehicle market. Yet before the founding of Tesla, no new domestic manufacturer had successfully entered the automobile market since Walter Chrysler in 1924, and several attempts to reintroduce electric vehicles had failed. In reading press accounts of the rise of Tesla Motors, one might be forgiven for thinking that Elon Musk is the Übermensch, the modern Superman who has overcome the hundred-year history of the better battery bugaboo. Some aspects of the Tesla business model, such as the avoidance of privately owned dealerships, sidesteps traditional automotive distribution channels. Thus, to some degree, the fact that Musk succeeded in planting seeds of doubt in the minds of the critics of the electric car is testament to his success as an entrepreneur. Musk is a masterful storyteller. An individual investor might conclude, as many shareholders have, that Tesla will finally break the century-long hold of the internal combustion vehicle producers on the automotive market, even if other experts and short sellers believe otherwise. 

Tesla’s challenges in the electric vehicle market are profound—Tesla must not only sell an awesome car but also do so profitably.⁶⁰ Selling high-end luxury cars can be a good business, but Tesla is betting on bringing the electric vehicle (EV) to the masses. The problem is that the capabilities to design and produce vehicles are something incumbents are really good it, and they are already investing in and producing electric vehicles. 

Is there a mechanism for would-be investors to speculate on the future of the electric vehicle? Yes, and here the story takes an interesting twist. Until several years ago, a number of private start-ups (and a few with successful IPOs) competed for EV investor’s funds and faith. But following the failure of a host of EV and related start-ups, including Coda, Bright, Fisker, and A123, EV investors’ only remaining pure-play EV choice has been Tesla. Despite the fact there are more Nissan Leafs and Chevrolet Volts on the road than Teslas, these vehicles represent tiny fractions of their parent companies’ overall businesses, and lithium-ion battery cells, like LCD screens, are manufactured by global electronics conglomerates such as Panasonic and LG.⁶¹ It is, therefore, possible that part of the enthusiasm for Tesla’s shares is based on its unique status. Buyers of Tesla stock are buying more than a company; they are buying a technological narrative, a promise of a renewed, electrified transportation system. Whereas investors with a short interest in Tesla are betting against a firm, its supporters are investing in a social movement. In this respect, Tesla is more than a bellwether for the electric vehicle; it is a symbol of an alternative to a century-old industry and business model that many hold responsible for a host of social, economic, and environmental problems. 

The Tesla narrative took off when Tesla announced its first profitable quarter in 2013. In retrospect, the numbers reported that day were not in conformance with generally accepted accounting principles (i.e., were non-GAAP) and included several unique, so-called onetime revenue sources. The profitable quarter, like many of Musk’s accomplishments, was engineered to achieve a specific effect, and it seems to have worked. The resulting years-long run-up in the price of Tesla shares enabled Musk to prematurely retire debt the firm owed to the US Department of Energy’s Advanced Technology Vehicle Manufacturing Program, with minimal dilution to Tesla shareholders—and personally, Musk emerged a multibillionaire. 

More recently, Tesla has used its $5 billion battery “gigafactory,” partially completed in Nevada, to extend the window of uncertainty created by the possibility of the firm successfully disrupting the existing auto transportation sector. Because it will take time for the impact of the gigafactory on the firm’s prospects to be known with any certainty—and we can rest assured that any negative impact will be obfuscated—the decision to build the gigafactory can be seen not only as a daring strategic commitment by Musk but also as an attempt to further postpone the day of reckoning, that is, the day when uncertainty surrounding his promise to market an affordable, mass-produced EV with sufficient range will be resolved. Musk bought time, and partners like Nevada taxpayers and Panasonic shareholders who partnered with Tesla to pay for the gigafactory helped foot the bill. 

The gigafactory is one of several, sequential narrative shifts that Musk has constructed. The latest are autonomous vehicles, solar panel production and installation, and electric trucks. 

Should we expect a crash in Tesla shares? Our model would predict that this is a likely event: a consumer-facing technology, high uncertainty, and a skilled entrepreneur behind the curtain pulling the levers. We suspect that investors are ignoring a strong response from established automobile manufacturers entering the EV market and the way prices will fall in the face of this competition. We predict that Tesla shares will come down to earth. Call us when they do. 



Chapter 6 




POLICY IMPLICATIONS 




What Should We Do About It? 




On Black Monday—October 28, 1929—the Dow Jones index declined 13%. Black Tuesday—Tuesday, October 29, 1929—it declined a further 12%. The market was already well below its peak in September of 381. Two weeks before the start of the crash, when the market stood at 350, Yale professor Irving Fisher, whom we encountered in Chapter 3, proclaimed that the stock market was at “a permanently high plateau.”¹ On October 23, when the market closed at 305, Fisher explained a drop in the market as “shaking out the lunatic fringe” and argued that security values were not “inflated.”² 

At the time, Irving Fisher was at the top of his field, an acknowledged expert on the concept of utility and the theory of interest. But his inability to perceive the fragility of the market peak that preceded the greatest economic catastrophe of modern capitalism destroyed his reputation. In the end, Fisher lacked an accurate mental model of trading behavior. Our model provides a concrete set of questions that Fisher might have used to arrive at a better set of predictions and thereby avoid his fall from grace. Arguably, a thoughtful business or economics major, armed with our model, would have done better than the illustrious Professor Fisher. 

Our insights come from our understanding that market speculation is fundamentally a shared story: not a single story that we retell, but an emergent set of narratives experienced by participants. The narratives of the boom in 1929 were especially focused on the high-technology industries of the day. Radio and aviation were miraculous emergent technologies and also ways to get rich quickly. These narratives appealed to novice investors.³ Understandings of when and how narratives emerge and appeal would have been helpful to our professor. 

For example, if Fisher had asked whether there were many new, inexperienced investors in the market, he might have been more suspicious of the neoclassical orthodoxy he espoused. If Fisher had noticed that the lack of entry barriers in new industries such as radio and aviation allowed investors to construct hopeful stories for each of the many firms listed on the exchanges, he might have been more cautious in his recommendations. If Fisher had paid closer attention to the way the narrative of investment ignored the technical difficulties in aviation or had engaged in a more careful analysis of the drivers of profit in the radio industry, he might have moderated his predictions. If Fisher had asked whether events such at the Lindbergh transatlantic flight might have generated optimistic beliefs, reinforcing an inevitability investment narrative that appealed to naive investors, he might have drawn different conclusions. He gave his final statement before a room full of bankers. Instead of making a bold proclamation, he would have been better served using his audience to understand where the funds for margin loans were coming from. 

Hindsight is 20/20. But these questions that we suggest that Professor Fisher might have asked are questions we should all ask about our own investments. Our analysis leads directly to a series of questions that investors and related stakeholders can and should ask to better understand if perhaps, this time, the market they are interested in, or invested in, is in the throes of a bubble. The questions are all designed to focus our attention on whether investors are likely to develop optimistic beliefs about a class of securities and whether those beliefs are fueled by a runaway investment narrative. We consider questions across a range of categories outlined by our theory: story, use, naïfs, pure play, competition, business model, narrative accelerator, leverage. We note that these categories are slightly different from our retrospective factors. We needed to adapt our model to be useful in divining the future as opposed to the past. The questions and categories are overlapping by design. While we expect these questions to be asked when there is some suspicion that a class of market assets is frothy, we can also ask them prospectively: Are a particular set of assets likely to generate a bubble if an associated technological innovation shows promise? 




Using the Framework 




Story 




Is it a good story, and is the story solid? 




Does the new technology spark the imagination? Is the idea behind it sticky? In 1878, the Cleveland Herald witnessed the trial of electric light at the Union Steel Screw Company: “Without the slightest manual interference, the lamps flashed out their lights in all its magnificence. The rooms were flooded with a pure white light like the light of the sun. . . .”⁴ This account—and the larger narrative of electric light—fits the model well. The Heath brothers, whose model we introduced in Chapter 4, coined an acronym to summarize their approach—SUCCESS: Light is simple. It’s brilliance and quality were unexpected and concrete, and the newspaper’s report was credible. The production of light was part of an emotional story. Electric lighting was a sticky idea. 




Use 




Stories become compelling if the protagonist is something we use. 




Is the investment target producing something you or investors use? If you are attracted to the investment because you use the technology and you think it is “cool,” ask yourself whether there are likely to be many other potential investors in the same situation. If so, this excitement is likely to not only be priced into the stock already; it will also be harder for contrarian opinions to break through discussions. Also, you may prefer the narrative that supports your consumption decision. If you drive a Tesla, you may love your car, which makes it easier to believe that Tesla will make money selling that kind of car. If you use and rely on Twitter, you may believe that Twitter will make money. Do people with iPhones hold Apple stock? Do Amazon Prime members hold Amazon stock? 




Naïfs 




Naïfs are more likely to buy into narratives of inevitability. Are many investors naive? 




Are many investors naive, in the sense that they are new to investing or, alternatively, new to investing in a particular domain? In the run-up to the dot-com bubble the share of investments made by new VCs moved from 10% to 40%.⁵ In 2000, 50% of finance professionals had been in the industry fewer than ten years. That is, they had never experienced a bear market. This matters: experienced money managers invested less heavily in technology stocks. Inexperienced day traders were circumventing professional advice and were the most likely to trade speculatively in internet stocks. Users of the new internet technology were more likely to invest on margin. On December 31, 1999, three months before the crash, margin debt as a percentage of customer assets for traders on E*Trade was 9.6%. This was more than seven times the 1.3% rate of investors at Merrill Lynch.⁶ During the boom, more experienced investors were less susceptible to froth. 




Pure Play 




Is there a pure play? Is that pure play credible? 




Of course, if there is no pure-play investment opportunity, there will be no bubble. But sometimes, we might believe that there are pure plays and ignore the resilience of incumbents, underestimating their capabilities. That is, disruption makes for a good story. For example, if you believe that Tesla will dominate the electric vehicle market through competitive pricing of the Model 3, you should also believe that Tesla will easily replicate the supply chain and related production efficiencies that have been honed and perfected at Toyota, Honda, Ford, or General Motors over decades. If you own Tesla stock but do not have a good sense of what goes into developing those supply chain and production efficiencies, and whether Tesla has assembled a team that is capable of developing them—or an understanding of the risk profile of such developments—then you are making an uninformed bet. If you are relying on analysts’ or friends’ recommendations, are these insiders thinking about these issues? 




Competition 




Does the narrative ignore future competition and potential downward pressure on prices? 




Will many firms compete for dominance in the market? Conditional on finding customers and successfully selling to them, will the surviving firms be able to make money at market prices? If so, why? Do they have strong intellectual property rights? Do they have technological or production capabilities that are hard to replicate? Perhaps they have key sales relationships or a strong brand position? If so, these structural features will limit the number of alternative stories that can be woven around potential winners. If the competitive landscape is unclear, then the probability of a bubble is higher because future margins might be low as a result of competition; the effect of competition on margins is often overlooked. 

Consider that Uber and Lyft provide almost identical services—and prices for their services are unsustainably low. Perhaps if one competitor exits, the other will be able to raise prices. But by how much will the competitor be able to do so before users substitute other forms of transportation? In well-functioning markets with free entry, the ability to price competitively is limited by the degree to which companies are able to differentiate their products. If there is little reason to believe that a single company will dominate a particular market or provide a solution that does not have clear substitutes, then there is little reason to believe that they will generate long-run profits relative to their activities, because over time margins will fall. 




Business Model 




Are there multiple competing ideas about how people will make money? Are there multiple competing business models? 




If you hear a variety of stories and theories about who might profit from a particular innovation, this suggests that there are many competing narratives that might appeal to different investors. Are they all told with an air of inevitability and urgency? For example, for many years, Bell was the only game in town—especially after the company managed to keep out both Western Union and, later, everyone else with an exceptionally expansive patent ruling. Radio was different. Although eventually RCA was able to dominate the market, it was unable to restrict entry into the production of radios; nor was it able to restrict entry into broadcast and production of radio shows. This left multiple areas for investing, as it was unclear which would be the core profit driver. Automobiles have a similar history. 

The fact that in radio the business model that would lead to profits was unclear allowed for much more experimentation in different parts of the value chain: the production of radios, broadcast, production of content, and so on. Different business models allow entrepreneurs and their investors to weave stories around their favorite ideas. Greater variation increases the likelihood that a narrative will appeal to a potential investor. Today, we see a range of different business models in the nascent self-driving vehicle market. Will the first applications be in small communities? Trucking? Cities? Local delivery? Will these be features of existing cars that people own, or will self-driving cars be owned by mobility companies and rented out as a service? Will the vehicles look like driverless cars or something totally different (rolling lockboxes or electric drones)? Most important, is it all inevitable? And when will it happen? Autonomous vehicles are coming, inevitably, and quickly! 




Narrative Accelerator 




Has the narrative been coordinated by some big event? 




Does (or did) the technology of interest have a Lindbergh moment? In 1848, President James K. Polk pronounced in his address to Congress, “The explorations already made warrant the belief that the supply is very large and that gold is found at various places in an extensive district of country.”⁷ This is just a small excerpt from six full paragraphs describing the findings in California. In 1848, California was a distant, dangerous, and difficult place to get to. Polk lent his credibility to rumors, making the opportunity appear more certain than it was. And while there really was gold in California, there was not sufficient gold to allow every prospector to make money. For most prospectors, the gold rush was a gold bust. Asking whether a specific event coordinated beliefs and attention and thereby sparked a narrative is worthwhile. 

By all accounts, President Polk did not give credibility to the gold rumors for personal gain; he thought he was right. However, when a particular story line is propelled by entrepreneurs and investors who will gain by the narrative, be skeptical. On the one hand, the power of the narrative can create real effects and changes. A successful narrative can be self-fulfilling. On the other hand, the power of words is not limitless, and often, compelling narratives fail to make money and end in failure. 

To the extent that would-be investors feed on a single source of information (i.e., Facebook “news”), these individuals will be vulnerable to “coordination” either by chance or by deliberate deception. Therefore, our recommendations in this area can be associated with those like author Clay Johnson who call for a more deliberate and varied “information diet” in which you carefully consider multiple sources and types of information. Consuming a varied and healthy information diet—in addition to making you a more interesting person—is likely to minimize the risk of unwittingly falling victim to belief coordination. This leads to the natural question: are beliefs being driven from broad sources of information, or are beliefs being driven by few sources? 




Leverage 




Is there too much leverage? 




“Please God, just one more bubble” reads an apocryphal bumper sticker reportedly sighted in Silicon Valley.⁸ The idea behind the bumper sticker is that the entrepreneur or investor will be able to invest early and get out prior to the crash. That is, hopeful investors believe they will be able to shift the risk to follow-on investors. Leverage works the same way. Leverage fuels speculation by allowing speculators to earn higher returns while not assuming the entirety of the risk associated with their speculation. Fortunately, leveraged bubbles are also harder to generate because they require not simply that an investor is overoptimistic about the value of an asset but also a that a lender or series of lenders are willing to embrace the same narrative. This can happen for two complementary reasons. First, the lender may be as overoptimistic as the speculator. We expect lenders to be the grownups—there is a reason that the stereotype of bankers is that they are conservative and boring. They are supposed to be the more experienced actors in the room. But this is not necessarily the case. Thus, we should ask what expertise the lenders have and on what experience that expertise is based. The second problem is that loans and equity funds are often issued through intermediaries, and the intermediaries often have different incentives from those of the lenders themselves. Venture capitalists invest other people’s money. Bankers, by definition, do this as well. A failed bank does not imply that the banker or the decision maker will go bankrupt him or herself, or even lose his or her job! Bonuses tied to originations are not generally clawed back if and when loans fail. This moral hazard problem was rampant during the events that led to the 2008 crisis.⁹ If the intermediaries are compensated on the basis of loans originated but are not exposed to the default risk associated with these loans, then we should expect lenders to fuel speculation. Asking how lenders make decisions and how they are rewarded is crucial to understanding whether someone is artificially inflating a bubble. 




Putting It Together 




We can now tally up the answers to these questions. If the answer is affirmative across all six categories, we should be very concerned that we are in a bubble. If one comes to the conclusion that the answer is no across more of these categories, the fear of the god of froth should decline. When only one or two categories are affirmative, it would appear unlikely. 




• Story: Is the story particularly compelling or sticky? 




• Use: Is the story about something that you are familiar with in terms of use or imagination but in an area that you fail to understand the business well? 




• Naïfs: Are there other naive investors in the market? Who is investing in this technology? 




• Pure play: Is there a stock that is believed to track the fortunes of the technology directly? 




• Competition: Does the narrative ignore future competition? 




• Business model: Are there a variety of stories about how money will be made commercializing the new technology? 




• Narrative accelerator: Did something or somebody turbocharge the narrative? 




• Leverage: Are investments significantly leveraged? Do intermediaries play a large role? 




We do not have an algorithm. We have a set of conditions that are likely to be associated with market speculation. Their presence does not strictly imply that a bubble is occurring, and their absence does not strictly imply that it does not. There is no such thing as a sure thing in fair investing. 




Should We Care? 




Bubbles are neither good nor bad, nor are they neutral. 




Before the oil boom in Texas, the University of Texas occupied a “one room shack so rickety that class had to be stopped when the wind howled through the structure.”¹⁰ The university was financed by meager grazing leases on its vast tracts of state-granted land until 1923. At this point New York investors financed oil exploration and black gold was found. The New York Times proclaimed that soon thereafter the university’s endowment rivaled that of Harvard.¹¹ If we stretch things a bit, we can claim that the rise of the University of Texas is due to Wall Street financiers. Take that, Texas! 

Mel Kranzberg—not from Texas—was a historian of technology, one of the founders of the Society for the History of Technology, and a professor at Case Western Reserve and Georgia Tech from the 1950s through the 1980s. Kranzberg is known, among other things, for his six laws of technology. The first is “technology is neither good nor bad nor is it neutral.”¹² We began this subsection with a transposition of Kranzberg’s law. Kranzberg was making the point that we cannot know the ramifications of innovation—and that innovation can simultaneously be good for some and bad for others—but rarely will it be neutral. Bubbles are investment frenzies. They stimulate innovation and investment that may be used to build out infrastructure. It may even be true that investments and innovations that occur during frothy times are systematically different from those in other times. For example, the Harvard Business School economist Ramana Nanda and the MIT Sloan economist Matthew Rhodes-Kropf suggest that during boom times, venture capitalists fund start-ups that are more likely to fail.¹³ This is not surprising in and of itself—but they also point out that some of these succeed, and when they do, they are more highly valued, and their patents are more likely to be inputs into more innovation. Venture capitalists have an appetite for transformative businesses during a boom but less so during a bust. The reason, they argue, is that the VCs believe they will be able to sell off more speculative businesses to the public in boom times but not in bust times. The implication is clear: frothy times will lead to greater and bolder risks, and this appetite for risk is good for society as a whole because some of these investments will pay off and create futures that would not have happened absent the bubble. There is more evidence to support this idea. MIT economists Jorge Guzman and Scott Stern observe that start-ups founded during boom times are of higher growth potential than those founded during recessions.¹⁴ Bubbles might be good! 

In contrast, when bubbles pop, the costs can be substantial and can spark recessions and calamities. The Great Depression is the result of a popped speculative bubble made worse by poor policy decisions—not to mention being a major cause of the rise of fascism in Europe and World War II. The Great Recession in 2008 led millions to lose their jobs, and its aftermath is still playing out today. More modestly, the bursting of the dot-com bubble in 2000 led to a recession, an almost complete shutdown of the IPO market, and a reaction among high-tech investors. Job losses can be devastating to individual lives; to the extent that reigning in excessive speculation will avoid these costs, we should work hard to avoid bubbles or at least mitigate their harms to the most vulnerable among us. 

Policies governing investments often fail to take into account the role of narratives in investment decisions. New IPO prospectuses may advertise the prospects of new issues in colorful and hopeful language. IPO road shows are about telling stories! The Securities and Exchange Commission requires that risks be articulated, and they are . . . in dry, often boilerplate language that varies little from offering to offering. The required risks and warnings are designed to not invoke stories, just like the risks read at breakneck speed on TV drug advertisements to a backdrop of beautiful healthy people. Any policy should recognize how narratives are manipulated to generate stories of inevitability. Policies should not only mitigate the risks associated with market speculation in terms of the likelihood of its occurrence but also shift the costs of speculative crashes to those who are most able to bear these costs. We have many policies in place that try to protect the most vulnerable participants in the financial system, although in our observations, these policies tend to come under assault by those who are most able to bear the costs of failure. 

Our theory suggests that bubbles are less likely when the questions we have articulated are answered in the negative. Our policy recommendations are directly tied to these. There is already an extensive literature on policy and financial bubbles. For a thoughtful review of financial regulation and bubbles, we recommend Erik Gerding’s excellent book Law, Bubbles, and Financial Regulation.¹⁵ In particular, the role of leverage has been extensively studied in the context of market speculation, so we avoid policy recommendations directly related to leverage here. Instead, our focus is on the other question categories, as they are more unique to our framework. 




Story and Use 




We certainly do not recommend policies that limit what products people use, the stories they tell, or the extent of their imagination. However, policies to educate individuals about how their day-to-day consumption choices may bias their investment assessments would be very helpful. Policies that educate individuals about how they construct narratives to justify their investment decisions would likely inform potential investors. To wit, investors would be unwise to buy Twitter or Facebook stock on the basis of the extent of Twitter or Facebook users in their extended social network. 




Naïfs 




We live in a capitalist society; we encourage investment in securities through investment retirement accounts, but we do not require basic financial literacy in our education system. Students learn Shakespeare (which we applaud), but it is helpful to remind would-be investors that all that glitters is not gold. And we are more likely to notice glitter when it is dangled right before our eyes. It is astounding that several hundred years into financial capitalism, and one hundred years since the New York Stock Exchange worked to democratize markets, policies that encourage the pursuit of financial literacy including a fair understanding of the risks and rewards of investment are not widespread or universal. There may not be an easy fix. Experimental evidence does suggest that experienced traders often get caught up in the froth and become sophisticated only after experiencing a crash. We often hear kernels of wisdom about the importance of experience, such as “Smart money is just dumb money that’s been through a crash.” The underlying insight there is consistent with our theory. Experienced investors are less likely to throw money at random narratives. But policy makers (and educators, for that matter) might ask: Can we create experiential exercises that awaken the same critical sensibilities necessary to exercise expert judgment when evaluating proffered narratives? 

We propose that a series of questions aimed at helping investors identify whether they are in a bubble might be helpful. Experimental work on bubbles has tried to highlight various aspects of a market but has not sought to get investors to contemplate a series of questions designed to identify when bubbles are likely. The questions we have proposed are designed to get investors to think critically about why they believe a particular narrative, and we expect they will indeed dissuade some investors. We do know that we ourselves will ask these questions of markets that we perceive to be frothy. With some luck, we will avoid getting caught in the next bubble. 

But given that behavioral studies have shown that the risk and hazards of bubbles are not internalized except by experience, perhaps we can look for ways to inoculate investors. As entrepreneurship professors, we teach entrepreneurship by forcing our students to become entrepreneurs during a semester. Students are required to pursue real businesses and earn money.¹⁶ (We often have to repeat this instruction several times as many students hear our words but fail to internalize what we are asking of them because it diverges from what is normally expected of students in most classes.) Following this experience, some students become more attracted to the idea of entrepreneurship. Others are repelled. Both are excellent outcomes, as the cost of the experiment (the class) is much less than quitting a paying job and launching a business. However, learning comes only through real, hands-on experience; only then, do the students feel the ambiguity and lack of control that entrepreneurs need to cope with when starting their own businesses. The good thing about doing this experiment in a classroom at a university is that failure is not particularly costly. Egos might be bruised a bit—no one likes to fail—but students gain a visceral experience of what it is like to be an entrepreneur. 

Similarly, in financial literacy classes we might engineer experiences where students see bubbles firsthand and have something riding on it (perhaps grades). Instead of having student contests where stocks are tracked and those who pick the “best” ones over a short period are rewarded, which teaches precisely the wrong lesson about the “skill” of stock picking, it might be better to have students participate in low-stakes simulated markets and have them experience bubble narratives firsthand. Such an experience, coupled with lessons about how bubbles are formed and why they happen, may help future investors become more sophisticated before they enter the market in the first place. 

One might interpret government policy in a similar way. Efforts to restrict investing on the basis of income or wealth can ensure that the costs of failure and experimentation are associated with the capacity to absorb losses. For example, the 2015 crowdfunding regulations restrict investors with incomes or net worth less than $100,000 from investing more than the greater of $2,000 or 5% of their incomes or net worth in any twelve-month period. Wealthier investors may not invest more than 10% of their income in any given year. Purchasing stock in new ventures is incredibly risky, and these guidelines should restrict someone from investing their life savings in a new firm. We also strongly recommend learning more about crowdfunding and the risks of small business in general. In particular, understanding the base risk rate of new firms (fewer than 50% survive five years) should be something that every investor should understand. 

For high-growth entrepreneurship, the private sector seems to do a reasonable job at educating novice entrepreneurs. The incentives to do this are clear: investors wish to ensure that they earn returns on their investment and therefore have experimented with a variety of models to enhance the competence of entrepreneurs. This is done through mentoring by venture capitalists and angel investors, and via more direct training programs now seen in venture accelerators such as Y Combinator and Techstars. However, equity investors achieve returns or “exits” by selling the story of their investments to willing buyers. It is up to the buyers, be they corporations or public investors, to analyze their narratives carefully. 

Finally, we note that policies that encourage disclosure are laudable and good, but only insofar as the disclosures and facts are then worked into narratives—or perhaps more correctly, into counternarratives. Facts without stories are just noise. 




Pure Play and Competition 




As professors of entrepreneurship, we often hear our students pitch new venture concepts: “It’s an untapped market,” they will often say. Or, “There are no competitors.” This conclusion is inevitably wrong. Scholars have shown that most entrepreneurs underestimate the threat of competition, even from something as predictable as entry.¹⁷ Intrepid and ultimately successful entrepreneurs frequently own up to having underestimated the challenges associated with their ventures and admit that had they known then what they know now, they may not have taken the leap. Without being too self-serving, we do believe that educating entrepreneurs and investors about the realities of the venture creation process (what we do!) should go some way toward mitigating the risks associated with naive assessments of competition. However, recent reforms of US securities regulations intended to encourage investment in start-ups may have the opposite, if unintended, effect of drawing attention to novel ideas at the expense of due diligence of potential competitive threats. 

More generally, we encourage policy makers to take a dynamic view of technology markets. When barriers to entry are low in new technology markets, we should expect that there will be excessive entry. This will have the effect of driving down profits and increasing exit rates—patterns that have been documented extensively across many industries including autos, radio, television, aviation, rubber, and more.¹⁸ Make no mistake, extensive competition leads to large-scale business model experimentation and is often very good for consumers, but it will depress security prices, and investors and policy makers need to be aware. The inability to foresee entry is common and pervasive. 

The flip side of this argument is that the industrial organization of many industries effectively precludes market speculation in the technologies they incubate. For example, it was difficult to spark a bubble in the LCD industry because it was difficult to make an investment that tracked that industry directly. So while many policy recommendations suggest different ways to limit or gum up trading, the most successful “policy” has been the haphazard way that the commercialization of new technologies is organized in various industries. 




Business Model 




Business model proliferation is a direct result of underlying uncertainty about how a given technology or innovation will be commercialized. As a result, we often see increased entry when it is unclear how to make money from a new technology. As we write, this is precisely what we are seeing in the context of autonomous vehicles, as different firms enter and sometimes exit different parts of the (changing) value chain. Over the course of the coming several years, most of these ventures will fail, resulting in real losses for real investors. We do not believe in a policy that would restrict such experimentation—in fact, quite the opposite. However, we do believe that monetary and fiscal policy makers need to be aware that this type of experimentation is systematically enacted by entrepreneurs offering the maximum number of potential narratives and justifications of how and why a technology will be successful and revolutionize its sector. The investors are betting that their vision will materialize, usually quickly. The skeptics may stay out, but they also generally have much weaker incentives to push their case. This may lead policy makers to look past the risks associated with a new field and themselves ignore underlying baseline failure rates and get caught up in the speculative fervor, as Alan Greenspan did in 2000 and Professor Fischer did in 1929. 




Narrative Accelerator 




Whereas the individual investor needs to ask whether an event has coordinated beliefs in a premature or overoptimistic way, policy makers need to recognize that they have the ability to coordinate beliefs. Like President Polk’s speech about gold in California, public statements are magnified through media bullhorns. Robert Shiller argues that “the history of speculative bubbles begins roughly with the advent of newspapers.”¹⁹ Policy makers and the press alike should be aware of their role as agents of coordination that enhance narratives around particular technologies. President Coolidge urged investors and the public not to worry about margin loans at a time when margin loans represented about 18% the capitalization of listed stocks.²⁰ Such statements had real and serious economic consequences as they fueled chicanery associated with bubbles. Policy makers need to exercise great caution when commenting on markets that are filled with novice investors. Their words will be given undue weight and can spark large market movements. 




Summary 




We have thought about how our framework might inform the investment decisions of both individual investors and policy makers. We believe that policy can be improved by taking into account the role of narratives in generating financial bubbles, as well as the role public figures and events have in shaping those narratives, and allowing for the real effects of these stories. 

We recommend that individual investors apply our framework by asking a series of questions about the investment context in which they are interested. Policy makers might develop and encourage investment training that allows safe failure, be that in the classroom or, as is already being implemented in some markets, through restricting the percentage of assets that can be invested in risky assets. Leaders and people in the public eye should take great care in their choice of words, as those words can coordinate beliefs that defy reality and potentially lead to bubbles. Those who hear these words should understand when they are uttered strategically in order to propel a narrative. 

Sometimes, bubbles may spur productive experimentation that might otherwise not have happened, but such activity should not be funded by those who are least able to afford associated losses, and such investments should never be based on weak decision heuristics. These mistakes have been repeated countless times. That we get fooled is not surprising; narratives and stories are how we think. But with a better idea of how, when, and for whom these stories become costly, we can better avoid them. 



APPENDIX: METHODS USED IN CODING TECHNOLOGIES 




WE RESEARCHED EACH TECHNOLOGY in the historical and press records, producing historical accounts that answered a series of questions regarding each one of the factors articulated in Chapters 2 and 3. We then had two research assistants read through these documents and assign ratings as to the degree of uncertainty along each dimension. We code the technologies on a 1 to 9 scale, where scores of the scale are mapped to specific criteria regarding the type of uncertainty and the degree in which the technology was conducive to a narrative. This coding document, the codes, and the historical accounts are available via our online Appendix (http://www.sup.org/bubblesandcrashes). 

We aggregate uncertainty to two dimensions: (1) control and (2) technology and business. We then rank the technologies along each dimension. For each dimension, the technology receives a score of 2 if it is in the top third of technologies, 1 if in the middle third, and 0 if in the bottom third. We similarly code and rank the narrative criteria such that each technology receives a score from 0 to 2 in terms of its susceptibility to narrative. Finally, we code the presence of novices based on the time period, where a score of 2 is given to technologies at risk during high-novice periods, 1 during periods with some novices, and 0 during periods with few novices. We add this to produce a scale from 0 to 8 for each technology. 

Because we do not have a large sample (15 technologies of those analyzed in Chapter 4 that have corresponding indices and 17 of those analyzed in Chapter 5), there is not sufficient information in the data to reliably separate the effects of each factor. Hence, we aggregate the two uncertainty scores, the novice score, and the narrative scores to a single scale. This is the scale that appears in the figures in Chapters 4 and 5. 

We did not code specifically for demand or for regulatory uncertainty in the main analysis, although we did experiment with a crude regulatory uncertainty score in Chapter 4. We found demand uncertainty too difficult to code reliably. However, we believe that demand uncertainty is most likely to appear when new technologies disrupt current value chains—that is, when technologies are doing completely new things or when they converge with another technology in an unpredictable way. Second, in practice, speculative episodes often occur when there is hype—that is, when the uncertainty is resolved but before it is clear whether a solution can be provided profitably. Thus, demand uncertainty is likely to be highly correlated with other types of uncertainty that we do measure (disruption, whether there is a clear business model, and whether it makes previous solutions obsolete, as well as narrative measures such as whether there is public interest). Because we must aggregate, and to the degree that the factors are correlated with one another, the marginal contribution of each new dimension is diminishing. Similarly, regulatory uncertainty was not measured directly; rather, it was factored into our measurement of who would control the technology. For example, for most of the pharmaceutical innovations regulation had a large effect on the existence of complementary assets—as few firms had the capabilities to work with the emergent Food and Drug Administration regulations—which thereby decreased uncertainty regarding who would control the technology. 




TABLE A.1   List of 58 original technologies, factors predicted to generate a bubble, and whether we observe a bubble 
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Sources: See text for sources of list of technologies. Author calculations based on data from Table A.3 and various historical sources. 

Notes: Technologies are divided into those that had strongly correlated stocks traded on public exchanges and those that did not. Within these groups, they are sorted according to the extent to which our theory predicts there should be a bubble. The year of invention is the first year a working prototype appeared. The bubble window begins with the first commercialization activities and ends when uncertainty was significantly reduced and/or the technology was subsumed by substitutes. We report the ratings on a scale of the uncertainty associated with each technology in terms of who would control the technology, the extent of uncertainty in how it will work and how money will be made (Biz model/tech/disruption), the degree in which it is susceptible to a narrative, and whether there were novices in the market. Each receives a score of 0 if Low, 1 if Medium, and 2 if High. We then sum this in Factor total. We report if we found a bubble narrative in the popular press, whether we detected a bubble, and if so, it’s frothiness. We report how much it fell as a share of the peak, and how large this fall was relative to the market. Finally, we report when the peak froth occurred. We can report the stock market-related measures only if there were publicly traded pure plays on the market. The relative bubble calculation for “Jet engine” is not meaningful because the denominator in this calculation, the SP index’s value in April 1955, is near its lowest point through April 1962. 




TABLE A.2   List of Wharton 30 technologies, factors predicted to generate a bubble, and whether we observe a bubble 
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Sources: Author calculations based on data from Table A.3 and various historical sources. 

Notes: The relative bubble calculation for “GPS” is not meaningful because the denominator in this calculation, the SP index’s value in July 1995, is near its lowest point through July 2002. See also notes to Table A.1. 




TABLE A.3   Sources for index calculations 
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Sources: Alfred Cowles 3rd, Common-Stock Indices, 2nd ed. (Bloomington, IN: Principia Press, 1939); Standard & Poor’s Statistical Service (New York: Standard and Poor’s Corporation, 1962). CRSP: Calculated (or derived) based on data from CRSP US Stock Database © 2016 Center for Research in Security Prices (CRSP), The University of Chicago Booth School of Business. 
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