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				This book—despite being over 400 pages long and containing almost a hundred figures—is essentially an optimistic technological credo. While it is clear that the innovation boom of the last 250 years has caused, among other things, an increase in life expectancy and never-before-seen prosperity, at least initially every new technological solution has been accompanied by anxiety and sometimes even fear. The only difference is that today, globalisation and social media amplify all these negative feelings. As a result, public discourse is still full of anxiety—even though past centuries have confirmed that those countries that were, or still are, at the forefront of technological innovation have emerged as clear winners and joined the elite club of wealthy nations. Meanwhile, more and more countries across the globe are caught in the middle-income trap since there is only one way out: innovation and an innovation-driven economy.

				We may not break and smash machines as the Luddites once did. Yet every time a new technological novelty has appeared, people have sounded the alarm, mourning in advance that the machines are coming for our jobs and, fundamentally, our future! There may be some truth to it, but—as the last two and a half centuries have shown—new technologies have also provided even more occupations. To be more precise, it is the entrepreneurs coming up with innovations who create new jobs. There will always be plenty of work to be done, but what is often missing is the entrepreneur who can turn this work into a marketable product or service and thereby create jobs. Innovation is thus much closer to entrepreneurs than to scientific researchers, and a researcher who is also a successful entrepreneur is extremely rare.

				Machine-breaking may be a thing of the past, but we still tend to worry about the ruthless law of technological competition and innovation that is—to use Joseph Schumpeter’s term—creative destruction. While we take it for granted that we will encounter something new in technology or business every day, we also fear that the new will destroy the old. We fear that companies relying on old technological or business solutions will be replaced, thus eliminating the jobs these firms had created and threatening people’s livelihoods. Under the surface, there is an even harsher law at work: the new is never created from the old. Innovative technologies, new and marketable solutions, and novel processes are almost never generated by companies based on traditional technologies; instead, they usually come from brand new businesses attacking from the outside.

				The reason I wrote this book is precisely because our anxieties and fears about technological innovation reveal that we do not always have a clear understanding of how the world of innovation works. Let’s start with the fact that many people often confuse scientific and technological discovery with its practical and marketable implementation, which is the definition of innovation. In reality, a new concept or business idea is still a long way from a marketable solution. And as the idea or technological novelty completes its journey towards a marketable solution, the fear and anxiety slowly fade as we gradually mould the innovation in our own image, tweaking it so it fulfils our needs. To be brutally honest, most of us do not care at all about the technological nitty-gritty, all we want is a simple, easy-to-use product or service!

				The world of innovation is difficult for us to see clearly because it has always been a thing of magic: seemingly creating a new, previously non-existent world, a marketable product or service from scratch, without any precedent. In most cases, however—and this is an important part of the magic—the “new” is, in fact, a combination of technological or business solutions that already existed. And this combination becomes an innovation because it merges and blends pre-existing solutions in a way that has never been done before. Brilliance does not always lie in the discovery of something new but—to echo Schumpeter again—in the combination of existing elements in a novel way. Plus, as science and research advance and dig further and deeper, we will have more and more technologies at our fingertips, resulting in more and more building blocks to combine into new solutions. This is one of the reasons it is almost impossible to predict the course of technologies and innovations; we simply do not know who will come up with a new combination and when to expect it.

				And in the digital age, this magic is combined with an additional spell. Once something—music, image, film, or text, for example—becomes digital, a whole new set of rules apply. Technically speaking, the product becomes a series of 0s and 1s in a binary code system, but this also makes it possible to be produced and distributed at a minimal cost and in unlimited quantities. Plus, the companies that can transform a previously physical product into a digital one are growing incredibly rapidly, reaching hundreds of millions or even billions of users in a matter of years. All of a sudden, they become digital giants, which also means that from that moment on, they have to face the usual prejudice against these massive companies, which are said to be collecting their users’ personal data, invading our private lives to make billions. As every entrepreneur knows, innovation is risky and often terribly expensive. However, entrepreneurs know that if they succeed, if their product reaches consumers, the market will reward the time, money, and energy they invested. And it is this strange dichotomy that accompanies innovation: without open competition and entrepreneurial freedom, there can be no innovation, but the company that produces a successful innovation can gain such an advantage over its competitors that it can escape competition by acquiring a quasi-monopoly. In this context, the winner takes all because—just like in sport, where millimetres or fractions of a second determine who gets the gold—in the world of globalisation, the consumer is looking for the very best, even if it is only a tiny bit better than the second-best. As I said, the winner escapes competition, but they only do so until a new rival comes along with a new technology or business solution. No matter how big the digital giants of our time grow, the same rule applies: new never comes from old.

				Radical, disruptive innovations, even in a world dominated by digital giants, come from small, new startups. Of course, the vast majority, more than 90%, fail very quickly; every startup is part of the trial and error process that has been the fundamental principle of innovation since Thomas Edison. But for the select few startups that survive this test, the door to rapid, global growth is suddenly wide open. And ever since Vilfredo Pareto, we also know that we live in an unequal world where success depends on the few, and this is also the case here, where the majority of radical innovations are made by the minority of startups that survive this demanding trial-and-error process. They are the ones who will create the jobs of the future. They are the ones who will create the economy of the future, even if, once again proving Pareto’s point, they are now concentrated in a handful of cities and regions around the world (this is also true within Europe). And they—these few startup ecosystems—are also the winners that take it all.

				It seems, however, that this particular dynamic of innovation today is increasingly overshadowed by geopolitical rivalries. This is how, for example, the competition for artificial intelligence is being reduced to a contest between the United States and China. If we consider only the resources—including data, platforms, startups, AI researchers, and microprocessor manufacturers—the advantages that these two nations enjoy are undeniable. But, in terms of specific resources, the UK, Canada, Switzerland, Israel, Singapore, and Estonia also have a shot in the race. Geopolitics only adds colour to this game in that Europe has been left behind in every wave of technological innovation over the last 50 years. Therefore, it is hardly a coincidence that Europe has once again fallen behind its competitors—this time in the realm of artificial intelligence. And geopolitics is not tolerating the vacuum, especially as China seeks to expand into it.

				The controversial world of innovation raises myriad questions, most of which do not have a straightforward yes-or-no answer. Why are we unable to predict the future of technology? How do innovations diffuse while we mould them in our own image? What should we do with our concerns and fears about new technologies? How does creative destruction work in practice, and is destruction truly always inevitable? How can today’s digital giants defend against the cannibals banging on their doors, the new startups that can rapidly devour the big players’ markets? Or to consider it from another angle, how can the digital giants preserve the startup mentality, despite being behemoths, with all the organisational complexity that entails? 

				Why is exponential growth the predominant trend in the digital economy when we know that in the physical world, rapid growth is unsustainable? If the players in the digital economy are growing exponentially, what should we do with our institutions and rules, which are designed for the linear growth that is the norm in human life and society? If we rely on new startups to provide radical, game-changing technological and business solutions, how can we encourage their development? What do we need to ensure that startups can access more talent and, once they are underway, get the capital and institutional support they require to grow? Can the public sector play an active role in innovation at all, or should it merely act as a catalyst to create the necessary conditions for innovation by providing free competition and a legal framework? Or is it best if the state simply avoids trying to innovate in the first place since it usually ends up failing miserably? Is it best if the state leaves the innovation to private entrepreneurs? Indeed, how well prepared are nation-states for the profound move in the economy towards products that are not physical, products that are no longer tangible?

				If we are surrounded by so much innovation, why did economic growth and productivity slow in recent decades? What should we do with an economy where, following the winner-takes-all logic, only a few superstars can grow, but their growth is practically unlimited? Why is Europe lagging behind in innovation? Why is there still an invisible yet immense innovation iron curtain within Europe—dividing the major cities of Western and Northern Europe from their East-Central European counterparts, which are less dynamic and lacking innovative startups as well as the talent and venture capital that are indispensable for a successful startup? Or, to put it another way, what can East-Central Europe learn from the success stories of the Baltic region, Israel, or Singapore?

				As this long list of questions shows, this volume draws heavily on and occasionally borrows shorter passages and ideas from an earlier book, TECHtonic Shifts, which was published in 2017. The focus of that discussion was essentially how globalisation has entered a new era, the course of which is now determined by technology. The current volume moves a step further, seeking to unravel the mysteries behind the technological development and innovation that is driving this transformation.

				As with all writing, this one also draws on a great many tributaries. Some of them flow into the river (this book) directly, while others feed it from a greater distance, inspiring opportunities, thoughts, or emotions. Although I cannot possibly enumerate all of them, I would like to express my gratitude here to Mathias Corvinus Collegium, which has made it possible for me to teach what I research and to research what I teach. I owe a special tribute to my talented students and to the staff and researchers of the Centre for Next Technological Futures whose questions and debates have constantly pushed me to dig deeper into the world of innovation. I would like to thank the Pallas Athéné Domus Meriti Foundation (PADME) for their support for the background research in this book, as well as Neumann János University for providing the intellectual background for this research. I am grateful to the book’s peer reviewer, László Jónás, Director of Design Terminal, for his valuable comments and suggestions. I would like to thank Borbála Brosig for her help with the illustrations and maps, as well as the entire staff of MCC Press, especially Borbála Mariska, for being with me on what was by no means an easy journey to turn the manuscript into a book. Finally, I would like to say thank you to my wife, Anna Mária Bartal, and my son, Kristóf for their love and patience, without which it would have been impossible to finish this book.

				 

				Sukoró–Budapest, June 2025

				Zoltán Cséfalvay 

				 

				 

				 

				 

				 

				  

				

		
	1

				The Future Is Here—Only It’s Different From How We Imagined

				PREDICTING THINGS IS HARD, PREDICTING TECHNOLOGY IS PRACTICALLY IMPOSSIBLE

				The history of technology is replete with predictions that failed to materialise, even in the short term, and most of these predictions were made by technology experts. Thomas Watson, the first president of IBM, is still legendary for his 1943 statement: “I think there is a world market for maybe five computers.”[1] Considering the cupboard-sized computers produced at the time and in the subsequent decades, hardly anyone would have considered keeping a computer at home. This, however, did not prevent IBM from venturing into the personal computer industry when the demand did arrive. Three decades later, in 1977, another charismatic computer developer, Ken Olsen, founder and chief executive of Digital Equipment Corporation (DEC), made a similar prediction: “the personal computer will fall flat on its face in business […]. There is no reason for any individual to have a computer in their home.”[2] DEC, founded in 1957, was at the time the second-largest computer manufacturer in the world, with over 100,000 employees, supplying major corporations, banks, and government institutions with powerful computers that were capable of processing large databases. It’s no wonder, then, that the personal computer was conceived not at IBM or DEC but in a small garage at 2066 Crist Drive, Los Altos, California, in 1975. And it was only after their ideas had been rejected by Hewlett-Packard and Atari, the dominant Californian companies of the day, that 20-year-old Steve Jobs and Stephen Wozniak, then aged 25, set about building the first personal computer.

				Less than a year later, in 1976, Bill Gates founded Microsoft. Microsoft’s operating system rapidly became the global standard of personal computers. Still, Gates can himself be credited with a rather pessimistic statement on technology’s limits: “640 kilobytes ought to be enough for anyone.”[3] Incidentally, this was the capacity of the portable data storage unit: the floppy disk. In comparison, a simple flash drive has a capacity of 32 or 64 gigabytes, and to draw an even more stark contrast, an iPhone has more storage capacity than the NASA computers had in 1969 when Neil Armstrong was the first human to set foot on the Moon. Or, to put it into perspective, Calum Chace observes that “today’s iPhone, if it could have been built in 1957, would have cost one and a half times today’s global GDP, would have filled a 100-storey building three km long and wide, and would have used 30 times the world’s current power generating capacity.”[4]

				A hotly debated topic today, artificial intelligence, as a concept and science, was born in 1956 at an international convention at Dartmouth College, New Hampshire. One of the event’s participants and one of the founding fathers of AI, Marvin Minsky, made a bold promise that “in from three to eight years we will have a machine with the general intelligence of an average human being.”[5] Yet, such machines still do not exist. That is not to say, however, that artificial intelligence and machine learning are not ubiquitous in our everyday lives. Just to name a few examples: we use AI whenever we search for something on Google and the machine makes relevant suggestions for us; or when we apply a spam filter and the machine automatically decides that certain emails should be stored in the spam folder and eventually deleted. When we order a book on Amazon or spend what feels like hours deciding what to watch next on Netflix, we trust the machine to make a suggestion based on our personal taste, just like when we scroll on Facebook or Twitter (now X), the machine decides which posts are prioritised in our feed.[6]

				The famous science fiction writer Arthur C. Clarke, author of the 1960s bestseller 2001: A Space Odyssey and screenwriter of the eponymous movie adaptation directed by Stanley Kubrick, is right when he says that “any sufficiently advanced technology is indistinguishable from magic”.[7] This magic, however, is all gone when it becomes common practice, mass-produced and part of our mundane, everyday life. Then the spell vanishes into thin air. Just over a hundred years ago, photography and motion pictures were still considered magic, whereas today anyone can use their smartphone to take photos or videos at will. The same goes for artificial intelligence. As John McCarthy, who came up with the idea for the convention at Dartmouth College, very wisely observed, “as soon as it works, no one calls it AI any more”.[8]

				NOBEL PRIZE-WINNING ECONOMISTS AND THE FUTURE OF TECHNOLOGY

				As far as technological prognoses go, Nobel Prize-winning economists have also missed the mark quite a lot. Herbert Simon noticed remarkably early, at the dawn of the information technology revolution that the overwhelming flood of information comes with a price: it consumes the attention of people. As he observed, “a wealth of information creates a poverty of attention.”[9] Based on this paradox, an entire economic school, known as attention economics, deals with the management of information and how it influences and transforms the behaviour, attitudes, and actions of economic actors, just as the major platforms compete against each other—sometimes for just a few seconds of our attention. His prediction, on the other hand, proved to be far less accurate because, in 1960, he wrote: “technologically, […] machines will be capable, within 20 years, of doing any work that a man can do”.[10] While more than 4.5 million industrial robots are being employed today, most of them in the automotive and electronics industries, we are still a long way from having machines or robots occupying our jobs in every field.[11]

				While digital technology was already in full bloom, Nobel Prize-winning economist Paul Krugman was also way off the mark. Ironically, in 1998, the very year Google was founded, he wrote:

				 

				the growth of the Internet will slow drastically, as the flaw in “Metcalfe’s law”–which states that the number of potential connections in a network is proportional to the square of the number of participants–becomes apparent: most people have nothing to say to each other! 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.[12]

				 

				However, this was not to be. In 2004, Mark Zuckerberg launched Facebook, leading to a global social media bonanza. Regardless of what people communicate to one another on Facebook—in Krugman’s words, whether they really have anything to say or not—the fact remains that by 2022, this social media platform alone had almost 3 billion monthly active users. And by 2022, other social media applications had sprouted and grown strong, with several boasting over 1 billion users: YouTube had 2.6 billion, WhatsApp had 2.4 billion, followed by Instagram with 2.3, TikTok with 1.6, and WeChat with 1.2 billion registered users.[13]

				In Krugman’s defence, Facebook grew at an extremely slow rate from its inception in 2004, reaching 100 million users only four years later in 2008. After that, however, there was no stopping it: the number of users grew by almost another billion almost every four years (see Figure 1.1). The reason for this is Metcalfe’s Law itself and the network effect; Krugman referred to this as a limitation, whereas, in fact, it was the driving force behind Facebook’s exponential growth. According to a 2016 Facebook research post, it is a textbook example of network economics:

				 

				Imagine a person with 100 friends. If each of his friends also has 100 friends, then the number of friends-of-friends will be 10,000. If each of those friends-of-friends also has 100 friends then the number of friends-of-friends-of-friends will be 1,000,000. (Some of those friends may overlap, so we need to filter down to the unique connections.) We’re only two hops away and the number is already big. (In reality this number grows even faster since most people on Facebook have more than 100 friends.) We also need to do this computation 1.6 billion times; that is, for every person on Facebook.[14]

				Figure 1.1 Average number of active Facebook users per month (in millions) in the second quarter of the current year and annual revenue (in billions of dollars), 2008–2023
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				Source: Author’s edit based on data retrived from Mansoor Iqbal, “Facebook Revenue and Usage Statistics,” Business of Apps, 18 April 2024.

				Sometimes, even professional futurists, science fiction authors, and movie directors are unable to guess how the future of technology will appear. An example could be the 1999 movie Bicentennial Man, which starred Robin Williams as Andrew, the android servant. This robot was able to do almost any household task, including preparing and serving breakfast for the entire family, while the husband relaxed and read his broadsheet at his leisure. We are yet to see such a sophisticated robot servant, but could you imagine reading an actual newspaper nowadays? In print? In other words, we can definitely envision certain technological elements that could exist in the future, but we are limited in imagining how our entire environment changes along the way. We often think of the future of technology as a point solution, losing sight of the fact that the development of technology brings about systemic changes that are very difficult or almost impossible to foresee.

				AMARA’S LAW

				The list of examples is endless. We fall into the trap of what is known as Roy Amara’s Law, named after a computer scientist from Stanford University, who was the founder and president of the Institute for the Future in Palo Alto. According to Amara, “[W]e tend to overestimate the effect of a technology in the short run and underestimate the effect in the long run”.[15]

				However, this is not merely due to our blindness or even the genuinely erratic and unpredictable nature of technological progress. Rather, it is that two fundamentally distinct worlds clash: one is the human way of thinking about progress, and the other is the true nature of technological progress. On the one hand, it is almost impossible to overcome the human tendency to think of progress as a linear process. It stems simply from the everyday experience of life as one advances through life step by step: from childhood, through adolescence, to university studies, and then on to adult life, organised around family and work. By contrast, technology, driven by innovation, follows a completely different trajectory—one that is alien to us and difficult to relate to our everyday experience of life: its presence and impact are at first very slow, almost imperceptible, and then suddenly comes a rapid sometimes exponential growth. Recall the example of Facebook: reaching 100 million users in a company’s first four years is not a particularly outstanding feat for a platform in this day and age. But to reach more than a third of the planet’s population in 12 years is such rapid growth that it is incompatible with our way of thinking, which is based on linear development.

				One of the reasons the evolution of a technology cannot follow a linear growth model is that virtually all new technological solutions and innovations start from scratch. This is precisely where the magic lies—in creating a new world from nothing. This is particularly true when it comes to the first results of laboratory experiments or the business idea of a startup developing a new technology solution. The research process stays within the walls of the research institute for quite some time, and the same applies to the process of a startup where a marketable product goes through a long development phase—the conception of the original idea is only the spark at the beginning. Thus, their growth and impact are initially much slower and smaller than what we might assume and expect based on a linear development model. Consequently—and justifying Roy Amara—we expect their development to be on a greater scale and overestimate their effects. However, when research or a startup product passes the phase of initial adversity, it suddenly bursts into rapid growth that exceeds our earlier expectations, with unimaginable impact. Although Amara expressed this law, which bears his name, only in words—“we overestimate the effect of technology in the short run and underestimate it in the long run”—it can be illustrated graphically as well (see Figure 1.2).

				Figure 1.2 A graphical representation of Amara’s Law: the effect of technology in the short and long term in relation to human expectations and the impact of technology
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			Source: Author’s edit based on Richard Baldwin, The Globotics Upheaval: Globalization, Robotics, and the Future of Work (Weidenfeld & Nicolson, 2019), Figure 4.1, 91.

				Today, we typically tend to think that the impact and potential of almost all the new technologies of the fourth industrial revolution are greater than what they are capable of achieving at the moment or in the very near future—whether it is artificial intelligence, 3D printing, or self-driving cars.

				The concept of the fourth industrial revolution was coined by Klaus Schwab, founder and host of the World Economic Forum in Davos, in 2016. His short volume, The Fourth Industrial Revolution, suggests that this revolution’s “main features are the ubiquitous mobile internet, the smaller, more powerful and cheaper sensors, artificial intelligence, and learning algorithms and robots”.[16] This combination of features will allow our digital devices to be globally connected and integrated, and innovations to spread more quickly and become global significantly faster than before. According to Schwab, there are three megatrends that are pulling the strings. The first concerns the physical environment: the self-driving car, 3D printing, and new, artificial materials. The second megatrend is digitisation: big data and connections between our digital tools. The third megatrend can be found in the fields of biology and biotechnology: genetics, artificial organs, and personalised medicine.

				Yet, according to a survey conducted in 2016 for this book, which polled more than 800 CEOs and experts from the ICT sector, the major breakthroughs of the fourth industrial revolution are not as distant as we might think. While the development of the technologies that will define the new industrial revolution will initially be very slow and their impact almost unnoticeable, experts predict that by 2025, there will be a tipping point in several areas in which we will reach the point of no return and these particular technologies and their associated innovations will see a suddenly increasing, upward trajectory.[17] About four-fifths of the participants opined that the first 3D-printed cars may arrive as early as 2025, which may also be the year when 5% of consumer goods would be 3D-printed, the first robot pharmacist could be employed in the US, and 10% of mankind would wear clothes that are connected to the internet. 

				More than two-thirds of the participants agreed that it would be possible that every tenth car in the US would be on the road without a human driver behind its wheel and that the first 3D-printed liver transplant would be successful on a human patient. However, if we take a look around, we might find that these milestones are much more distant than expected. Probably unaware of Amara’s Law, the experts who were interviewed by the World Economic Forum overestimated the short-term development and impacts of technologies. Following the human logic of linear development, they expected faster growth from the technology startups in their early stages than is realistic.	

				THE SELF-DRIVING CAR IS NIGH?

				The short-term effects of the self-driving car are similarly overrated, especially since “short term” here means already more than a decade. On 9 October 2010, a charmingly innocent post appeared on Google’s official blog: 

				 

				Larry and Sergey founded Google because they wanted to help solve really big problems using technology. And one of the big problems we’re working on today is car safety and efficiency. […] So, we have developed technology for cars that can drive themselves. […] our self-driving cars have logged over 140,000 miles.[18] 

				 

				That’s it. It’s that simple. Larry Page and Sergey Brin, the founders of Google, have always been eager to lend a helping hand to humanity to solve the world’s real problems (according to this gracious post), so they developed an automated, driverless car. In the 2000s, dozens of studies claimed that if there was one area in which a machine could not replace humans, it was driving because of the task’s complexity.[19] However, Google’s blog post suddenly revealed that a car equipped with sensors, radars, and sophisticated software can do the job just as well. The scientific consensus of the first decade of the twenty-first century was refuted not in theory, but in practice.

				Undoubtedly, Google has presented an enormous challenge to the traditional car industry. According to a 2016 study by McKinsey and an analysis by Emmanuel Egloff, a journalist at Le Figaro, if the driverless car becomes a reality, it will disrupt both the current structure and the production model of the automotive industry.[20] Currently, 70% of the added value of new cars comes from car manufacturers such as BMW, Audi, Ford, or Toyota; these manufacturers organise the value chain hierarchically, with different levels of suppliers. The remaining 30% is provided by equipment suppliers such as Michelin, Bosch, Delphi, or Valeo. By contrast, McKinsey and Egloff projected that with the advent of the self-driving car, the combined share of the added value of the hardware, i.e. the traditional car manufacturers (e.g. BMW, Audi, or Ford) and the equipment suppliers (e.g. Michelin or Bosch), will shrink to 40%. 

				Meanwhile, the share of software suppliers (e.g. Google, Samsung, Tesla) increases to 40%, and an additional 20% is taken by content providers (e.g. Google, Apple, and Uber). It is no coincidence that Christoph Keese, in his book Silicon Germany, which was published in the same year as the McKinsey study, quotes the then CEO of Audi as saying: “We cannot let digital platforms reduce us to a rolling tin can manufacturer.”[21]

				Moreover, forecasts published in the second half of the past decade predicted a huge emerging market for driverless cars in the near future. McKinsey estimated that global car market revenues could reach $5,200 billion by 2030, with 15% of new car sales to be self-driving cars. In 2016, Kearney, another consulting firm, stated that by 2030, the market for self-driving cars and the required software to operate them (special in-car equipment, navigation, apps) could reach $280 billion—equivalent to 7% of the global car market. This would mark a turning point from which the market processes would accelerate; by 2035, the revenue of self-driving cars and their technology would have increased to $560 billion, which would then make up 17% of the industry.[22]

				As for the macroeconomic impacts, analysts tend to focus on how much time would be saved by self-driving cars. Returning to Kearney’s prediction, its analysis suggested that in 2030, self-driving, driverless cars, and digital transportation management would free up 1,900 billion minutes worldwide in daily, long distance commuting alone.[23] Morgan Stanley, in its 2013 report, concluded that if driverless cars were to become widespread in the US, this would save $1,300 billion per year—considering the fuel and insurance savings as well as the time spared by eliminating traffic jams.[24] This translates to 8% of the country’s GDP; from a budgetary perspective, this is equal to the current US budget for pensions or one and a half times more than what the government spends on education. As Ferdinand Dudenhöffer, the “pope” of Germany’s automotive industry and professor at the University of Duisburg-Essen, explains: “Automated driving is a truly time-saving technology. Our cars have been centred around the driving seat. The driver was the hero who controlled the engine […] However, with the robot car, this will change dramatically. […] In the future, the premium category will no longer be about engine performance or driveability, but about the wide range of options for spending your travel time in a meaningful and rewarding way.”[25]

				It seems, however, that analysts have by now come to realise that the earlier predictions about the impact of the self-driving car have not escaped Amara’s Law, and the short-term impacts were indeed overestimated. The experts at McKinsey expressed a much more moderate opinion in the spring of 2023: “The fanfare around autonomous driving—once the subject of record-breaking funding announcements, seemingly on a weekly basis—has apparently subsided.”[26] According to them, major car manufacturers tend to introduce certain autonomous sub-features gradually, and, in the near future, robot taxis or robot shuttles, operating on a more restrained route, could be the first vehicles on the road without an actual driver. When Kearney updated its analysis in 2020, it still projected a $560 billion market for driverless cars by 2035, but the analysts were more cautious about the technological details. They argue: “Over the next 20 years, autonomous driving will be the culmination of decades of research and development by many companies around the world, not just the brainstorm of a few disruptive newcomers. […] It will take up to two decades for fully autonomous driving to emerge.”[27] The development (or lack thereof) of the driverless car that we have seen in the past decade demonstrates that because of the overestimation indicated by Amara’s Law, in reality, progress may take significantly longer than envisaged, possibly even lasting several decades.

				Whether it comes to self-driving cars, 3D printing, or the usage of AI applications, it seems that we cannot escape the linear idea of development and indeed human progress; therefore, we tend to vastly overestimate the potential and the impact of new developments when they are in the embryonic stage. Following the second half of Amara’s Law, it is also true that when these technologies finally take off, we tend to underestimate their impact and significance. While we acknowledge that these technologies impact our society, the reality is that these new solutions bring about much greater and more profound changes than we would think based on our linear cognitive model.	

				Richard Baldwin, author of The Globotics Upheaval, cites the first smartphone, the iPhone, as an example of how these changes creep into our lives, only to eventually dominate our existence in pervasive ways we barely even notice or only realise in hindsight. In 2007, the iPhone was just another mobile/cell phone with a handful of new features: an internet browser, a music player, and a camera. Today, by contrast, smartphones offer us a whole host of useful features: an email and message sending device, a newspaper, a camera, a video camera, a photo album, an agenda and calendar manager, a travel agency, a digital wallet, a health tracker device, a map, a web browser, a calculator, a stock market reporter, a social media centre, a sports news collection, a cinema booking tool… the list could go on and on, with new apps and functionalities being added every second. As Baldwin writes: 

				 

				There was no plan; no thinking it through; no government policy. But step by step, smartphones dramatically changed the way we deal with each other, our physical surroundings, and the business and political world. They snuck into our daily routines without us realizing […]. We can’t put our finger on the year that smartphones went from gadgets to life-changers, but after just a few years, we found ourselves asking: “How did we ever get along without them?”[28]

				AT THE INTERSECTION: WHERE THE TWO CURVES MEET

				As logical as Amara’s Law might seem, it is equally difficult to determine exactly where we stand in terms of the two curves for a particular technology or the innovation that relies on it. There is, however, a brief period when the two curves meet. This is the point at which our way of thinking and our expectations of that technology are more or less synchronised with the realistic effects and impacts of that particular technology. This intersection may also be seen as a sobering moment. Those amusing predictions made in the incipient period of a certain technology, the kind of forecasts that Watson, Olsen, or Krugman made, become utterly entertainingly ridiculous only after we have passed this intersection—when we have already witnessed that the technology’s impact is greater and more widespread than anyone had ever thought it would be (including in the period of overestimation). On the other hand, the short-term overestimation of a new technology becomes obvious only when we are approaching the intersection of the two curves and the technology has not yet started its upward trajectory; this was exactly what happened when the giant consulting firms made their overly optimistic evaluations of the self-driving car, 3D printing, and artificial intelligence.

				It is clear that at this intersection the technology is starting to fulfil our hopes, but we then immediately encounter another problem, as we still do not see the technology trending upwards. In this upward trajectory, the impact of the technology changes dramatically as it leaves behind the phases of discovery and experimentation to step into the application phase. However, the two phases of distribution and application are profoundly different in terms of the kind of capital, investment, skills, and qualifications they require as well as how their market presence should be managed. The research and development and experimentation phase requires relatively few, but high-risk, investments and highly skilled R&D staff; in contrast, the application phase requires more capital and significantly less expertise as the production and further development of the product become routine.

				Even more importantly, the two curves representing Amara’s Law show a major difference. In the discovery and experimentation phase, the impact of technology is largely limited to a single solution, application, or product; yet in the upward trajectory phase, it is no longer the singular typical application but a whole range of possible applications. In addition, these application scenarios may be combined with each other, as well as with different technologies and business models. In fact, this is exactly what we do not see at the intersection of the two curves. When, according to Amara’s Law, we look beyond the short term to assess the impact of a technology, we are usually thinking of a single or a very small set of applications of that technology. And when we underestimate, ignore, or simply do not see its impact, it is because we cannot foresee the possible combinations of applications.

				FROM WEB 1.0 TO WEB 2.0

				Facebook, for example, was originally launched in 2004 as a community-building and community-organising platform where its users could keep in touch with friends and acquaintances via a simple, up-to-date, and easy-to-use online platform. This initially closed social networking was also facilitated by the fact that until 2010, the company’s policy was to make users’ profiles strictly private. But with people having a relatively small circle of friends and acquaintances, Facebook’s user base grew rather slowly, reaching 100 million users globally only in 2008. Therefore, in order to stimulate more rapid growth, in January 2010, Facebook suddenly made all personal profiles publicly available unless users specifically objected. As Mark Zuckerberg, the then 23-year-old founder of Facebook, frivolously remarked, “Privacy is no longer a ‘social norm’.”[29] Zuckerberg added that “people have really gotten comfortable not only sharing more information and different kinds, but more openly and with more people. […] That social norm is just something that has evolved over time.”[30] This led directly to Facebook users communicating not only with each other in their own, limited circle, posting news for their actual friends and acquaintances, but also sharing their updates with practically the whole world. All of a sudden, social media was born, a systemic evolution of the original idea. No one had envisaged this situation in the platform’s formative years when, in accordance with Amara’s Law, people tend to exaggerate the impact of a new technology. When Facebook became a social media platform, it passed the intersection of the Amara curves and started to move on a steep, upward trajectory. And nothing illustrates this better than the fact that just a few years after 2010, the number of Facebook users has ballooned to the billions and the company’s revenues have reached tens of billions of dollars (see Figure 1.1).

				Simultaneously, there has been a sudden explosion of social media platforms. Brand new sites were created or older ones switched to this model, such as LinkedIn (founded in 2003), Reddit (2005), YouTube (2005), Twitter (2006), Tumblr (2007), Quora (2009), Pinterest (2009), WhatsApp (2009), Instagram (2010), Viber (2010), Snapchat (2011), WeChat (2011), and TikTok (2016). All of them share the same social media recipe: the content is produced not by a third party, but the users who, in turn, are also the consumers and target audience of the content. Almost all social media platforms build on this principle with some iteration—with or without longer or shorter texts, images, and videos, with a new format and a new target audience. And as social media platforms have proliferated, they have confirmed Alvin Toffler’s prediction. Perhaps the greatest futurologist of the twentieth century, Toffler wrote in his 1990 bestseller, Powershift, that we can be both the producer and the consumer of a product, and in combining the words “producer” and “consumer”, the “prosumer” is born. As he observes: “Producer and consumer, divorced by the industrial revolution, are reunited in the cycle of wealth creation, with the consumer contributing not just money but market and design information vital for the production process. Buyer and supplier share data, information and knowledge. Someday […] consumer and producer fuse into ‘prosumer’.”[31]

				Underneath the surface, there is an even deeper change: the transition from Web 1.0 to Web 2.0. According to Tim Berners-Lee, the developer of the World Wide Web and the HTML programming language used for creating webpages, the internet of the 1990s used to be a passive, one-way information system, essentially a read-only tool. As he noted in 1998, this Web 1.0 was created by “the great need for information about information”, and it was no longer people but machines that provided and selected the information. The essence of Web 1.0 is that “the web of human-readable documents is being merged with a web of machine-understandable data”.[32] In other words, the way the internet search systems of the time (Netscape, Yahoo!, and Google) worked (and still partly work) is that, when looking for information, you type a keyword into the computer and can then read websites and information about it. That was all Web 1.0 could do—questions and comments; meaningful contributions to the topic were not yet possible.

				Then, from the second half of the 2000s onwards, the web underwent a radical change. We were no longer restricted to merely reading information; now, we could also contribute to the available data: by commenting, posting our own news, and uploading text, pictures, and videos. Tim O’Reilly, the head of O’Reilly Media immediately came up with a new term: Web 2.0.[33] At the time of Web 1.0, the internet was just a tool for distributing information, used by a few hundred million people. In the era of Web 2.0, however, we can find platforms with user networks of hundreds of millions or even billions of people who are actively contributing to content creation. As O’Reilly writes: “Web 2.0 applications are those that make the most of the intrinsic advantages of that platform: delivering software as a continually-updated service that gets better the more people use it, consuming and remixing data from multiple sources, including individual users, while providing their own data and services in a form that allows remixing by others, creating network effects through an ‘architecture of participation,’ and going beyond the page metaphor of Web 1.0 to deliver rich user experiences.”[34]

				In other words, with Web 2.0, the internet has become the global media of prosumers, users, and content producers that we have come to expect based on its most important raw material—that is, information and data. “The medium is the message”, wrote Canadian media theorist Marshall McLuhan in the early 1960s about one of the great innovations of the era that was spreading rapidly and transforming everyday life at breakneck speed. That innovation was the television. According to McLuhan, the means of transmitting information—the medium—essentially determines the message and its content. The change of communication technologies—from live speech to written and printed word (the “Gutenberg galaxy”, to quote McLuhan once again) to electronic communication—has radically transformed our entire world. Not only is electronic communication capable of conveying real-time information extremely quickly, but, in a curious paradox, while the geographical range of human communication is being extended to a global scale by new technologies, our perception of the world is suddenly shrinking.[35] Our laptops and smartphones are replete with news from distant lands, and all the famous and not-so-famous people of the world are on our screens as if they were personal acquaintances. Just like a village where everyone knows everyone and knows (almost) everything about everyone and everyone (almost) always speaks their mind. As McLuhan puts it, with these electronic communication technologies “the globe is no more than a village”,[36] or to use his classic metaphor, we live in a global village.[37]

				Facebook itself started as a simple service in 2004: it took the network of friends and acquaintances onto the web. Six years later, when human expectations and Facebook’s innovative technical capabilities were almost in sync, a minor change—making user profiles public—caused a huge explosion, paved the way for social media. Building on the initial technological innovation, a new application was born that nobody, not even Zuckerberg, expected. In the early years of Facebook—proving Amara’s Law—everybody expected the original startup service to improve and expand, and they slightly overestimated its potential impact and growth potential. After 2010, however, when the two curves of Amara’s Law began to converge, Facebook launched a system-level application—social media—which, by involving a host of new players, enabled a whole range of new combinations. It suddenly became clear that people, in fact, wanted to hear news about each other and from each other, and that, although they were merely users of the platforms, they were more than happy to provide their own text and images, i.e. content, voluntarily, thus becoming content producers. And it also turned out that it is not only technology that influences society but also the reverse: society strongly influences both the course and direction of technology. People’s desire to participate in the web as active participants, not just passive readers, was as important in the emergence of Web 2.0 as the technological innovations developed by social media platforms.

				So, there is much more to the intersection of the curves that constitute Amara’s Law than the fact that our thinking and expectations about the development of technology first exceed the actual potential for technological development, then meet briefly at the intersection, before the rapid upscaling of technology finally far exceeds human expectations. It is no coincidence that Richard Baldwin regards this intersection as the moment of astonishment. As he writes, “When the explosive growth of digital progress crosses the human projection of progress, we get what I think of as the ‘holy cow’ moment. (This is when digitech is ‘disruptive’.) People knew it was coming—they just didn’t expect it to come so fast. They just can’t comprehend why things are changing so fast now when they weren’t changing that fast in the past.”[38]

				THE GARTNER HYPE CYCLE

				To the naked eye, the surest sign of the overvaluation of a technology, as per Amara’s Law, is the noise surrounding it: the overwhelming media hype. Based on this phenomenon, technology analyst and consulting firm Gartner (from Stamford, Connecticut) patented a popular hype cycle model in 1995. Since then, the firm has evaluated hundreds of technologies and innovations every year and publishes where they stand in the cycle, while also predicting how long it will take them to reach different stages of the cycle.

				The curve of the Gartner Hype Cycle is a hybrid illustration: a combination of two different curves describing two different systems that, in turn, have different runs. The vertical axis shows the “visibility” of a certain technological innovation, its appearance in public discourse and media, and the expectations associated with it, while the horizontal axis represents time and maturity of the product (see Figure 1.3).[39] One of the hype curves follows the human expectations and the visibility of the product in time. This is a rapidly and steeply rising curve, showing the period during which the technological novelty is on everyone’s lips, the discovery or solution is all over the news, and everybody expects and hopes for instant implementation and all the imagined positive consequences of the next big thing. Everyone participating in this new technology is strongly invested in this rapid and steep rise and the overwhelming hype around it. The researchers working on projects funded by public or corporate sources want to raise awareness of the new discovery or process in order to justify the value of the money spent on research and development. Companies, and startup entrepreneurs in most cases, are interested in making a new product, process, or market idea as visible and widely known as possible so that they can attract as many investors, customers, and users as possible. Finally, investors naturally want to invest their money in a company or technology that is new (has few competitors), grows quickly (therefore generates high returns in a short period of time), and promises to fundamentally change the world. On top of this, there is the natural human curiosity and fascination with wonder and the media’s obsession with news and novelty, hence the race to find the sensational. When you put all this together, it is easy to see why the curve heads steeply upwards at first.

				Figure 1.3 The Gartner Hype Cycle
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				Source: Author’s edit based on Alexander Linden and Jackie Fenn, Understanding Gartner’s Hype Cycles, Strategic Analysis Report N R-20-1971, 88:1423 (Gartner Inc. 2003), Figure 1.5. 

				But the hype curve, in the narrow sense of the term, reaches a peak in a relatively short period of time and then quickly plummets, with the earlier hype around technological innovation suddenly turning into disillusionment. Suddenly, it becomes clear that successful research results are only the first step in the long path towards practical application; a promising prototype does not mean that the new product is ready for mass production, and there may be regulatory or technical barriers to the implementation of the technological or business idea. It turns out that, in spite of the media attention, grandiose startup stories, and occasional large-scale investments, expectations had been wildly exaggerated.

				This might be the end of the story were it not for the second curve, familiar from Amara’s Law, which draws the development path of a new technology or innovation in the form of a stretching letter “S”. At the beginning, the evolution of a new technological innovation is extremely slow, but after a certain amount of time, a phase of rapid ascension occurs. This happens when a research team or a hardworking startup company manages to overcome obstacles regarding application, manufacturing, or regulation, and thus, they are able to present a viable product to the market. This happens at just the right time, according to the Gartner Hype Cycle, just before the expectations of a new technology or its application have completely fallen back to the base of the hype. From this moment, the emphasis is on the development and spread of the technology, and the Gartner Hype Cycle follows this development until it reaches the mature phase. According to Gartner researchers and the developers of the Hype Cycle model, Alexander Linden and Jackie Fenn, the point of the Hype Cycle is precisely that it offers a new dimension to the classical models of technology development, which essentially all examine the performance or market adoption and spread of new technology solutions. In their words, “[t]he Hype Cycle adds another dimension to these models. In addition to charting technology maturity, Hype Cycles also reflect human attitudes to technology. Most technologies conform to the Hype Cycle because the invariant in the equation is people, not the technology.”[40]

				On this resulting Hype Cycle curve, Gartner distinguishes—using rather poetic labels—five fundamental stages. The process is launched by a technology trigger, a new technological solution or innovation that quickly generates media interest, while at the same time the first startups and the first customers of the prototypes appear, drawing in the first investors. One example would be the medical application of 3D printing to produce human organs for transplantation, which, according to Gartner’s evaluation, has been gathering hype for years.

				The second phase is the peak of exaggerated and inflated expectations. This, even though we still only talk about prototypes and half-developed products, evokes the atmosphere of the California Gold Rush. Nobody wants to miss out on the promise of a bright future: startups turn to the prospective technology; investors compete with one another for seemingly promising opportunities. At this climax, expectations actually become disconnected from reality and from the actual state of technological development, occasionally leading to a financial bubble.

				From here, it is a straight downhill path to the trough of disillusionment, as it becomes excruciatingly clear that the promising innovation is far from being ready for the market. It needs more refinement or research and development, while the media and the public quickly turn their backs to what was, not so long ago, their favourite thing in the world. Sticking to the subject of 3D printing and its application in medical settings, the 3D-printed medical tools were at the peak of inflated expectations around 2015 and, nowadays, are slowly trending down towards the trough of disillusionment. This fall, however, is hardly wasted time since the market clears out the non-functional startups, leaving those that are truly viable to develop the product or technology further and eventually bring it to the market. In fact, this is the point where the true development curve of the technology and the curve of human expectations finally meet. From here, a slow upwards climb up the slope of enlightenment begins when those firms that managed to survive the fall can successfully develop the innovative product while receiving useful feedback from the early users and customers.

				Finally, the Hype Cycle reaches the plateau of productivity when the product based on the new technology becomes readily and cheaply available to the masses. To follow up on our example of 3D printing in healthcare, take a look at the dental application of the technology, which keeps climbing the slope of enlightenment, while 3D-printed hearing aids have been on the plateau of productivity for quite some time, like most of the medical devices manufactured with this technology. 

				HYPE AND THE REALITY

				As exciting as the hype may be for the general public and the media, it can be equally devastating for the economy and innovation. For instance, during the second half of the 1990s, when the internet was still a genuine technological novelty, a host of investors saw it as the industry of the future. They frantically (one might say, recklessly) poured their money into any—heavily overpriced—company that had anything to do with the web and had a product with “com” in its name (also known as the “dot-com fever”). Characteristically, at the turn of the millennium, NASDAQ, the US technology stock market index, soared to astronomical heights, outperforming the New York Stock Exchange Composite. While the Chairman of the US Federal Reserve Alan Greenspan tried to warn of the threat, the “irrational exuberance”, as he put it, caused by the overvaluation of tech companies in the capital markets as early as 1996, the market actors ignored him and continued to ride the wave.[41] On 10 March 2000, the NASDAQ index closed at a peak of over 5000 points before the financial bubble surrounding the dot-com fever suddenly burst and the index began its mighty downfall, which lasted until October 2002, when the index reached its bottom, falling to one-fifth of its March 2000 peak. 

				The dot-com bubble burst did a thorough spring clean of the market, burying a host of newly founded online companies. This sealed the fate of an iconic startup of the dot-com boom, theGlobe.com, founded in 1995 by two Cornell University students, Stephan Paternot and Todd Krizelman.[42] Fed up with the old-fashioned university chatroom, the founders created an online social portal and network that allowed users to communicate with each other by creating their own profiles and content—in some ways, it was a precursor to Facebook. After several rounds of investment, the company went public on 13 November 1998, and its shares closed the day at $63.5, rising from an opening price of $9—a sixfold increase, which held the record for a considerable time. The media adored the founders and their story—how someone at the ripe age of 20 and barely out of university could easily become a multimillionaire in a few hours. But the tabloid news and pictures of them dancing atop New York bars—no doubt, part of the hype—should have been a red flag for the investors, not to mention the disappointing growth figures and the half-baked business model. Then, as we know now, the dot-com bubble crashed in March 2000, and the shares of theGlobe.com went down to just 16 cents by 23 April, with the company’s market capitalisation falling from $840 million to $4 million.

				Those who survived the crash—like eBay, PayPal, Google, and Amazon—suddenly found themselves without competition in a near-monopoly position. Venture capitalists, understandably enough, temporarily withdrew from the market. Thus, the newly established digital companies faced a completely unfamiliar challenge: they had been growing rapidly but now needed to make a profit to survive. But you cannot make profit by simply increasing the number of users by millions, as such increases were largely due to the services being offered for free? And if you suddenly charged for these services, the network of users you had painstakingly built over the years would probably collapse in a minute. Indeed, the basic rule for the development of digital companies that rely on network effects is “growth first, profit later”.

				Few companies managed to escape this trap. The key to success was for companies to realise that while networking and growth are indeed essential, even more important is what they gain from their user base: data. The companies that avoided disaster were those that used the network ramp-up as a way to collect as much data as possible about their users and build as large a database as they possibly could from the information users provided. The winners of the dot-com crisis were those who recognised the golden rule of the digital age: businesses need networks for the sole reason of accumulating as much as they can from the most important resource of the new era, that is, data. The companies that emerged as winners were those that found the right business model for the market application of the technology, be it an advertisement-funded service or a subscription-based system.

				As dot-com fever and the burst of the financial bubble demonstrate, the hype of a new technology can be really exciting for the outside observers in its ascendant phase, as hundreds of success stories can be created, and experts can have endless debates about them, sharing wise and not-so-wise opinions and short-lived ideas. In the wake of overblown expectations, however, there is plenty of time to sober up. The negative hype associated with this period, which is also driven by the media, is not only sobering but, as the dot-com fever illustrates, can also be devastating for the economy, investors, and startup companies.

				FROM GARTNER TO AMARA AND BACK

				The Gartner Hype Cycle seems to imply that every technological innovation necessarily goes through all stages. In practice, however, the vast majority of technological solutions that promise to change our lives wither or fail to survive the negative hype and disillusionment phase of the Hype Cycle. Very few companies manage to make it through the whole cycle, which causes a twofold problem. On the one hand, many investors take a chance on technological solutions or startup companies built on those solutions that are unable to climb up from the trough of disillusionment, meaning that these investments are lost. On the other hand, during the phase of negative hype, when the disappointment becomes more and more frustrating, investors who had witnessed others burn themselves due to unreasonable, excessive expectations, understandably, tend to devote fewer resources to improve their own new technology, which, in turn, hinders its development.

				Thus, the hype period is marked by a significant loss of money, time, and human resources. These resources have been spent on technological solutions and business ideas that not only failed to stand the test of time but probably were not viable businesses at the time of investment. In principle, such losses could be avoided if investors would detach themselves from the media hype and, after deeper analysis, focus only on genuinely promising technologies and startups. The problem is that this is not feasible.

				One of the great mysteries of innovation and technological development is that no one can predict in advance which technological solution, business model, product, or service will be competitive in the market and will find its way to the consumer—in other words, which will become a true innovation. It is easy to see this clearly in hindsight, but it is almost impossible to do so in advance. The main reason for this is that success is decided by free market competition, which filters out untenable ideas and technological solutions and keeps the ones that the consumer actually demands. Even for technological solutions and applications, the consumer is the king.

				More than half a century ago, Friedrich August von Hayek saw this as the undeniable advantage of the free market economy over central planning and socialism.[43] According to Hayek, capitalism is a decentralised system of experimentation and problem-solving, and this is precisely what has made it so successful for centuries. Both words are crucial. The market system is decentralised because entrepreneurs are constantly in competition with each other, and the main arena for this competition is to come up with new products and new techniques. At the same time, this competition also forces entrepreneurs to experiment constantly and solve relevant problems, searching for new ways to expand their market. If one solution fails to impress, they move on to another, and if that one fails too, they keep searching for something even better. According to Hayek, it is this constant experimentation that keeps capitalism in perpetual motion and eternal vigour, something that centrally controlled systems are inherently incapable of. This competition, like all competitions, produces relatively few winners and many losers. Those technological solutions, startup ideas, and investments that the innovation race weeds out of the system do not get that far in the Hype Cycle.

				However, for companies, technologies, and innovations that make it through the entire Hype Cycle, it soon becomes clear that the Gartner curve is, in fact, the inverse of that of Amara’s Law (see Figure 1.4). What appears in the Amara curve as the short-term overvaluation of the impact of technology can be translated to the period of intense hype by the media and investors in the Gartner Hype Cycle. And what we see as the intersection of the linear development model in the minds of humans and technological development is the same as the trough of disillusionment and the slope of enlightenment in the Hype Cycle. The Gartner Hype Cycle’s plateau of productivity corresponds to the upward slope of the technological evolution in the Amara Law curve, the period when the impact of technology is vastly underestimated.

				Yet, when it comes to the relationship between the two curves, one might see more than just the inverted graphic representation of the same phenomena. Hype is much more than the overestimation of a technology’s impact or the difference between humans’ linear development logic and the true nature of technological development. Hype has an additional dimension generated by the media and the public as well as the startup companies and investors who engage in a bidding war over their desire for novelty. Together, they reach a height from which the only way is down—and the fall often comes with enormous losses.

				Figure 1.4 The combined graphic representation of the Gartner Hype Cycle and Amara’s Law
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				Source: Author’s edit based on Alexander Linden and Jackie Fenn, Understanding Gartner’s Hype Cycles, Strategic Analysis Report N R-20-1971, 88:1423 (Gartner Inc., 2003), Figure 1.5.; Richard Baldwin, The Globotics Upheaval: Globalization, Robotics, and the Future of Work (Weidenfeld & Nicolson, 2019), Figure 4.1, 91.

				TECH PANIC CYCLE: THEN AND NOW

				Just as hype heavily inflates the mostly optimistic expectations about a technology or its application, it also triggers another cycle based on fear and anxiety: the technology panic cycle. The key difference is that while the Hype Cycle is triggered by the exaggerated reaction of startups and investors, the panic cycle may be the result of premature reactions by regulatory authorities and pro-regulation policy actors.

				For centuries, the emergence of virtually every single new technology has been accompanied by some level of panic. Even though the motives and dynamics of these reactions have greatly varied, one thing is clear: as soon as the fear about a certain technology subsides, it is immediately replaced by another. While the technologies are constantly changing, the objects of fear are mostly the same: technology invades our private sphere, changes the way we live, steals our lives and data, spies on us, harms our children, destroys human communities, takes our jobs, or simply leads to dictatorship, and/or in the worst case scenario, the destruction of humanity. Robert Atkinson, founder and president of the Washington tech think tank Information Technology and Innovation Foundation (ITIF), and his co-author David Moschella, in their latest book, have identified 40 of today’s popular fears and myths, which are as unfounded as they are anti-innovation.[44] These fear-mongering myths include social media being the main source of fake news that threatens the very foundations of democracy and polarises America on a massive scale; the internet destroying local languages and ruining journalism; artificial intelligence eliminating our jobs for good and, like an atomic bomb, wiping all of humanity off the face of the Earth; technology demolishing privacy, increasing social distrust, and annihilating the middle class; and digital corporations, having no competitors, constructing data empires (known as “data colonialism”).

				These days, however, as children and young people spend more and more time on their laptops and smartphones, it may be worth revisiting the days when radio played a similar role, suggests Jason Feifer, editor-in-chief of Entrepreneur magazine, in a recent book.[45] He quotes Mary Preston, who lamented in 1941 in an American paediatric journal: “The average child radio addict starts lapping up his fascinating crime at about 4 o’clock in the afternoon and continues for much of the time until sent to bed.” Then, after examining 200 children, Preston concludes, “addiction to movie horrors and radio crime was found to be detrimental to the general health. Nervousness was increased both in amount (76 per cent as against 40 per cent of nonaddicts) and in degree (52 per cent extreme versus 4 per cent in controls). Sleeping disturbances were fourfold greater in number”.[46] At the time of this panic, radio was already gaining momentum as a new, popular technology in the United States; in 1922, there were only 6,000 radios in American homes, compared to 17 million a decade later, and 44 million in the early 1940s. By contrast, Amy Orben, a researcher at the University of Cambridge, wrote in 2020 that “in recent decades, concerns about the effects of radio on young people have practically disappeared—but societal concerns about emergent technologies have definitely not done so”. Then, referring to today’s worries, she notes, “Given the option, many parents of today would enthusiastically welcome the consumption of radio dramas, especially if they would take the place of their children playing around on their phones or chatting to friends on social media.”[47]

				Orben’s remark is fitting, if only because 60 years after the panic in response to radio, in 2011, America began to fear a new technology and its health effects on children, and just like that, a new term, “Facebook depression”, was coined. The number of Facebook users worldwide had reached almost a billion by that year, but it was still a long way from being the global media powerhouse that it is today. At that time, Facebook was still very much an online social networking tool rather than a major player in social media. The other major forces of Web 2.0 were also just about to take off—Twitter was only five years old, Instagram was launched the previous year, Snapchat was born in 2011, and TikTok was still five years away. Yet the American Academy of Peadiatrics did not hesitate to define Facebook depression, which “develops when preteens and teens spend a great deal of time on social media sites, such as Facebook, and then begin to exhibit classic symptoms of depression”.[48] Since it is a bit difficult to discover a causal link in this definition, they added that “acceptance by and contact with peers is an important element of adolescent life. The intensity of the online world is thought to be a factor that may trigger depression in some adolescents.”[49] A 2014 study by researchers at the University of Houston also addresses causality rather loosely, as their analysis indicates that “spending a great deal of time on Facebook […] is positively related to comparing one’s self to others, which in turn is associated with increased depressive symptoms”.[50] 

				According to their logic, the trouble with Facebook is that adolescents are too often held up to a mirror by their peers, a mirror that can be altered and shaped almost at will in the online world, which then causes depression in adolescents who are closely monitoring their peers and comparing themselves to them.

				The problem with the panic over Facebook depression is precisely that it conveniently neglects the distinction between correlation and causation. Statistical correlation merely indicates that there is some relationship between two phenomena that can be supported by data—in this case, time spent on Facebook and the occurrence of depressive symptoms among teenagers—and the extent to which they are dependent on each other. However, correlation tells us nothing about whether there is a causal relationship between the two phenomena. To use an often-cited example, roosters crow as the sun rises; there is a correlation between the two phenomena, but that does not mean that the sun rises because the rooster crows. Panic phenomena are characterised by the fact that they ignore such methodological niceties, as well as their use of small sample sizes in studies that then are used as the basis for alarming statements, as happened in the case of Facebook depression. The media and the public then immediately pick up the news, as this is how media works: good news sells itself, but bad news sells itself even more.[51] As Hans Rosling, in his highly successful New York Times bestseller Factfulness, remarks: “When things are getting better, we often don’t hear about them. This gives us systematically too-negative impression of the world around us, which is very stressful […]”.[52]

				THE TECH PANIC CYCLE AND GOOGLE STREET VIEW

				Although panic—occurring alongside and almost simultaneously with the positive hype of the Gartner Hype Cycle—is an almost indispensable accompaniment of any new technology, it subsides over time, resulting in a cycle with a specific curve (see Figure 1.5). Daniel Castro and Alan McQuinn of the ITIF in Washington distinguish four basic stages in the panic cycle: trusting beginnings, rising panic, deflating fears, and moving on.[53]

				Figure 1.5 Tech panic cycle illustrated by Google Street View
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				Source: Author’s own edit based on Daniel Castro and Alan McQuinn, The Privacy Panic Cycle: A Guide to Public Fears About New Technologies (Information Technology and Innovation Foundation, September 2015), Fig. 10, 20, https://www2.itif.org/2015-privacy-panic.pdf.

				Beginnings are indeed trusting because whenever a new tech solution or innovation appears on the horizon, its potential impact is only known to a select few—tech fiends and insiders, who understandably do not really care about the potential negative effects or the negative connotations appearing in the broad public discourse. Moreover, at this point, even the media and the developers of the innovation only talk about its potential benefits. To illustrate this point, in 2007, Google launched Street View, a programme integrated into Google Maps that publishes panoramic images of streets and buildings to help users navigate the world. Product manager Stephen Chau enthusiastically proclaimed on the company’s official blog: “With Street View, you can virtually explore city neighborhoods by viewing and navigating within 360-degree scenes of street-level imagery. It feels as if you’re walking down the street!”[54]

				But, very soon, the second phase of the cycle—rising panic—emerges driven by a wide range of actors: politicians who want to attract new voters or retain old ones by introducing new issues; regulatory institutions that want to present themselves as useful to members of society; researchers and experts who want to gain visibility, influence, or research funding; and, of course, interest groups that are inherently against the new technology in question. But the main actor is once again the media, which keeps the issue permanently on the agenda and amplifies the panic by providing a wide platform for concerned voices. Since most of the public have not yet encountered the product or service, it is relatively easy to exploit their fears about the technology. These waves of panic can vary widely, ranging from simple concerns to apocalyptic visions.	

				So, privacy concerns were soon voiced in the case of Google Street View since Google’s cars were rather conspicuously driving around cities and streets with cameras to capture images.[55] While these shots were taken in public areas, they also almost inevitably included unsuspecting passers-by, parked cars, or the front drives of private houses with gardens in green suburbs. Those affected could, of course, request that Google delete their images, although few people chose to do the time-consuming opt-out. The legal argument at the time suggested that the infringement of privacy rights was disproportionate to the benefits provided by Street View, while advocacy organisations such as Privacy International fervently opposed the programme from the onset.[56] In response to legal concerns and protests, Google developed a new technology in 2008 to blur the faces of pedestrians and vehicle licence plates, making them unidentifiable. Later, as a result of further protests, Google regulated the placement of their cameras in Japan and Switzerland so that they could not capture gardens and drives. Certain European countries—including Austria, Greece, Czechia, and Denmark—simply banned the programme for several years after its launch, and parts of Germany still appear as a blind spot on Google Street View. It was not until the end of 2009 that Google and the European Union reached an agreement that imposed a prior notification period for the taking of images and required Google to delete any photos from its database that it did not use, i.e. all the pictures in which the blurring technique was not applied.[57] The issues of privacy and infringement of individual rights initially seemed to have been finally settled, but then, in the summer of 2010, the Wi-Spy scandal broke out.[58] In several cities between 2007 and 2010, Google’s camera cars captured not only street images but also data, passwords, and emails from local Wi-Fi points and networks, most of which were private. In response, Street View was banned again in several countries, and after years of investigation and legal battles, in 2019, a San Francisco court fined one of the world’s largest companies just $13 million.[59]

				Around the climax of the panic, there was no shortage of ideologically grounded criticism. In her 2015 study, Harvard professor emerita Shoshana Zuboff cited Google Street View as a cautionary example of what she dubbed “surveillance capitalism”.[60] Expanding on that paper, in her 2019 book The Age of Surveillance Capitalism, she devoted hundreds of pages to theory about how digital companies transform the data they collect about us and our environment—without our consent—into so-called behavioural data, which they then use to predict, influence, and shape our behaviour, whether it is about advertising, commerce, or leisure. Zuboff points to the expansion of Street View in 2011 and the launch of Google Business Photos, which displayed photos of the interiors of cafés, hotels, and shops. She writes: “Street View’s redirection and elaboration announced a critical shift in the orientation and ambition of the surveillance program: it would no longer be only about routes, but about routing.”[61]

				While Google says Business Photos simply helps users by giving them a literal view of a location prior to their arrival, Zuboff sees it as evidence of surveillance capitalism, proof that the company manipulates our behaviour by collecting information about us. For Zuboff, Google is nothing more than the modern-day equivalent of the all-seeing, all-controlling Big Brother, guarded by Orwell’s Thought Police, and Street View is just another step on the road towards the apocalyptic vision of surveillance capitalism. Therefore, of course, not a single word is wasted on the benefits and convenience that Google Street View provides.

				Similarly, French investigative journalists Marc Dugain and Christophe Labbé concluded in their analysis of GAFA (Google, Amazon, Facebook, and Apple) that these companies already have a mindboggling amount of data about us—a situation that would make Orwell’s Big Brother quite envious.[62] In their opinion, all the data that we voluntarily surrender to these companies, which is then processed by big data and artificial intelligence, opens up the possibility of being under constant surveillance and, hence, the threat of an “invisible digital dictatorship”. Natacha Polony, star publicist of Le Figaro, is not afraid to indulge in apocalyptic epithets either when she speaks of “soft totalitarianism”.[63] One of its main features is our apparently increasing vulnerability of citizens, as evidenced by the fact that 80% of humanity’s personal data is already in the hands of the GAFA, courtesy of such applications as Google Street View.

				And so, we arrive at the peak of hysteria, which is also the tipping point. From this point on, the panic subsides relatively swiftly. Fear and concern tend to fade away, and although minor panic attacks may still occur at this stage, the general public is less susceptible to them. It is gradually becoming clear that many of the worries were either unjustified or that the negative side-effects can mostly be dealt with either by the new technology market players themselves or by central regulatory agencies. Sticking to our Google’s Street View example, it seems that the previous waves of protests are now slowly ebbing away. On the one hand, Google itself has taken measures to ensure respect for privacy rights by means of new technologies and internal regulations. On the other hand, the regulatory authorities have moved from the initial ban to a set of regulatory procedures that protect privacy without restricting the service. Tellingly, on its tenth birthday in 2017, Google Street View already contained images of over 16 million kilometres of road in 83 countries, while its fifteenth anniversary in 2022 saw Google’s program manager Ethan Russell proudly announce that “[t]here are now over 220 billion Street View images from over 100 countries and territories — a new milestone — allowing people to fully experience what it’s like to be in these places right from their phone or computer.”[64] Meanwhile, Zuboff’s “surveillance capitalism”, Dugain and Labbé’s “invisible digital dictatorship”, and Polony’s “soft totalitarianism” have clearly not materialised.

				Finally, in the fourth stage of the panic cycle, we simply move on, leaving all fears and worries behind. The end of the world has once again been cancelled, and man has not become obsolete on Earth, the planet has not been destroyed, and our children and communities have been spared by this scary new technology. In exchange, we have gained even more free time, better working conditions, and plenty of useful help in our everyday lives that we could not have even dreamt of before. In fact, retrospectively, we can see clearly that some of the concerns and worries were not only unfounded but utterly ridiculous. Now, everything is back to (this new) normal, but only until some new tech solution or innovation comes knocking on the door, and thus, a new panic cycle can start. Moreover, as the digital economy expands and grows, we will experience more and more tech panics, both large and small. When it comes to the digital economy—which predominantly uses intangible assets, software, and algorithms—the development of a new product or its combination with other products and services is faster and cheaper in comparison to the material economy. Therefore, going forward, as the digital economy reshapes everything in its own image, the waves of tech panic will arrive on our shores with increasing frequency.

				PANIC CURVE AND THE RECEPTION OF CHATGPT IN HUNGARY

				On an admittedly smaller scale, the curve and progression of the panic cycle may be closely observed in the Hungarian adoption of OpenAI’s artificial intelligence-supported language model, ChatGPT, and in the ensuing media uproar over the new chatbot. A brief analysis of the general sentiment was conducted by assessing more than 500 articles published on the eight largest Hungarian news sites between 6 December 2022 and 6 June 2023.[65] There was a little twist to the classic model of sentiment analysis, which usually ranges from 1 (very positive) to minus 1 (very negative), which, in this case, had to be converted to a scale of 0 to 1, with the reciprocal of these values providing the panic indicator. Subdividing the six-month period into 11 equal parts, it was also possible to track the changes in the mood of the news reports and analyses over time (see Figure 1.6.)

				Figure 1.6 Tech panic cycle and the reception of ChatGPT in Hungarian media outlets between December 2022 and June 2023 (based on sentiment analysis of the articles published on Hungary’s eight largest online news portals)
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				Source: Author’s edit based on the figure and data in Csaba Johanyák, “ChatGPT és a technológiai pánik görbéje: a chatbot megítélése a magyar médiában,” Corvinák, 28 November 2023, Figure 3.

				According to these calculations, the ChatGPT panic curve in Hungary started on an optimistic note in December 2022. Less than a month later, however, the first waves of panic emerged, pushing the level of concern higher and higher until the beginning of April. These concerns focused on two main issues. On the one hand, as is almost invariably the case with any kind of new technology, there were claims that the smart machines will take our jobs. Sometimes, more nuanced articles tried to answer the question of which professions and occupations are threatened by ChatGPT and which are considered safe in a world where artificial intelligence is prevalent. On the other hand, people voiced fears about the future of education, claiming that we face a clever algorithmic system that relies on a vast amount of information that is beyond the reach of humans. Again, the spectrum of concerns and fears is extremely wide, ranging from claims that tests and essays will become obsolete in schools to the idea that even university-level thesis writing could become completely redundant in the future.

				According to the sentiment analysis, the panic level reached its climax in the first days of April when news came out that Italy had banned chatbots and Germany was contemplating similar measures. From that point, however, panic levels almost immediately and quickly subsided. This was not only thanks to the news that ChatGPT had been reinstated in Italy but also (and more so) because more and more articles were based on the authors’ own experiences. These revealed that even the smartest software has limitations and that ChatGPT is far from omniscient, as evidenced by factual errors and vague, generic answers. Finally, as an indication that the panic was slowly fading, by the end of April and the beginning of May, the majority of articles were devoted to how to use ChatGPT intelligently and effectively. The journalists now focused on how this new technology can make our work more convenient, how it can relieve us of various tedious and boring tasks, or how it can be usefully applied in education. Once again it was reaffirmed—as it always is with all technological innovations—that we humans build machines to make our work easier and to provide us with more time to dedicate to leading a meaningful life.	

				ANOTHER HIDDEN CURVE—THIS TIME IN THE PANIC CYCLE

				Curiously, the panic curve usually starts to plummet after the height of the hysteria, not because people have been persuaded by media debates or because the authorities managed to introduce legislation reflecting people’s fears. Instead, the panic curve takes a sharp downward turn because another rather powerful curve, not shown in this graph, starts making its presence felt. This hidden curve shows the spread of technology and the increase in the number of consumers and users. In other words, just as the shadow of panic and worry are creeping in, people get a taste of the new technology, product, or service, which naturally leads to more and more people getting a sense of its pros and cons. Fewer and fewer users are prone to the effects of media-generated hysteria, as they can now draw on their own firsthand experiences. They discover that, besides the potential negative effects, a new technology can have benefits, and these benefits can outweigh the disadvantages and risks. In a free market economy, it is always up to the individual consumer to decide how many of the disadvantages and possible negative consequences they are willing to accept in exchange for the advantages.

				In contemporary discussion, it is almost commonplace that in the age of digital platform giants, the likes of Google, Amazon, Facebook, Netflix, Airbnb, and Uber, the user pays for free or cheap services with their data—since there is no such thing as a free lunch, we humans become the product.[66] By using these platforms, we leave a considerable data footprint behind us, creating a trail that attracts a host of paying advertisers. But the original idea, as Apple chairman Tim Cook put it, was aimed more at competitors like Facebook and Google. As he wrote in 2014: “Our business model is very straightforward: We sell great products. We don’t build a profile based on your email content or web browsing habits to sell to advertisers. […] we don’t read your email or your messages to get information to market to you. […] A few years ago, users of Internet services began to realize that when an online service is free, you’re not the customer. You’re the product.”[67] However, the trade-off between the benefit of a free service and its real cost, whether it is our data or our screen time and attention, should always remain a matter of individual discretion and choice.	

				The trajectory of the panic curve is, therefore, actually determined by the ripples and the summation of two separate forces. The first one is the technological novelty and the perceived fear of it, which is magnified in public discourse and the media. This is essentially equivalent to the upward phase of the Gartner Hype Cycle or the short-term overestimation of a technology’s impact according to Amara’s Law, except that here fear and concern dominate. The other force is the spread and adoption of the new technology, which initially moves at a very slow pace but then suddenly accelerates. Finally, as the use of this new technology becomes increasingly prevalent in economies and societies, the associated fears and concerns quickly vanish.

				For example, in 1888, Kodak introduced the first photo-camera that required no time to set up the scene. It was relatively affordable ($25) and easy to operate (the device was designed to take a hundred photos, and, once finished, you just returned it to Kodak and the company replaced it with another camera capable of taking another hundred photos). “You press the button, we do the rest” boasted the company’s popular slogan.[68] Now that it was possible to capture a picture of anything and anyone by simply pressing a button, panic was guaranteed. So, while users fell in love with the beauty of the snapshot, people dreaded unauthorised photos that destroyed privacy. This led local governments to ban the use of Kodak cameras in public places and holiday resorts.

				However, a fundamental law of the evolution of technological innovation is that, after a slow start, there is either a sharp and sudden increase in product performance or a product or service of the same level becomes available at a lower cost. This is what happened with Kodak in 1900 when they released a new camera—known as the Brownie—which cost only $1 while the film was sold at only 15 cents. No wonder then that by 1905, a third of American households owned one and, more importantly, had already gained sufficient firsthand experience of the advantages and risks of the device and of photography more generally. As already mentioned, successful innovation requires that a new technology or idea works really well in combination with other technologies and ideas. So, in the meantime, a new industry, postcards, was born, which generated demand for photography (this, of course, has also been made redundant by smartphone cameras, which in turn laid the path for a new industry, the selfie). Finally, by the end of the 1910s, only two decades after the first Kodak cameras, the panic concerning privacy and photography slowly but surely died down, and the users learned the social rules of respecting privacy. This does not mean, of course, that the same kind of panic did not recur with the tape recorder, and later with video, then with Google Street View, or more recently, with the stormy success of ChatGPT.

				The widespread adoption of a new technological solution or innovation tends to discredit fears and concerns from the outset, as it quickly becomes apparent that many of them were unfounded and exaggerated. Sometimes, it also becomes evident that the technologies are not even close to being capable of what the exaggerated fears had envisaged. And, sometimes, the companies themselves develop their products and services further in response to these fears. Of course, policymakers, regulators, and courts also take measures that can reduce the risks and the negative consequences of a product or service. However, if these institutions react too quickly or too directly, they may only slow down and limit the development of technology and the adoption of innovations.

				TAKE A STEP BACK AND OBSERVE THE FEARS OF THE PANIC CYCLE

				The technology panic cycles of the past have taught us that government decision-makers need to find a very delicate balance. On the one hand, the general public, as well as various professional and interest groups, frequently express legitimate fears and concerns about new technologies, which are and should be the subject of professional debate—even if many of these fears eventually prove to be unjustified. On the other hand, overregulation or premature reactions can hamper or stunt the development of technology. In other words, policymakers must avoid the panic cycle trap. They should resist responding with policy and regulatory action to hypothetical impacts and popular speculation in the media or public discourse that are exaggerated or simply impossible for technical reasons.

				As ITIF researchers Daniel Castro and Alan McQuinn argue, “If policymakers do not understand the privacy panic cycle they are more likely to advocate for policies that have a deleterious effect on innovation.”[69] Responding to the current panic and media hype surrounding generative AI, Daniel Castro and Patrick Grady suggest that “[p]olicymakers should avoid overreacting to nascent fears when formulating policy, in order to avoid unduly harming generative AI with misguided laws and regulations. To that end, policymakers should hit pause on any new legislation or regulations directly targeting generative AI until they reach the final stage of the technology panic cycle. Waiting until this point will avoid having unwarranted fears dominate policy debates. Where new laws and regulations are necessary, they should be targeted toward actual harms, not imaginary ones, to strike a balance that protects the technology’s benefits while addressing legitimate concerns, thereby ensuring that generative AI continues to be a valuable tool for society.”[70]

				Castro and Grady’s advice suggests that policymakers need to be aware of where we are at the technology panic cycle while also needing to refrain from premature regulation, avoid overreaction to exaggerated fears, and wait out the end of the cycle. Having said that, they cannot ignore the fact that some of the concerns raised by users, experts, academics, and various advocacy groups are genuine, as all technologies have their risks. Policymakers cannot withdraw from the discussion around the new technology, and, if necessary, they have to introduce regulatory measures that can alleviate and manage the risks. This brings us back to the initial point: awareness of the technology panic cycle is essential for maintaining the delicate balance, or to be more precise, policymakers need to know which stage of the cycle we are in. Only then can we ensure that decision-makers do not take actions that discourage and restrict innovation.

				The pattern is quite simple: the newer the technology, the fewer people use it, which, in turn, means that few users are aware of its pros and cons. This situation only helps those who emphasise concerns about the technology. Vice versa, the more widespread a new technology becomes, the less room there is for fear. Similarly, the more we trust the companies developing and marketing the latest technology, the more immune we become to panic; if a completely unknown company, or a company that lacks the trust of consumers, comes up with a novel product, it will be much easier for people to resonate with the scaremongering. Finally, the more we trust the rationality and professionalism of regulators, the less we care about those who echo tech panic; conversely, the less we trust the regulatory institutions, the more vulnerable we are to technological panic.

				ENEMIES OF INNOVATION: STATUS QUO AND TECH PANIC IN A CUP OF COFFEE

				Premature regulation, especially in a period of panic, is particularly dangerous because, while almost everyone advocates innovation in words and political creeds, in reality, the opponents always outnumber the supporters. Calestous Juma, author of the bestseller Innovation and Its Enemies: Why People Resist New Technologies, is crystal clear on how to find these adversaries. In the first sentence of his book, Juma states that “the quickest way to find out who your enemies are is to try doing something new.”[71] The principal enemy of new technologies and innovations is the status quo, and their opponents include businesses and interest groups operating in traditional and usually highly protected industries, surrounded by both legal rules and social norms. It seems that bureaucracy and regulation—the true custodians of the status quo in any country—readily assist interest groups opposed to innovation or new technological and business solutions.

				Innovation has amassed so many enemies because it is inseparable from the creative destruction that Joseph Schumpeter considered to be the main engine of capitalism and the greatest secret of its success. New and commercially viable solutions and processes—in the tech industry or otherwise—are almost never created by companies based on traditional technologies but by outsider entrepreneurs. They often combine established processes, technologies, and business models in novel ways. In turn, companies using traditional technologies—and this is the destruction part of “creative destruction”—lose ground in the competition, fail to retain their markets, or even go bankrupt.

				Consequently, businesses centred on traditional technologies and industries have a vested interest in portraying the potential risks of innovations in the media and public discourse as larger than they actually are. In the developed world, for example, coffee consumption—from the Turkish siege of Vienna in 1683 to George Clooney’s charismatic smile—had struggled for almost 300 years to gain acceptance, owing to a series of serious accusations about its adverse health effects and hazards. The demonisation of coffee reached its peak in seventeenth- and eighteenth-century Europe, when all kinds of health risks were linked (dubiously) to its consumption, including insomnia, dehydration, heightened excitement, hysteria, impotence, vascular disorders, and digestive difficulties.[72] This scaremongering was greatly facilitated by the fact that the habit of coffee consumption had arrived from a different culture, the Arab world.

				Yet, as the waves of panic rose higher and higher, new innovations around coffee emerged, from cultivation and trade through roasting and grinding processes to machinery and equipment, and then to packaging and distribution. The most important innovation, however, was the place of consumption, the coffee house or café, which offered the emerging bourgeoise a sober and intellectual alternative to the boisterous world of pubs and taverns populated by the booze-drinking lower classes. It was on 12 September 1683, following the Battle of Kahlenberg, when the armies of Polish King Jan Sobieski liberated the imperial capital, that the good citizens of Vienna could finally venture outside the castle walls and marvel at the bags of coffee beans left behind in the tent of the Turkish Grand Vizier Kara Mustafa. Later that year, one of Sobieski’s brave soldiers, Jerzy Kulczycki, opened the first café in Vienna.

				By that time, however, London already had more than 80 coffee houses offering venues for people of commerce. Café fever was hot at the end of the 1680s, and this was also the time when Edward Lloyd opened his coffee house, which accommodated traders, ship owners, captains, and investors; this establishment went on to become Lloyd’s Insurance Company S.A., which still exists.[73] It was also in London’s coffee houses that the first newspapers were conceived, and many of their articles were also written at café tables fuelled by caffeinated beverages, just as they are today. Coffee houses were the place to be for intellectual men. Coffee houses were affectionately known as “penny universities”, where for the price of a cup, anyone could listen to the discussions and disputes of famous and not-so-famous, wise and not-so-wise, people all day long, which amounted to a university course in itself.[74] In eighteenth-century Paris, the cafés hosted a slightly different kind of social innovation: the leading figures of the Enlightenment and especially those who would play a key role in the French Revolution—Diderot, Rousseau, Voltaire, and D’Alembert, to name a few—all frequented Café Procope. It was in another establishment, Café de Foy, where, on 12 July 1789, Camille Desmoulins called the Parisians to arms, with the storming of the Bastille occurring just two days later. Similarly, the Hungarian Revolution of 1848 also started in a legendary coffee house, Pilvax, on 15 March.

				The modern era has reinvented this tradition with innovative business models such as those of Nespresso and Starbucks. In 1986, Nestlé revived the old “razor and blades” business model first introduced by King Camp Gillette in 1904, albeit in a very different sector. In the case of Nespresso, the coffee machine is relatively cheap and underpriced, while the capsule, an essential element for the machine to work, is expensive and overpriced.[75] This way, the consumers are attached to the brand in the long run because the patented capsule can only be used with Nespresso machines, and the real money is made in the sale of capsules since one kilogramme of coffee can be sold to consumers for about €80, which is four times the price of the traditional method. 

				Starbucks, which has over 30,000 coffee houses in 80 countries, also utilises an older business model. They realised that, besides coffee itself, people are attracted by the traditional café experience. To be successful, you obviously need your own coffee beans, a good roasting method, and a wide selection of products, but to complement the product, customers can also enjoy free Wi-Fi, relaxing music, and fun and relaxed interior design—everything that makes Starbucks a genuine meeting place and coffee drinking a unique experience. According to Alvin Toffler’s already mentioned 1970 prediction, “[A]s rising affluence (and transience) ruthlessly undercut the old urge to possess, consumers begin to collect experiences as consciously and passionately as they once collected things. […] The experience is, so to speak, the frosting on the cake. As we advance into the future, however, more and more experiences will be sold strictly on their own merits, exactly as if they were things.”[76] As these examples demonstrate, even in a 300-year-old industry, new solutions and innovations are possible. You don’t have to reinvent the wheel to have a successful business model, but—and this is also the magic of innovation—you have to find a new combination of previous models that is viable in a fundamentally different industry.

				THE RISKS OF PREMATURE REGULATION

				The true, and often only, winners of tech panics are businesses using traditional technologies and operating under the protection of both law and social norms. This was exactly what happened in the case of coffee consumption, as the pubs and taverns of the day benefitted greatly from the panic surrounding their emerging competitors, the coffee houses and their novelty product, coffee, which was rumoured to be a serious health hazard. The old businesses were winners but only in the short term. The losers of the panic, again only temporarily, are the innovators, like the first coffee houses in seventeenth-century England, followed by their continental counterparts in the eighteenth century.

				Politicians are, naturally, loud supporters of innovation. In his 2011 State of Union speech, Barack Obama said, “We know what it takes to compete for the jobs and industries of our time. We need to out-innovate, out-educate, and out-build the rest of the world. […] That’s how our people will prosper. That’s how we’ll win the future. […] The first step in winning the future is encouraging American innovation.”[77] In a similar fashion, the former German Chancellor Angela Merkel was not shy about such proclamations, telling the Financial Times in the summer of 2005, before her first election campaign, that “we can only maintain our prosperity in Europe if we belong to the most innovative regions in the world.”[78] These lofty declarations, however, are of little value if they tie up certain sectors of the economy or, under pressure from various economic and political interest groups, trade unions, and major corporations, help to create protected sub-markets heavily shielded by various rules. A protected sub-market is not only a way of protecting a group of firms from outside competitors or unfair competition, or minimising negative labour market consequences, but also a way of relieving them of the need to innovate.

				There is a demand in every panic cycle aimed at regulatory authorities and the government to do something, or else… [here, you may insert anything from the long list of negative impacts and threats]. And modern politicians tend to compete for the electorate by promising regulatory action that seems invariably to favour traditional economic actors, businesses using old technologies or business models—that is just the nature of politicians. When Nobel Prize-winning economist George Stigler first published his theory of economic regulation in 1971, he caused a great deal of astonishment by suggesting that it was also a matter of supply and demand.[79] Politicians offer regulatory goods, and economic interest groups seek regulatory action. These assets, according to Stigler, can vary greatly: direct financial subsidies, tax incentives, barriers to market entry, or even restricting or banning the activities of rival enterprises. All these instruments can be used against entrepreneurs who have threatened the market of established companies with a new technological solution. And once panic has developed around this new tech solution, amplifying and overemphasising the risks, it is much easier to persuade political decision-makers to take regulatory action. Thus, the most crucial question of the panic cycle is where these political decision-makers stand when creative destruction truly arrives. Do they really support innovation—not just with their words but also with their actions—or do they instead listen to the sirens that signal technological and moral panic, protecting old industries relying on old technologies while obstructing innovation?

				PayPal co-founder Peter Thiel has an interesting, albeit exaggerated, idea of why the tech industry and traditional industries—metaphorically speaking, the world of bits and the world of atoms—followed a markedly different path in terms of their development. He suggests that “[t]he world of bits has not been regulated and that’s where we’ve seen a lot of progress in the past 40 years, and the world of atoms has been regulated, and that’s why it’s been hard to get progress in areas like biotechnology and aviation and all sorts of material science areas.”[80] Although this seems to be an extreme oversimplification, looking back over the last few decades, there appears to be at least a (coffee) grain of truth to it.

				WHAT EXACTLY IS INNOVATION?

				As indicated above, the technology panic cycle is effectively ended by the consumers and users themselves, who simply start using the new solution. And as the number of users quickly starts to grow after a sluggish start, the innovations and new technologies reach different types of users in various phases. Building on this observation, American sociologist Everett Rogers came up with a life cycle model, as early as the 1960s, that analyses the diffusion and social acceptance of new technologies and innovations over time.

				Since the main issue for him was how an innovation spreads over time and how people respond to it, he defined innovation rather broadly, in line with everyday language use. According to him, “innovation is an idea, practice, or object that is perceived as new by an individual or other unit of adoption. It matters little, so far as human behaviour is concerned, whether an idea is ‘objectively’ new as measured by the lapse of time since its first use or discovery. The perceived newness of the idea for the individual determines his or her reaction to it. If the idea seems new to the individual, it is an innovation.”[81]

				So, Rogers believed that the most significant feature of innovation is novelty that is also perceived as such. This is a much broader interpretation of the concept than is generally thought in economics following Joseph Schumpeter. For example, John Kay, professor at the London School of Economics and columnist for the Financial Times, suggests that “innovation is about finding new ways of meeting consumers’ needs, often including needs they did not know they had.”[82] Nobel Prize-winning economist Edmund Phelps explains it in slightly more detail but essentially comes to the same conclusion: “A process of innovation: the conception of novel commercial ideas, the selection by financiers of some of these ideas for development, the realization by entrepreneurs of the envisioned products or methods, and the adoption or rejection by managers or consumers of some of the new products reaching the market.”[83] If we wander a little further from science we could quote Donald Rumsfeld, former Secretary of Defense, who famously said in a 2002 press conference that “there are known knowns; there are things we know we know. We also know there are known unknowns; that is to say we know there are some things we do not know. But there are also unknown unknowns—the ones we don’t know we don’t know.”[84] Although journalists inquired whether there was evidence that the Iraqi government had intended to supply terrorists with weapons of mass destruction, Rumsfeld’s evasive answer captured the quintessence of innovation. To paraphrase his words, innovation is something we didn’t know that we didn’t know. Something that we had no idea could exist. Innovation is the world of the truly unknown and unheard of.

				In other words, just because something is new or newish does not mean that it is a true innovation economically speaking, as long as it does not meet the expectations of the consumer. An innovation must respond to the consumers’ demand(s) or create a demand for them. In fact, innovation is the way leading to the consumers’ demands. Innovation is, first and foremost, distinguished from invention by the fact that it focuses on the consumers, as the new product or service is created for them and this product or service satisfies their needs, making it marketable. Secondly, courtesy of Joseph Schumpeter, it is widely known that innovation is inseparable from the entrepreneur who produces and markets the novel product or service. There is no innovation without the entrepreneur and the entrepreneurial spirit. Finally, a key component of innovation is that it creates new, never-before-seen consumer demands and markets.

				THE TECHNOLOGY ADOPTION LIFE CYCLE 

				Similarly, Rogers is unconcerned with the economic and market impact of innovation— its implications for productivity, employment, or competition. His fundamental question is how and through what channels of communication does an innovation spread, what social groups does it reach and when, and what distinguishes these social groups. To explore this, Roger divides potential consumers into five distinct groups and illustrates these on a bell curve. The follower types follow one another in this chronological order: innovators, early adopters, early majority, late majority, and, finally, laggards (see Figure 1.7).[85]

				Figure 1.7 Technology adoption life cycle by the type of adopter group based on the model of Everett Rogers

				
		    	[image: freedom_innovation_prosperity.html]
        

				Source: Author’s edit based on Everett M. Rogers, Diffusion of Innovations, 3rd ed. (The Free Press, 1983), Figure 7-2, 247. 

				The first group, the so-called innovators, are obsessively passionate about all new technological solutions; they are, to a certain extent, technology insiders themselves, so they do not mind if the product or service is in fact only half-finished. The term “innovators”, as Rogers uses it, is therefore somewhat misleading because it does not refer to those who actually developed the new product or technological solution. It denotes the innovators among potential consumers, as they are among the first to turn to a technological novelty and among the first to want to try it, buy it, and use it. They are the ones who wait in line at dawn for the world premiere of the latest smartphone, the first to go on holiday and stay in an Airbnb flat, the first to manage their finances with Revolut, and the first to try out a smartwatch even though it was not capable of much other than running a few games, calculating sums, translating texts, and acting as a pedometer. Since innovators are, by and large, familiar with new technologies, they can be converted by technological novelty and the technical arguments behind a new product or service. According to Rogers, innovators are adventurous and natural risk-takers; therefore, they make up a minority of potential consumers with 2.5%.
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