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			Praise for Unicorns, Hype, and Bubbles

			“I love tech. But not so blindly as to have overlooked the fact that it attracts an absurdly large proportion of available investment, and where the investor hype is often misplaced, mistimed or both. On the principle of ‘always invert,’ I don’t think you should merely read this excellent book, but also keep it within easy reach on your desk.”

			—Rory Sutherland, Author of Alchemy and Vice Chairman, Ogilvy UK

			 “Jeff Funk is an all-too-rare critical analyst who has seen beyond the fads, hype, and jargon to uncover critical weaknesses in the foundations and performance of our so-called innovation economy.”

			—Daniel Sarewitz, Emeritus Professor of Science and Society, Arizona State University

		

	
		
			

			Preface

			I was a techno-optimist for much of my life, watching as technological breakthrough upon technological breakthrough led to thriving new businesses, exciting social developments and a higher quality of life. This was reflected in my education and early career. Originally trained in physics, I worked in a semiconductor company before returning to graduate school at Carnegie Mellon to obtain a PhD in engineering. Later, based in Japan, I wrote and published two optimistic books about the Japanese mobile internet during the early 2000s, predicting much of what would later happen after the iPhone and App Store were introduced.

			My optimism began to fade during the mid-2010s, and that became the inspiration for this book. I came to recognize that improvements in new technologies were much slower than was needed for them to succeed, a topic I covered in a course that I taught for seven years on the economics of new technologies. Many startups that leveraged interest in new technologies to grow their investor base and value—the largest of which were known as ‘unicorns’—were not introducing genuine breakthrough technologies and were losing money. Yet a huge amount of hype had built up around both the fledgling businesses and new technologies, and it continued to mount to dangerous levels even as diffusion stalled and losses mounted.

			This book is about innovation and the hype that surrounds it—a sorely underestimated subject. While most books focus on strategy, business models, organizational design, and resistance to change by suppliers and adopters of new technologies, this book focuses on how these technologies (and their evolution) impact economics, an understanding of which will help to identify and resist mere hype.

			

			Who this book is for

			The book is for entrepreneurs, venture capitalists (VCs), engineers, scientists, investors, policymakers, academics, and students, all of whom must think deeply about economics in the face of overwhelming hype. They shouldn’t merely believe what the hype machine is saying, swung back and forth by vague promises and superficial predictions like fleas on the end of a dog’s tail, but should equip themselves to identify when companies boasting of new technologies have fragile economic bases—that is, when they are mere ‘bubbles.’ The better approach is to understand how these bubbles work, how to assess new businesses and technologies, and how to avoid investing time and money in the ones destined to pop.

			This book argues that entrepreneurs, venture capitalists, managers, and others can make better high-level decisions about new businesses, technologies, and science if they understand the signals of future market growth and, in particular, imminent market growth. It argues that big startup losses largely come from poor high-level decisions, first in the choice of businesses (often those that don’t involve breakthrough technologies) and second from selecting the wrong customers and designs. In turn, these poor decisions stem from VCs, entrepreneurs, and investors misreading the signals, letting themselves get caught up in superficial hype and the notional ease of reaching a goal. Often, they themselves are the source of that hype.

			How this book is structured

			Part One explains how the ‘big startup bubble’ formed over many years, peaking in 2021 and (largely) popping the following year due to rising interest rates that followed years of losses by startups. From there, smaller ‘micro-bubbles’ began to form in specialized markets. I largely focus on unicorn startups, those valued at $1 billion or more before going public via an initial public offering (IPO), including those that pre-dated the term but were retroactively defined as unicorns when it was introduced by Aileen Lim in 2013.

			

			Part Two brings us to the economics of today’s startup businesses, demonstrating that most of them are poor and thus the losses will likely continue. Most of the losses come from initial decisions made years ago—choices about businesses, designs, value propositions, and customers. These formative decisions largely determine the potential for profit, and downstream operational changes cannot save them from poorly made formative decisions.

			Part Three focuses on technologies, how to assess their near-term potential, and what this means for the choice of value propositions and targeted customers. It contrasts past technologies with current ones, showing that progress is much slower in current technologies. This slow progress means that they will not have an ‘iPhone moment’ of mass adoption. The result is that companies must now focus their efforts on users who get the most benefits from their new technologies, and not the mainstream users.

			Part Four focuses on one type of technology: ‘science-based technologies.’ Born from research done at universities and corporate labs, these technologies formed the basis for many of the early businesses generated by Silicon Valley. However, few have emerged during the last few decades, making it harder for startups to find profitable opportunities.

			Finally, the concluding chapter returns to experimentation and the biggest mental barriers to conducting it. These include superficial thinking and an overabundance of highly detailed metrics.

		

	
		
			

			Introduction: Understanding the real signals of future market growth

			From cryptocurrencies, blockchain, the metaverse, Web3, and NFTs, to self-driving vehicles, delivery drones, solid-state batteries, eVTOLs, and more, technology bubbles have been inflating and popping for many years. Each time a bubble pops, tens if not hundreds of billions of dollars are erased for investors, including institutional investors such as pension funds. At this very moment more bubbles are inflating, perhaps destined to pop.

			While superconductors formed a substantial bubble for a month or so during the summer of 2023, as did VinFast, the Vietnamese electric vehicle supplier, and cryptocurrencies (again), generative artificial intelligence was the most visible of that year, and it is still growing. Startups without products have raised billions, stock prices for big tech companies have reached record highs, and academics and consulting companies have predicted another acceleration in productivity and increase in unemployment, despite many of their past predictions failing.

			The basics of bubbles

			The basics of bubbles are well known. In his 2000 book, Irrational Exuberance, Nobel laureate Robert Shiller describes the drivers of booms and busts in stock and housing markets, cycles that occurred for stocks during the 20th century every ten to 20 years. During a boom, price increases lead to more price increases as each increase seems to provide more evidence that the market will continue to rise. The media, with help from the financial sector, offers seemingly logical reasons for the price increases, thus creating a narrative that encourages still more increases. For instance, rising prices for internet companies in the late 1990s led many to believe that increases would continue indefinitely, as the media described a new-age economy of internet companies that would reorganize product value chains, often eliminating intermediaries, and thus create enormous new profitability for online businesses.1 During a bust, the opposite happens, with a new narrative driving price declines that feed off themselves.

			Bubbles have become more complex since Irrational Exuberance was published. As opposed to one every ten or 20 years, we are now looking at many micro-bubbles occurring each year, often interacting in complex ways, and driven by complex narratives from not just the financial sector but from consultants, universities (particularly business schools), and most of all from venture capitalists and entrepreneurs. Each of these institutions has a lot of skin in the game and thus their narratives are heavily biased towards optimistic outcomes. Even those from purportedly objective business schools must in reality push their executive classes on how to manage AI or blockchain, while engineering and science schools must raise funds for research laboratories. Few of them urge caution, even when they should. As Upton Sinclair once said, “It is difficult to get a man to understand something, when his salary depends on his not understanding it.”

			In this complex game, who should innovators and investors believe?

			Who to believe

			Many academics and consultants have predicted that AI will cause productivity growth to accelerate and unemployment to rise, while Harvard’s Daron Acemoglu and MIT’s Simon Johnson, authors of Power and Progress: Our Thousand Year Struggle Over Technology and Prosperity (2023), disagree, as does Gary Marcus, author of Taming Silicon Valley: How can we ensure that AI works for us (2024), and my sometimes co-author Gary Smith, author of The AI Delusion (2018). Still others state that AI poses existential risks to our economies and societies.2 In April 2023, Sam Altman, CEO of OpenAI, implored Congress to impose regulations on his own technology. Both experts and the public appear to agree. One in ten researchers polled believe there’s a 25% chance that AI will destroy the human race. In another poll, over two-thirds of the public were anxious about the negative effects of AI, while 61% considered it a potential threat to civilization.3 On the other hand, one group of AI researchers advised remaining calm: “It is dangerous to distract ourselves with a fantasized AI-enabled utopia or apocalypse.”4

			How should companies interpret these events? The experts clearly don’t agree, and most of them have for years overestimated the market sizes for the types of technologies mentioned in the opening sentence of this chapter. Yet, companies cannot just close their ears to the optimistic voices, because new markets can unexpectedly grow at any time. Furthermore, anxious investors, regulators, and academics are bound to harangue company boards about their slow responses, nervous that they will become textbook victims of disruption—the next Nokia, BlackBerry, or Blockbuster.

			

			The challenges of forecasting

			Make no mistake, such controversies are common with new technologies. Nobel laureate Paul Krugman said in a 1998 editorial: “By 2005 or so, it will become clear that the internet’s impact on the economy has been no greater than the fax machine’s.”5 Krugman’s mistaken skepticism is one reason for the amount of recent optimism and resulting bubbles. If a Nobel laureate can be wrong, so can every other critic, no matter what data or logic are presented. Many of today’s entrepreneurs would rather forge ahead and prove naysayers wrong than quit or even make changes in their designs, targeted customers, or methods of value capture.

			Krugman was a rare dissenter, albeit a high profile one. For most observers the benefits of the internet were obvious as early as the mid-1990s. E-commerce enabled consumers to make purchases without going to a store, and usually for a lower price. They found books that weren’t available locally and information and news without owning an encyclopedia or buying a printed newspaper. Although problems later emerged, particularly in social media, the initial impact was overwhelmingly positive.

			Fast forward to today and the dissent is louder and more complicated. The tech sector, particularly venture capitalists, founders, and the so-called ‘tech bros’—the most powerful entrepreneurs and venture capitalists typically found in Silicon Valley—are making a lot of noise because many of their recent bets have not gone well. Those same VCs and tech bros will be making the most optimistic predictions about the newest technologies because they need to attract investments to survive. They hope there will always be a ‘greater fool’ who will be ready to pay a price higher than they did. And there often is, at least until there isn’t.

			Nobody wants to be one of the last and greatest fools to invest in a startup or technology, particularly when the magnitude of the losses can be huge. For instance, from its peak in March 2000, the Nasdaq stock market index (which is heavily focused on technology stocks) fell 60% in a single year and hundreds of dotcom startups went bankrupt, meaning that those who bought at the peak lost a substantial portion of their investment. The global financial crisis of 2007–08 led to bankruptcies for 64,318 firms, including Lehman Brothers and Merrill Lynch, because of rising sub-prime mortgage defaults.6 The next crash could be worse because it combines the money-losing startups of the dotcom crash with the over-leveraged financial firms of 2008.

			Bubbles

			We begin this story in Part One, with bubbles, including the big startup bubble and the many micro-bubbles for individual technologies. The good news is that VCs gave startups record amounts of funding each year for five years straight until 2022, and they raised record amounts of funding until 2023, some of it for risky new technologies such as quantum computing and new batteries. There are now more than 50,000 VC-backed startups.7 The bad news is that the annual and cumulative losses for these startups are huge, much more than for startups of decades earlier, and the markets for new technologies are small. The losses are particularly large for the unicorns and are one reason their share prices declined by more than 50% in 2022.

			Those huge losses set in motion a rapid decline. Falling share prices lead to more price decreases, each one providing further evidence that the market will continue to fall. Recently these declines have also impacted valuations for privately held startups as investors realized the chances of making a killing in an IPO had plummeted. For instance, private valuations for the world’s 78 health unicorns fell by more than 40% between March 2022 and March 2023.8 Soon after, stories in the financial media, including The Wall Street Journal and Financial Times regularly mentioned the likelihood of startup bankruptcies exploding even as others presented optimistic (and pessimistic) scenarios about the newest bubble, generative AI.9

			Meanwhile, proponents of other technologies have hoped some of the AI aura would rub off on their businesses, giving some optimists hope that the micro-bubbles would emerge again, enabling huge sums of money to be made from IPOs and causing venture capital funding to ramp back up. Proponents of nuclear fusion touted positive ‘net energy’ experiments, those of eVTOLs emphasized regulatory changes, and drug companies cited product approvals. Other startups looked to the improved profitability of Uber to make the claim that they could also become profitable. Pessimists argued these changes would merely result in more micro-bubbles as money chases the slightest good news.

			Parts Two, Three, and Four are the meat of the book, arguing that innovators must think carefully about the economics of industries, new businesses, and new technologies in much more detail than is ordinarily done. These details are consistent with Albert Einstein’s philosophy of problem solving: “If I were given one hour to save the planet, I would spend 59 minutes defining the problem and one minute resolving it.”

			Economics of new businesses

			Part Two helps the reader understand the simple economics of ride hailing, fintech, healthcare, and many other new businesses: simple economics that cut through the flowery, hype-laden language that many VCs and startups use. Once understood by most managers, these simple economics have been forgotten in a rush to identify the next big thing, often ignoring the practicalities of attaining difficult goals that the tech bros have claimed would be so easily obtained. But we should start by asking simple questions about new technologies. What are the benefits, and do they compare with those of the steam engine, electricity, the internet, the personal computer, or the iPhone?

			

			From there, we expand the picture of simple economics by identifying the types of value a business is purported to offer and the impact of this value on productivity. The relationship between value and productivity is important because productivity is perhaps the most important measure of innovation. As Paul Krugman says: “Productivity isn’t everything, but, in the long run, it is almost everything,” because it determines a country’s standard of living.

			Robert Gordon discussed the relationship between value and productivity in his 2016 book The Rise and Fall of American Growth using a long list of examples from indoor plumbing to electricity. A key issue is that we must focus on the system and not just the value an individual might receive, for instance, from being able to create more tweets, posts, or articles using ChatGPT. Similarly, users might receive value from booking a ride on Uber or a robotaxi on Waymo, but the overall congestion means that the system productivity has declined, and average users will receive less value because of longer travel times. Any analysis of a startup’s business should look for increased productivity at the system level because without it, the business will have trouble becoming profitable.

			Part Two analyzes the economics for many categories of startups and concludes that better outcomes might have been achieved, and still can be, if different designs, customers, and value propositions are pursued. The purpose of these chapters is to demonstrate how managers can think through startup businesses and make better decisions.

			The bubbles discussed extend beyond the publicly traded American unicorns and include privately held unicorns, both in the U.S. and overseas. There are now more than 1,200 privately held unicorns in the world with a total valuation of $3.82 trillion, and many of the investments in foreign unicorns were made by American VCs.10 Losses for publicly traded Chinese, Indian, European and other foreign unicorns are well known and are equivalent to those of American unicorns, and often found in the same sectors of ride hailing, food delivery, fintech, and business software.11

			New technologies

			Part Three addresses new technologies, which enabled previous generations of startups to succeed and thrive. Behind today’s startup losses are new technologies that still haven’t become good enough for startups to do what Intel, Microsoft, Apple, and Amazon achieved decades before in semiconductors, personal computers, e-commerce, and smartphones. Although the old technologies continue to diffuse, the markets for many of the new technologies, from self-driving vehicles to bio-electronics of the Theranos kind, virtual and augmented reality, delivery drones, blockchain, Internet of Things, and hyperloop are still much smaller than equivalent technologies of decades past, despite the hype about them.

			Part Three compares the progress of today’s technologies with those of the past because rapid progress is a key signal of future market growth. These analyses cut through the hyperbolic language of new businesses in Part Two, but also the purported waves of innovation that are often implied in futuristic narratives that sometimes involve computer-generated videos, but for which supporting evidence is usually not shown. Part Three concludes that most of the progress is slow, which means that many suppliers should offer different designs and value propositions and target different customers. Most VCs and startups targeted the potentially largest part of the market, mistakenly assuming that the progress would be so rapid that there would be no need for concern about which customers would be the first adopters.

			

			Science-based technologies

			One reason for the slow growth in new technologies and the lack of profitable startups is that few ‘science-based technologies’ are successfully coming out of universities, which is addressed in Part Four. While semiconductors, magnetic storage, glass fiber, and lasers (along with the resulting internet) were enticing opportunities for startups 20 to 50 years ago, few new technologies are now emerging from universities. We are still waiting for nanotechnology, superconductors, nuclear fusion, quantum computing, neurotechnology, and genetically modified organisms, among others. Remember Obama’s Brain Initiative of 2013, the promise of stem cells 15 years ago, Clinton’s Human Genome Project of 2000, or even Nixon’s War on Cancer starting with the National Cancer Act of 1971? An analysis of Nobel Prize-winning research concludes that 50-to-100-year-old research has contributed more than newer research and few Nobel Prizes have been awarded for research done after 1990. Even a 2023 analysis of citations reveal a decline in disruptive science.12

			The problem of hype

			One danger of hype is that it distracts entrepreneurs, engineers, and scientists from real issues, such as the relevant businesses, products, and services to target. They push a vague notion of ‘this will change everything’, thus discouraging innovators from really understanding the details that form the basis for determining designs, value propositions, and targeted customers and the signals of imminent market growth. Purveyors of hype threw a tantrum in March 2023,13 encouraging regulators to bail out the loss-making startups who were the clients of Silicon Valley Bank.14 The hype of robots and AI, embodied in letters calling for a pause in its development by Musk, Hinton, and others, also distracts us from the real issues of generative AI, and from its real potential.15 Furthermore, discussions of existential risks discourage young people from working hard because they have fallen for the mistaken belief that there will be no work for humans in the near future.16

			Filtering out hype enables us to avoid bad investments typified by Theranos and other startups whose charismatic leaders were profiled in Forbes 30 under 30 and similar lists of the world’s top founders.17 Although few entrepreneurs went as far as Theranos’s Elizabeth Holmes did with forged documents and inflated revenues, many of her lies are common in the fake-it-till-you-make-it Silicon Valley culture. For instance, she conflated expressions of interest with orders received, prototypes with real products, lab tests for consumer tests, medical products that are regulated with others that aren’t regulated. Attention to these details and avoiding ‘false signals’ is the first start towards understanding technological progress and assessing opportunities.

			The future

			Where the future goes is highly uncertain. But to make good decisions about the future, from investments in startups to those in new technologies and science, entrepreneurs, venture capitalists, engineers, scientists, investors, policymakers, academics, and students must understand the economics of new businesses and technologies, why hype continues to be strong, and why so many of those who went before made such bad decisions. Only then can they effectively compete in the age of bubbles.
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			Part One: Bubbles

			Financial bubbles occur when the price of an asset, such as stocks, bonds, real estate, or commodities, rises much higher than warranted by that asset’s fundamentals—characteristics which range from micro (e.g., revenues) to macro-economic (e.g., interest rates). For startups, the important fundamental is profits, and if these profits are lacking it is likely that the business will come to form part of a bubble. The longer those profits fail to materialize, the bigger the bubble likely is and the greater the fall will likely be.

			Every bubble is driven by a narrative that initially justifies the upward prices, and later the downward spiral. The early narratives are pushed by believers of the price increase who convince the media to support those narratives. The believers usually belong to financial companies, but could include consultants, academics, and even scientists and engineers if the narrative might benefit them.

			During a bust (in which we see bubbles pop), the same thing happens in reverse, with a new narrative driving price declines that feed off themselves, sometimes coming from the original believers, but often coming from new voices who realize they had been silent too long.

			One major difference between current bubbles and those of the past is that now many small bubbles (or micro-bubbles) exist alongside the big startup bubble that formed in 2021 (and has yet to fully pop). It is probable that the lack of a full ‘pop’ is connected to the huge stimulus packages that were introduced by the U.S. and other governments during and following the pandemic-induced lockdowns. By pumping more money into the system, these stimulus packages encouraged retail traders to invest in the market, and many of them invested in so-called ‘meme’ stocks such as GameStop and AMC, investments that were often based on discussions on social media sites such as Reddit. The prices of these meme stocks inflated beyond all proportion, and they became the first micro-bubbles.

			

			There are other differences between yesterday’s bubbles, of which the dotcom bubble of 2000 is the most memorable within the tech sector, and today’s bubbles. The dotcom bubble revolved around the single narrative of the internet, while today’s micro-bubbles revolve around many interconnected narratives that roughly support each other.

			The dotcom bubble’s narrative also involved powerful IT incumbents, despite its name. In fact, most of the run-up in the Nasdaq came from those incumbents—Nokia, Cisco, Qualcomm, Microsoft, Intel, Sun, and Dell—and likewise the fall in the Nasdaq mostly came from the fall in their share prices, not those of the tiny dotcoms. By contrast, today’s micro-bubbles largely revolve around startups, with the exception of some meme stocks and more recently generative AI (which also involves incumbents such as Google, Microsoft, and Meta).

			Another difference is that today’s big startup bubble was hidden longer than previous ones because startups have remained private much longer in the 2010s than they did in previous decades, so asset prices have increased for years without the public scrutiny that public companies’ financial reporting enables. In some ways the bubbles are still hidden because there are far more privately held unicorns in the world (about 1,200) than there are publicly traded (less than 200), and the privately held ones usually don’t release income figures. The startup bubble is the subject of the next chapter.

		

	
		
			

			Chapter 1: The Big Startup Bubble

			The big startup bubble dominated the tech world in 2020 and 2021, and the continuing losses among the startup companies of which the bubble was composed suggest many of them are still over-valued.

			Measuring the progress of a bubble can be challenging. Evidence of bubbles is often demonstrated in figures that show a significant rise and fall in the value of assets. For instance, the dotcom bubble of 2000 is usually measured in terms of the rise and fall of the Nasdaq, while the 2008 bubble is measured in terms of the rise and fall of the Dow Jones. The rise usually takes longer than the fall. Nevertheless, even the fall can take a long time, with about a two-year duration between the peak and trough of the 2000 dotcom bubble. Let’s look at how best to measure the startup bubble.

			Evidence of a startup bubble

			We need a different measure for the current startup bubble than those used during the 2000 and 2008 bubbles because stock market indices such as the Nasdaq mostly capture the asset values of incumbents, not startups. Useful measures would capture the rise and fall of today’s startups and their valuations. This would include tracking the number of unicorns (startups that are valued above $1bn) and the number of IPO exits (which measures the number of startups in which private investors believe public investors would be interested). Market capitalizations and valuations of publicly and privately traded unicorns also provide information.

			As shown in Figure 1.1, more than 150 unicorns were created in the U.S. for two quarters of 2021 compared to only 11 for the first three quarters of 2023. Globally, 600 unicorns were created in 2021, including 67 in December, but just three in July 2023.18 For both the U.S. and the world, the growth accelerated between 2018 and 2020.

			Figure 1.1. Number of new global unicorns each quarter

			[image: ]

			Source: stockanalysis.com.

			As shown in Figure 1.2, the number of IPOs reached 1,035 in 2021, up from 480 in 2020 and 232 in 2019, but fell to 181 in 2022 and 104 in the first half of 2023. Furthermore, VC funding of startups (not shown in Fig 1.2) reached $348bn in 2021, up from about $150bn each year in the preceding three years and fell to $246bn in 2022 and $86bn in the first half of 2023. Fundraising lagged the other two, with VCs raising 5% more funds in 2022 ($167bn) than in 2021, which fell to $33bn in the first half of 2023 (despite the purported generative AI boom).19 The fall in fundraising likely means that investors have finally realized that the startup bubble has largely popped, unless generative AI changes their minds again.

			Figure 1.2. Number of U.S. IPOs by year
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			Source: stockanalysis.com.

			

			Startup performance

			We now turn to the fundamental performance of startups, which is profits. Profits signal a company is providing more value than the costs it is incurring. Value reflects the prices customers are willing to pay, while costs are mostly salaries, and thus employees of unprofitable startups are not delivering as much value as the benefits they are receiving. A lack of profits will also impact
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