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Preface: The Great Transition

My home lies between the neighbourhoods of Cricklewood and Golders Green in north-west London. It is a suburban house in a suburban street of a type familiar across Europe and the United States. And it is a relatively recent addition to the landscape. Look at a map of the area from 1920, and all you’ll see is farmland. The plot of my semi-detached house is right in the middle of a field. A bridleway is shown where an access road now runs, and a few gates and hedgerows demarcate what is now my neighbourhood. A couple of hundred metres to the north lies a blacksmith’s.

Just a few years later, the area had transformed. Pick up a map of the same area from 1936 and you’ll see the farmland has become the streets that I walk through daily. The blacksmith’s has disappeared, replaced by a mechanical workshop. The brick-built interwar-era homes are arranged on the same plots they occupy now, perhaps lacking the odd glass extension. It is a remarkable metamorphosis, which reflects the emergence of a recognisably modern way of life.

As late as the 1880s, life in London resembled that of a much earlier era – horses plied the roads, leaving piles of manure in the streets as they did so; most domestic tasks were powered by hand; much of the population inhabited crowded, centuries-old slum buildings. But beginning in the 1890s, and in many cases completed by the 1920s, the key technologies of the twentieth century took hold. Pictures of central London streets in 1925 show them free of horses, replaced by cars and buses. A network of cables would have carried electricity from coal-fired power stations to offices and homes. Telephone lines ran into many houses and allowed people to talk to distant friends.

These changes in turn brought social upheaval. As modern systems of production developed, so too did full-time employment contracts with benefits; new forms of transport brought with them the commute; the electrification of factories helped the rise of large companies with recognisable brand names. Someone living in the 1980s who stepped into a time machine and went back to the 1880s would have seen little they were familiar with. If they travelled back to just the 1930s they would have recognised much more.

This two-decade transformation reflects the sudden, dramatic changes that technology can bring. Since the days of flint axes and wooden digging sticks, humans have been technologists. We seek to make life easier for ourselves; and to do so, we build tools – technologies – that help us achieve our goals. These technologies have long allowed humans to redefine the world around us. They let us farm and then build; travel on land, then through air, then into space; move from nomadic life to villages to cities.

But, as my predecessors in what is now north-west London learnt, the technologies we build can take society in unexpected directions. When a technology takes off, its effects can be enormous, stretching across all the areas of human life: our jobs, the wars we fight, the nature of our politics, even our manners and habits. To borrow a word from economics, technology is not ‘exogenous’ to the other forces that define our lives – it combines with political, cultural and social systems, often in dramatic and unforeseen ways.

The unpredictable ways that technology combines with wider forces – sometimes moving slowly, sometimes causing rapid and seismic transformations – are what makes it so difficult to analyse. The emerging discipline of complexity science tries to make sense of the ways in which the different elements of a complicated system interact – how different species relate to each other to make up an ecosystem, for example. Human society is the ultimate ‘complex system’; it is made up of countless, constantly interacting elements – individuals, households, governments, companies, beliefs, technologies.

According to complexity science, the connections between different elements mean that small changes in one area of a system can ripple across the whole. And these changes can be chaotic, sudden and profound.1 Even if we have a significant degree of knowledge about the component parts of the system, establishing where these ripples might end up is rarely straightforward.2 A new technology might at first cause a small social change – but one that eventually spirals into major repercussions for the whole of society.

When these ripples – or ‘feedback loops’, in the jargon of complexity science – start to spread, they can feel uncomfortable. One need only glance at the pages of a newspaper from the turn of the twentieth century to realise that sudden change is anxiety-inducing. A quick survey of New York Times articles from a century ago reveals that Americans were apprehensive about elevators, the telephone, the television and more.3

Of course, jitters in the elevator were rarely the real issue. Rather, these innovations came to symbolise people’s fears about the pace of change. We know intuitively that technological changes rarely remain enclosed within one sphere. By allowing us to build ever-taller buildings, elevators revolutionised the layout and economies of cities. By making contact between people easier, the telephone drastically altered how humans interacted with colleagues and friends. After a technology has taken off, its effects are felt everywhere.

Today, we are undergoing another period of dramatic transformation. The clearest sign of this is the way people talk about technology. The PR company Edelman runs a renowned annual survey on trust in the public sphere. One of their key questions – put to 30,000 people in 20 countries – is whether they feel comfortable with how quickly technology was moving. In 2020, more than 60 per cent of respondents felt the ‘pace of change was too fast’, a number that had been creeping upwards for several years.4

It’s tempting to assume that people always feel technological and social change is too fast. They thought so a century ago, and they think so again now. But the argument of this book is that we are indeed living through a time of unusually fast change – and this change is being brought about by sudden technological advances. In the early twenty-first century, the defining technologies of the industrial age are metamorphosing. Our society is being propelled forward by several new innovations – computing and artificial intelligence, renewable electricity and energy storage, breakthroughs in biology and manufacturing.

These innovations are improving in ways that we don’t yet fully understand. What makes them unique is the fact they are developing: at an exponential pace, getting faster and faster with each passing month. As in previous periods of rapid technological change, their impact is felt across society – not only leading to new services and products, but also altering the relationship between old and new companies, employers and workers, city and country, citizens and the market.

Complexity scientists refer to moments of radical change within a system as a ‘phase transition’.5 When liquid water turns into steam, it is the same chemical, yet its behaviour is radically different. Societies too can undergo phase changes. Some moments feel abrupt, discontinuous, world-changing. Think of the arrival of Columbus in the Americas, or the fall of the Berlin Wall.

The rapid reorganisation of our society today is just such a moment. A phase transition has been reached, and we are witnessing our systems transforming before our very eyes. Water is becoming steam.

The transformation of society in the early twenty-first century is the focus of this book. It is a book about how new technology is getting faster. And it tries to explain the effect this acceleration is having on our politics, our economies and our ways of life.

But it is not a pessimistic book. There is nothing inevitably harmful about the technologies I will describe. The elements of society that are most important to us – our companies, cultures and laws – emerged in response to the changes brought by earlier technologies. One of the defining features of human history is our adaptability. When rapid technological change arrives, it first brings turmoil, then people adapt, and then eventually, we learn to thrive.

Yet I have chosen to write this book because we presently lack the vocabulary to make sense of technological change. When you watch the news, or read the blogs coming out of the longstanding capital of tech, Silicon Valley, it becomes apparent that our public conversation around technology is limited. New technology is changing the world, and yet misunderstandings about what this tech is, why it matters and how we should respond are everywhere.

In my view, there are two main problems with our conversation about technology – problems that this book hopes to address. First, there is a misconception of how humans relate to technology. We often assume that tech is somehow independent of humanity – that it is a force that brought itself into being and doesn’t reflect the biases and power structures of the humans who created it. In this rendering, technology is value-free – it is made neutral – and it is the consumers of the technology who determine whether it is used for good or for evil.

This view is particularly common in Silicon Valley. In 2013, Google’s executive chairman Eric Schmidt wrote, ‘The central truth of the technology industry – that technology is neutral but people are not – will periodically be lost amid all the noise.’6 Peter Diamandis, an engineer and physician – as well as the founder of a company that offers tech courses, Singularity University – wrote that while the computer ‘is clearly the greatest tool for self-empowerment we’ve yet seen, it’s still only a tool, and, like all tools, is fundamentally neutral’.7

This is a convenient notion for those who create technology. If technology is neutral, its inventors can concentrate on building their gizmos. If the tech starts to have any insidious effects, society – rather than its inventors – is to blame. But if technology isn’t neutral – that is, if it has encoded some form of ideology, or system of power – that might mean its makers need to be more careful. Society might want to manage or regulate the technologists and their creations more carefully. And those regulations might become a hassle.

Sadly for these engineers, their view of technology is a fiction. Technologies are not just neutral tools to be applied (or misapplied) by their users. They are artefacts built by people. And these people direct and design their inventions according to their own preferences. Just as some religious texts say that humans are fashioned in the image of God, so tools are made in the image of the humans who design them. And that means our technologies often recreate the systems of power that exist in the rest of society. Our phones are designed to fit in men’s hands rather than women’s. Many medicines are less effective on Black and Asian people, because the pharmaceutical industry often develops its treatments for white customers. When we build technology, we might make these systems of power more durable – by encoding them into infrastructure that is more inscrutable and less accountable than humans are.

And so this book doesn’t analyse technology as some abstract force, separate from the rest of society. It views tech as something that is built by humans and reflects human desires, even if it can also transform human society in radical and unexpected ways. Exponential is as much about the way technology interacts with our forms of social, political and economic organisation as it is about the technology itself.

The second problem with the way we talk about technology is even more insidious. Many people outside of the world of technology make no effort to understand it, nor to develop the right response to it. Politicians frequently demonstrate a fundamental ignorance about even the most basic workings of mainstream technologies.8 They are like people trying to fuel a car by filling its trunk with hay. The Brexit trade deal, agreed between the UK and the European Union in December 2020, describes the Netscape Communicator as a ‘modern e-mail software package’. The software has been defunct since 1997.

Admittedly, understanding new technology is hard. It takes knowledge of a wide range of new innovations. And it also takes an understanding of society’s existing rules, norms, institutions and conventions. In other words, effective analysis of technology involves straddling two worlds. It’s reminiscent of a famous 1959 lecture by the British scientist and novelist C. P. Snow. He feared that intellectual life was being split between the domains of literature and science, specifically within the context of British public life. These ‘two cultures’ did not intersect, and those who understood one rarely understood the other – there was a ‘gulf of mutual incomprehension’, generated by a ‘backward looking intelligentsia’ made up of artsy Oxbridge graduates who looked down on technological and scientific progress. This, according to Snow, had disastrous implications: ‘When those two senses have grown apart, then no society is going to be able to think with wisdom.’9

Today, the gap between the two cultures is wider than ever before. Except now it is most pronounced between technologists – whether software engineers, product developers or Silicon Valley executives – and everyone else. The culture of technology is constantly developing in new, dangerous and unexpected directions. The other culture – the world of humanities and social science, inhabited by most commentators and policymakers – cannot keep track of what is happening. In the absence of a dialogue between the two cultures, our leading thinkers on both sides will struggle to offer the right solutions.

This book is my attempt to bring these two worlds together. On the one hand, I will try to help technologists view their efforts in a wider social context. On the other, I’ll aim to help non-technologists get a better understanding of the technologies underpinning this period of rapid social change.

This mix of disciplines suits me well. I am a child of the microchip, born the year after the first commercially produced computer processor was released; a young adult of the internet, who discovered the web while at university; and a professional of the tech industry, having launched my first website – for Britain’s Guardian newspaper – in 1995. I have founded four tech companies and invested in more than 30 start-ups since 1998. I even survived the dot-com frenzy at the turn of the millennium. Later, at Reuters, I ran an innovation group where our teams built wacky, sometimes brilliant products for hedge fund managers and Indian farmers alike. For several years, I worked with venture capitalists in Europe, backing the most ambitious technology founders we could find – and I still invest actively in young technology companies. As a start-up investor, I have spoken with hundreds of technology founders in fields as diverse as artificial intelligence, advanced biology, sustainability, quantum computing, electric vehicles and space flight.

But my academic training is in the social sciences. At university I focused on politics, philosophy and economics – though, unusually, I also took a programming course with a group of physicists who were much smarter than me. And for much of my career, my focus has been on how technology is transforming business and society. In my career as a journalist, first at The Guardian and then The Economist, I found myself having to explain complicated topics from the world of software engineering to a mainstream audience. And I’ve taken a particular interest in the political implications of new forms of technology. For a time, I was a non-executive member of Ofcom, the regulator that looks at the telecom, internet and media industries in the UK. In 2018, I became a board member of the Ada Lovelace Institute, where we have been looking at the ethical implications of the use of data and artificial intelligence in society.

Over the last few years, I have been channelling my attempts to straddle the ‘two cultures’ into Exponential View – a newsletter and podcast that explores the impact of new technology on society. I founded it after my third start-up, PeerIndex, was acquired by a much larger technology firm. PeerIndex applied machine learning techniques (on which, more later) to large amounts of public data about what people do online. We grappled with many ethical dilemmas about what it was and wasn’t appropriate to do with this data. After my company’s acquisition, I had the mental space to explore such issues in my newsletter.

Exponential View has resonated with people. At the time of writing, it has a readership of nearly 200,000 subscribers around the globe, ranging from some of the world’s most well-known founders through to investors, policymakers and academics in more than 100 countries. And it has allowed me to delve into the most thought-provoking questions raised by new technology. Through my podcast series of the same name, I’ve conducted more than 100 interviews with engineers, entrepreneurs, policymakers, historians, scientists and corporate executives. Over more than six years, I’ve read tens of thousands of books, newspapers and magazine pieces, blog posts and journal articles as part of my research. I recently estimated that I have read more than 20 million words in the last half-decade in my effort to understand what is going on. (Fortunately, this book is somewhat shorter.)

The conclusion all this research has led me to is deceptively simple. At heart, the argument of Exponential has two key strands. First, new technologies are being invented and scaled at an ever-faster pace, all while decreasing rapidly in price. If we were to plot the rise of these technologies on a graph, they would follow a curved, exponential line.

Second, our institutions – from our political norms, to our systems of economic organisation, to the ways we forge relationships – are changing more slowly. If we plotted the adaptation of these institutions on a graph, they would follow a straight, incremental line.

The result is what I call the ‘exponential gap’. The chasm between new forms of technology – along with the fresh approaches to business, work, politics and civil society they bring about – and the corporations, employees, politics and wider social norms that get left behind.

Of course, this only raises more questions. What effects do exponential technologies have in different spheres – from work, to conflict, to politics? For how long can this exponential change continue – will it ever stop? And what can we all do, as policymakers, business leaders or citizens, to prevent the exponential gap eroding our societies?

The structure of this book tries to make my answers as clear as possible. In the first part, I will explain what exponential technologies are and why they have come about. I argue that our age is defined by the emergence of several new ‘general purpose technologies’, each improving at an exponential rate. It’s a story that starts with computing – but also encompasses energy, biology and manufacturing. The breadth of this change means that we have entered a wholly new era of human society and economic organisation – what I call the ‘Exponential Age’.

Next, I move on to the implications this has for human society more broadly – the emergence of the exponential gap. There are many reasons why human-built institutions are slow to adapt, from the psychological trouble we have conceptualising exponential change, through to the inherent difficulty of turning around a big organisation. All contribute to the widening gulf between technology and our social institutions.

But what effects does the exponential gap have in practice? And what can we do about it? Those questions are the focus of the rest of this book. I’ll take you from the economy and work, through the geopolitics of trade and conflict, to the broader relationship between citizens and society.

First, we’ll explore what exponential technologies do to businesses. During the Exponential Age, technology-driven companies tend to become bigger than was previously thought possible – and traditional companies get left behind. This leads to winner-takes-all markets, in which a few ‘superstar’ companies dominate – with their rivals spiralling into inconsequentiality. An exponential gap emerges – between our existing rules around market power, monopoly, competition and tax, and the newly enormous companies that dominate markets.

I’ll also show how the prospects of employees are changing thanks to the emergence of these companies. The relationships between workers and employers are always in flux, but now they are shifting more rapidly than ever. The superstar companies favour new styles of work, mediated by gig platforms, which may be problematic for workers. Existing laws and employment practices struggle to cope with the changing norms surrounding labour.

Second, we’ll explore the transformation of geopolitics – discussing how exponential technologies are rewiring trade, conflict and the global balance of power. Here, two great shifts are underway. The first is a return to the local. New innovations alter the way we access commodities, manufacture products and generate energy – increasingly, we will be able to produce all three within our own regions. At the same time, the increasing complexity of our economies will make cities more important than ever, creating tension between regional and national governments. If the story of the industrial age was one of globalisation, the story of the Exponential Age will be one of re-localisation. The second is the transformation of warfare. As the world gets re-localised, patterns of global conflict will shift. Nations and other actors will be able to make use of new adversarial tactics, from cyber threats to drones and disinformation. These will dramatically reduce the cost of initiating conflict, making it much more common. A gap will emerge between new, high-tech forms of attack and societies’ ability to defend themselves.

Third, we’ll examine how the Exponential Age is rewiring the relationship between citizen and society. State-sized companies are on the rise – and they are challenging our most basic assumptions about the role of private corporations. Markets are metastasising across ever-greater swathes of the public sphere and our private lives. Our national conversations are increasingly conducted on privately owned platforms; intimate details about our innermost selves are bought and sold online, thanks to the emergence of the data economy; and even the way we meet friends and form communities has been turned into a commodity. But because we remain wedded to an industrial-age conception of the role of markets, we don’t yet have the toolkit to prevent these changes eroding our most cherished values.

In other words, an exponential gap is challenging many elements of our society. But that’s something we can address. And so, at the end of the book, I’ll explain the broad principles that we need to make sure we thrive in an age of exponential change – from making our institutions more resilient to rapid transformation, to reiterating the power of collective ownership and decision-making. The resulting book is, I hope, a holistic guide to how technology is changing our society – and what we should do about it.

As I wrote this book, the world changed dramatically. When I first started my research, there was no such thing as Covid-19, and lockdowns were the remit of zombie apocalypse movies. But as I was halfway through writing my first draft, countries around the world began shutting their borders and issuing stay-at-home orders to their populations – all to prevent a virus wreaking havoc on their health systems and economies.

On one level, the pandemic felt distinctly low-tech. Lockdowns have been used for millennia to prevent the spread of disease. Quarantines are nothing new: the word derives from the time of the Black Death, when sailors had to isolate for 40 days before coming on shore. That the global economy was brought low by a virus reminded us of how many ancient problems technology hasn’t yet been able to solve.

But the pandemic also hammered home some of the key points of this book. The spread of the virus demonstrated that exponential growth is hard to control. It creeps up on you and then explodes – one moment everything seems fine, the next your health service is on the verge of being overwhelmed by a new disease. And humans struggle to conceptualise the speed of that shift, as shown by the lackadaisical responses of many governments to the spread of coronavirus, particularly in Europe and America.

At the same time, the pandemic revealed the full power of recent inventions. In most of the developed world, lockdowns were only possible due to widespread access to fast internet. Those of us locked at home spent much of the pandemic glued to our phones. And, most strikingly of all, within a year scientists had developed dozens of new vaccines – which, as we’ll see, were made possible by new innovations like machine learning. In some ways, exponential technology proved its mettle with Covid-19.

Above all, the pandemic revealed that Exponential Age technologies – whether video calls or social media platforms – are now embedded into every part of our lives. And this will only become more pronounced. As the rate of change speeds up, the interaction between technology and other spheres of our lives – from demography to statecraft to economic policy – will become increasingly constant. Neat distinctions between the realm of technology and the realm of, say, politics will become unhelpful. Technology is remaking politics, and politics is shaping technology. Any constructive analysis of either requires an analysis of both. And for politics, one could substitute economics, or culture, or business strategy.

As a result of the constant feedback loop of technology, economics, politics and society, making stable predictions about the future is difficult. Even as I wrote this book, its subject matter was constantly shifting – no sooner would I finish a chapter than it would need to be updated to incorporate new developments. Such are the perils of writing in an age of exponential change.

But my hope is that this book remains a useful introduction to where new technology is taking us. We are living in an era when technology is getting better, faster and more varied at a greater speed than ever before. That process is undermining the stability of many of the norms and institutions that define our lives. And we don’t, at the moment, have a road map that will help us get to the future we want.

This book, by itself, is unlikely to offer a perfect map. But it might help reveal the terrain, and point us in the right direction.

Azeem Azhar

London, April 2021
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1

The Harbinger

Before I knew what Silicon Valley was, I had seen a computer. It was December 1979, and our next-door neighbour had brought home a build-it-yourself computer kit. I remember him assembling the device on his living room floor and plugging it into a black-and-white television set. After my neighbour meticulously punched in a series of commands, the screen transformed into a tapestry of blocky pixels.

I took the machine in with all the wonder of a seven-year-old. Until then, I had only seen computers depicted in TV shows and movies. Here was one I could touch. But it was more remarkable, I think now, that such a contraption had even got to a small suburb of Lusaka in Zambia in the 1970s. The global supply chain was primordial, and remote shopping all but non-existent – and yet the first signs of the digital revolution were already visible.

The build-it-yourself kit piqued my interest. Two years later, I got my own first computer: a Sinclair ZX81, picked up in the autumn of 1981, a year after moving to a small town in the hinterlands beyond London. The ZX81 still sits on my bookshelf at home. It has the footprint of a 7-inch record sleeve and is about as deep as your index and middle fingers. Compared to the other electronic items in early-1980s living rooms – the vacuum-tubed television or large cassette deck – the ZX81 was compact and light. Pick-up-with-your-thumb-and-forefinger light. The built-in keyboard, unforgiving and taut when pressed, wasn’t something you could type quickly on. It only responded to stiff, punctuated jabs of the kind you might use to admonish a friend. But you could get a lot out of this little box. I remember programming simple calculations, drawing basic shapes and playing primitive games on it.

This device, advertised in daily newspapers across the UK, was a breakthrough. For £69, we got a fully functional computer. Its simple programming language was, in principle, capable of solving any computer problem, however complicated (although it might have taken a long time).1 But the ZX81 wasn’t around for long. Technology was developing quickly. Within a few years, my computer – with its blocky black-and-white graphics, clumsy keyboard and slow processing – was approaching obsolescence. Within six years, my family had upgraded to a more modern device, made by Britain’s Acorn Computers. The Acorn BBC Master was an impressive beast, with a full-sized keyboard and a numeric keypad. Its row of orange special-function keys wouldn’t have looked out of place on a prop in a 1980s space opera.

If the exterior looked different to the ZX81’s, the interior had undergone a complete transformation. The BBC Master ran several times faster. It had 128 times as much memory. It could muster as many as 16 different colours, although it was limited to displaying eight at a time. Its tiny speaker could emit up to four distinct tones, just enough for simple renditions of music – I recall it beeping its way through Bach’s Toccata and Fugue in D Minor. The BBC Master’s relative sophistication allowed for powerful applications, including spreadsheets (which I never used) and games (which I did).

Another six years later, in the early 1990s, I upgraded again. By then, the computer industry had been through a period of brutal consolidation. Devices like the TRS-80, Amiga 500, Atari ST, Osborne 1 and Sharp MZ-80 had vied for success in the market. Some small companies had short-lived success but found themselves losing out to a handful of ascendant new tech firms.

It was Microsoft and Intel that emerged from the evolutionary death match of the 1980s as the fittest of their respective species: the operating system and the central processing unit. They spent the next couple of decades in a symbiotic relationship, with Intel delivering more computational power and Microsoft using that power to deliver better software. Each generation of software taxed the computers a little more, forcing Intel to improve its subsequent processor. ‘What Andy giveth, Bill taketh away’ went the industry joke (Andy Grove was Intel’s CEO; Bill Gates, Microsoft’s founder).

At the age of 19 I was oblivious to these industry dynamics. All I knew was that computers were getting faster and better, and I wanted to get hold of one. Students tended to buy so-called PC clones – cheap, half-branded boxes which copied the eponymous IBM Personal Computer. These were computers based on various components that adhered to the PC standard, meaning they were equipped with Microsoft’s latest operating system – the software that allowed users (and programmers) to control the hardware.

My clone, an ugly cuboid, sported the latest Intel processor, an 80486. This processor could crunch through 11 million instructions per second, probably 4–5 times more than my previous computer. A button on the case marked ‘Turbo’ could force the processor to run some 20 per cent faster. Like a car where the driver keeps their foot on the accelerator, however, the added speed came at the cost of frequent crashes.

This computer came with 4 megabytes of memory (or RAM), a 4,000-fold improvement on the ZX81. The graphics were jaw-dropping, though not state-of-the-art. I could throw 32,768 colours on the screen, using a not-quite cutting-edge graphics adaptor that I plugged into the machine. This rainbow palette was impressive but not lifelike – blues in particular displayed poorly. If my budget had stretched £50 more, I might have bought a graphics card that painted 16 million colours, so many that the human eye could barely discern between some of the hues.

The 10-year journey from the ZX81 to PC clone reflected a period of exponential technological change. The PC clone’s processor was thousands of times more powerful than the ZX81’s, and the computer of 1991 was millions of times more capable than that of 1981. That transformation was a result of swift progress in the nascent computing industry, which approximately translated to a doubling of the speed of computers every couple of years.

To understand this transformation, we need to examine how computers work. Writing in the nineteenth century, the English mathematician and philosopher George Boole set out to represent logic as a series of binaries. These binary digits – known as ‘bits’ – can be represented by anything, really. You could represent them mechanically by the positions of a lever, one up and one down. You could, theoretically, represent bits with M&Ms – some blues, some reds. (This is certainly tasty, but not practical.) Scientists eventually settled on 1 and 0 as the best binary to use.

In the earliest days of computing, getting a machine to execute Boolean logic was difficult and cumbersome. And so a computer – basically any device that could conduct operations using Boolean logic – required dozens of clumsy mechanical parts. But a key breakthrough came in 1938, when Claude Shannon, then a master’s student at the Massachusetts Institute of Technology, realised electronic circuits could be built to utilise Boolean logic – with on and off representing 1 and 0. It was a transformative discovery, which paved the way for computers built using electronic components. The first programmable, electronic, digital computer would famously be used by a team of Allied codebreakers, including Alan Turing, during World War Two.

Two years after the end of the war, scientists at Bell Labs developed the transistor – a type of semiconductor, a material that partly conducts electricity and partly doesn’t. You could build useful switches out of semiconductors. These in turn could be used to build ‘logic gates’ – devices that could do elementary logic calculations. Many of these logic gates could be stacked together to form a useful computing device.

This may sound technical, but the implications were simple: the new transistors were smaller and more reliable than the valves that were used in the earliest electronic components, and they paved the way for more sophisticated computers. In December 1947, when scientists built the first transistor, it was clunky and patched together with a number of large components, including a paper clip. But it worked. Over the years, transistors would become less ad hoc, and more consistently engineered.

From the 1940s onwards, the goal became to make transistors smaller. In 1960, Robert Noyce at Fairchild Semiconductor developed the world’s first ‘integrated circuit’, which combined several transistors into a single component. These transistors were tiny and could not be handled individually by man or machine. They were made through an elaborate process a little like chemical photography, called photolithography. Engineers would shine ultraviolet light through a film with a circuit design on it, much like a child’s stencil. This imprints a circuit onto a silicon wafer, and the process can be repeated several times on a single wafer – until you have several transistors on top of one another. Each wafer may contain several identical copies of circuits, laid out in a grid. Slice off one copy and you have a silicon ‘chip’.

One of the first people to understand the power of this technology was Gordon Moore, a researcher working for Noyce. Five years after his boss’s invention, Moore realised that the physical area of integrated circuits was reducing by about 50 per cent every year, without any decrease in the number of transistors. The films – or ‘masks’ – used in photolithography were getting more detailed; the transistors and connections smaller; the components themselves more intricate. And this reduced costs and improved performance. Newer chips, with their smaller components and tighter packing, were faster than older ones.

Moore looked at these advances and in 1965 he came up with a hypothesis. He postulated that these developments would double the effective speed of a chip for the same cost over a certain period of time.2 He eventually settled on the estimate that, every 18–24 months, chips would get twice as powerful for the same cost. Moore went on to co-found Intel, the greatest chip manufacturer of the twentieth century. But he is probably more famous for his theory, which became known as ‘Moore’s Law’.

This ‘law’ is easy to misunderstand; it is not like a law of physics. Laws of physics, based on robust observation, have a predictive quality. Newton’s Laws of Motion cannot be refuted by everyday human behaviour. Newton told us that force equals mass times acceleration – and this is almost always true.3 It doesn’t matter what you do or don’t do, what time of day it is, or whether you have a profit target to hit.

Moore’s Law, on the other hand, is not predictive; it is descriptive. Once Moore outlined his law, the computer industry – from chipmakers to the myriad suppliers who supported them – came to see it as an objective. And so it became a ‘social fact’: not something inherent to the technology itself, but something wished into existence by the computer industry. The materials firms, the electronic designers, the laser manufacturers – they all wanted Moore’s Law to hold true. And so it did.4

But that did not make Moore’s Law any less powerful. It has been a pretty good guide to computers’ progress since Moore first articulated it. Chips did get more transistors. And they followed an exponential curve: at first getting imperceptibly faster, and then racing away at rates it is hard to comprehend.

Take the below graphs. The top one shows the growth of transistors per microchip from 1971 to 2017. That this graph looks moribund until 2005 reflects the power of exponential growth. On the second graph, which shows the same data using a logarithmic scale – a metric that converts an exponential increase into a straight line – we see that, between 1971 and 2015, the number of transistors per chip multiplied nearly 10 million times.
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The magnitude of this shift is almost impossible to conceptualise, but we can try to grasp it by focusing on the price of a single transistor. In 1958, Fairchild Semiconductor sold 100 transistors to IBM for $150 apiece.5 By the 1960s, the price had fallen to $8 or so per transistor. By 1972, the year of my birth, the average cost of a transistor had fallen to 15 cents,6 and the semiconductor industry was churning out between 100 billion and 1 trillion transistors a year. By 2014, humanity produced 250 billion billion transistors annually: 25 times the number of stars in the Milky Way. Each second, the world’s ‘fabs’ – the specialised factories that turn out transistors – spewed out 8 trillion transistors.7 The cost of a transistor had dropped to a few billionths of a dollar.

Why does this matter? Because it led computers to improve at an astonishing rate. The speed that a computer can process information is roughly proportional to the number of transistors that make up its processing unit. As chips gained transistors, they got faster. Much faster. At the same time, the chips themselves were getting cheaper.

This extraordinary dropping in price is what drove the computing revolution of my teenage years, making my BBC Master so much better than my ZX81. And since then, it has transformed all of our lives again. When you pick up your smartphone, you hold a device with several chips and billions of transistors. Computers – once limited to the realms of the military or scientific research – have become quotidian. Think of the first electronic computer, executing Alan Turing’s codebreaking algorithms in Bletchley Park in 1945. A decade later, there were still only 264 computers in the world, many costing tens of thousands of dollars a month to rent.8 Six decades on, there are more than 5 billion computers in use – including smartphones, the supercomputers in our pockets. Our kitchen cupboards, storage boxes and attics are littered with computing devices – at only a few years old, already too outdated for any modern application.

Moore’s Law is the most famous distillation of the exponential development of digital technology. Over the last half-century, computers have got inexorably faster – bringing with them untold technological, economic and social transformations. The goal of this chapter is to explain how this shift has come about, and why it looks set to continue for the foreseeable future. It will also serve as an introduction to the defining force of our age: the rise of exponential technologies.

Put simply, exponential growth refers to an increase that compounds consistently over time. Whereas a linear process is what happens to your age, increasing by a predictable one with each revolution of the earth around the sun, an exponential process is like a savings account with interest. It increases by a fixed percentage, say 2 per cent every year. But next year’s 2 per cent applies not just to your original savings but to your savings plus last year’s interest. Such compounding starts slow – it’s even slightly boring. But at some point, the curve turns upwards and starts to take off. From this point onwards, the value leaps higher at a dizzying pace.

Any number of natural processes follow an exponential pattern: the number of bacteria in a petri dish, or the spread of a virus through a population, for example. A more recent development, however, is the emergence of exponential technologies. I define an exponential technology as one that can, for a roughly fixed cost, improve at a rate of more than 10 per cent per year for several decades. A mathematical purist, of course, would argue that even a 1 per cent compounding change is an exponential change. Strictly speaking, it is. But a 1 per cent annual change takes a lot of time to get going. A figure compounding at 1 per cent per annum would take 70 years, the better part of a lifetime, to double.

That is why the threshold of 10 per cent per year is important. A 10 per cent compounding improvement in the price and performance of a technology would result in it becoming more than 2.5 times more powerful for the same price every 10 years. Conversely, the cost would drop by more than three-fifths for the same level of performance. A decade is only two traditional business-planning cycles, well within the span of a single job or a part of a career. It is the lifetime of two parliaments in the UK or France, three in Australia, or two and a bit presidential terms in the US.

The second part of my definition is also crucial. For a technology to be exponential, this change should hold true for decades – and not just be a short-lived trend. A technology that advances at more than 10 per cent for a few years, and then stops, would be much less transformative than one that constantly develops. For this reason, the diesel engine is not an exponential technology. In their early years, diesel engines improved rapidly. But the improvements soon petered out. On the other hand, the computer chip business – with its roughly 50 per cent annual improvement over five decades – certainly qualifies.

Picture yourself changing your car after ten years of ownership. And imagine if the main features of the car – its top speed or fuel efficiency, say – had improved at 10 per cent per annum. Your new wheels might have double the fuel efficiency or more than double the top speed. Generally, that doesn’t happen. But for many of the technologies discussed in this book, it is exactly what happens. In fact, a number of these technologies effectively improve at rates of 20 to 50 per cent (or more) per year. An innovation rate like this means that, over a decade, you would experience between a sixfold and a 60-fold increase in capability for the same price.

There are two sides to this phenomenon: decreases in price, and increases in potential. As the price of a technology drops, it starts to crop up everywhere. Industry can suddenly afford to bundle exponential technologies into new products. Humans first put chips into specialist devices bought by the military and space agencies, and then into minicomputers only affordable for the largest companies. Desktop computers followed a decade later, and as chips got cheaper and smaller, they were put into phones.

At the same time, the power of the technology explodes. The capabilities of a typical smartphone – high-definition colour video, high-fidelity sound, fast-action video games, scanners that transcribe text – were not available to anyone, not even the richest countries, just a couple of decades ago. When technologies develop exponentially, they lead to continually cheaper products which are able to do genuinely new things.

To see this process in action, it’s worth examining the work of Horace Dediu. A business analyst, Dediu trained with Clayton Christensen, the world-renowned Harvard academic who wrote the bible of many a Silicon Valley tech firm, The Innovator’s Dilemma. Dediu carries a well-deserved reputation in his own right, thanks to his research into patterns of innovation. Over the last two decades, he has analysed more than 200 years of historical data, to examine how quickly technologies have spread through the American economy.9 He casts a wide net, meticulously tracking a broad range of innovations – flush toilets, the electrification of printing, the spread of roads, the vacuum cleaner, diesel locomotives, power steering in cars, electric arc furnaces, artificial fibres, ATM machines, digital cameras, social media and computer tablets, among many others. For each, he has established how long it took to reach 75 per cent penetration of the American market, meaning three-quarters of adults (or households, if appropriate) have access to it.

While each product is different, there are common themes to the ways they take off. The spread of most technologies follows a ‘logistic curve’, or S-curve. At first, the uptake of a technology is slow. Early adopters are experimenting with it; while producers are figuring out exactly what to make and how to price it, and are building up their capacity. At some point the product hits an inflection point, and its rate of spread increases very rapidly. So the first two parts of the curve look like a classic exponential curve: slow and boring at first, then rapid and exciting. Unlike a pure exponential curve, however, the S-curve has a limit. After all, there are only so many cars or washing machines a family can own. As the market gets saturated, the uptake tapers off: there are fewer families who don’t own a digital camera or microwave, or fewer steelmakers who haven’t moved to electric arc furnaces. The steep part of the graph starts to flatten. In other words, the pattern of uptake looks like a lazy ‘S’.

Sometimes, the point of market saturation ends up being more distant than almost anyone expected. In 1974, Bill Gates said he envisaged a ‘computer on every desk and in every home’. At that time, there were fewer than 500,000 computers, of any type, worldwide. By the turn of the millennium, the number of computers exceeded 500 million – still fewer than one device per European or American home. Yet, within a couple of decades, a typical family in the West had half a dozen computers at home – between smartphones, the family computer, a modern TV, and a smart speaker like an Amazon Alexa. A gadget-savvy household could easily break into the double digits.

In general, the S-curve model remains accurate. When you’re dealing with exponential technologies, however, the speed of their acceleration up the ‘S’ can be astonishing. The process of market saturation has been getting faster for decades, and this increasing rate of change will have been noticeable to any American who lived through the twentieth century. Someone born in 1920 would live for a little less than 55 years, probably witnessing the moon landing but possibly not Nixon’s downfall. With a few exceptions – the atom bomb, space flight – the technology they encountered would have remained fairly constant: cars, phones, televisions, washing machines, electricity and flush toilets.10 Some products invented relatively early, like the microwave – first sold in 1946 – remained vanishingly rare even by the 1970s.11

For someone born in the age of Moore’s Law, the picture is different. Products roll out far faster, and the technologies powered by digital infrastructure are fastest of all. It took 11 years for social media to reach 7 in 10 Americans, at a time when the average lifespan of those alive when it was introduced exceeded 77 years. So social media took 14 per cent of a lifespan to achieve saturation. The comparative metric for electricity was 62 per cent of the average lifespan. Benchmarked against average lifespan at time of introduction, smartphones diffused 12.5 times faster than the original telephone.

The chart opposite makes the point even more simply. To the right are the defining technologies of the early twentieth century: the telephone, electric power and the automobile. Each was introduced at the turn of the century and took over 30 years to reach three-quarters of American households – at a time when average life expectancy was around 50. To the left are a handful of the first exponential technologies of our time, all undergirded by growing computing power. Each found their way into three-quarters of American homes within 8–15 years, at a time when life expectancy at birth exceeded 75 years. And it is not just that technologies of the present scale faster than those of the past: the pace with which they scale is constantly increasing.

In other words, technology – and particularly digital technology – diffuses at a faster rate than ever before. And this process is continually getting quicker. Life in the age of Moore’s Law is defined by the exponential spread of technology.

If this acceleration has been underway for half a century, only in the last decade or two has it been obvious. Take social media. The first web-based social network in the world was SixDegrees. I joined a couple of days after its launch in 1997. Friendster and LinkedIn, where I was among the first 1,000 members, both appeared in 2003; MySpace later that year. MySpace grew quickly and became the titan of this emerging industry, having, at its peak, 115 million users. But it was Facebook that demonstrated the sheer speed with which digital technologies can grow. After Facebook launched in February 2004, it became one of the fastest-growing products in world history, amassing its first million users in just 15 months. Mark Zuckerberg, its founder, today has the most popular product on the planet. Facebook had 2.5 billion users at the end of 2019.
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Today, however, the speed of Facebook’s growth looks positively quaint. Witness Lime. Founded in San Francisco in January 2017, the company places distinctive green electric scooters and bikes around cities. Press a button on your smartphone and you can hire one by the minute. Although Lime’s business is much more complicated than Facebook’s – incorporating bikes that need GPS, GSM connections, charging, maintenance and tracking – it took a mere six months for Lime to serve 1 million rides; and only another seven months to get to 10 million.12 All this was made possible by the revolution in computing: prices had fallen so much, Lime could put a small computer and GSM radio into every one of the hundreds of thousands of bikes they operate.13

The increasingly rapid growth of digital technologies is not limited to the US. KakaoTalk is the leading Korean social network, the equivalent to WeChat or WhatsApp. In January 2016, the firm decided to launch a bank. Within two weeks, 2 million Koreans – about 4 per cent of the country – had opened an account. By the summer of 2019, more than 20 per cent of Koreans had done so.14 And as soon as we get to grips with one fast-moving exponential age product, another shows up. Take TikTok, a social network for funny videos. It went from an unheard-of service to the most downloaded app in the world in a matter of months. And with that growth came an unparalleled flow of sales. ByteDance, Tiktok’s parent company, reported sales of $7 billion in 2018; two years later its revenues had more than quintupled. For comparison, just five years earlier, Facebook had exceeded the same milestone of $7 billion in revenue; in its next two years, its revenues had only tripled.15

This increasing speed is the legacy of Moore’s Law. The hardware that underpins digital technology lends itself to continual increases in power and continual decreases in price. As chips develop at exponential rates – 50 per cent or more, compounding every year for many years – they give access to unimaginable computing power, for trivial sums of money. That hyperdeflation creates ever-greater possibilities: new products that can, in turn, spread faster through our economies. The overall process is one of constant acceleration.

By the early years of the twenty-first century, some technologists had started to notice the slowdown of Moore’s Law. That was perhaps unsurprising. Technologies don’t tend to improve exponentially indefinitely. Cars aren’t much faster today than they were at the end of World War Two. Modern passenger aircraft trundle along at 500 or so miles per hour – not much quicker than the 468 miles per hour the first passenger jets managed in the 1950s.

And there’s a strong case that our current approach to chip design is close to bumping against the limits of what is possible. Scientists have come up with increasingly complicated processes to meet Moore’s predictions. As the transistors get smaller, they require ever-more precise machines to build them: today’s semiconductor factories depend on extraordinarily sophisticated laser technology, with the most advanced lasers used costing more than $100 million apiece. At the same time, any tiny change to the factories’ atmospheric conditions has come to pose an existential threat to their microscopic transistors: a single speck of dust can ruin the silicon wafers. And so the rooms in which chips are made are today the most placid in the world, sitting on legions of anti-vibration dampers. They are also the cleanest. The air in these rooms, which sometimes approach 200,000 square feet in area, is often filtered some 600 times an hour. (By comparison, a hospital operating theatre only needs its air cleaned 15 times an hour.)

This is what is meant when we say that Moore’s Law is a social fact rather than a hard law: the semiconductor industry has been hell-bent on meeting it. Some economists estimate that the amount of research required to keep Moore’s Law ticking over increased 18-fold between 1971 and 2018. The construction costs of semiconductor fabs have increased at about 13 per cent a year – the most recent cost $15 billion or more to build.16

But, despite the industry’s efforts, by the late 2010s the growth of transistors per chip was beginning to slow. Like sweaty commuters on a hot day, cheek to armpit, these submicroscopic circuits were irritating each other. Each miniscule transistor generates heat that can spill over to neighbouring circuits and make them unreliable – a problem that chip engineers are finding increasingly hard to counteract. What’s more, modern transistors are so small – only a few atoms wide – that they may soon be prone to the spooky behaviour of quantum physics. At this scale, particles are so small that they behave like waves, meaning they can pass through physical barriers and stumble into places they shouldn’t be. Moore’s Law is being derailed by quantum-drunk electrons.

But this doesn’t mean that the growth of computing power will decelerate. The computing revolution shows no sign of slowing down. Ray Kurzweil, one of the world’s leading technology researchers, posits a theory of technological development that seeks to explain why. Technology, he says, tends to develop at an accelerating pace – according to what he calls ‘the Law of Accelerating Returns’. At the heart of Kurzweil’s model is a positive feedback loop. Good computer chips allow us to crunch more data, which help us to learn how to make better computer chips. We can then use these new chips to help us build better chips, and so on. In Kurzweil’s view, this process is constantly accelerating: the returns of each generation of technology layer on top of the previous generation’s, and even feed into one another.17

However, the crucial part of Kurzweil’s theory isn’t about any one technology, like the automobile or the microchip. His focus is on how different technologies interact. Kurzweil’s great insight is that the exponential march of technology is not, in fact, about the straightforward progression of individual inventions, or even individual sectors of the economy. In fact, the illusion of continual exponential technological development is down to dozens of different technologies developing in tandem and continually interacting.

Remember the S-curves in Horace Dediu’s data. When a technology is first created, its development and spread follows a shallow gradient. That speaks of slow but meaningful progress. At some point, however, the development of the technology picks up pace. Rapid expansion follows, until, at some stage, progress peters out. Our once near-vertical graph flattens back to the horizontal.

In Kurzweil’s view, however, at any one time there are multiple technologies following an S-curve. As one S-curve reaches its steepest gradient, another curve begins. Once our first curve starts to flatten out, the younger technology is approaching the explosive phase of its acceleration – and takes up the mantle of rapid growth. And, most importantly of all, these different technologies nourish one another – innovations in one sector inspire developments in the next. When one technology reaches the limits of its potential, a new technological paradigm is waiting in the wings to pick up the slack. The result is that, across a society, there is a quickening in the pace of technological progression – even if the development of individual technologies is consistently slowing off.18

This theory has profound implications for the future of computing. While the paradigm described by Moore’s Law is reaching its limits, we are not reaching the limits of computational power in general. We should always find some new approach that can help meet the growing demands of users, the theory suggests. It’s just that, in the future, increased computing power might not be based on cramming more transistors onto a chip.

So far, Kurzweil’s theory seems to be holding up. In the first years of the new millennium, at around the same time we approached what many engineers thought were the physical limits of Moore’s Law, we reached a tipping point. Finally, there was enough data and enough computational power to allow for the development of a new technical paradigm: artificial intelligence. And it catalysed a wholly new way of thinking about computing power – one that has broken through the limits of our earlier method of chip design.

Humans have pondered the possibility of building artificial intelligence since antiquity. According to Stuart Russell, the author of the top graduate textbook on AI, a computer can be considered intelligent if it is able to take actions that can achieve its objectives.19 Crucially, a piece of AI software needs to be able to make some kind of decision – rather than just blindly following each step in its program code.

After the term ‘artificial intelligence’ was coined in 1955 by a computer scientist, John McCarthy, researchers set out to build just such ‘intelligent’ machines. Over the next 60 years, AI research progressed slowly. The field had many false starts – with seemingly important breakthroughs fostering overinflated expectations, which in turn led to failure and despondency. The problem was a lack of data and a lack of computing power. For decades, many scientists believed that any major breakthrough in AI was probably going to come through an approach called ‘machine learning’. This is a method that involves gathering huge amounts of information about a problem, and using algorithms to identify recurrent patterns. For example, you might teach an AI system the difference between a cat and a dog by showing it 10 million photos of cats and dogs, and telling the machine explicitly which are cats and which are dogs. Eventually, the ‘model’ will learn to discriminate between a picture of a cat and a picture of a dog. But until relatively recently, we lacked the data and computational power to realise the potential of such machine learning. Thanks to the amount of number-crunching involved, this approach needs masses of information and expensive computation. And that information and computing power didn’t exist.

By the early 2010s, however, that had begun to change. There was suddenly a cornucopia of data, created by ordinary people sharing photos of their lives on the internet. At first this data wasn’t particularly useful for AI researchers – until a professor called Fei-Fei Li set out to change that. Based at Stanford University, Li is a computer scientist specialising in the intersection of neuroscience and computer science – with a particular interest in how humans perceive objects. In 2009, driven by the idea that digitally mapping out as many real-world objects as possible would improve AI, Li set up ImageNet – a project that over a period of five years would single-handedly catalyse the explosion of useful AI. The site took the form of a meticulously detailed collection of 14,197,122 images, all hand-annotated with tags like ‘vegetable’, ‘musical instrument’, ‘sport’ and, yes, ‘dog’ and ‘cat’. This dataset was used as the basis for an annual competition to find the algorithm that could most consistently and accurately identify objects. Thanks to ImageNet, good-quality labelled data was suddenly in high supply.

Alongside the profusion of data came an explosion in computing power. By 2010, Moore’s Law had resulted in enough power to facilitate a new kind of machine learning, ‘deep learning’, which involved creating layers of artificial neurons modelled on the cells that underpin human brains. These ‘neural networks’ had long been heralded as the next big thing in AI. Yet they had been stymied by a lack of computational power. Not any more, however. In 2012, a group of leading AI researchers – Alex Krizhevsky, Ilya Sutskever and Geoffrey Hinton – developed a ‘deep convolutional neural network’ which applied deep learning to the kinds of image-sorting tasks that AIs had long struggled with. It was rooted in extraordinary computing clout. The neural network contained 650,000 neurons and 60 million ‘parameters’, settings you could use to tune the system. It was a game-changer. Before AlexNet, as Krizhevsky’s team’s invention was called, most AIs that took on the ImageNet competition had stumbled, for years never scoring higher than 74 per cent. AlexNet had a success rate as high as 87 per cent. Deep learning worked.

The triumph of deep learning sparked an AI feeding frenzy. Scientists rushed to build artificial intelligence systems, applying deep neural networks and their derivatives to a vast array of problems: from spotting manufacturing defects to translating between languages; from voice recognition to detecting credit card fraud; from discovering new medicines to recommending the next video we should watch. Investors opened their pocketbooks eagerly to back these inventors. In short order, deep learning was everywhere. As a result, neural networks demanded increasing amounts of data and processing power. A 2020 neural net, GPT-3 – used to generate text that could sometimes pass for being written by a human – had 175 billion parameters, about 3,000 times more than AlexNet.

But if the new approach to computing was AI, what was powering it? Between 2012 and 2018, the amount of computer power used to train the largest AI models increased about six times faster than the rate of Moore’s Law. The graph over the page plots the growth in computation used for state-of-the-art AI systems, set against the exponential curve of Moore’s Law. If AI’s usage of computational power had followed the Moore’s Law curve, it would have increased about seven times in six years. In fact, usage increased 300,000 times.20

It’s an astonishing statistic. But it can be explained by precisely the process that Ray Kurzweil identified decades earlier. At just the moment we were bumping up against the limits of our old method – cramming more transistors onto a chip – scientists came up with a novel solution, drawing on a slightly different approach.
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The answer lay in the kind of chips used. AI researchers like Krishevsky replaced traditional computer chips with ones that had been developed to draw high-end graphics for video games. You wouldn’t use chips like these for everyday computing, but they proved surprisingly well suited for AI. In particular, they were remarkably good at maths. The calculations that video games needed to produce realistic scenes involved a lot of multiplying. To get a sophisticated neural net to work, you’d need to perform millions, sometimes billions, of such multiplications – and these graphics chips were up to the task.

As it became clear that there was an expanding market for these chips, the computer industry rose to the challenge. AI developers needed more power, and that power would come from these specialist chips. Firms like California’s Cerebras and the UK’s Graphcore began to build chips suited for this one task alone: running neural networks at high speeds.

The result has been the continued exponential growth of computing power, except free from the shackles of Moore’s Law. That law is driven by miniaturisation – ever more transistors in an ever-smaller space. But today’s AI chips don’t rely on increasingly Lilliputian forms of engineering. In fact, some of these chips are made up of much bigger components. A traditional processor of the type you might find in your laptop has components some 7 nanometres apart – you could fit about 3,000 of them across a the width of single strand of human hair. The specialist AI chips from Graphcore are mapped at 16 nanometres– more like 1,300 per strand.

This means that computing power looks set to grow exponentially for the foreseeable future. And should our new forms of chip eventually prove unsuited to society’s growing demands for computing power, waiting in the wings is a completely novel approach – ‘quantum computing’.21 In classical computing, the core unit of information is the bit, the binary digit. In quantum computing, that elementary unit is the qubit – and qubits reflect the underlying maths of quantum physics. Unlike the binary nature of bits, which must either be a 0 or a 1, a qubit can represent all values between 0 and 1 simultaneously.

Like specialist AI chips, quantum computers are not suitable for most types of computation, but they can tackle vital problems. For example, scientists hope quantum computers will allow us to create nitrogen fertilizers without releasing scads of carbon dioxide into the atmosphere. This is all about modelling new kinds of molecules, to be used as catalysts in the process of fertilizer production. Classical computers would take hundreds of thousands of years to model such molecules; a quantum computer would take about a day.22

In one experiment, reported in October 2019, a prototype quantum computer from Google performed a computing test in 200 seconds. The same test would have taken a state-of-the-art classical supercomputer around 10,000 years. This primordial quantum computer was more than 1 billion times faster than its classical rival.

In other words, so far Kurzweil has been vindicated. Even as one technological paradigm runs out of steam, new alternatives are being developed – so as we approach the bounds of one approach, another one takes its place. Whenever any single technology seems to be reaching a hard limit, inventive folk will draw on novel techniques – probably from adjacent sectors and disciplines – to overcome the problem.

And if this theory holds true in general, it feels particularly apt for computing. From the ZX81 to Google’s prototype quantum computers, over the last half-century computers have been getting exponentially faster. This exponentiality shows no sign of slowing down: as computers speed up, new technological paradigms will develop. As one approach reaches its full potential, another will be waiting to pick up the slack.

In this sense, computing was the harbinger for the Exponential Age, the first technology to exhibit this remarkable rate of change. It showed us what happens when technologies accelerate, getting better and cheaper, creating entire industries in their wake.

But computers are not the only exponential technology. Across many sectors, technologies are improving at increasing speeds, and bringing massive changes with them. An eclectic mix of social, economic and political forces is driving the acceleration of these technologies. And it is this wider process of acceleration – and its causes – to which we now turn.
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The Exponential Age

I know I am in the minority when I confess that The Man with the Golden Gun is one of my favourite Bond movies.1 The two-dimensionality of the film’s characters is rivalled only by that of its set design. But it has a certain charm. James Bond – played with characteristic comedy by Roger Moore – chases a freelance assassin, Francisco Scaramanga, across a series of beautiful tropical locations, from Macau to Thailand. Scaramanga has stolen the Solex Agitator, a device that can harness the sun’s power to provide the world with electricity. Bond is tasked with getting it back. The whole movie is an exercise in techno-fetishism, symbolised by the futuristic solar power plant on Scaramanga’s private island – where he and Bond eventually face off.

Released in 1974, the film reflected the anxieties of a world in the grips of an unprecedented oil crisis. In October 1973, a group of oil-exporting Middle Eastern countries had announced an embargo, refusing to export petroleum to the US and a number of its allies over their alleged support for Israel in the Yom Kippur War of that year. Over the next six months, oil prices rocketed to three times their October level. And against the backdrop of punishingly high fuel prices, alternative forms of energy suddenly captured the world’s imagination. Hence the Solex Agitator, perhaps.

Yet despite Bond’s sterling efforts murdering and romancing his way across the Asia-Pacific, solar power was not going to solve the oil crisis. Like the film’s producers, the Japanese and American governments sprung into action, responding to rising oil prices and fuel shortages by doubling down on solar energy research. But, at the time, generating any useful amount of electricity from the sun’s rays was simply too expensive.

In 1975, a silicon photovoltaic module – the shiny reflective substrate you now see adorning solar farms around the globe – cost about $100 per watt of power it could produce. At that price, solar power would remain an energy source for low-energy playthings and government gadgets, and little else. Satellites had been festooned with solar panels – which were lighter than chemical batteries – since 1958.2 Some wristwatches and calculators sported them by the end of the 1970s. But for more widespread use, forget it. Solar power was prohibitively expensive.

That calculus has changed. Between 1975 and 2019, photovoltaics dropped in price some 500 times – to under 23 cents per watt of power.3 The bulk of that change has come in the last decade. Even in 2010, it cost 30–40 cents (about 20–30 pence) to produce a kilowatt-hour of electricity using solar panels, making it 10–20 times more expensive than fossil fuels.4 But the cost of solar power has been declining at exponential rates – about 40 per cent per annum for large commercial contracts. By October 2020, the cost of generating electricity from large-scale solar power, as well as from wind, had dropped below the cheapest form of fossil fuel product: combined-cycle gas generation.5 In the decade up to 2019, the price of electricity generated by solar power had declined by 89 per cent.

No other form of electricity production can compete. From being entertainingly utopian in Scaramanga’s time, and still fundamentally uneconomic at the start of the twenty-first century, solar power has become the cheapest source of electricity in two-thirds of the world.6 Now, solar panels grace houses across the globe in rich nations and poor nations alike – in the north, in the south, in hot countries and cold. Cheap solar electricity has even transformed the lives of opium farmers in Afghanistan – powering irrigation, allowing for greater cultivation of the poppy, and leading to diversification into other crops.7

The story of solar power since the 1970s reveals that exponentiality is not limited to computing. Yes, the computer industry set the stage for a new era of accelerating technologies. But this phenomenon is not confined to transistors, nor to AI. Exponentiality has become widespread in four key domains of technology, which between them form the bedrock of the global economy. Computing, of course, is one. But so too are the domains of energy, biology and manufacturing. Each is undergoing a spectacular, thrilling transformation. The costs of the key technologies in each area are falling dramatically, by the equivalent of a factor of six or more every decade. We saw what exponentiality looks like in the first of these areas in the previous chapter. In this chapter, we’ll explore the other three.

The breadth of these four areas demonstrates that we need to adopt a wide-lens view of exponential change. To make sense of exponentiality beyond the world of computing, we must view it as the result of a broad array of technological, economic and political forces. Explaining these forces is the goal of this chapter.

First, we’ll examine why new technologies in each of these domains are having such a transformative impact across society. Second, we’ll examine why they have come about. As we’ll see, growing demand has pushed the price of technology ever lower. And every new innovation interacts – and combines – with the others to create new technological possibilities. All the while, growing networks of information and trade make the spread and scaling of new technology easier by the day.

Between these four key areas – computing, energy, biology and manufacturing – it is possible to make out the contours of a wholly new era of human society. We are not talking about a smattering of accelerating technologies in a few distinct areas. Exponentiality is baked into the very logic of technology, across numerous sectors of the economy. In other words, we are in the Exponential Age.

Let’s look at the three remaining areas of exponential change one by one. First up, energy. Solar is not the only power source on an exponential trajectory. There’s an economic reason that massive wind turbines increasingly occupy windy stretches of shallow water, gusty plains and mountaintops. Suddenly, wind power is cheap – and getting cheaper. In the 10 years to 2019, the cost of generating electricity from wind turbines declined by 70 per cent, or about 13 per cent per annum. This decrease is helping to displace other forms of energy production across the globe. Fossil fuel power stations are being mothballed, thanks to the exponential decline in the price of renewables.

Of course, wind and solar power alone cannot address all our energy needs. Their limitation lies in their intermittency – they generate power, but they do not offer an obvious way to store it. One of the remarkable features of fossil fuels is that they are stores of energy – a lump of coal is like a physical block of heat, to be transported wherever and burnt whenever its owner sees fit. The great challenge for renewables has been what to do at night, or on days without a strong breeze. But batteries are on an exponential trajectory too. The cost of lithium-ion storage dropped by 19 per cent per annum for the whole decade from 2010.8 As of 2021, large-scale battery systems are nearly cheap enough to compete with coal- and gas-fired power stations. It is not unreasonable to expect that between 2020 and 2030, the price of electricity generated by solar power or wind power might decline several times more, and the price of battery storage at the same rate.

A similar process is at work in another of our key domains: biology. If anything, technological progress in the realm of biomatter makes the revolution in energy look glacial. For generations, biology seemed a difficult and messy science – one not particularly prone to technological transformation. If chemists have long been able to isolate simple chemicals in test tubes, and physicists to distil the universe down to its essential laws, biology has generally been fuzzier – focused as it is on the confusingly complex inner workings of living organisms.

Consider the process of reading the human genome, the genetic code that underpins each one of us. It is a complex business. The genome of a human is a long chain of binary information, some 3 billion letters long. We use the letters ‘G’, ‘T’, ‘C’ and ‘A’ to represent its chemical bases – guanine, thymine, cytosine and adenine. To read such a genome, it must be broken into millions of small pieces, which are read using electrochemical arrays. Each sequence is then carefully aligned and reassembled to provide a finished read.

The first complete human genome was sequenced between April 1999 and June 2000. The cost of that first draft of our genetic script was about $300 million. It needed subsequent refinement at a cost of a further $150 million. So to decode that first genome cost at least $500 million, and possibly as much as $1 billion.

But this changed fast. By September 2001, the National Human Genome Research Institute of America’s National Institutes of Health reckoned that the cost of sequencing a full human genome ran to $95,263,702. By August 2019, that price had declined to $942, a 100,000-fold improvement.9 Illumina, an American firm, was behind this – it’s HiSeq X sequencer allowed sequencing costs to break the $1,000 mark in 2014.

Then, after a few years of dominance by Illumina, the Shenzhen-based company BGI announced in March 2020 it was capable of sequencing a full genome for only $100 – representing a million-fold improvement in less than 20 years.10 That equates to a halving in price every year for two decades. It puts Moore’s Law to shame. If the price-performance improvements in genome sequencing had followed the same curve as Moore’s predictions for microchips, at the time of writing you could expect to pay more than $100,000 per sequence. In fact, genome sequencing has fallen 1,000 times further than Moore’s Law would have forecast.

And, as ever, lower prices mean higher usage. In 1999, we had sequenced one messy genome. By 2015, humanity was sequencing more than 200,000 genomes a year.11 One research group estimates that by 2025 as many as 2 billion human genomes may have been sequenced.12

There are a number of factors driving down the cost of coding a genome, and growing computing power is part of the story. Genome sequences are enormous chains of letters. Coding one human genome would require about 100 gigabytes of storage (enough to store about 25 high-definition movies) – a level that is much easier to secure now than it was two decades ago. But Moore’s Law is far from the only cause of the price drop. There have been developments in the way we produce the reagents and ‘amplifiers’ required to turn a DNA sample into something readable. Over the years, these chemicals have become progressively cheaper and cheaper. Meanwhile, advancements in electronics have allowed scientists to create cheaper sensors, and developments in robotics have allowed for more automation of the manual parts of the convoluted process.13

Genetic coding is but one aspect of the revolution in biotech. Another is synthetic biology, a field that melds several disciplines, including computer science, biology, electrical engineering and biophysics, to create novel biological components and systems. It too is on an exponential march – one that is churning out breakthroughs in agriculture, pharma, materials and healthcare. Today, we can sequence and manipulate microorganisms. We can turn them into little natural factories to produce the chemicals and materials we need – something that would have been unthinkable even a decade ago. The impact of this will be transformative. According to some estimates, 60 per cent of the physical ‘inputs’ in the global economy could be produced biologically by 2040.14 Harnessing nature in this way will let us produce completely new materials – biopolymers that won’t hurt our oceans; electronic components that are lighter or consume less power.

And then there is the last of our four areas of exponential change: manufacturing. How we make things is in the process of transforming fundamentally, perhaps for the first time in millions of years.

We have been manipulating physical materials – matter – in pretty much the same way since long before there were Homo sapiens. The oldest-known flints were carved in Olduvai, in modern-day Tanzania, about 1.7 million years ago. Industrial-era manufacturing processes have much in common with those of our distant forebears. We too generally use a subtractive process – start with a block of stuff, and chisel away what we don’t want. This is what hominids did with flints. It is what pharaonic stonemasons did to the stone blocks of the pyramids. And it is what Michelangelo did when he chiselled a block of marble to create David.

Today, we can do this at a grander scale and with greater precision, but the process is essentially the same. Even as the computer age heralded precise computerised machining, this was still a subtractive process: the early human’s hammering of flint on stone was replaced by a diamond cutter controlled by a computer. Of course, there are other methods of making stuff, such as using casts to mould metals or plastic. These have the advantage over chiselling in that they don’t waste any material. But a big disadvantage: casts and moulds only create copies of a single design. Want a new product and you need a new mould.

Additive manufacturing, or 3D printing – I’ll use the terms interchangeably – is an exponential technology that delivers the individual detailing of subtractive manufacturing, without the waste. Typically, objects are crafted through computer-aided design. The process involves creating a new object from scratch: by putting together layers upon layers of melted material, using a laser or a device a little like an inkjet printer. The material can range from glass to plastic to chocolate. It marks a fundamental break with many millennia of subtractive manufacturing, and thousands of years of casting and moulding.

Since the first 3D printers were developed by Charles Hull in the mid-1980s, additive manufacturing has improved dramatically. The process has become faster, more precise and more versatile – today, 3D printers can work with materials including plastics, steels, ceramics and even human proteins. In 1999, the Wake Forest Institute for Regenerative Medicine grew the first 3D printed organ for transplant surgery. And in Dubai in 2019, my friend Noah Raford spearheaded the then largest 3D-printed object: a single-storey 2,500-square-foot building.15 Printed out of concrete in 17 days, Noah used it as his office for several months. The project used 75 per cent less concrete than a typical design and was built with unheard-of precision.

Additive manufacturing is still a tiny business. You’ll find it in prestige products and in highly specialist sectors of the economy – lightweight parts for fighter jets, or medical implants. But the underlying technologies are on an exponential course. Researchers estimate that most additive manufacturing methods are developing at a pace of between 16.7 per cent and 37.6 per cent every year, with the average rate falling in the high thirties.16 Over the next 10 years we will see performance improve 14 times – and, of course, see prices drop concomitantly. Terry Wohlers, an analyst of the additive manufacturing sector, tells me that the 3D printing market grew 11 times in the decade to 2019 – a rate of 27 per cent per annum.17

Why does the transformation of these four domains matter? After all, new technologies come along all the time. Researchers develop new ways of solving problems; engineers improve the methods we already have; occasionally we stumble upon a breakthrough. Even if the rate of change is increasing, you might think, the fundamental process is nothing new.

But the technologies in these four domains – computing, biology, energy and manufacturing – are special. To understand why, we must recognise a fundamental truth about innovation: not all technologies are equal.

Most technologies have fairly few uses – think of stirrups, or light bulbs. This doesn’t mean their impact is small. The humble stirrup, really only of use for the horse rider, is credited with helping Genghis Khan sweep across Asia to create the world’s largest land empire. The light bulb broke us free from the shackles of darkness. Society could function, at work or at home, after sunset. Narrow technologies can therefore have a broad impact. However, their uses remain relatively circumscribed.

Some innovations have a much broader utility, though. The wheel might provide power in a waterwheel, or serve as part of a pulley, or be used in a vehicle. Farmers, firemen and financiers might all have cause to call on a wheel. And a wheel could be used in every part of their trade. These wide-ranging inventions are known as ‘general purpose technologies’. They may displace other technologies and create the opportunity for a wide variety of complementary products – products and services that can only exist because of this one invention.

Throughout history, general purpose technologies (GPTs) have transformed society beyond recognition. Electricity drastically altered the way factories work, and revolutionised our domestic lives. The printing press, which played a key role in the European Reformation and the scientific revolution, was much more than a set of pressure plates and cast metal type. GPTs upturn our economies, and our societies too – spawning changes far beyond the sectors in which they began.18 As the economists Richard Lipsey, Kenneth Carlaw and Clifford Bekar put it, GPTs ‘change almost everything in a society … by creating an agenda for the creation of new products, new processes, and new organizational forms.’19

Part of the reason GPTs are so transformative is the way they have effects beyond any one sector. Consider one of the key GPTs from the start of the twentieth century: the car. To reach their potential, cars needed suitable roads – physical infrastructure that spanned nations. But cars also needed fuel and spare parts, and drivers needed sustenance – creating the demand for fuel stations and roadside cafés. Cars forced changes to the urban environment and so cities started to change, with precedence going to motorised vehicles. Over time, suburbs developed, and with them came the gradual reshaping of consumer practices: reasonably priced hotels for vacationers, and big-box retail stores. New rules slowly emerged, including a slew of safety regulations for drivers. In short, the GPT changed everything.

And this hints at why the exponential revolution in our four key sectors is so important. We are witnessing the emergence of a transformative new wave of GPTs. Not a single GPT, as in the time of the printing press. Nor even three GPTs, like the early twentieth century’s offering of the telephone, the car and electricity. In the Exponential Age, we’re experiencing multiple breakthrough technologies in the four broad domains of computing, energy, biology and manufacturing.

At this early stage, it is hard to pin down precisely what the GPTs in these areas will be. All we know is that the emerging technologies in each sphere can be applied in a massive array of ways. As we have seen, growing computing power has a seemingly endless range of uses. Gene engineering might be used to tamper with microorganisms, produce new screens for smartphones, or help us design precise medicines. And 3D printers let us create everything from precision car parts to new bodily organs.

The rapid evolution of these technologies does not presage instantaneous change. The revolutionary effect of general purpose technologies may take time to materialise. Consider electricity. In the words of the leading economic historian James Bessen: ‘The first electrical generating stations opened in 1881, but electrification had little effect on economic productivity until the 1920s.’20 GPTs take a while to have meaningful effects – as new infrastructure is built, ways of working change, and companies train their employees in novel techniques.

GPTs are integrated into the economy in a series of steps, best described by the economist Carlota Perez.21 First comes the installation phase, when the basic infrastructure underpinning a GPT is developed. The roll-out of a GPT is an arduous process: to build an electricity network, you need to build generating systems and power lines and grids. In this phase, skills are limited, and know-how is scarce. It takes time to develop the knowledge required to apply a GPT at scale. These early years may be a low-productivity, discovery-led period in the life of a GPT. Existing, mature technologies are more efficient and pervasive than the new inventions – in some cases, using a novel technology may be more trouble than it is worth.

But the real revolution comes at the next stage: the deployment phase. After a laborious installation phase, our economies have rolled out enough of a new technology to do something useful with it. Companies have figured out its purpose. Crucially, managers and workers have built up the requisite knowledge and experience to make use of the technology. And complementary services, like repair and supply shops, have been established. During the deployment phase, societies can enjoy the boons of a GPT: this is a ‘golden age’, in Perez’s words. But it takes time.

As we saw in the last chapter, however, today’s technologies – general purpose or otherwise – are rolling out at a much faster rate than ever before. Much of the infrastructure, from cloud computing to smartphones, has already been deployed. And that means that the transformation Perez alludes to may come faster than in any previous era. Our age is defined by the cascading of technologies: one new technology leads rapidly on to the next, and on to the next.

Consider the wide-ranging effects of computing – which stretches well beyond the traditional parameters of IT. As Perez points out, the computing revolution made the creation and processing of information much easier. One consequence was the rise of products that could target increasingly small niches, from many flavours of ketchup to a dazzling variety of clothes – enabled by our enhanced ability to gather and process data. Another was the transformation of corporate organisation: firms changed the way they operated and developed different strategic objectives, for reasons we’ll encounter in Chapter 4.

But the rise of computers was only the first step. The spread of the PC laid the foundations for the rapid spread of the internet. In 1984, there were 1,024 computers connected to the internet. By 1994, the number had risen more than 3,000-fold. One estimate put the number of internet users in 1995 at 16 million; by the end of 2020, more than 5 billion of us were connected to the web (a 300-fold increase).22

And the spread of the internet was facilitated – and in turn accelerated – by the rise of the smartphone. While the first smartphones emerged in the 1990s, they were simply not up to the task. Battery life was poor, screens were small, and they ran on very limited software. IBM’s Simon, released in 1992, only sold 50,000 units.23 But everything changed with the launch of Apple’s iPhone in 2007, the first breakthrough smartphone. Within five years, a billion of us had one of these all-purpose devices. By the end of 2020, that number had reached 3.5 billion.

As these innovations interact, they transform numerous parts of the economy. The smartphone has replaced many other consumer devices – Walkmans, calculators, diaries, watches and street maps. Camera sales have collapsed in the wake of the rise of phone cameras. And shopping has changed too. American consumers spent $284 billion shopping via their mobile phones in 2020.24 In November 2019, during an annual promotion called Singles’ Day, China’s shoppers placed orders totalling $39 billon to Alibaba through their smartphones. A year later, the same promotion netted $74 billion in sales. Retailers who had invested in expensive storefronts in costly areas found that customers were happier lying in bed prodding a screen than visiting physical shops.

This is the power of GPTs. Their effects spread inexorably from area to area, rippling across all aspects of our daily lives. And the GPTs of the Exponential Age are only just beginning to emerge. We have so far witnessed the rise of personal computers, the internet, smartphones; we haven’t yet experienced the effects of extremely cheap power, bioengineering, 3D printing – and many other technologies too nascent to predict.

So far, we’ve explored what some of the new generation of exponential technology consists of. And we’ve learnt why these innovations – many with the hallmarks of general purpose technologies – will have such a transformative impact. But this all raises a new, even bigger question: why now? In other words, what is driving the exponential revolution?

The answer lies in three forces, which the rest of this chapter will focus on. And the first can be summarised with a simple maxim: ‘Learning by doing.’

To make sense of this first cause, we need to return to Moore’s Law – and come to understand its limitations. There was always something that bugged me about the theory: its relationship with time. As outlined by Gordon Moore, the passing of time is key: every two years or so, you can get twice as many transistors on the same-sized silicon wafer for the same price. When I first came across Moore’s Law in the mid-1980s I took it at face value, as any teenager might. It was alluring and easy to remember. But my entry into the world of tech as a professional led me to ponder it more critically. What was it about the passage of time that magically packed more semiconductors onto silicon? Surely humans had some agency in this process? Consider a strike. What if workers downed tools, locked up the fabs and picketed outside their factories for two years? Would the transistors still get smaller? Surely not.

As we saw in the last chapter, Moore’s Law is a social fact, willed into existence by industry. And that means human behaviour is key: if we stopped endeavouring to make Moore’s Law true, it would cease to be true. As such, while it is an adequate description of technological change – for now, at least – it is ill-equipped to explain why technologies improve.

A better approach would be a law of technological change that is based not on time, but on what actually happens in a sector. Such a model could account for changes in our behaviour: if we stopped building microchips, it wouldn’t immediately lose its explanatory power. And ideally, we would want such a prediction to be applicable to whole families of different technologies, not just to one industry.

Fortunately, we have just such a principle – and it was theorised two decades before the silicon chip was invented. Wright’s Law was developed by Theodore Wright, an aeronautical engineer who set out to understand how much aircraft cost to manufacture and why. He looked at the production costs of planes in the 1920s and 1930s and noticed that the build cost seemed to decline following a pattern. The more aircraft were built, the more airframes the engineers, mechanics and designers had to assemble – and the cheaper each unit became.25

His theory was that for every doubling in units produced, costs would fall by a constant percentage. The exact nature of the decline would depend on the engineering in question. In the case of the aircraft Wright studied, it was a 15 per cent improvement for every doubling of production. This 15 per cent improvement is known as the ‘learning rate’.

In Wright’s analysis, the reason was simple. As engineers build a product, they come to understand what it takes to build it better. They figure out a more elegant way to connect two components. Or they combine a set of different elements into a single component. Workers figure out shortcuts that make them more efficient. In other words, they learn by doing. As engineers finesse the process, a small innovation here and another innovation there drives rapid increases in efficiency.

For this reason, the key to the continuation of Wright’s Law is increasing volume. Greater demand drives improvements in the process, which in turn drive down costs, which in turn drives further demand, and so on. This is a distinct concept from the notion of economies of scale – the idea that efficiencies come from having bigger operations, or getting better prices from suppliers. Rather, Wright’s emphasis is on the relationship between demand and skill. As demand for a product grows, the people producing it have to make more of it. And that means more opportunities to learn by doing. As they put what they have learnt into practice, costs get driven down further and further.

This means Wright’s Law has an edge over Moore’s Law. Both describe the way the cost of technology diminishes exponentially. But Moore’s Law simply describes performance improvements over time. There are scenarios it can’t account for – those striking microchip-factory workers, for example. Wright’s Law, meanwhile, connects progress to the quantities produced. Say that for every doubling of production, the unit cost of a gadget drops 20 per cent. If production doubles every two years, costs will drop by 20 per cent every two years. If production doubles every year, costs will drop by 20 per cent every year. Wright’s Law holds true even during that mythical strike: if production stops, the reduction in cost stops.

Since Wright’s time, researchers have discovered that his law applies to dozens of technologies – from the outputs of the chemical industry, to wind turbines and transistors. The doubling of volume does lead to relatively constant declines in per-unit price. And this holds true for the hallmark technologies of the Exponential Age. The declining cost of lithium-ion batteries has been successfully predicted using Wright’s Law. Electric car sales increased 140-fold between 2010 and 2020, and every one of those units needed a lithium-ion battery. In the same ten-year period, demand for such batteries shot up by a factor of 665 (the batteries were getting more capacious each year). The increase in volumes led to a decline in the per-unit price: from 2010 to 2020, the price of an average battery pack fell by nearly 90 per cent. But it’s not just batteries. As it turns out, Wright’s Law even more accurately describes what happened to silicon chip prices than Moore’s Law does.26

This law has been with us since long before the Exponential Age. But today, there’s one crucial difference. Historically, Wright’s Law has had clear limits. Think of the way a product’s entry to the market follows an S-curve. At the beginning, it spreads exponentially – but as the market saturates, uptake tails off. This was assumed to hold true for Wright’s Law too: eventually, the market saturates, and the decrease in prices slows to a halt. Wright, who died in 1970, might have been disgruntled to discover what ultimately happened to the prices of the aircraft he studied. The original Boeing 737, first built in 1967, cost $27 million in 2020 terms. The latest variant, the 737 MAX which first flew in 2016, cost as much as $135 million – five times more. So much for price declines.

Yet a striking feature of our age is that the hard limits to Wright’s Law seem much more distant – and in some cases they might not even exist. Today, the prices of new technologies seem able to drop endlessly. We’ve already seen this process in action a few times, so here let’s home in on just one, particularly striking, example. Many of us are familiar with USB sticks, those little dongles used to move computer files around. These first appeared in the year 2000: $50 bought you 8 megabytes of storage.27 Twenty years later, $50 could buy you a good-quality 2-terabyte flash drive (storing 250,000 times more of your memories). This represents an annual increase of 85 per cent. For an industrial-era product – say, a washing machine – at some point in this process Wright’s Law would have tapered off. For USB sticks, there has been no such slowdown.

Why do the limits to Wright’s Law seem so much more distant in today’s economy? To some extent it relates to the physical nature of the underlying technologies, which are fundamentally different to older inventions. Silicon chips get faster as you make their components smaller. And since chips live on a square wafer, each time you shrink a component you get the efficiency gain squared. If you have a wafer that is 100 square millimetres and you can fit one component onto every millimetre, then a single wafer can hold 10,000 components (100 × 100). If you shrink the components by 50 per cent, so that you can fit two onto every millimetre, you end up with 40,000 components (200 × 200) on the same die.

This process holds true for many exponential technologies. Even mighty wind turbines are not immune to such effects. The generating capacity of a wind turbine is proportional to the area that the blades sweep through. That area grows by the square of the length of the blades, so if you are able to manufacture a blade twice as long, you get quadruple the impact.28 In 1990, a typical large wind turbine had a trio of blades with a diameter of 40 metres and was capable of generating 0.5 megawatts of power.29 By 2020, General Electric was delivering wind turbines with 24 times that output and a diameter of 220 metres – 5.5 times longer than the 1990 vintage.30

But the greater cause of the newfound power of Wright’s Law lies in economics. Previously, the S-curve of demand tapered off when a market reached saturation. Today, that point of market saturation is much more distant – because global markets are so much larger. And this means that the process explained by Wright’s Law can continue for much longer, and the exponential gains can continue to mount up.

As we’ll see time and again in this book, the rise of a global market for products is one of the great changes of the last 50 years. The volume of world trade increased 60-fold, from $318 billion to $19,468 billion by 2020. And this pushed us ever further down the path of Wright’s Law. Bigger markets mean more demand; more demand means more efficient production; more efficient production means cheaper goods; cheaper goods mean bigger markets. The cycle has an inherently exponential logic. And so Wright’s Law describes how technological progress takes on its own momentum: the more we make of something, the more demand there is, and so the more we make.

This, at heart, is why Wright’s Law is driving us into an exponential future. We learn by doing. And in recent years, we have been doing more.

The second driver of exponentiality is even simpler: combination. The general purpose technologies of the Exponential Age are not only improving at exponential rates, they are also combining in novel and powerful ways. Today’s GPTs riff off each other in unpredictable, constantly shifting patterns. And as these novel uses of technology are pioneered, they help other technologies evolve in fresh directions.

One good example of the power of combinatorial invention comes from the work of Bill Gross. He is trying to help decarbonise the economy by building new systems of energy storage – his attempt to solve the storage problems facing renewable energy that we encountered earlier. His company, Energy Vault, is building a huge electricity storage system – enormous, insect-like cranes with six arms radiating out from a central tower, and gigantic blocks of reconstituted building rubble. The cranes, powered by locally sourced solar power, are used to hoist the cuboids into the air. As they are stacked, much of the electrical energy used to raise these massive slabs is converted to gravitational potential energy.

When the blocks are stacked, the tower forms a battery storing the equivalent of 35 megawatt-hours of electricity from its gravitational potential – enough to fully charge 1,000 compact electric cars or power a typical American home for more than nine years. When power is needed at night, because it is dark and the solar panels are dormant, the cranes can lower the blocks. This converts the gravitational potential energy into kinetic energy, which in turn drives electrical generators – spitting much-needed current into the electricity grid.

What does this have to do with combination? Well, it is only possible thanks to the interaction of several different technologies. This giant crane-block battery depends on a particular mix of four, very well-understood technologies – the cranes, the building aggregate, the generator which converts the dropping of blocks to energy, and the shipping systems that let us move these things around. And then there’s a fifth, more unexpected technology: an automated ‘machine vision system’ using deep learning. Each crane has a set of cameras whose input is automatically processed by a computer. This computer controls the cranes and the lifting and placing of the blocks. It obviates any human operators – and it is the absence of a human operator that allows Energy Vault to hit a competitive price.

Of course, technologies have always combined. Flywheels and cranks were combined to create water pumps in medieval Europe. The light bulb involves electricity, glass bulbs and the harnessing of inert gases. And this has been even truer of general purpose technologies. Henry Ford’s production system was made possible thanks to the emergence of one GPT, electricity, which allowed him to build another GPT, the automobile. Invention is a little like a family tree. New breakthroughs rely on aspects of the technologies that went before.31

But combination has never taken place at the scale it does today. For several reasons, contemporary technologies are more prone to combination than those of the early to mid-twentieth century. One factor is standardisation. Today, standard components can be used in different compound products. Think of an AA battery – you can use it in your remote control, electric toothbrush, torch or toy car. This standardisation makes it easier and cheaper to build more complex products. The toothbrush maker doesn’t need to be an expert on batteries; they can simply buy in the technology. And so standardisation increases the speed with which a product can go to market and scale.

Standardisation is, on one level, a step up from an old idea: replaceable parts, a military innovation of the eighteenth century. This allowed soldiers to carry spare parts that could fix any musket; before then, each rifle had needed specialist components. But today, standardisation is easier and more widespread than any musketeer could have imagined. In recent decades, international standards bodies such as the International Telecommunication Union and the International Organization for Standardization have taken the logic of replaceable parts to new heights. These groups build consensus around simple things (like components) and complex things (like manufacturing processes). Once a standard exists, it eliminates headaches. Electrical sockets do not adhere to an international standard. It is why we travel with adapters and, in many cases, find ourselves stuck with the wrong plug for our destination.

But the most important standards of the Exponential Age have not been imposed from the top down by international organisations. Rather, they have been developed from the bottom up, often by the very people who are creating new technologies. The internet is built on standards created in this manner, developed by the academic researchers who stewarded the network until the early 1990s. The email protocol – the set of rules describing what an email is, and how sending and receiving computers should process it, is described in two documents: the RFC (Request for Comments) 82132 and the RFC 822.33 Both date from 1982, and were written by the late Jon Postel of the University of Southern California and David Crocker, then of the University of Delaware, respectively. The web protocol became established as a de facto standard within a couple of years of its development by Tim Berners-Lee in 1989. These internet standards mean we can send emails from one person to another without worrying about the compatibility of our email systems. They are, in short, interoperable. And we all benefit hugely from that interoperability.

Standardisation of this kind makes the world more efficient – and allows different innovations to combine. When technologies adhere to standard forms, they can be applied to a wider range of industries. Standard technologies become like Lego blocks that can be selected and assembled into an eclectic array of services. This combination and recombination catalyses further innovation.

I have experienced the transformative recent effects of the new age of standardisation first-hand. In 2006, I ran an innovation group at Reuters, the news and information company. The then CEO, Tom Glocer, was always keen to venture into new frontiers. He put me in charge of realising his latest scheme: to get hold of regular satellite photographs of major ports – Singapore, Shanghai, Busan, Rotterdam – and use them to develop economic insights for our clients. Busy ports would presage a booming economy; fewer tankers and half-laden freighters might herald a slump.

A brilliant idea. But a hard one to realise. It wasn’t really clear where you start with a request like that. I took to calling the switchboard at NASA and the European Space Agency. I know now, as a result of the research for this book, that there were only a handful of commercial earth observation satellites in orbit, mostly with the wrong kind of sensors for what we wanted to achieve. I did not, alas, know this at the time. And I failed Tom.

But today, it would be trivial – and cheap, measured in tens of dollars – to give Tom what he wanted: accurate, up-to-date photographs of almost any part of the planet. Such images are used by hedge funds and commodities traders in precisely the way my boss envisaged. These companies count cars in shopping-mall parking lots to estimate customer demand, and ultimately assess how well the retail sector is going. Or they analyse the shadows cast by oil tankers to estimate their load – and hence the global demand for oil. Lemonade, an American insurance company, uses satellite imaging to estimate the risk of forest fires before it offers home insurance policies.34

By the end of 2018, there were about 2,000 operational satellites spinning around the globe. According to the Union of Concerned Scientists, between 1991 and 2000 there were 118 satellite launches, about 10 a year – four-fifths of which were commercial, mostly for communications (the remainder were governmental or military).35 In 2018, 372 satellites were launched, more than 20 times the level at the turn of the century.

And the rise of this new generation of satellites is, you guessed it, thanks to standardisation. Standard components have made satellites more affordable and space more accessible. Standard components enable standard-sized satellites – like the dinky low-orbit satellites known as ‘CubeSats’. Rockets then accept standard-sized satellites, dramatically reducing the costs of getting out of the earth’s atmosphere.36

In software, standardisation has become commonplace. It has given rise to a componentisation: many frequent tasks we ask of software are now available as easy-to-access lumps of code. A modern software developer may spend as much time sticking together such standard components as they do writing something new. A new mobile app might involve tens of thousands of lines of code or more, but the developers writing the apps don’t type that code themselves. Rather, they will find standardised components developed by others. Such commonality means firms can draw upon expertise from many different industries: someone developing a travel-booking app might use a calendar component originally developed for a meeting-scheduling app.

All this points to a shift in the nature of technological development. Modern technologies are more likely to combine and recombine. And this process of combination leads to the emergence of new innovations.

Laura O’Sullivan was finishing high school at the Mount Mercy College in Cork, Ireland, when she decided to develop an automated system that could detect anomalies in cervical smears. The previous year there had been a cervical testing scandal in which more than 200 Irish women had wrongly been given the all-clear only to develop cancer later. Laura, then 16, resolved to tackle the problem. She was aware of recent breakthroughs in machine vision – the ability of computers to identify objects or patterns in images that we encountered in Chapter 1. Perhaps, she thought, this technology could be used to better identify malignancies in cervical smear images.

Laura had no more than rudimentary coding experience – a couple of holiday programming camps, but no formal training. ‘I took some online courses on Coursera and from Stanford, on machine learning and deep learning. I needed to understand the basics of how this worked,’ she told me. She started her project over the summer holidays, learning how to build and fine-tune convolutional neural networks and how to find and clean the data. Fortunately, Herlev Hospital in Denmark had an open-source data set of cervical smears she could use.

It wasn’t straightforward. The data set was, in the jargon of a data scientist, unbalanced. It contained too many supposedly abnormal, potentially cancerous screens, and not enough healthy ones. Real-world data would be the reverse: most women have healthy smears, and a tiny number have problematic ones. This kind of inconsistency, or lack of balance, in the data Laura was using could cause problems for her system.

So she found a way to artificially create more data, representative of healthy specimens. The effect of this, done carefully, was to create a robust data set that would allow the algorithms to learn effectively. The technique she used, generative adversarial networks (or GANs), was red-hot. The first results from GANs had been established by Ian Goodfellow, a researcher based in California, only four years earlier.37 Laura was able to download the code which would run the GANs for free from GitHub, a website where software developers collaborate and share their software freely. All the computing was done on her dad’s consumer-grade PC. This had one adornment Laura loved: two screens, meaning she could look at her code on one and the computing tutorials on the other.

By December 2018, Laura was fine-tuning her results. When I met her in January 2019, at the finals of the Irish Young Scientist Competition, her new software was doing better at identifying anomalies in images than a human doctor. Unsurprisingly, she won a prize.

Laura’s experience is a perfect example of the third driver of exponential technology: the profusion of networks. Over the last 50 years, there has been a proliferation of networks of information and trade. It has never been easier to send funds from one part of the world to another. It has never been easier for a meme to travel from Santiago to Sydney.38 It has never been easier to transport a piece of electronic equipment from Shenzhen to Stockholm. And, for that matter, it has never been easier for a virus to spread from a remote location in a vast country to 100 nations in a matter of weeks.

Networks have changed the nature of trade, invention, science, relationships, disease, finance, information, threats and more. And, crucially, these flows lead to the exponential development and spread of technology.

We can identify a few different forms of network that are particularly important in catalysing exponential technology. First, networks of information. Informational networks have been developing for decades. During the 1970s, as computers became more commonplace in academia, it made sense to use them for sharing research. About the same time as the growth of academic computing came the expansion of the internet. By 1990, 300,000 computers in more than a dozen countries – mostly in universities – were connected to it. Scientists could easily email their papers to each other. And they did.

From there, it was a simple step to create big, free, academic databases. Paul Ginsparg, a young physics researcher, was struggling with the flood of emailed papers. He dreamt up a centralised system where all preprints could be downloaded. When I first accessed it in mid-1992, it was hosted at the Los Alamos National Laboratory. Researchers reached it via a programme called Gopher – a precursor to the World Wide Web – at the alluring internet address xxx.lanl.gov. Today, Ginsparg’s creation is known as arXiv (pronounced ‘archive’: the ‘X’ represents the Greek letter chi). And it has revolutionised the distribution of scientific knowledge.

Good-quality papers, though not peer-reviewed ones, were available by the thousands on arXiv. Ginsparg and his collaborators ignited the ‘open access’ movement that seeks to widen the availability of scholarly thinking. Today, arXiv has expanded from its start in high-energy physics into disciplines like astrophysics, computer science and maths. More than 10,000 papers were submitted to arXiv by 1994; in December 2019, 23 million papers were downloaded across all disciplines.39 As every one of these papers has always been available on arXiv before making it into a print journal with its stringent peer review, the moniker ‘preprint server’ has stuck.

This phenomenon is not limited to physics: other domains have seen the benefits of the preprint. BioRxiv was launched for biologists in 2003, PsyArXiv for psychologists in 2016, and SocArXiv for the social sciences in the same year. Around 50 preprint services now work to accelerate the diffusion of academic knowledge.40

These preprint servers are so powerful because they remove the boundaries to academic research. They let ordinary people access cutting-edge ideas for free. And that widens the groups who can participate in the scientific process. This was never truer than in the response to the coronavirus pandemic. The first academic paper on the virus was published on a preprint server on 24 January 2020. By November 2020, more than 84,000 papers about Covid across disciplines were available on preprint servers and other open-access sources.41 And Laura O’Sullivan is another example of the power of the preprint server in speeding up the spread of new ideas. It is astonishing that an idea as powerful as generative adversarial networks can travel from a non-peer-reviewed white paper to a high-school project a continent away, all in less than five years.

Preprint servers are but one example of how new information networks – often online – become tools for rapid collaboration. The internet enables collaboration through thousands, millions, of other networks. GitHub lets 56 million software developers collaborate across 60 million different software projects;42 Behance helps designers collaborate on creative projects; blogs allow people to write about and comment on ideas; Wikipedia allows anyone to access and contribute to an ocean of accessible, specialist information. Social networks – often online – perform a similar function, as do private chat groups.

These information networks catalyse the emergence of exponential technology. They spread the know-how that makes breakthrough technologies possible. The internet distributes ideas across the globe to millions of willing recipients.

While informational networks help ideas spread worldwide, the shipping container does the same for physical products. In the 1950s, commodities like oil and grain tended to come in tankers or bulk freighters; other goods were shipped in a variety of different-sized boxes or carried loose on ships. Stevedores would manually load and offload cargo. It was a cumbersome, slow and expensive process. Moving goods from the US to Europe or vice versa might take three months, and shipping costs might run to 20 per cent of the cargo’s value.

Containerisation changed all that. The first shipping containers arrived at the Port of Houston on the Ideal-X in April 1956. The containers were 35 feet long, 8 feet wide and 8 feet high. Here, too, standardisation helped: by 1965, the International Standards Organisation had agreed a specification for shipping containers (8 feet wide, 8½ feet high, and 10, 20 or 40 feet long). Containers could be handled by ports the world over and rolled straight onto flat-bed trucks. And in March 1966, the first ships holding such containers departed the US.43

That first ship held 226 containers. A year later, a container ship holding 609 containers started to ply the seaway between Oakland on the west coast of the US and Cam Ranh Bay, an American military base in Vietnam. And these ships only got bigger. By 2020, the world’s largest container ship, the HMM Algeciras, fully laden, could hold 23,964 of the boxes.44

The effects were staggering. Between 1980 and 2015, the global capacity of container ships worldwide grew 25-fold. This was part of a long-term trend, reducing the cost of doing business globally. Between the end of World War Two and 1980, when container ships comprised less than a tenth of global cargo fleet tonnage, sea-freight costs declined 2.5 times. Over the subsequent thirty years, container ships would account for three-fifths of a much larger global cargo fleet – and prices would halve again. Volumes dramatically increased with declining prices. Between 2000 and 2018, container port traffic more than tripled.45

These new shipping technologies combined with the internet, e-commerce and computerised ordering systems to make logistics increasingly efficient. The ‘just in time’ supply chain means that much of what we might buy in a week currently sits on a shipping freighter on an ocean somewhere. Huge behemoths like Apple hold fewer than ten days of stock, or ‘inventory outstanding’. Millions of dollars of products that the company knows it will sell in two weeks’ time have not yet been produced. It can rely on the digital network of the internet to take the order and coordinate it, and a physical network of trucks and ships to meet all foreseeable demand.

Such trade networks have contributed to the inexorable development and spread of new technologies. They allow products to diffuse into far-flung markets faster than ever before. New products – the latest phones, the latest laptops – can launch worldwide on the same day. When Apple launched its first iPhone on 29 June 2007, the device was available for sale in a single store in San Francisco. By the time the eleventh version of the phone was launched on 20 September 2019, it was delivered to eager shoppers in hundreds of different cities in more than 30 countries around the globe.

These networks, then, are the third engine of the Exponential Age. As the world gets more connected – by information and by shipping lanes – it becomes easier for technology to span the world at pace.

By now, we can start to make out where the new wave of exponential technology has come from. Exponential technologies are being driven by three mutually reinforcing factors – the power of learning by doing, the increasing interaction and combination of new technologies, and the emergence of new networks of information and trade.

But for this picture to be complete, we also need to understand the economic and political context. As you may have noticed, none of these driving forces can be explained without reference to a wider set of shifts in politics and economics. In particular, the process of globalisation. Our continual ability to learn by doing is based on the ever-growing international demand for goods. The standardisation of parts, software and technology protocols is partly down to the emergence of global standards bodies. The rise of trade networks has as much to do with the development of new markets as with the advent of new technology. Technology, politics and economics are intertwined. In fact, we can trace the mutual reinforcement of exponential technology and globalisation closely. Moore’s Law was expounded in 1965. And the first international container ship departed from New Jersey in March 1966.

So, we need to look beyond technology to understand the origins of exponential change. Just as the hallmark technologies of the Exponential Age were nascent, yet to really make their mark, a new political orthodoxy was coming of age. According to the historian Binyamin Appelbaum, it was in the late 1960s and early 1970s that economists in the US began to ‘play a primary role in shaping public policy’.46 Economists had hitherto lived on the peripheries of the academy and in the bowels of the central banks. But in the 1970s, everything changed.

It’s a well-known story. Rich economies were assailed by a toxic combination of low growth and high inflation – known as ‘stagflation’. Waves of strikes and fuel crises eroded trust in Western governments. And, as faith in government reached a new low, voters and policymakers cast around for a new way of doing things. The scene was set for the emergence of a new school of economics, whose standard-bearer was University of Chicago professor Milton Friedman.

Friedman’s belief was that markets would work better if the government got out of the way. Since the end of World War Two, Western governments had adopted a fairly interventionist approach to their economies. Until 1979, the top rate of income tax, payable on investment earnings, was 98 per cent in the UK and 70 per cent in the US. In the UK, the basic rate of tax was 33 per cent by the latter half of the 1970s. And with high taxes came hands-on government: nationalised industries, heavy regulation and interventionist industrial policy. But Friedman’s acolytes advocated a different approach. By rolling back regulations and cutting taxes, governments could unleash the power of the market – and bring the return of high growth and manageable inflation. This market-friendly ideology found its touchstone with Friedman’s famous doctrine, which held that the social responsibility of corporations and the business sector was to increase profits, and not much else.47

The consequences were seismic. By 1976, when Friedman won the Nobel Prize in Economics, the University of Chicago was arguably the most important economic institution in the world. A wholesale embrace of the power of markets was in the making. With the election of Ronald Reagan in the US and Margaret Thatcher in Britain, these ideas found their way into government. Now the emphasis was on the market, not the state. In 1981, Reagan himself famously noted that he believed ‘government is the problem’, not the solution. Both administrations sparked a bonfire of deregulation, stripping away perceived hurdles to businesses’ success. Along the way, they unleashed a wave of entrepreneurialism on both sides of the Atlantic, with new markets emerging everywhere from banking to hospitality to tech.

Most readers will already be familiar with this transformation. Many will have lived through it. But rarely do we dwell upon its relationship to technology – and particularly the exponential technologies discussed in this chapter. Free-market economics helped drive globalisation. And globalisation helped kindle the Exponential Age. All this means we can trace the beginnings of an era of exponential technology not just to the discovery of Moore’s Law or the creation of the seminal Intel 4004 processor in 1971. Just as important was the emergence of a new political orthodoxy. From the late 1970s onwards, free-market capitalism would unleash the power of exponentiality.

From this moment, the foundations of the transition to the Exponential Age were laid. But it would take a little while to get going. Giving an actual date for the start of the Exponential Age is tricky. It is not like the age of flight (kick-started by Orville and Wilbur Wright’s flight at Kitty Hawk, 1903), or the atomic age (the Chicago Pile-1 prototype reactor, 1942), or the space age (Sputnik’s orbit, 1957). Exponential change is a continual, smooth curve; there are no sharp, disjointed moments. And as we saw in Chapter 1, the change starts off barely perceptibly, speeds up deceptively gradually, and only eventually does everything take off. At point A on the graph below, the world feels static. At point B, everything is disconcertingly fast.

I believe point A on the graph lies somewhere between 1969 and 1971, with the development of the internet and the microprocessor. Even 30 years later, exponential technology was still trundling along slowly. When I was building internet services in the mid-1990s, offline products remained much more important than online ones. To be sure, some Silicon Valley gurus had begun to see the potential. But the rest of the world did not see it: the technology change was nascent, but not yet turning the ‘real world’ upside down. The website I built for The Economist in 1996 had a fraction of the readership of the print magazine.

And yet, at some point after the 1990s, we did reach point B. By 2020, The Economist reached 900,000 readers in print, but had more than 25 million followers on Twitter.48 To my mind, the tipping point at which exponential technologies began to really transform everything came in the second decade of the twenty-first century. In 2010, 300 million smartphones were sold; by 2015, annual sales reached 1.5 billion. Between 2014 and 2015, the global average cost for solar photovoltaic energy dropped below that of coal. In business, 2011 was the first time for decades that the world’s largest company was not an oil company: Apple pipped ExxonMobil for a few weeks. Short of a drastic change in fortunes, Exxon was the world’s most valuable firm for the last time in 2013. By the beginning of 2016, six firms based on exponentially developing digital technologies – Apple, Tencent, Alphabet, Microsoft, Amazon and Facebook – were among the top-ten largest on earth.
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This is what I mean by the Exponential Age. We are no longer just living in a period of exponential technologies – but at a time when these technologies and their effects are a defining force in our society. Like previous eras, the changes to our society are driven by the capabilities of new tech. But in recent years, these technologies have been developing at an unusually rapid rate – more than 10 per cent every year. As they improve, they combine and recombine, creating more and more possibilities. And they spill over into every area of our lives, rewiring our approach to business, work, politics – even our sense of self.

But the disruptive power of the Exponential Age does not just lie in exponential change itself. It lies in the way humans respond to this change. And it is this human response to the Exponential Age that we will examine next.
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3

The Exponential Gap

In 2020, Amazon turned 26 years old. Over the previous quarter of a century, the company had transformed shopping. With retail revenues in excess of $213 billion, it was larger than Germany’s Schwarz Gruppe, America’s Costco and every British retailer. Only America’s Walmart, with more than half a trillion dollars of sales, was bigger. But Amazon was by this time far and away the world’s largest internet retailer. Its online business was about eight times larger than Walmart’s. Amazon was more than just an online shop, however. Its huge operations in areas such as cloud computing, logistics, media and hardware added a further $172 billion in sales.

At the heart of Amazon’s success is an annual research and development budget that reached a staggering $36 billion in 2019, and which is used to develop everything from robots to smart home assistants. This sum leaves other companies – and many governments – behind. It is not far off the UK government’s annual budget for research and development.1 The entire US government’s federal R&D budget for 2018 was only $134 billion.2

Amazon spent more on R&D in 2018 than the US National Institutes of Health. Roche, the global pharmaceutical company renowned for its investment in research, spent a mere $12 billion in R&D in 2018.3 Meanwhile Tesco, the largest retailer in Britain – with annual sales in excess of £50 billion (approximately $70 billion) – had a research lab whose budget was in the ‘six figures’ in 2016.4

Perhaps more remarkable is the rate at which Amazon grew this budget. Ten years earlier, Amazon’s research budget was $1.2 billion. Over the course of the next decade, the firm increased its annual R&D budget by about 44 per cent every year. As the 2010s went on, Amazon doubled down on its investments in research. In the words of Werner Vogels, the firm’s chief technology officer, if they stopped innovating they ‘would be out of business in 10–15 years’.5

In the process, Amazon created a chasm between the old world and the new. The approach of traditional business was to rely on models that succeeded yesterday. They were based on a strategy that tomorrow might be a little different, but not markedly so.

This kind of linear thinking, rooted in the assumption that change takes decades and not months, may have worked in the past – but not anymore. Amazon understood the nature of the Exponential Age. The pace of change was accelerating; the companies that could harness the technologies of the new era would take off. And those that couldn’t keep up would be undone at remarkable speed.

Such a divergence between the old and the new is one example of what I call the ‘exponential gap’. On the one hand, there are technologies that develop at an exponential pace – and the companies, institutions and communities that adapt to or harness them. On the other, there are the ideas and norms of the old world. The companies, institutions and communities that can only adapt at an incremental pace. These get left behind – and fast.

The emergence of this gap is a consequence of exponential technology. Until the early 2010s, most companies assumed the cost of their inputs would remain pretty similar from year to year, perhaps with a nudge for inflation. The raw materials might fluctuate based on commodity markets; but their planning processes, institutionalised in management orthodoxy, could manage such volatility. But in the Exponential Age, one primary input for a company is its ability to process information. One of the main costs to process that data is computation.6 And the cost of computation didn’t rise each year; it declined rapidly. The underlying dynamics of how companies operate had shifted.

In Chapter 1, we explored how Moore’s Law amounts to a halving of the underlying cost of computation every couple of years. It means that every 10 years, the cost of the processing that can be done by a computer will decline by a factor of 100. But the implications of this process stretch far beyond our personal laptop use – and far beyond the interests of any one laptop manufacturer.

In general, if an organisation needs to do something that uses computation, and that task is too expensive today, it probably won’t be too expensive in a couple of years. For companies, this realisation has deep significance. Firms that figured out that the effective price of computation was declining, even if the notional price of what they were buying was staying the same (or even rising), could plan, practise and experiment with the near future in mind. Even if those futuristic activities were expensive now, they would become affordable soon enough. Organisations that understood this deflation, and planned for it, became well-positioned to take advantage of the Exponential Age.

If Amazon’s early recognition of this trend helped transform it into one of the most valuable companies in history, they were not alone. Many of the new digital giants – from Uber to Alibaba, Spotify to TikTok – took a similar path. And following in their footsteps were firms who understand how these processes apply in other sectors. The bosses at Tesla understood that the prices of electric vehicles might decline on an exponential curve, and launched the electric vehicle revolution. The founders of Impossible Foods understood how the expensive process of precision fermentation (which involves genetically modified microorganisms) would get cheaper and cheaper. Executives at space companies like Spire and Planet Labs understood this process would drive down the cost of putting satellites in orbit. Companies that didn’t adapt to exponential technology shifts, like much of the newspaper publishing industry, didn’t stand a chance.

We can visualise the gap by returning to our now-familiar exponential curve. As we’ve seen, individual technologies develop according to an S-curve, which begins by roughly following an exponential trajectory. And as we’ve seen, it starts off looking a bit humdrum. In those early days, exponential change is distinctly boring, and most people and organisations ignore it. At this point in the curve, the industry producing an exponential technology looks exciting to those in it, but like a backwater to everyone else. But at some point, the line of exponential change crosses that of linear change. Soon it reaches an inflection point. That shift in gear, which is both sudden and subtle, is hard to fathom.

Because, for all the visibility of exponential change, most of the institutions that make up our society follow a linear trajectory. Codified laws and unspoken social norms; legacy companies and NGOs; political systems and intergovernmental bodies – all have only ever known how to adapt incrementally. Stability is an important force within institutions. In fact, it’s built into them.

The gap between our institutions’ capacity to change and our new technologies’ accelerating speed is the defining consequence of our shift into the Exponential Age. On the one side, you have the new behaviours, relationships and structures that are enabled by exponentially improving technologies, as well as the products and services built from them. On the other, you have the norms that have evolved or been designed to suit the needs of earlier configurations of technology. The gap leads to extreme tension. In the Exponential Age, this divergence is ongoing – and it is everywhere.

Consider the economy. When an Exponential Age company is able to grow to an unprecedented scale and establish huge market power, it may fundamentally undermine the dynamism of a market. Yet industrial-age rules of monopoly may not recognise this behaviour as damaging. This is the exponential gap.
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Or take the nature of work. When new technologies allow firms and workers to bid on short-term tasks through gig-working platforms, it creates a vibrant market for small jobs – but potentially at the cost of more secure, dependable employment. When workers compete for work on task-sharing platforms, by bidding via mobile apps, what is their employment status? Are they employees, contractors or something else entirely? What rights do they have? Does this process empower them or dehumanise them? Nobody is quite sure: our approach to work was developed in the nineteenth and twentieth centuries. What can it tell us about semi-automated gig work? This is the exponential gap.

Or look at the relationship between markets and citizens. As companies develop new services using breakthrough technologies, ever-more aspects of our lives will become mediated by private companies. What we once considered to be private to us will increasingly be bought and sold by an Exponential Age company. This creates a dissonance: the systems we have in place to safeguard our privacy are suddenly inadequate; we struggle to come up with a new, more apt set of regulations. This is the exponential gap.

These are the domains that define our everyday existences – as consumers and citizens, workers and bosses. In each area, the potentials of new technologies have challenged the norms of our society. The effect this divergence has will be the emphasis of much of the book. For now, however, our focus is on why the exponential gap occurs.

The most basic cause of the exponential gap is simple: we are bad at maths.

Let’s consider for a moment what it actually feels like to live in the Exponential Age – the answer, as many readers will know, is bewildering. Someone like me, born in the early 1970s, has experienced wave after wave of innovations. From the landline to the mobile, dial-up internet to mobile internet, vinyl records to CDs to MP3s to streaming. I’ve owned the Bee Gees’ Saturday Night Fever on at least five different formats: vinyl record, cassette tape, CD, MP3 download, and now, streaming access.

Human cognitive machinery does not naturally process such rapid change. The calculations bewilder us. Take the case of an atypical London rainstorm. Wembley Stadium is England’s national soccer venue. It is about five miles north-west of my home, and I see it out of my window when I go to visit my in-laws. Its steel arch, spanning 315 metres and reaching 133 metres at its peak, soars above the silver-grey roof. The venue is an enormous edifice, seating some 90,000 people at capacity.

Imagine sitting in the highest row of level three, the furthest above the pitch you can be – some 40 metres or so above the ground. Rain starts to fall, but you are sheltered by the part of the roof above you. Yet this is no ordinary rain. This is exponential rain. The raindrops are going to gradually increase in frequency, doubling with each passing minute. One drop, then a minute later two drops, then a minute later four drops. By the fourth minute, eight drops. If it takes 30 minutes to get out of your seat and out of the stadium, how soon should you get moving to avoid being drenched?

To be safe, you should start moving by no later than minute 17 – to give yourself 30 minutes to be clear of the stadium. By the 47th minute, the exponential rain will be falling at a rate of 141 trillion drops per minute. Assuming a raindrop is about 4 cubic millimetres, by the 47th minute the deluge would be 600 million litres of water.7 Of course, the rain in the 48th minute will be twice as large, so you are likely to get soaked in the car park. And if you make it to the car, the deluge in the 50th minute will comprise 5 billion litres of water. It would weigh 5 million tons. Frankly, if exponential rain is forecast, you’re best off staying at home.

Exponential processes are counterintuitive. And we struggle to grasp them. Thomas Malthus, the eighteenth-century political economist, first articulated the problem. According to Malthus, the human population tends to grow exponentially – but we won’t realise the power of that exponential growth until too late. Eventually, human needs will outgrow our ability to produce food, bringing famine and pestilence. Malthus’s dire predictions did not come to pass, thanks to the extraordinary increases in productivity brought about by the industrial revolution. But his basic insight – that we continually underestimate exponential processes – remains pertinent.

As the modern environmental movement began to develop in the late 1960s, it harked back to some of Malthus’s warnings. Albert Bartlett, a physicist from the University of Colorado, began lecturing on the limits of population and energy use in September 1969. He observed that ‘the greatest shortcoming of the human race is our inability to understand the exponential function’.8 It was a message he was keen to spread. He presented his lecture 1,742 times over the subsequent 36 years.

Three years after Bartlett began lecturing, the groundbreaking tract The Limits to Growth argued that exponential patterns in the rate of resource usage would become fundamentally unsustainable.9 The book sparked a movement, driven by concern that increasing resource consumption would destroy our biosphere. But less famously, the book also ignited great discussion over whether humans are even able to predict the types of accelerating (or non-linear) changes that our economic activity foments.10

Since then, academics from fields as diverse as finance and psychology have uncovered reams of evidence that we are hopeless at understanding exponential growth. Psychologists who study how people save for the future have identified the ‘exponential growth bias’, which makes us underestimate the future size of something growing at a compounded rate.11 Research in this area shows how people are consistently befuddled by the compound growth of savings, loans and pension plans. If you started investing in your pension a little late, you – like many of us – may have suffered from a persistent bout of exponential growth bias.

One study tested how well Swedish adults could understand compounding growth processes. Researchers asked an apparently rather muted question: if you put 100 Swedish kronor in a bank account where it would earn 7 per cent interest a year, how much would you have in 30 years? Even that simple growth rate baffled respondents. The median answer was 410. The correct answer, 761 kronor, is almost double that. More than 60 per cent of the respondents underestimated the answer.12

And that was people’s underestimation of an annual compounding rate of 7 per cent. Imagine our predictions of an exponential technology that improves at 10 per cent or more per annum. Three decades of compounded 7 per cent change results in an increase of a factor of 7.61. A growth rate of around 40 per cent – roughly what Moore’s Law describes – would see around a 32,000-fold increase in that time. One peer-reviewed summary from 1975 summarises the issue: underestimation of exponential growth is a ‘general effect which [is] not reduced by daily experience with growing processes’.13

This blind spot has a close relative – the ‘anchoring bias’. The Nobel Prize-winning economists Daniel Kahneman and Amos Tversky have explored how people make decisions amid uncertainty. They found that, when presented with a numerical challenge, people tend to fix upon some readily available number and adjust their responses around it. It’s a trick salespeople use: by starting at a particular price, they anchor our expectations about what the real value of something might be. But it fails when it encounters exponential growth. As the growth curve takes off, people’s expectations remain anchored around small figures from early in the process.

Why do humans consistently underestimate the power of exponential change? The shortest answer is perhaps the best. Most processes we go through – ageing from one to two to three years old; moving incrementally along a metro line – follow a linear scale. And there are good evolutionary benefits behind this linear mentality. Our minds developed for a world that, in general, hadn’t yet discovered the power of rapid change. The rhythms of the hunter-gatherer routine were slow: we adapted for a life that was largely seasonal, based on repeated patterns throughout the year. And this slow pace defined our existence until remarkably recently.

Historians of the pre-industrial world often point to the slow, almost unnoticeable beat at which societies changed. The French historian Fernand Braudel wrote an account of life in medieval France, the first part of which focused on ‘a history whose passage is almost imperceptible, that of man in his relationship to the environment, a history in which all change is slow, a history of constant repetition, ever-recurring cycles’ – births, weddings, harvests, deaths.14 This leisurely rhythm of life defined our existence for almost all of human history – even in the most industrialised nations, like the UK and US, it took until the 1920s for half of the population to live in cities. Is it any wonder we have struggled to adapt to a faster pace of life?

There have always been exceptions, of course. The spread of a pandemic pathogen, such as the H1N1 virus that caused the Spanish flu, follows an exponential curve in its growth phase; as does money in periods of hyperinflation, like that of Weimar Germany in the 1920s or, more recently, in Zimbabwe and Venezuela. But apart from those relatively idiosyncratic examples, humans have not often had to deal with dramatic continuous changes within their lifetimes.

We evolved for a linear world. And if a linear world creates one set of experiences, the Exponential Age creates another entirely. As evolutionary psychologists Pascal Boyer and Michael Bang Petersen put it, human minds were likely ‘selected for … the first kind of adaptive problems, [rather] than the second’.15

What happens when we try to make predictions about exponential change in the real world – rather than in psychologists’ experiments? I’ve seen the trouble this poses first-hand. During the course of my career, I’ve watched well-informed people pooh-pooh mobile phones, the internet, social networks, online shopping and electric vehicles as niche playthings destined for eternal obscurity. Over two decades I’ve observed executives in established industries regularly, perhaps even deliberately, look at the spread of a new product or service and dismiss it. Often it was because the absolute numbers were small, in spite of signs of hockey stick growth. Like spectators at Wembley Stadium during a period of exponential rain, they didn’t leave their seats until it was too late.

For example, in the early 1980s, companies started to operate the first cellular phone services. At the time, handsets were clunky, calls were filled with static, data services were non-existent and coverage was patchy. Yet it was becoming clear that mobile telephony had clear, practical benefits. The giant American phone company AT&T asked the world’s top management consultancy firm, McKinsey, to estimate the future market size for this product. McKinsey put together a 20-year forecast: the US mobile phone market would approach 900,000 subscribers by 2000.16

Not quite. The first phone, the cement-brick-sized Motorola DynaTAC, cost $3,995 in 1984. But the core components were getting cheaper every year, and phones followed suit: becoming better, smaller and cheaper. By the year 2000, you could find a new cell phone for a couple of hundred dollars. And the capabilities of the networks were growing too. In 1991, mobile networks were just starting to introduce data services – until then phones had been used almost exclusively for voice calls. In those days, if you bought a device to connect your computer to the cell phone network, you could use it to send data at a rate of 9,600 bits (or about 1,000 words) per second. Had digital cameras been widespread at the time (they weren’t), sending a single photo would have taken several minutes. By 2020, common 4G phone networks could deliver 30 million bits per second, or more, to handsets.

Mobile tariffs collapsed in line with the growing speed of the networks. Between 2005 and 2014, the average cost of delivering a megabyte of data – the equivalent of about 150,000 words – dropped from $8 to a few cents.17 In short: McKinsey had miscalled it. In the year 2000, more than 100 million Americans owned a mobile phone. The most storied management consultants in the world had been wrong by a factor of 100. Predicting the future is hard; predicting it against an exponential curve harder still.

Nor is this a problem limited to the private sector. The International Energy Agency is an intergovernmental organisation that was founded in 1974 in the wake of the global oil crisis the previous year. The IEA’s annual World Energy Outlook has, for years, predicted the amount of electricity generated by solar power. In one of its forecasts, made in 2009, the IEA predicted 5 gigawatts of global solar power by 2015. They were wrong. The actual number in 2009 – yes, the year in which they made that prediction – was 8 gigawatts. In 2010, they upgraded that 2015 forecast to 8 gigawatts. In 2011, they upped it again, to 11 gigawatts. In 2012, they predicted 24 gigawatts. By 2014, they were predicting 35 gigawatts of solar capacity by the next year. The real capacity for 2015? 56 gigawatts. This global group of experts systematically misread the market for six years straight, right up until the year beforehand. But it didn’t stop there. After six years of hopeless forecasts, they continued the trend for several more. In 2018, the IEA estimated current global solar capacity was 90 gigawatts. And they predicted a rough standstill for the next year – an estimate of 90 gigawatts for 2019. In reality, 2019’s output exceeded 105 gigawatts. For that year, the annual growth they forecast was off by 100 per cent – or infinity, depending on how you do that maths. It was a decade of looking at an exponential technology, dropping in price and increasing in scale, and systematically getting it wrong.18

The problem is not just that we underestimate exponential growth, however. Experts who are mindful of the power of exponentiality can also be prone to overestimating its power. In his 1999 book The Age of Spiritual Machines, Ray Kurzweil predicted that by 2019 a $1,000 computer would be ‘approximately equal to the computational ability of the human brain’.19 This proved optimistic. When trying to square rapid, exponential growth with an inordinately complex issue, a slight error in your basic assumptions can throw your whole prediction off. And with a neural network as complex as the human brain, it’s near impossible to get these assumptions right. Our best current guess is that the human brain has about 100 billion neurons.20 Each neuron is connected, on average, to a thousand others, leading scientists to estimate that there are 100 trillion connections in the human brain.21 If these estimates prove correct, and if we have properly understood the function of neurons, a machine that mimics the complexity of the brain could conceivably be built within a couple of decades. But those are big ifs. When our scientific understanding of a subject is still developing, predictions are sometimes little better than guesswork.22

Self-driving cars create similar, if rather smaller, headaches. In 2019, Elon Musk envisioned that Tesla, the car firm, would have a fleet of 1 million self-driving taxis, what he called ‘robo-taxis’, on the roads by the end of 2020.23 The actual number was zero. And Tesla is not alone. Every self-driving car company has missed its targets. It turns out that the problem is much harder, from a purely technical perspective, than the teams building the technologies were willing to acknowledge. When you jump into the car for a quick trip to the grocery store, you make roughly 160 decisions for every mile you travel. While that might not sound like a lot, when the decisions are based on a near-limitless number of variables, the scale of the challenge comes into sharper focus.24

And these problems of underestimation and overestimation are confounded by a third difficulty – unforeseen consequences that don’t feature in our predictions at all. Exponentiality often has unexpected effects. Take chewing gum. In the 10 years from 2007, American chewing gum sales fell 15 per cent – just as 220 million American adults bought their first smartphone. This was no coincidence. When people got into a shop queue, they would once have spent the time browsing the goodies for sale at the counter – and gum was the obvious choice. Now they were spending that time playing with their phones. So gum sales plummeted.25 Nobody saw that one coming. Predicting the impact of the iPhone on grocery-store gum sales would have needed a modern-day Nostradamus.

Our inability to make accurate predictions about exponentiality reached its zenith in 2020. When the Covid-19 pandemic got underway, most of us consistently underestimated how rapidly it would spread. At an early point in a disease’s progression, the numbers of new infections may be ignorable. But if the rate of growth is inexorably rising, soon you’ll have an issue. In the US, only 60 new Covid cases were discovered in the two weeks from 15 February. The next two weeks witnessed 3,753 new cases, the two weeks after that 109,995. By mid-November, 150,000 cases were being added per day.

In the early days, this exponential growth was something the public and policymakers – in America and Europe, at least – proved unable to grasp. Politicians from Donald Trump to Boris Johnson consistently downplayed the risk exponential growth represented. Early research, released during the first year of the pandemic, demonstrated exponential growth bias at play. At all stages of the pandemic, people underestimated the future course of the spread. Given three weeks of actual data for the growth of the virus, participants were asked to predict infection levels one week and two weeks later. Despite having the data to hand, people guessed the future trajectory of the disease very poorly. On average, participants underestimated the first week by 46 per cent, the second by 66 per cent.26 Making predictions in the Exponential Age is hard – and we often get it wrong.

If the primary cause of the exponential gap is our failure to predict the cadence of exponential change, the secondary cause is our consequent failure to adapt to it. As the speed of change increases, our society remoulds itself at a much slower pace. Our institutions have an inbuilt tendency towards incrementalism.

The way fast technology runs ahead of our slow institutions is nothing new. This is arguably one of the key, inevitable consequences of innovation. In the nineteenth century, breakthroughs in industrial machinery catapulted the British economy into a position of global dominance. But there was a hitch. There was a 50-year period where British GDP expanded rapidly but workers’ wages remained the same – something the economic historian Robert Allen calls ‘Engels’ pause’. Those with capital to invest in new machinery did well initially, because it was technology that was driving the growth. It took decades for workers’ wages to catch up.27

The problem was not just wages. The industrial revolution eventually meant more wealth, a longer lifespan, and a better quality of life for all. But for most labourers, the first effect of industrialisation was an – often unwelcome – change in working conditions. Starting in the late eighteenth century, technology moved millions of people from fields, farms and workshops into factories. In the 1760s, before the industrial revolution really took off, the average British worker toiled for 41.5 hours a week. By 1830, this had risen to 53.6 hours – an extra hour and a half each day of week. By the 1870s, when the Victorian economy had largely completed its transition from agriculture to industry, the typical worker was nudging 57 hours a week.28 And other countries in what is now the developed world didn’t escape the demands of early industrialisation. By 1870, the average American was sweating out 62 hours a week; the typical Australian only six hours less.

Perhaps better than any other author or observer, Charles Dickens chronicled how the nineteenth century was a time of exploitation, misery and feculence. In Hard Times, published in 1854, Dickens describes the poor living conditions of industrial towns in the north of England, where soot and ash permeates the air outside the factory, and workers get paid next to nothing and yet work constantly. But even before Dickens’s time, the working conditions of the new era were infamous. Masquerading as a Spanish nobleman, in 1814 the British poet Robert Southey wrote a description of working life in Birmingham:


I am still giddy, dizzied with the hammering of presses, the clatter of engines, and the whirling of wheels; my head aches with the multiplicity of infernal noises, and my eyes with the light of infernal fires,—I may add, my heart also, at the sight of so many human beings employed in infernal occupations, and looking as if they were never destined for anything better … The noise of Birmingham is beyond description; the hammers seem never to be at rest. The filth is sickening: filthy as some of our own old towns may be, their dirt is inoffensive; it lies in idle heaps which annoy none bar those who walk within the little reach of their effluvia. But here it is active and moving, a living principle of mischief, which fills the whole atmosphere, and penetrates every where.29



In his seminal study The Condition of the Working Class in England, written 30 years later, Friedrich Engels describes urban living conditions as a ‘mass of wretchedness [of which we] ought to be ashamed’.30 Over 150 years later, Engels would give his name to the eponymous ‘pause’ thanks to accounts like these.

One way to make sense of the social problems brought by industrialisation is as a gap – between the speed of technological and social change and the speed of institutional and political adaptation. The state’s failure to regulate working practices during the industrial revolution reflected the preoccupations of an agrarian and aristocratic elite; Britain had a modern economy, but a distinctly pre-modern political order. As the former British prime minister Tony Blair told me: ‘There was a time lag between the change and the policymakers catching up with it.’31 Factories only started to be properly regulated with the 1833 Factory Act; the emergence of a labour movement and welfare system to look after the interests of the urban working class took much longer.

Like those of our Victorian forebears, today’s institutions face the conundrum of keeping up with rapidly changing technologies. But this time, the gap will grow bigger and more quickly. In the Exponential Age, radical change takes place not over decades but over years – or sometimes months.

It’s worth pausing to reflect on what these ‘institutions’ actually are. The word conjures up a sense of solidity: an imposing police building, a large church, or the towering UN headquarters in New York. Yet institutions are not buildings. They are more than that. They are the systems that govern our everyday lives, our individual actions in public and in private, and how we relate to each other.

In sociological terms, institutions are all the lasting norms that define how we live. For our purposes, I consider an institution to be any kind of arrangement between groups of actors in a society that helps them relate to each other. These institutions are what give stability to the coming-and-goings that make up our lives. As the sociologist Anthony Giddens puts it, ‘Institutions by definition are the more enduring features of social life.’32 If they weren’t, they wouldn’t be institutions – they would be fads, ephemera, crazes.

But within this wide umbrella, institutions can take many different forms. Some institutions might be obviously ‘institutional’ in nature: a business is an arrangement between employees, bosses and owners; a state between its citizens and the machinery of government. The branches of government are formal institutions. So are religious entities, like churches, mosques, temples or synagogues. As are international organisations: the European Union, the World Bank, the World Health Organization, or the International Energy Agency, the group responsible for those hapless forecasts around solar power. Many such institutions are ‘embodied’: we can picture the people who make them up and the buildings in which they are located.

Other institutions, like the notion of the Rule of Law, or the body of international agreements and domestic legislation that make up intellectual property law, are not groups of people but are institutional nonetheless. Some may look more like a set of formal rules than an organisation. Laws, and the legal systems in which they exist, are often written down – these are one of the primary institutions governing our lives.

But not all institutions need to be so formal. There are the habits and practices that guide our behaviour. Such unwritten rules can have as high, perhaps higher, levels of adherence than written ones. For many people who play the board game Monopoly, fines are placed in the centre of the board, to be grabbed as a bonanza by anyone landing on ‘Free Parking’ – even though this isn’t in the rulebook. In the UK, it is common practice to flash one’s headlights to thank a driver who gives way to you, even though the official Highway Code advises against it. In an example used by the economist Richard Nelson, bakers have a shared best practice for making a cake, even if there might be differences in the details.33 These norms are also a type of institution. They bring stability that frames our collective behaviour.

All these institutions have something in common. They are largely not cut out to develop at an exponential pace or in the face of rapid societal change. In the most extreme cases, they’re not cut out to adapt at all.

Take one of the most institutional institutions in history: the Catholic Church. Nearly 2,000 years old, the Church is one of the longest-standing organisations in existence. In 1633, it got into a dispute with the astronomer Galileo Galilei and his conclusions about the structure of our solar system. Yet it was not until 1979, 346 years after the astronomer was condemned to house arrest until his death – and 22 years after the Sputnik satellite orbited the planet – that Pope John Paul II ordered a papal commission to review Galileo’s conviction.34 Some 13 years later, the commission and the pope overturned the findings of the seventeenth-century inquisition that denounced Galileo’s subversive ideas.35

This is an extreme example. But even if few institutions are as slow to adapt as the Catholic Church, almost none are particularly fast-moving. This is the inverse of the difficulty of predicting exponential change: even when our predictions are correct, our institutional responses can still be lackadaisical. Take the Kodak company. In 1975, a Kodak engineer called Steve Sasson put together a device, about the size of a toaster, that could save images electronically. A 23-second process transferred the images to a tape, where they could be viewed on a TV screen. At the time it was astonishing; personal computers barely existed as a category and video recorders were a rarity in American homes. A couple of years later, Sasson was awarded US Patent 4131919A for an ‘electronic still camera’.36 He figured, by extrapolating from Moore’s Law, that it would take 15–20 years for digital cameras to start to compete with film. His estimate was bang on. But Kodak, even with a two-decade head start, did not grab the opportunity. At the time, Kodak sold 90 per cent of the photographic film in the US and 85 per cent of its cameras – they felt little need to completely pivot their business strategy. ‘When you’re talking to a bunch of corporate guys about 18 to 20 years in the future, when none of those guys will still be in the company, they don’t get too excited about it,’ Sasson later recalled.37

Kodak did go on to develop a range of digital cameras; in fact, theirs was one of the first to market. The company even recognised the power of the internet, buying Ofoto, a photo-sharing site in 2001, nine years before Instagram was founded. But institutional knowledge – the established consensus about what their business was about – held them back from building anything nearly as popular as Instagram, which would become the most successful photo business in the world. Kodak’s execs viewed Ofoto as an opportunity to sell more physical prints (their old business), not as a chance to connect people via photos of their shared experiences (what the internet would offer). Indeed, the rationale to hamstring Ofoto by linking the site to Kodak’s traditional film-and-prints business was the same wrong-headed decision the firm had taken more than two decades earlier with the digital camera. The market for film cameras had peaked in the late nineties – the world had moved on, propelled by technology. Kodak had not: the institutional memory was strong. Eventually, the firm hit the buffers, struggling and eventually folding in 2012. Kodak sold Ofoto as part of its bankruptcy process.38

Nor are more technologically minded organisations immune to such slowness. Microsoft is one of the most dynamic firms in history, yet it too has been blindsided by the pace of change. In the mid-1990s, Microsoft was slow to spot the disruptive power of the internet. It was not until 26 May 1995 that Bill Gates, the then CEO, wrote the now-famous memo where he argued: ‘The Internet is a tidal wave. It changes the rules. It is an incredible opportunity as well as [an] incredible challenge.’39

It was already too late. For a couple of decades, Microsoft would remain a smaller player in the internet domain – at least compared to its dominant position in computer software. And it ceded key parts of the internet business, be it the e-commerce or internet search or messaging markets, to other companies. Faced with the launch of the iPhone in 2007, the firm flubbed again. Steve Ballmer, the then CEO of Microsoft, dismissed Apple’s new gadget, saying: ‘It has no chance of gaining significant market share.’40 Of course, the iPhone went on to become the dominant mobile device in the United States and Microsoft’s own mobile ambitions were left in tatters. The company launched its first Windows software for mobile phones in 2000 only to mothball the project 15 years later, with the market all but left to Apple’s iOS and Google’s Android software.

Ballmer puts his mistake down to applying his strong understanding of the PC industry, the previous paradigm, to the new smartphone industry. In a sense, he fell into the exponential gap. He stepped down from his role in 2014, after it became clear that Microsoft had miscalculated the prospects of Apple’s iPhone.41 (The company would not miss a third time. Satya Nadella, the CEO who replaced Ballmer, would successfully pivot the company to take advantage of yet another technology shift in the 2010s – the rise of cloud computing for businesses – to help Microsoft reclaim its position as one of the world’s most valuable and innovative companies.)

It’s not just companies that come unstuck in the face of rapid change, of course. Our wider legal and political institutions can prove intransigent too. The sociologist William Ogburn, writing in 1922, described a ‘cultural lag’ in the wake of new technologies like industrial machinery and the car. His conception of culture was similar to my description of institutions – a broad category that encompasses a wide array of habits and norms. In one of his case studies, he examined the rate of growth of industrial accidents and compared it to the rate at which various American states developed compensation and liability statutes. The first of these laws was passed in 1910; nothing was enforced nationally for a further 12 years. Ogburn suggests that, even 40 years before the first employer’s liability law was passed, workplace accidents were clearly a problem: ‘1870 was hardly too soon to have developed workmen’s compensation acts. Had they been in force in the United States from 1870 on, a very great many accidents would have been cared for with much less burden to the worker.’42

More recently, the rise of new technologies has challenged the woollier cultural conventions of our daily lives. Is it reasonable to use a smartphone while at dinner? Teenagers may think so; their parents may beg to differ. The smartphone is a transformative cultural force. It is not just a teenage phase – it establishes a whole new set of behaviours and values, to which many groups may struggle to adapt. Ditto video games. Gaming, especially online gaming, has become an increasingly critical element in friendship and socialisation among teenage boys.43 But our cultural norms have struggled to keep up. A decade and a half after the arrival of the smartphone, and two and a half decades after the first PlayStation, the rules remain unclear.

Why are institutions – whether nebulous social norms or blue-chip companies – so slow to change? Many studies on this subject point to ‘path dependence’, the idea that practices and customs become relatively determined from an early point in any process.44 Sociologists point out that the path an institution starts out on can have long-running effects on our behaviour – we get ‘locked’ into a particular course of action. Let’s return to the smartphones-at-dinner conundrum. The norm of shared family dinners in America developed in the eighteenth century, among wealthy families who had the money to build a separate room for dining – featuring a dedicated table at its centre.45 Over time, the cultural importance of the dining room evolved – leading to the establishment of set mealtimes, and moral judgements about families who did not sit down to eat together. You can chart a direct course between these eighteenth-century origins and today’s popular parenting wisdom regarding the importance of family dinners – from an early point, that cultural path was set.

This phenomenon has wide-ranging implications for all manner of institutions – ranging from businesses to governments to social norms. Even when we do try to change an institution, it tends to remain rooted – directly or indirectly – in what has come before.

The leading theorist of institutional change, Kathleen Thelen, has identified a number of key ways in which institutions adapt in practice. These include layering (when new norms get built on old ones), drift (where an institution keeps its policies in place, in spite of a changing context) and conversion (when an institution takes an old way of doing things and redeploys it in a different context). But all hint at the fact that institutions get locked into outmoded ways of responding to the issues they face.46

A good example of layering comes from the UK’s National Health Service, which until 2020 was still regularly using pagers to exchange messages. The NHS started using them in the 1980s, before the age of cheap mobile phones. The more they were used, the more embedded they became in NHS systems. And the more embedded they were, the more practices and norms were built on top of them – even long past the point when they had been surpassed. New institutions built on the back of pre-existing ones. Layering in action. For my part, I personally experienced institutional drift when helping the BBC, the publicly funded UK broadcaster, launch some of its first websites in the late 1990s. The television execs who were handed the brief took their cues from television – shows had transmission dates and episodic release cycles (such as once a week) – and brought them to the world of real-time publishing on the web. It was an uneasy match, and did not sit well with the expectations of web surfers.

There are exceptions to this institutional slowness, of course. On occasion, institutions can lend themselves to very rapid change. Wars and revolutions help. It took less than a year to create the International Monetary Fund after it was proposed at the Bretton Woods Conference in July 1944. The visceral shock of World War Two and the need to find a solid base for international cooperation provided the impetus to establish many institutions, such as the United Nations and the General Agreement on Tariffs and Trade.

These are, in the language of institutional theory, moments of ‘punctuated equilibrium’. But on one level, this caveat merely reveals the sheer scale of the disaster needed to shock institutions into rapid change. In the absence of a catastrophe, institutions tend to develop more like the Catholic Church than the frantic establishment of the United Nations.

Put together these two forces – the inherent difficulty of making predictions in the Exponential Age, and the inherent slowness of institutional change – and you have the makings of the exponential gap. As technology takes off, our businesses, governments and social norms remain almost static. Our society cannot keep up.

In the early years of the twenty-first century, this exponential gap was relatively trivial. The demise of Kodak or the failure of Microsoft to understand the potential of the early internet were not society-threatening problems. In the early years of the computer industry, technology was an isolated, niche industry. In those early days, if a company failed to adapt to a new trend the consequences were fairly mild. Firms might go bust, leaving customers nursing defunct products and former staff with fond (or not so fond) memories. But that was not the end of the world.

However, after we tipped into the Exponential Age, the gap became a more existential problem. As of the early 2020s, exponential technology has become systematically important. Every service we access, whether in the richest country or the poorest, is likely to be mediated through a smartphone. Every interaction with a company or government is (or soon will be) handled by software powered by a machine-learning algorithm. Our education and healthcare is increasingly delivered through AI-enabled technologies. Our manufactured products, be they household conveniences or houses, will soon be produced by 3D printers. Exponential technologies are becoming the medium through which we interact with each other, the state and the economy.

For the people and companies who understand this shift, the exponential gap creates a huge opportunity. Those who harness the power of exponentiality will do much better than those who don’t. This isn’t simply about personal wealth. Our rules and norms are shaped by the technologies of the time – those who design essential technologies get a chance to shape how we all live. And these people are in the minority. We are witnessing the emergence of a two-tier society – between those who have harnessed the power of new technology, and those who haven’t.

What is to be done? When we return to our diagram of the exponential gap, it becomes clear that there are two potential ways to stop our social institutions being outpaced.

On the one hand, we can close the gap by slowing the rise of the top line. But this is no mean feat. For one thing, this acceleration is already baked into the structure of our economies. The process through which technologies improve and accelerate is not centrally controlled. It emerges from the needs of individual firms, and is met by a coalition of players across the economy. The virologist benefits from a faster genome sequence, and so seeks out better electrochemistry, faster processors, and more accessible storage for genomic data. The householder wants more efficient solar cells; the farmer more precision methods to fertilise her crops. The Exponential Age is a near-inevitable consequence of human ambition.
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Even if we could slow the pace of exponential change, it’s not clear this would be desirable. Many of the most urgent issues of our time can only be solved with exponential technology. Tackling climate change, for example, requires more radical tech, not less. In order to decarbonise our economies, we will need to rapidly shift to renewable sources of energy, develop alternatives to animal proteins for food, and scale building materials that have a zero-carbon footprint. What’s more, figuring out how to deliver good-quality healthcare, education, sanitation and power to the poorest billions on the planet is another problem that technological innovations can address. The expensive (and resource-intensive) way that the developed world achieved those outcomes in the past is not practical for poor countries at a time of environmental crisis.

So, putting the brakes on the development of technologies is hard to justify. A preferable option is to better prepare for a period of accelerating technologies. We can close the gap by making the lower line rise faster. That means equipping our social institutions – our governments, companies, cultural norms – to adapt at pace. At the same time, we can try to make our institutions more prepared for rapid change – so they aren’t undone by any bumps in the road of exponential technology. And we can even develop new ways of organising society that ensure the benefits of exponential technology are distributed evenly.

Such measures would allow us to harness the power of exponentiality, and the rules and norms that can shape it, for the needs of our societies. And this is what I will advocate in the coming pages.

This is an urgent need. In the Exponential Age, the institutions that govern our economies today will soon cease to be fit for purpose. Over the next five chapters, we’ll explore how the exponential gap is emerging in sectors ranging from business and the workplace, to trade and geopolitics, to the relationship between citizen and market. In each, new technologies will clash with our existing expectations, rules and systems. And in each, we will need radical thinking to prevent the exponential gap from eroding the fabric of our society.
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4

The Unlimited Company

For the first three decades of my life, there was a set of clear rules about how business worked. Dozens of very large companies dominated the economy, and each had a specialty. Exxon and BP invested in oil rigs and drew oil from the ground, selling it at a market price that was above the price of extraction. General Motors and Ford assembled raw materials and components, stitched them together and sold them for a profit. Successful companies grew bigger, by dint of better products or keener pricing. They might benefit from economies of scale – as they got bigger, their costs, relatively speaking, went down.

But these companies also encountered forces that held them back. As they became bigger, they might become too complex to manage. The flows of information between bosses, managers and employees might get entangled. Headquarters might lose track of what the front line worker was doing. If you have ever worked at a very large company, you’ll be familiar with how bureaucracy creeps in and slows everything down. The economist Ronald Coase described this predicament well: in his rendering, organisational costs grow as firms get bigger and come to act as a force of gravity, slowing a company’s expansion and eating away at the advantages of scale.1

As companies expanded and became more complex, managing them became like sorting through a mess of tangled wires – with too many contradictions resulting in slower and slower decision-making. To escape this problem, firms might instead develop a narrow specialty. By focusing on just one thing, a company would carve out a competitive advantage – but it would also become less entrepreneurial, and less capable of seizing new opportunities in adjacent sectors. The organisational muscle and the institutional flex they honed would emphasise execution and efficiency, not exploration and agility. According to the complexity scientist Geoffrey West, as companies got larger, they tended to become untenably complicated. Big and old firms became ‘short-sighted, conservative and unidimensional’, he says.2

This resulted in a counter-intuitive phenomenon – for established, large firms, it got increasingly expensive to get bigger. As size conferred both strength and weakness, competitors might be able to chip away at the advantage of the market leader. Dominance, in the twentieth century, was hard.

In industry after industry, one could feel the gravitational pull of scale. It led to a phenomenon called diminishing marginal returns – that is, a decreasing return for every dollar a company invested. Companies would normally get to a certain share of a market and no bigger – two-fifths was about as good as it got. In the pharmaceutical industry, the top firms might have 40 per cent market share.3 In groceries, Tesco (the top food retailer in the UK) had about a 25 per cent market share in 2019. In the traditional car industry, the market was extremely fragmented – in the UK in 2020, no manufacturer held more than a 12 per cent share.4 In televisions, Samsung led the global market with an 18 per cent share.5 Even the gigantic Coca-Cola company, whose market share in the US did exceed 40 per cent, was not even double the size of PepsiCo, its closest competitor.

This level of competition was meant to keep these companies honest. If they tried to raise prices, a competitor could step in. In the odd instance where a single firm did have a big market share – 50 per cent, 60 per cent or more – everyone acknowledged you had a problem. You might find bad behaviour, like price gouging to force out competitors – invariably followed by price rises once the company’s position was secure.

Such market dominance might even provoke the ire of the state. The standard story is Standard Oil. At one point, John Rockefeller’s firm controlled 90 per cent of the US’s refined oil. It became so dominant that the US Supreme Court ruled it an illegal monopoly, and the firm was splintered into 34 not-so-little pieces in 1911.6

Yet when we turn to the corporate titans of the Exponential Age, we see a very different picture. Google’s market share of search queries is almost 80 per cent in the US, 85 per cent in the UK, and nearly 95 per cent in Brazil. In the smartphone market, Android is installed on four out of five phones globally, with Apple’s iOS used on the vast majority of the others. No other operating system really figures. This dominance is even more pronounced among certain demographics and age groups. In the US, more than 85 per cent of teens own an iPhone.7 In online advertising, Facebook and Google between them account for more than 90 per cent of all global spend.8

The pattern holds in more traditional markets. In the world of cab riding – now given the flashy name of ‘ride sharing’ – Uber controlled 71 per cent of the US market in 2020.9 There’s a similar picture in retail, historically a cut-throat and highly competitive market. America’s market-leading retailer, Walmart, had a little over a quarter of the US’s offline retail market in 2017. Yet when it comes to the internet, Amazon’s market share across online commerce looks set to grow well above its current level of around 40 per cent – a number that is already two-thirds higher than Walmart’s offline share.

Exponential technologies seem to imbue companies with powers that allow them to defy the force of gravity that held back firms of earlier generations. Economists call this new type of firm the ‘superstar company’. The superstar company rises rapidly, seemingly unburdened by the forces that hold traditional firms back. It seems to be more productive, more aggressive, more innovative, and able to grow faster. It dominates markets that already exist and creates markets that didn’t exist before. Superstar firms get bigger and bigger, dominating one market, then the next.10 Many superstar firms are household names – Apple, Google, Uber, Facebook. They transform the markets they inhabit, turning them into fertile ground for themselves and parched deserts for their competitors.

Superstardom is becoming commonplace around the world – in China, the United States, across Europe and beyond. The management consultancy McKinsey noted in 2018 that superstars ‘come from all regions and sectors’.11 By 2015, the top 50 firms in the world comprised nearly 50 per cent of the sales of the top 500. That proportion was only around 42 per cent in 1975.12 About 10 per cent of the world’s public companies create four-fifths of all company profits.13 The more digitised an industry – in other words, the more it relies on the logic of Moore’s Law – the more prone it seems to superstarification. The top 25 per cent of IT firms were four times more productive than the bottom 25 per cent in 2015. But that gap was only a factor of 1.5 in the shoe and cement industries.14

Superstar firms have broken the corporate culture of traditional markets. The large firms of yore – the Toyotas, Walmarts, Santanders – fought for every point of market share. Their managers delighted in small gains. Winning half a per cent of a market could mean a huge payday for the executives who delivered it. Not any more. In the exponential economy, the winner takes all. While we’ve always had firms that do better than others, the difference between the best and the worst is greater now than ever.

In this chapter, we’ll explore why today’s largest firms tend to superstardom. It is rooted in technology, and the peculiar ways that exponential technologies behave differently to industrial-era technologies. The rapidly declining costs of exponential technologies are part of the cause. Another, as we will soon learn, is a positive feedback loop that turns market leaders into a kind of perpetual-motion machine. The consequence is that Exponential Age firms achieve market dominance almost by dint of operating in any given market. They don’t need to turn to the monopolists’ tactics of yore – cornering the market and raising prices, for example. Massive scale emerges organically.

And while superstardom may be beneficial for shareholders in these firms, it is by no means clear that it is good for the economy, or for society. We have long known that for all its productive vigour, capitalism can bring out some of the worst attributes of humanity. It is why we have bodies of corporate law that govern how firms should operate, and that define the obligations of the directors who steward them. It is why many products, such as the loans and credit cards sold by banks, or the drugs pharmaceutical firms launch, are closely regulated. It is why there is a comprehensive set of rules that explains how companies should account for their operations – and ultimately pay tax.

In the age of superstar companies, this system is in tatters. There is an exponential gap – a mismatch between the ways superstar firms operate, and the norms, conventions and rules used to keep them in check. The rise of these companies raises a raft of questions that make our existing norms and rules seem antiquated – from the appropriate response to uncompetitive markets, to how to tax unprecedentedly large and global companies. The exponential gap is taking over our companies, and in turn our economies.

Why does this gap emerge between superstar firms and the rest? In the new economic landscape, any small advantage can be turned into a bigger one and then, possibly, a lasting one. On the flip side, any small slip-up can cause a company to cascade into irrelevance. But why?

It is possible to discern three forces causing the emergence of superstar companies, each of which drives – and reinforces – the other two. The first lies in one of the drivers of exponentiality that we met in Chapter 2: the emergence of new networks. As we’ve seen, all exponential technologies are the result of a slew of new forces that emerged in the global economy after about 1970. However, the benefits of these forces – in this case, new global networks of information and trade – have not been evenly distributed. They have boosted the rise of superstar companies, thanks to a phenomenon known as the ‘network effect’.

I remember the day in 1986, during my summer vacation, that my parents – who by then ran a small accountancy practice in the east end of London – first got a fax machine. Like most office technology of the day, it was beige, noisy and expensive. It didn’t get much use in the first few months, but by 1987 it was humming regularly. It soaked up more heat-sensitive paper by the day. More of my parents’ clients had bought fax machines, and they increasingly sent information about their accounts by fax rather than in the post. Each additional client was another person my parents could send documents to electronically. Every month, another client or two bought a fax machine: they weren’t just faxing my parents, but also suppliers and customers – who were themselves increasingly buying fax machines. With every extra recipient, our fax machine became more useful. When only one person has a fax machine it is effectively useless; when thousands have one, suddenly it comes in handy.

In other words, the benefits the fax machine brought in 1988 – when my parents knew of hundreds of other companies with fax machines – were far larger than the benefit it had provided when they bought it two years earlier. Economists call this sort of additional advantage an ‘externality’ – that is, an outcome that is external to the buyer and the seller, instead affecting a wider group who aren’t involved directly in the transaction.

The first people to write about externalities, the late-nineteenth-century economist Alfred Marshall and his protégé Arthur Cecil Pigou, pointed out that externalities can be positive or negative. Pigou noted that air pollution – caused by the buyer and seller of a car, but affecting everyone – is a negative externality. With my parents’ fax machine, we were encountering a positive externality: the ‘network externality’. In other words, the benefits of the device went far beyond just my parents’ office in east London, increasing the usefulness of the fax machines of everyone else in the network.

This network effect – in which the addition of every new member of the network increases the value of the network for everyone – is not a new phenomenon. It is why, since antiquity, people have gathered in physical markets: you really do benefit from being where all the buyers and sellers are. Every new buyer makes it more attractive to a seller to be there, at least in theory.

Such network effects are one reason why many Exponential Age firms, like Facebook, PayPal, Microsoft, Google and eBay, are so large and successful. As we’ve seen, these companies were made possible by the exponentially increasing power of computing. But the network effect is what drives them to ever-bigger gains. Most people who use a consumer social network use Facebook because that is where everyone else is. Businesses accept Visa or Mastercard because they are the platforms with the most buyers on them. This positive feedback loop makes the business better and stronger as it gets bigger.

Take the growth of Microsoft. The company has dominated the operating system market for personal computers since early in the history of computing. From the 1980s, slowly but surely, Microsoft secured more and more market share, even as well-funded competitors like IBM and Novell released rival products during the 1990s that might have been technically superior. By the start of the 2000s, Microsoft had a 90 per cent market share of the personal computer market. Even in recent years, it has never fallen below 75 per cent.

Why has Microsoft been so successful? Thanks to the power of the network effect. People writing the software that makes computers useful needed to decide which operating system to support. Each operating system would require separate (and expensive) programming efforts. During the 1990s, there were a number of rival operating systems to Microsoft’s DOS (which would become Windows). But software developers wanted to reach the largest market. The consequence was that small advantages mattered. Whichever operating system eked out a tiny lead in market share would take priority amongst programmers. Once Microsoft took pole position, its operating system became the dominant choice for developers. This meant more software was available on DOS (and then Windows) than on rival systems. In turn, this made Microsoft’s operating system more desirable for users: they had a wider choice of software and hardware to choose from. This gave Microsoft a larger user base, again making it more attractive to software developers – and so the cycle continued.

Such network effects make it harder, though not impossible, for competitors to break into a market. In the 1980s and 1990s, Microsoft won not only the operating system war, but also the productivity software war. It competed with – and beat – several companies producing everyday office tools. Lotus Development Corporation was founded in 1982 by Mitch Kapor, the man who, three years earlier, had invented the first spreadsheet, VisiCalc. Lotus produced more spreadsheet applications, like 1-2-3, which was the dominant office staple through the 1980s and much of the 1990s. They also made an exotic spreadsheet program called Improv, which I was partial to, as well as Ami Pro, the word processor on which I typed up my undergraduate thesis on the Cuban missile crisis. And Lotus was not alone. Firms like WordPerfect and WordStar also created word-processing software.

Some of these companies were dominant until relatively late: WordPerfect was the market leader in word processing in 1995, when it had 50 per cent market share. But once Microsoft had established dominance in the operating system market, it became increasingly hard to take on. There was a powerful network effect: once everybody else was using Windows, and exchanging Word documents and Excel spreadsheets, it became much easier for you to use them too. The network effect driving Microsoft’s success allowed it to spread inexorably from one market area to the next – first operating systems, then word processors, then spreadsheets.

Network effects aren’t just the preserve of profit-seeking firms. Wikipedia, the free online encyclopedia managed by a foundation, also benefits from network externalities. Anyone can create competitors to Wikipedia, and there are many niche ones (such as Wookieepedia, dedicated to the Star Wars universe). But Wikipedia is where the majority of contributors gather to share their wisdom and critique each other, so it is where readers congregate. And because this is where the readers gather, Wikipedia becomes the space where contributors want to write. It is a positive externality: every additional contributor brings in more readers, which in turn attracts more contributors.

In fact, the World Wide Web itself benefited from the network effect. When Tim Berners-Lee first developed the web in 1989, there were several contenders for methods of storing information on the internet, like Gopher and WAIS. There were also commercial products like GEnie, CompuServe and Delphi. In 1994, Microsoft even targeted the market with its own offering, Microsoft Network. But Berners-Lee’s web became not just dominant but the sole viable information network on the internet, because of network externalities – once a lot of people were there, everyone else had to congregate there too.

Wherever there are network effects, there is the chance of a winner-takes-all market. Once a company has established itself as the market leader, it becomes extremely difficult to challenge it. And this effect is being driven by the consumers themselves. It is in the consumers’ own interest to join the biggest network – it is there, after all, that they will get the most value.

It might not be obvious why these network effects become more pronounced in the Exponential Age. After all, network effects explain much of the pre-exponential world. They were well understood by Theodore Vail, the president of the Bell Telephone Company (the precursor to AT&T), who wrote in 1908: ‘A telephone[’s] value depends on the connection with the other telephone and increases with the number of connections.’15

But the digital technologies of the twenty-first century are better placed to take advantage of network effects than earlier innovations. Why? Because where earlier companies had to go through the cumbersome process of supplying every new customer with a phone, or a fax machine, or some other device, today’s digital giants can rely on their customers already accessing a communication network: the internet. The connections that support the network effect are already there. When I backed an online estate agent in France in 2000, we found that not only did we have to buy internet connections for the realtors, in many cases we needed to supply them with personal computers. Today, anyone – a realtor, an online matchmaker, a rentals business – can take it for granted that most potential consumers will be connected to the internet via a smartphone.

This has created room for a new type of business. Rather than being suppliers of goods, firms can think of themselves as ‘platforms’ – meaning they connect producers to consumers, without themselves doing much producing (or consuming).

We can see the scale of this shift by looking at an industrial-age company like Ford. The firm organised itself according to its internal processes. Raw materials came in and might be processed in several sequential steps, until there was a completed product – a car. This would be passed out of the business over to marketing and sales executives, who would get the product into the hands of customers – through advertising, well-run car showrooms, and so on. This step-by-step process was known as the ‘linear value chain’.16 The organisational structure of such a company, from goods in to manufacturing, packaging, distribution, marketing and sales, reflected its internal value chain – designed around a series of sequential steps.

Now compare that with a company like eBay. Rather than being rooted in a production line – a linear value chain – it is a platform. Companies like this acquire, match and connect different customers to each other.17 And so eBay is not a shop. It is a space where sellers can meet buyers to sell their own goods, with eBay itself producing and selling nothing. Facebook is similar. What does Facebook actually offer the consumer? The chance to connect with other people.

This type of offering – a service that matches different types of people – is not really that alien to us. After all, this is what a market does. Marketplaces bring buyers and sellers together to get them to transact. But physical marketplaces have always faced physical limits. They can get too big or too crowded. Anyone wandering the maze of the Grand Bazaar of Istanbul, or sweating in the alleyways of Anarkali in Lahore, or padding with tired legs around one of Westfield’s air-conditioned mega-malls in Australia can attest to this.

And this is why digital technology has led to the emergence of massive new platforms. These all have, to a greater or lesser degree, the quality of the marketplace, bringing together different groups and waiting for magic to happen. But they have no real limitations of scale. The rise of one of the first general purpose technologies of the Exponential Age – the internet – has allowed us to connect far larger numbers of buyers and sellers, without any rooms getting unbearably full or anyone getting tired legs. This unleashed power of platforms is the second key driver of the rise of superstar companies.

Unburdened from the sweaty, crowded, noisy atmosphere of large physical marketplaces, these companies can grow to extraordinary sizes: eBay brings together 185 million active buyers per year;18 Alibaba, 779 million users.19 By the summer of 2020, 50 million Americans were using the video service TikTok daily to find their next funny video.20 And such platforms allow a greater range of choices than any physical marketplace could offer. Take GOAT, the specialist sneaker marketplace. At the time of writing, it’s showing me 7,434 size 9 second-hand designer sneakers. The most expensive are an absurd $30,000 for a pair of 3/8 Retro Pack ‘Kobe Bryant’ Air Jordans. At the other end of the spectrum, a pair of old-school Vans go for a thousandth of that price. As a buyer, there is a cornucopia of choice. And so I’m more likely to visit GOAT in the future. Imagine how big and smelly a physical bazaar that offered 7,000 different pairs of used sneakers would need to be.

The growth potential of these companies is turbocharged further by another factor: platforms are incredibly capital-efficient. The platforms facilitate an exchange without actually having to spend any (or much) money. The world’s largest cab company, Uber, owns no cabs and employs no drivers. Airbnb hosts more overnight guests than any hotel chain, yet owns no hotels. Alibaba is the world’s largest online showroom for businesses, yet holds no stock.

The marketplace takes care of much of the business’s actual logistical processes. Whereas the executive of yesteryear had to worry about where they would find products, when to buy the warehouses to store them, and how to ensure deliveries happened on time, the modern platform executive has done something smarter. Instead, they rely on third parties using their platform to provide stock, warehouse and logistics themselves. The question about who pays for all this has been answered – in the favour of the platform. It’s not the platform operator but the wider ‘ecosystem’ that has to worry about where customers are coming from, whether there are enough vehicles, if there is enough stock.21

All this means that the platform business model is increasingly ubiquitous. Exponential Age platforms can creep into any geography and any industry. The model has taken hold with Gojek in Indonesia and Jio in India, as well as Jumia in Nigeria and Bol.com in the Netherlands. And we’d be wrong to associate platform models with lower-value business activities like co-ordinating deliveries or taxi rides. The online medical consultation business Ping An Good Doctor was spun up in 2014 as a service of a well-established Chinese insurance conglomerate, Ping An Insurance. To cultivate their digital medicine platform, they hired 1,000 doctors who helped train AI algorithms. As the algorithms got better the service scaled, allowing AI to respond to 75 per cent of the 670,000 consultations each day. A team of 5,000 specialist doctors digitally handles more complex questions. None of those 5,000 specialists are employed by Ping An; they jump on the service as needed, much as an Uber driver clocks on to find a ride. And these are just a few examples. In the Exponential Age, platforms are everywhere.

From this heady combination of network effects and platforms, it becomes possible to make out the contours of the exponential corporation. The interaction of these two forces leads some organisations to rapidly become dominant – and other, smaller, perhaps more traditional companies to get left behind. But there’s a third force that makes these platform-based, network-driven companies even more unassailable – their basis in the ‘intangible economy’.

The economy of the machine age was dominated by things you could stub your toe on. Cars, washing machines, telephones, railway lines – for centuries, the most important products were built in the physical world. And the companies that supplied these products were the corporate titans of their time. You could work out a company’s value by focusing on the land and buildings it owned, the machines in its factories, and the stocks of products waiting to be sold. This physical stuff is known as a company’s ‘tangible assets’.

In the Exponential Age, value is rather more nebulous. Many of today’s firms do not get their value from the physical products they move around. That is not to say that during the Exponential Age companies won’t build physical things. Hugely expensive, customised factories to build semiconductors are clustering in high-tech areas; shallow seas with stable, strong wind patterns are being populated with grids of titanic windmills. But the true source of these companies’ profits is more ethereal. The software that runs Google’s search engine, the data that represents the network of friends in Facebook, the designs and brand identity of Apple, the algorithms that recommend your evening’s viewing on Netflix – this is where their true value lies. Economists call these non-physical assets ‘intangible’.22

The speed of the shift to intangible assets has been remarkable. In 1975, about 83 per cent of the market value of companies on the Standard and Poor 500 stock market index comprised tangible assets. Intangible assets accounted for the remaining 17 per cent. By 2015, those proportions had reversed. Only 16 per cent of the S&P 500’s value could be accounted for by tangible assets, and 84 per cent by intangibles.23 This ratio skews even further when you look at the largest firms in the world: the exponential superstars. In 2019, the book value of the five biggest Exponential Age firms – Apple, Google, Microsoft, Amazon and Tencent – ran to about $172 billion. But this measure emphasises a firm’s tangible assets and largely ignores its intangibles. To figure out a firm’s book value you tally up a company’s cash, what it is owed by customers, and its physical assets, and then subtract its liabilities. The stock market valued those firms, at the time, at $3.5 trillion. In other words, traditional assets represented only 6 per cent of what the market thought these companies were worth – their intangible assets were doing the rest of the work.24

The changing relationship between tangible and intangible assets can be seen in the make-up of the goods all around us. Today, the value of a product tends to come from the early stages of its creation (its research and design) and in the later stages (the branding and service). The actual manufacturing process is becoming less and less important. This is most obvious with high-tech goods. What would your iPhone be without the App Store and the millions of developers creating software for it? But this shift to intangibles is also true for your cup of morning coffee. The cost of the actual beans is decreasingly significant to the value of your cup, especially if you are drinking a capsule coffee or something from a branded coffee shop.25

What has caused this migration? The most obvious driver is the increasing complexity of products. Complex products require know-how rather than stuff to put together. A smartphone is light and made up of small amounts of silicon (in the form of glass and the chips inside), a bit of lithium (in its battery) and aluminium (in its case). Some other elements complement it. The thing that makes the smartphone possible is, yes, the raw materials. But it is the know-how that goes into the manufacturing process – turning sand into a chip, and then connecting that chip to thousands of other components in just the right way – that makes it worth so much. Equally important is the growing size of global markets. Intangible knowledge is expensive to produce the first time: think of the expense of product design, or the manuscript of a new book. But it is cheap to copy. This means that intangible goods are more commercially important in bigger markets: you can offset the disproportionate upfront cost thanks to the large number of buyers.

But whatever its cause, the key outcome of our newly intangible economy is to further catalyse the creation of winner-takes-all – or winner-takes-most – markets. In the intangible economy, companies can scale at an unprecedented pace, and to an unprecedented size. Compare a taxi platform like Uber to a cab company that owns its own vehicles. Uber’s algorithm – its key intangible asset – is highly scalable, whereas the traditional cab company needs to add a new cab each time it wants to grow.

Software businesses all follow that same principle. The upfront cost of the first copy of the software is enormous. However, every subsequent copy is essentially produced for free. If the network effect and the platform are the foundations of the exponential company, then intangible assets are the bricks that make it up.

The tendency of intangible assets to help companies scale reaches its zenith when a business is drawing on artificial intelligence. AI is the ultimate intangible asset, because it takes on its own momentum – the algorithms give you more and more value without you having to do very much. The cycle looks like this: You feed data into an AI and it becomes more effective – tailoring a product to your needs, perhaps recommending news stories you want to read or songs you want to listen to. This improved service becomes more desirable, and so more of us use it. As more of us use it, we generate more data about our tastes and preferences. That data can then be fed into the AI, and the product improves.26 This is another type of network effect – the ‘data network effect’, defined as ‘when your product, generally powered by machine learning, becomes smarter as it gets more data from your users’.27

Take Google. You might ask why the search engine is so dominant. It wasn’t the first to market: that accolade likely goes to WebCrawler, a search index founded in 1994.28 Google was, however, the first search engine that effectively captured data network effects.

Google uses data about which links you click on (and which you don’t) to improve the quality of its rankings. Every time a user clicks on a site and stays there, Google’s AI learns that the link is useful; every time a user ignores a link, or clicks it then promptly hits ‘Back’, Google learns it is more of a dud. And so every click feeds into the algorithm.

Writing in 2008, Tim O’Reilly, one of the most astute observers of Google, argued that ‘Google is the ultimate network effects machine’.29 But data network effects are not unique to Google. They are common among the companies of the Exponential Age. When Netflix gives you a recommendation for a TV show, that recommendation is a result of your viewing habits compared to what other people are watching. Those choices are fed into Netflix’s systems to improve the suggestions you receive.

Data network effects are a bit like a perpetual motion machine for intangible assets. The more these effects operate, the more they give. Companies that master this cycle can use intangible assets to take on an unassailable position. In 2020, Google remains completely dominant in online search – in spite of the attempts of major rivals, like Microsoft’s Bing, to break into the market. It is a neat example of how in the intangible economy, firms can scale to a once-unimaginable degree. When a company is trading in intangibles, it need not worry about building new factories, or extending its supply chains. In some cases, it can just feed more and more data into its own system – and growth takes care of itself.

We can start to make out the distinctive characteristics of the exponential economy. This is a world in which network effects are key: once a company is gaining customers, it grows exponentially, leaving behind all of its rivals. This ruthless dynamic is driven by the emergence of a new wave of platforms, in which network effects are unusually powerful. And it is further catalysed by a wider economic shift towards intangible assets – which can scale more easily than their physical-world forebears.

The emergence of Exponential Age superstars has fundamentally rewired the logic of the global economy. As we saw at the beginning of this chapter, in the twentieth century companies would eventually reach a limit in their growth and would become large, mature ‘blue chips’. When researchers looked at nearly 29,000 companies in 2010 they found that ‘all large mature companies have stopped growing’.30 But among superstar companies, this inherent tendency towards stagnation no longer seems to hold. The brakes that slowed the growth of companies have been snipped.

The most valuable firms in the world – Apple, Google, Microsoft, Facebook, Tencent, Alibaba and Amazon – are all Exponential Age companies. Only one of the world’s largest firms, at time of writing, is a ‘traditional’ business – Saudi Arabia’s state-run oil giant, Aramco. And despite their scale, the digital giants’ revenues are still growing at a clip we’d associate with much smaller, younger firms. Take a single, reasonably representative year, 2018–2019. The Chinese tech giant Tencent grew its revenues by 18 per cent; Amazon by 20 per cent; Facebook by 27 per cent – all far quicker than the rate of growth of the global economy. The following year, the companies grew by 28 per cent, 38 per cent and 21 per cent respectively.

These companies have inverted one of the basic laws of business: diminishing returns to scale. They have learnt to push past the law of gravity that once limited a company’s size. For superstar companies, the return on their investment grows as they get bigger. Ours is the first-ever age of increasing returns to scale.

Let’s take a seminal example, from the US technology sector. Salesforce is a company that makes software for salespeople. It was founded by Marc Benioff, a charismatic software executive, during the wintery aftermath of the dot-com bubble. Benioff realised that the increasing power of the internet would let him deliver his sales-tracking application through a web browser. Rather than an upfront purchase, customers would rent the software.

It seems so obvious to us today, but in 1999 it was a radical idea. Back then, corporations bought software, installed it on central servers, and then had IT workers wander the offices to install the application on every single desktop computer. It was a pain. Benioff pioneered the idea of ‘software as a service’ powered through a web browser – and in the process he transformed the software industry.

In 20 years, Salesforce has grown from a handful of founders to a $200-billion business with nearly 50,000 employees. But as it has expanded, the company has figured out how to make each additional employee more productive – and how to get more money from its customers. In 2005, each of Salesforce’s then 767 employees supported $230,000 in revenue. In 2020, each of its 49,000 employees supported nearly $350,000 in revenue. Customers seemed to love Salesforce too. In 2010, the average customer paid Salesforce $18,000. By 2020, that had risen sixfold. Not only were customers paying six times as much, they were happier. In 2010, 81 per cent of customers renewed their business with the firm. By 2020, more than 9 in 10 did.31

This is the reckoning of the forces identified above. The exponential logic of network effects means that whatever sales platform is ahead becomes completely dominant, provided executives don’t take their eyes off the ball. The easily scalable nature of intangible assets means that Salesforce can grow and grow, without taking on that many more staff – or becoming unwieldy.

Netflix has followed a similar pattern. In 2010, Netflix had sales of $2.1 billion and 2,100 employees. Each one of them could account for slightly less than $1 million in revenue. A decade later, the firm had grown more than 10 times in size, with revenues approaching $25 billion. Its 9,400 employees counted, now, for nearly $2.7 million in revenue each. The dynamics of increasing returns is reflected in Netflix’s content production, as well. In 2011, 14 years into its existence, Netflix had zero original content titles under its wing. In 2012, it launched one. By 2019, it released more original shows and films than the whole TV industry’s yearly output prior to 2016.32 With 37 Oscar nominations under its belt in 2021, the company is close to breaking a 1940 record of 40 nominations for a single studio. In these moments, it becomes apparent how increasing returns to scale aren’t just rewiring business, but also culture and wider society.

Exponential Age companies are all too aware of the dynamics of this new economy. These firms have come of age in a peculiar environment: in each sector, one company dominates and everybody else gets left behind. As a result, these companies have developed a winner-takes-all mindset that reflects a winner-takes-all market.

Consider the management structure of many new superstar companies. The economist W. Brian Arthur was among the first to spot that a shift in organisation design was underway. In 1996, after studying the success of Microsoft and its operating system platforms, he realised that businesses based on network effects operated differently to traditional firms. Rather than chasing a few points of growth every year, they would chase large rewards. For these companies, he wrote, ‘managing becomes redefined as a series of quests for the next technological winner … the Next Big Thing.’33 At the same time, these firms’ managers developed an obsession with growth. They knew that if they stopped growing, they could soon cascade into irrelevance – in the exponential economy, only one firm in every sector can triumph.

This emphasis on growth has forged a new vernacular within Silicon Valley. Reid Hoffman, who co-founded PayPal and LinkedIn, is fluent in this language. One afternoon in 2016, over mineral water in his offices in Sunnyvale, California, he gave me his new explanation for how tech start-ups grow quickly – ‘blitzscaling’. Entrepreneurs who understand blitzscaling, he said, approach their companies very differently to the older titans of industry. Companies that blitzscale emphasise growth over efficiency. Practically, this means throwing out the traditional manager’s rule book of optimising spending. Instead, aim for growth, even if it is expensive to do so. Peter Thiel, one of Hoffman’s co-founders at PayPal, also has an ideology that focuses on growth. In Thiel’s view, ‘competition is for losers’.34 He recommends instead that founders identify markets where they are substantially better than any existing competition – so they can gobble up market share in a way that would have been unthinkable just a few decades ago.

What Thiel and Hoffman identify, in their respective ways, is that the superstar firms of the Exponential Age don’t just aspire to become large and dominant. They have no choice: second place is a very, very distant second.

In practice, these firms’ obsession with constant growth manifests in three different ways. First, there is ‘horizontal expansion’. This is when firms move from one market to an adjacent market. For example, the story of Alibaba, a Chinese marketplace for retailers, is one of never-ending expansion into new areas. It has operated an online payments business called Alipay since 2004. By 2013, Alipay had become the world’s largest mobile payment service, and its parent company spun the business out as Ant Financial. This was the first step in horizontal expansion: giving this new finance company its own autonomy. Ant Financial drew upon the huge amounts of transaction data Alibaba had been collecting, channelling the power of data science – through what it described in hyperbolic marketing speak as the ‘Ant Brain’ – to become an ever more dominant force. It was a classic example of the power of network effects: the more data Alibaba had, the more powerful and effective it became; the more powerful and effective it became, the more customers joined up – and the more data it had.

The logic of network effects and increasing returns led Ant Financial to expand into increasingly distant portions of the market. For example, by looking at purchase data the Ant Brain revealed that women who bought skinny-fit jeans were more likely to spend money on smartphone repairs. The company’s executives hypothesised that phones were slipping out of tight back pockets and landing on the ground with a smash. They quickly launched a screen insurance product that was aimed at young women who bought fashionable trousers.35

The result of this kind of expansion was Ant Financial’s customers using myriad different parts of the company’s service, across their economic lives. Ant Financial soon expanded to include five businesses: payments, wealth management, credit scoring, lending and insurance. It has persuaded 40 per cent of its customers to use all five products, and 80 per cent of its customers use three or more.

This horizontal expansion is hardly unique to China. Apple, which started making computers, now makes phones, tablets and watches. It has a media subscription business and an App Store. Its products provide health information. And Amazon, a retailer, has moved from selling books to peddling virtually every type of tchotchke. It has a logistics wing, the world’s largest cloud computing business, and – like Apple – a media business.

But nor does exponential logic lead solely to horizontal expansion into new markets. The second form of superstar growth is vertical expansion. This is where a firm looks at the activities of part of their own supply chain and decides to bring them in-house. Vertical integration is not unique to the Exponential Age, of course. Andrew Carnegie became the second-wealthiest man in the United States in the 1800s when he expanded his steel company so it took over every stage of the supply chain – taking control of iron mines, coal mines, railroads and steel mills, all to achieve enormous efficiency in the steel industry. However, by the late twentieth century, vertical expansion had gone out of fashion. Instead, management orthodoxy was that companies should stick to their ‘core competencies’.36

But not any more. As we marched into the Exponential Age, the spirit of vertical integration returned. Google’s advertising business, responsible for virtually all the firm’s revenue and profits, is a vertically integrated system. Several different mechanisms make online advertising possible: targeting, auctioning the ad space, placing the ad, tracking the engagement. Once upon a time, different companies looked after each of these processes. By 2020, an advertiser wanting to buy an ad to show to a particular group of users can do so entirely with Google’s products. Google’s acquisition of YouTube in 2006 helped, vastly increasing its dominance in the advertising ecosystem; so too did the launch of Maps, which helped advertisers understand even more about where their consumers were going about their business. And this vertical integration shows no signs of slowing down. In 2010, Google acquired 40 companies – a diverse portfolio of firms that specialised in social gaming, photo editing, computer processors, touch typing, voice recognition, travel and music streaming. All of these acquisitions allowed Google ever-greater control of its own supply chain.

Such vertical integration can even involve expanding from the massless, digital world into creating physical hardware. Take chip making. For most of the history of the personal computer, chips were made by one specialist firm, the computer by another and its operating system by yet another. Today, however, the big computer companies are making their own chips. Starting in 2010, Apple began to make chips for its mobile phones, and in 2019 chips for its computers. In 2018, Google started to make its own specialist chips to speed up AI operations. Even Tesla, the car company, ditched commercially available chips in favour of its own creations in 2016.

Finally, in addition to expanding into pre-existing markets, these superstar companies have the budgets to invent new sectors of the economy from scratch. One of the boons of increasing returns to scale is that exponential companies can invest heavily in research and development – as we saw with Amazon’s staggering research budget described in Chapter 3. In fact, the biggest Exponential Age firms increase their R&D spending faster than their revenues. The goal here is to make technological breakthroughs that allow these companies to foster completely new sectors – which they can then go on to dominate.

In the case of Alphabet, which owns Google, the vast bulk of revenues come from search engine advertising. Yet Alphabet’s researchers are active in domains light-years from search engines. The company has a team investigating ‘cold fusion’: the prospect of harnessing the nuclear fusion processes that occur within stars, except at room temperatures.37 If they cracked cold fusion, Alphabet would be able to transform the way the world accesses energy. And it’s not just energy. Google’s R&D spinoff, X, has funded experiments in manifold sectors – the life sciences, consumer internet access, self-driving cars, cyber security, machine learning. The group even launched a new business called Malta, which stores energy cleanly by heating huge vats of salt past melting point.

All this confirms that the superstar company is not a fleeting trend but a wholly new economic paradigm. The corporate giants of the future will take increasingly dominant market positions, both within and across sectors. But is this necessarily a problem? A glance at recent history would suggest the answer is ‘yes’. In the twentieth century, dominant market positions tended to lead to monopolies. And monopolies were an issue. In the absence of competitors, companies might be tempted to offer customers a worse deal. Traditional monopolists often drove prices higher and took a laid-back approach to improving products and services – they might even use devious methods to prevent competitors from entering a market.

In the Exponential Age, troublesome dominant firms are more likely than ever – but the issues they pose are subtly different. They require a rethink of the way we think about monopolistic practices. In the 1970s, Robert Bork – the solicitor general of the United States under presidents Richard Nixon and Gerald Ford – came up with what became the standard approach to antitrust law, the body of US legislation concerned with monopoly. Bork’s emphasis was less on anti-competitive practices or cartel-like behaviour per se, and instead on consumer welfare. The question, in Bork’s view, was: will a company’s behaviour hurt a consumer’s pocket? A company’s size or market position was not, in itself, an issue – the implications for consumers were what mattered.

With this mindset, Bork – whose ideas were influential in both the US and Europe – may not have seen Exponential Age superstars as a problem. In the technology and internet sectors, it is far from clear that customers are getting a bad deal. Sure, Google and Amazon are tending towards monopoly in some sectors – but consumers aren’t being ripped off, at least not at first glance. The gift of exponential improvement means that the technology products improve every year for a fixed cost. That $1,000 computer you just bought is better than the one you bought for $1,200 three years ago. An internet search is free – and today, searching the internet is faster and more effective than it ever has been. Cameras in phones and easy-to-use sharing applications have brought the joy of photography to billions of people for practically nothing. In every area of the digital economy, the consumer experience seems to be getting cheaper and more efficient. So much for the perils of monopoly.

But there’s a catch. Robert Bork’s framework for understanding monopoly doesn’t account for the real issues created by monopolistic companies – at least not in the Exponential Age. It is an example of the exponential gap. There are problems with the new age of monopoly, but these problems don’t manifest themselves in the way our existing norms and rules can grasp.

The first problem is that, instead of exploiting consumers, modern monopolistic businesses might exploit smaller-scale producers. Consider the App Store, through which many of us buy interesting apps for our iPhones. Apple, which makes the iPhone, also operates the App Store. And the company charges software developers to sell their products there. For small software developers making less than $1 million a year, those fees are 15 per cent per sale. For larger ones, 30 per cent. As of 2020, the platform hosts over 1.8 million apps, with gross sales in excess of $50 billion a year.38 But is that 15 (or 30) per cent take fairly earned? Or is it just the hefty protection money one has to pony up to the neighbourhood enforcer?

Apple clearly does something for its developers. It provides them with access to billions of people who use iPhones; it provides a secure and trusted environment for people to buy apps, which encourages us to buy; and it makes the buying process easy, handling payments and even subscriptions. Before the App Store, the mobile app market was moribund. Finding apps was hard, the payment process was clunky and buggy, and insecure software was commonplace. Apple’s creation of this marketplace is what created the market.

But are Apple’s efforts worth 30 per cent of a developer’s efforts? Many developers don’t think so. Epic Games, which makes Fortnite – a video game beloved of teenagers and loathed by their parents – was one.39 After challenging Apple’s fees and attempting to bypass the 30 per cent cut, they were kicked off the platform. (Apple did eventually back down, sort of – a few weeks after the fracas, they halved fees for some developers, albeit only for those with much lower revenues than Epic.) The problem is that we can’t really know what a fair price is in the absence of a competitive market. Given that Apple has an 80 per cent market share among the young people Epic targets, you can’t just turn to the market to work out the ‘true’ value. In some segments of the economy, Apple is the market.

Epic is a huge company, and perhaps we need not shed too many tears for it; there are, after all, games other than Fortnite that people can play. But this phenomenon – of oligopolistic practices that hurt sellers rather than consumers – is common across platforms, and not all of the victims are so mighty. Consider Google’s vertical integration of its ad business. Google’s dominance of the online advertising industry has led to questionable business practices. The company has been accused of setting price floors that lead advertisers to pay more than they need to, as well as withholding information of value from the advertisers. The European Commission fined Google €1.49 billion (approximately $1.8 billion) for abusing its dominant position in the ads market, finding among other things that the firm did not allow its competitors to sell ads in Google search results.40 The UK’s Competition and Markets Authority also voiced concerns over Google’s vertical integration in the advertising market, noting that the business was rife with conflicts of interest – and the strong risks of fee increases, given the absence of effective competition.41 Again, however, it’s not the average Google user who loses out – it’s the small business that needs to buy ads.

This leads to the second problem in this new age of monopoly. Economies that are dominated by large companies become progressively less dynamic. Bork’s theory of monopoly also struggles here. His framework accounts for price hikes within a specific sector, but not a wholesale loss of dynamism across an economy. But there are signs that just such a loss of agility is taking place in the Exponential Age.

At first glance, this idea seems absurd. After all, many Exponential Age winners are young companies, often less than 20 years old. If markets were getting less competitive, how could these firms have grown so quickly? And if markets are dominated by digital leviathans, why are more start-ups being created and being more well-funded than ever before? Globally, more than $288 billion of venture capital was invested in new start-ups in 2020 – a 15.4 per cent annual growth since 2001’s level of $19 billion.42 And start-up creation is becoming less and less concentrated in the US. In 1995, virtually all venture capital flowed to American start-ups, but by 2020 about half of all investment went to companies outside of the United States. Venture capitalists are not fools: if markets were as locked down and incontestable as the winner-takes-all framing might suggest, why would they back the creation of new companies? Ours looks like a dynamic, vibrant economy – superstars be damned.

But we need to be more careful. For even as new companies spring up, very large firms are increasingly adept at cementing their own position in that market – by buying nascent competitors when they are young. Google bought YouTube in video, DoubleClick in advertising and Android in mobile phones. Facebook picked up WhatsApp in messaging, Instagram in social media and Oculus in virtual reality.

This has long-term consequences for innovation. Research shows that breakthrough inventions are more likely to come from individual inventors or smaller teams – one group of Ph.D. researchers analysed 65 million papers, patents and software products from 1954 to 2014, and found that ‘while large teams do indeed advance and develop science, small teams are critical for disrupting it’.43 And while, as we’ve seen, a few companies take a very ambitious approach to research – Google springs to mind – the data suggests that those corporate giants can also come to narrow the focus of research in fields where they dominate. Researchers who analysed 110,000 papers in the broad field of AI concluded that much of the research conducted by companies tended to be very narrow compared to academic research. Commercial research, which seemed to be laser-focused on approaches which had already been shown to be successful, tended to reduce the number of pathways being explored.44

At their most audacious, tech companies even end up diverting scientists’ attention away from big-picture scientific research. In the 2010s, AI skills were in such demand that the tech giants started to poach university professors to help with their corporate priorities. The goal was both to access the universities’ expertise and to create a pipeline of recent graduates to follow their teachers from academia into corporate AI labs. Between 2004 and 2018, North American universities saw 221 AI professors leave academia – the majority to pursue a career in the computer industry or start their own business. During the same period, 160 AI faculty members moved to another university.45 These numbers may seem low, but as the leading AI researcher Stuart Russell told me: ‘We don’t have a lot of AI professors and they take a long time to make.’46 Between 1997 and 2006, AI academics were 100 times more likely than life scientists to move from academia to industry.47 With the brain drain from universities to the private sector, research is at risk of becoming more and more narrow – increasingly focused on the commercial priorities of big companies.48

And there’s a final problem with the tendency towards monopoly. Bork doesn’t mention it much, but companies are not just important to consumers – they are also part of the wider functioning of society. Most obviously, they are supposed to pay tax. And for the first giants of the Exponential Age, our tax codes have been generous. The bulk of the assets for Exponential Age firms reside in intangibles, and intangibles are prone to sliding across borders – and easier to slip past the taxman. According to The Economist, in the years to 2020, the largest American tech firms paid a tax rate of around 16 per cent of their profits, far below the then 35 per cent corporate US tax rate.49

Their methods can be ingenious. One loophole, long beloved by the American technology titans, was the ‘Double Irish’, in which large companies put their intangible intellectual property in an Irish-registered company controlled from a tax haven such as Bermuda. Ireland considers the firm to be offshore, but the US considers it Irish.50 And the profits? Well, the profits remain untaxed. This practice has started to go out of vogue, and after the Organisation for Economic Co-operation and Development (OECD) and Donald Trump’s administration clamped down on the Double Irish, at least one technology company brought it to an end in 2020.51

In general, governments have been caught off guard by the rapidity with which the Exponential Age titans have grown. A few nations, like Ireland, spotted the shift. The country was quick to use appealing tax rates as a way of enticing the new economy superstars to set up shop there.52 But many countries did nothing, standing by as their leading companies relocated and starting paying less tax.

Yet for all their difficulty, the problems posed by the ascendance of Exponential Age superstars are not intractable. In fact, we have the ability to answer them already. It just needs a change of mindset. Above all, we need to develop a new way of thinking about monopoly. In the Exponential Age, Bork’s theory is in tatters: we won’t necessarily be able to spot over-large companies from their negative effects on consumers. But fortunately, the market dominance of big tech companies has given the once-fusty field of antitrust scholarship a new lease of life – and has led to some exciting new ideas.

For example, one surprisingly popular paper by the legal scholar Lina Khan argues for an alternative antitrust framework – one that accounts for the implications of Amazon’s dominance of infrastructure and logistics.53 Instead of focusing on Amazon’s implications for consumers, we might look to the conflicts of interest that arise from massive scale and infrastructure power. Consider the case of Ecobee, which makes gadgets that control household heating and sells them via Amazon’s website. Consumers can connect them to Amazon’s Alexa voice assistant. The Wall Street Journal reported that Amazon threatened to hamper Ecobee’s ability to sell, unless it shared consumer data with the behemoth. According to Khan, this kind of behaviour – rather than size per se – would be a key indicator of monopoly. Khan’s suggestions are nascent, but they are apposite. Once we have a new set of rules which deal with large companies in place, it will become somewhat easier to prevent the superstars wielding too much power.

But what should we do when our biggest companies do start to creep towards monopoly? For one thing, antitrust bodies need to be more confident about blocking big companies from acquiring smaller ones. The trouble for any regulator is determining when an acquisition by a dominant firm could result in monopoly in five or ten years’ time. Google paid peanuts for the mobile system Android in 2005. It was a time when the phone market was dominated by a battle between BlackBerry and Nokia – what harm could Google buying a start-up do? Facebook bought Instagram when it had a dozen staff, for a sum that many at the time thought was absurdly overinflated. In neither case did the US’s antitrust authorities realise that, in a decade’s time, both services would be gargantuan.

The solution, perhaps, is for regulators to reserve the right to approve any acquisition by the largest companies, even of relatively small players. They might also be empowered to insist that an acquisition be sold off at some future point if it turns out to be troublesome.

This approach would stop Exponential Age platforms buying up areas of the market. But we might also seek to stop these companies growing so large organically. Here, a valuable idea is ‘interoperability’. We encountered this concept earlier, in the shared language that allows different types of email account to interact with each other, which helped drive the early growth of the internet. Today, interoperability between platforms is all too rare. If you are a driver on Uber and you decide to move to a rival service, you will start there from scratch – without any customer ratings or reviews. It would be a little like getting a new fax machine and having to persuade all your clients to buy a machine of the same model so you can interact.

Insisting on interoperability, especially for firms that get to a certain size, is one way of tampering the network effects that enable companies to get ever larger. For example, if I listed my goods on eBay, someone could find them on a rival service and bid for them. If I posted a short video of my weights routine on Instagram, my friends on LinkedIn should be able to admire it and send me digital plaudits. Interoperability preserves the positive benefits of the network effect: even if I leave one particular social network or other service, I can still access users on the previous service. But it also means that the network effect on any one service – leading a single company inexorably towards monopoly – is curtailed.

We have been on the journey towards interoperable communications services before. In the early 1990s, mobile phone companies were in silos. You could only send text messages to people who were also subscribers to the same service. If I used Vodafone in the UK but a friend used the Orange mobile network, I couldn’t send her a message. There was no real technical reason for this incompatibility, merely a business one – each network worried about its customers going over to its rivals. This meant that in 1999, before this type of compatibility was widespread, the average British mobile phone user sent a couple of text messages a month. By 2004, four years after interoperability became commonplace in the industry, the average Brit was firing off 33 messages a month. By 2010, that number was 141.54 The ability to freely access subscribers on any network, coupled with declining prices, drove up phone usage. And the fear of interoperability proved misplaced – the companies were stronger than ever, and customers’ experience was vastly improved.

Today, we are taking steps towards making interoperability a reality across sectors. Since 2012, the Financial Conduct Authority, Britain’s financial regulator, has insisted that consumer banks make it easier for customers to switch banks. More recently, the movement towards ‘open banking’ forces banks to share their customers’ data (with a customer’s permission, of course) with other apps. This is why a Brit can often move from one consumer bank to another with relatively little hassle – compared to 20 years ago, when you’d have to show up to a stuffy office in person with photocopies of documents that you’d already provided to someone else. The European Commission is taking the lead in this area: its Digital Markets Act, proposed in December 2020, puts new obligations on ‘gatekeeper platforms’ – the type of dominant network platforms we’ve been discussing – including compulsory interoperability between platforms.55

And finally, we can limit the power of gargantuan Exponential Age firms by treating them less like ordinary companies and more like utilities – the essential services that we can’t avoid, like water, or the electricity network, or sewage pipes. Increasingly, digital firms fit this mould – they have become an inescapable part of our lives. Try going a day without accessing the services of Google, Apple, Amazon, Facebook, Microsoft or Netflix (or your local equivalents – Tencent or Alibaba’s services in China; Yandex in Russia). You will discover this is near impossible. It is hard to participate in the local economy, let alone the global one, without a smartphone – and without access to an app store. Neither domestic nor school nor professional work is really possible without access to search engines. Participation in society is easier if one uses social networks. But with this power, whether the companies like it or not, comes a responsibility.

We have long placed stringent demands on utility providers. Regulators usually demand higher standards from them. For telecom companies, this meant, for example, the ‘universal service obligation’ – meaning every resident of a country must be offered reasonable telephone services. Others are treated as essential facilities and must share their infrastructure with competitors in a fair way. The UK’s phone company, BT, is a good example. Its phone network is a natural monopoly which made it hard for rivals to compete – they would be dependent on BT, their competitor, for access to the wire that leads into customers’ homes. After many years of tussling, the British regulator came up with a solution: BT’s backbone would be split off into a separate company, still owned by BT but operating at arm’s length. This firm, Openreach, would need to invest in the network and sell services to BT and any other phone company who wanted access on equal terms. This eliminated the need to build a second national network into people’s homes (although it didn’t stop some firms from doing so).56

Again, the European Commission is leading the way in regulating big tech companies. Under the proposed Digital Services Act, when a platform gets very big – defined as reaching more than 10 per cent of Europeans – new obligations come into play. These involve greater reporting and auditing requirements, and a commitment to share data with researchers and the authorities. These more onerous requirements do not apply to smaller companies – meaning that, hopefully, they don’t calcify the wider market.57 But if we are to truly treat digital platforms like utilities, and attempt to break their chokehold, we may need interventions of this kind.

All of these policies are about closing the exponential gap. It is almost a gospel truth that markets tend to remain fairly competitive. Yet in the Exponential Age, that is a dangerous assumption. Politicians, businesspeople and regulators haven’t yet realised that we are entering the age of the winner-takes-all market. They imagine that, if monopoly does rear its head, it will lead to negative outcomes for consumers – but this is no longer the case.

It is an object lesson in the slowness of institutional change. Superstar companies have been on the horizon for a long time – as we have seen, W. Brian Arthur wrote about the issues of platform dominance and increasing returns to scale in the tech world in 1996. When Arthur first wrote on the subject, however, it represented an interesting observation about a niche industry. Today, this has become the most important and largest industry in the world. In their attempts to regulate it, governments ended up applying industrial-age thinking to Exponential Age problems.

But this twentieth-century world view can be overcome. Governments will, by their nature, operate more slowly than the fastest-growing companies. Yet between the worlds of academia and jurisprudence, think tanks and business forums, the policies that will close the exponential gap are at our fingertips. In every sector, people increasingly recognise that the era for which we made the rules has ended. And so the rules themselves must change.
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Labour’s Loves Lost

At some point in the middle of the 2010s, the media suddenly got very concerned about the effects of automation in the workplace. ‘Millions of UK workers at risk of being replaced by robots’, blared The Guardian.1 ‘Will robots take our children’s jobs?’ asked the New York Times in 2017.2 In 2015, an apocalyptically titled book by the futurist Martin Ford, The Rise of the Robots, became a bestseller. Its hypothesis: automation has the potential to create a ‘jobless future’ for future generations.

Such fears have a long history. Since the time of the industrial revolution, employers have used technology as a way of squeezing an extra bit of productivity from their factories and their workers. And this has often created a tension between employers and staff. Machinery can look attractive to a company owner: they can replace a human, who would need a regular wage, with a one-off payment and a few running costs for a machine. As the eighteenth century gave way to the nineteenth, workers’ anger at machines taking their jobs grew. In 1810s England, the Luddites – a rag-tag group of disenfranchised workers who took their name from Ned Ludd, a mythic figure who supposedly declared war on his employer’s machines – began destroying the automated looms that were supposedly ruining their livelihoods. Over the next couple of centuries, similar movements would crop up around the world: 160 years after the Luddites, General Motors workers in Lordstown, Ohio, set fire to assembly-line controls, forcing production to halt. They were protesting against increasing automation, which they claimed was resulting in layoffs and an inhumane increase in what managers expected of workers.3

In other words, we’ve seen the ‘rise of the robots’ before. Anxieties like these usually crop up during periods of rapid technological change. And it’s not just the workers themselves. The economist John Maynard Keynes popularised the idea of ‘technological unemployment’ in 1928, when he noted, ‘The increase of technical efficiency has been taking place faster than we can deal with the problem of labour absorption’ – that is, the ability to find work for workers.4

Now we have entered the Exponential Age, new technology appears to be challenging workers’ raison d’être once again. Artificial intelligence in particular seems to encroach on employees’ working lives more and more. And, as we discovered in Chapter 1, these systems are rapidly becoming more advanced. If you want to recognise a person from a photograph, you are better using an AI than an employee. If you want to translate quickly between two languages, an AI will do it better than you. If you want to schedule shifts for 50 different workers, an optimisation algorithm will thrash any person’s timetabling attempt. And with every year, these algorithms get better and better at tasks we used to think of as quintessentially human.

A more open question, however, is what this actually means for workers. The threat of automation looms large in our collective imagination. The rise of newly automated workplaces raises the prospect of mass redundancy. And it is framed as a more existential threat than Keynes’s fears of technological unemployment. Soon, we are told, we’ll reach a point where automated systems will render most of us unemployed and unemployable. In 2016, for example, Geoffrey Hinton – one of the AI pioneers we met earlier – publicly mused on the prospects of radiologists, the specialist doctors who deal with X-rays, computerised tomography and magnetic resonance imaging scans. Radiologists, Hinton told a small crowd of AI researchers and founders, were ‘like the coyote that’s already over the edge of the cliff, but hasn’t yet looked down, so doesn’t know there’s no ground underneath him. People should stop training radiologists now. It’s just completely obvious within five years, deep learning is going to do better than radiologists … It might be ten years, but we got plenty of radiologists already.’5

Was Hinton right? On one level, yes. In the five years following his comments, artificial intelligence systems – specifically those relating to machine vision, the subfield most relevant to radiology – improved as he had predicted. A childhood friend of mine, Rajesh Jena, is a consultant neuro-oncologist at the University of Cambridge Cancer Centre. Together with researchers at Microsoft he has developed a tool that provides accurate 3D visualisations of tumours and organs. This has cut down the time it takes to identify a neuroblastoma from a few hours to four minutes, allowing the specialist more time for calming explanations to nervous patients.6

But at the same time, Hinton was wildly off the mark. Consider what actually happened to radiologists’ numbers. In 2010, before the present deep learning wave, there were 27,986 radiologists in the US. In 2015, the year before Hinton’s talk, there were 27,522 radiologists. But by 2019, three years later, the number of radiologists had risen to 28,025.

One could argue that three years is too short a time frame to track the impact of this technology. But Hinton had been explicit: ‘People should stop training radiologists.’ That would have been unwise. Far from being out of work, radiologists remain in high demand and in short supply. And that is in the highly developed health system of the United States. Most of the rest of the world faces a shortage of both radiologists and the machines that they need. In practice, the kinds of tools that Rajesh has created seem to be helping overworked radiologists rather than making them redundant.

This example hints at a more complex, nuanced vision of the future of work. It is true that automated systems do increasingly excel at once-human tasks. Store-cleaning robots are slowly becoming more common in the US, especially since the start of the Covid-19 pandemic.7 In China, machine vision systems scan photos of damaged cars to evaluate the likely cost of repairs; no human needs to look at the vehicle.8 The list goes on.

But the notion of a jobless future – the ‘robopocalypse’ of tabloid headlines – is overstated. It is alluring and it makes the news, yet it is muddle-headed. Historically, our economies have become more automated. And historically, employment levels have tended to increase.

How is this possible? Because automation has the potential to create more work than it destroys. Yes, there may be unemployment in the short term as some sectors wane. But automation creates jobs which often require new and distinctly human skills: from the programmers who develop systems to those who operate and maintain them. Over time, automation will end up inventing whole new sectors of the economy – ones that we can now only imagine.

The snag with the ‘rise of the robots’ narrative is not that it is merely wrong, however. It is also a distraction. We are living through one of the greatest transitions in the history of work. Technology will revolutionise how we all work, and the relationships between employers and employees. And this transition, if handled badly, has the potential to cause a new era of workplace exploitation.

But the problem is not automation per se. Our economies will continue to create new work to be done, and so the quantity of jobs will likely remain high. But the quality of jobs – the work an employee has to do, the regularity of their income, their opportunities to build skills, the say they have in their working conditions – could precipitously decline.

We are witnessing the emergence of an exponential gap between the working arrangements enabled by rapidly improving technologies and the outdated norms, regulations and expectations that govern working life. As we’ll see in this chapter, the shift to platform business models creates new ways for companies to organise work: with ever-greater emphasis on gig-working rather than traditional employment contracts. The use of sensors and analytics allows employers to implement automated management systems designed to boost efficiency and productivity – often at the expense of workers’ wellbeing. And all the while, the share of value going to the workforce – rather than company owners – is declining.

None of these three forces can be captured by an idea as simple as the robopocalypse. But each is driving a wedge between those who can harness the power of the Exponential Age and those who will be left behind.

The notion of mass automation and job losses hangs over Silicon Valley like the low-lying San Francisco fog. While the argument is an old one, it re-emerged in the early years of the twenty-first century – as the advances in AI that we explored in Chapter 1 started to come to fruition. Bookshops were soon awash with books called things like The Second Machine Age and Surviving AI – all making, in one way or another, a devilishly simple argument: artificial intelligence changes the game. We have a generalised technology that is adaptable; it can be used in many different circumstances. And it is adaptive; it learns from experience. As a result, it will continually improve over time, making large chunks of the workforce redundant.

After all, AI breakthroughs were occurring in some of the most human-seeming of skills: perception, communication, planning and manipulation. What’s more, researchers were showing off machines that could perform these hitherto unautomatable tasks with greater aplomb than the most skilled human. Surely that would lead to job losses, with software and robots replacing people.

In the most famous piece of research on the topic, two Oxford academics, Michael Osborne and Carl Frey, predicted that as much as 47 per cent of the US workforce were in jobs at risk of redundancy thanks to advanced computerised systems such as machine learning.9 Forecasters and futurists leapt onto these and similar findings – Osborne and Frey’s research was cited more than 7,000 times in seven years.10 In one case, in 2017, the market research company Forrester predicted that nearly 25 million US workers would lose their jobs due to automation by 2027, and that automation would only create 14 million new ones.11 A BBC headline warned of 20 million job losses globally by 2030.12

This narrative holds more than a nugget of truth. In the 2010s, many people did lose their jobs to automation. In 2017, the boss of Deutsche Bank talked of using automation to get rid of thousands of jobs, especially people who ‘spend a lot of the time basically being an abacus’.13 And though banking is a particularly unsentimental industry, Deutsche Bank weren’t alone in wanting to automate office tasks. Company after company launched initiatives to eliminate white-collar labour. The demand was so great that it created a boom in office automation. One start-up that made automation software was a Romanian firm called UiPath. In 2015, it was still a tiny business, with fewer than 20 employees. Over the next five years, large firms around the world turned to UiPath to automate white-collar work, and the company mushroomed to more than 3,000 employees. By 2020, it was worth more than $35 billion.14

With automation gathering pace, the argument that its effects would show up in the employment statistics seemed indisputable. If an employer can increase their productivity using new technology, they’ll end up employing fewer people – won’t they? Long-term data seemed to back this up. Employment in the American manufacturing sector peaked in absolute terms in mid-1979, when 19.5 million Americans held jobs in the sector.15 American workers were the most productive in the world, half again as productive as the British worker and a fifth more productive than the German worker.16 Over the next few decades, manufacturing output continued to rise but factory employment declined. American factories were producing more stuff (as measured by the value) but needed far fewer workers to do so. According to the Brookings Institution: ‘In 1980 it took 25 jobs to generate $1 million in manufacturing output in the US.’ By 2016, it would take just five workers to produce the same value of finished goods.17

And this trend seems, at first, even more pronounced among today’s tech firms. Consider the staffing levels at what were once some of America’s largest firms. When it had its largest workforce, in 1980, General Motors employed 900,000 people. It sold more than 4 million cars a year, with revenues approaching $66.3 billion.18 Each employee accounted for about $74,000 in sales. Now consider the biggest firms of the Exponential Age. Alphabet, which owns Google, employed about 120,000 people in 2019, against revenues of $162 billion, clocking in at $1.4 million in sales per employee.19 The overall trend is towards more valuable companies with fewer employees.

And yet there’s a catch. Even as the tech giants grew, employment figures continued to look rosy. Until the Covid-19 pandemic of 2020 froze the world’s economies, many countries were enjoying record levels of employment. Across the OECD, a club of 37 (mostly) rich nations, employment levels were at record highs as late as 2019 – higher than they had been since even before the global financial crisis of 2007–2009.20 Globally, the picture was similar. The International Labour Organization estimated that, heading into 2020, global unemployment was the lowest it had been since 2009.21

The robopocalypse, it seemed, had been delayed.

We’re faced with a conundrum. On the one hand, automation seems to be threatening a large fraction of the workforce. On the other, the better the technologies get, the more jobs there seem to be. What is going on?

There are a few possible explanations. The first is that automation is perhaps much harder than it seems – for all the talk of an imminent robot world, we’re actually at a fairly early stage in the automation process. Although technologies are improving, many are taking longer than expected to become superhuman. Exponential processes take time to marinate.

This slowness is bound up with the fact that much work is harder to automate than you might think. The difficult-to-automate nature of many jobs is captured in a maxim known as ‘Moravec’s paradox’ – first outlined by Hans Moravec, a professor renowned for his work on robotics and AI at Carnegie Mellon University in the 1980s. As he wrote in 1988: ‘It is comparatively easy to make computers exhibit adult level performance on intelligence tests or playing checkers, and difficult or impossible to give them the skills of a one-year-old when it comes to perception and mobility.’22 Over three decades later, Moravec’s paradox still holds. We can build computers that can play Go, a game which has more combinations of moves than there are atoms in the universe. But there are a number of more human skills that computers can’t cope with.

To see how this works in practice, it’s worth looking at two sectors of the economy: one usually characterised, crudely, as ‘high-skill’; the other as ‘low-skill’. First, think of a Wall Street trader. The image – now a little outdated – is of a besuited man screaming across a trading floor, surrounded by screens stacked one atop another. His goal – and it is usually a ‘he’ – is to buy and sell shares or other financial instruments on behalf of clients. If you’ve seen Trading Places, you might remember the depictions of the frantic, animalistic exchanges in the trading pits of a commodities exchange.

But this job – coveted by generations of finance graduates – is easily automatable. Today, visit a trading desk and you’ll see the pit-traders have largely gone, replaced by computers. When you buy or sell some shares, the likelihood is that those shares are sold via algorithm, finding the best price in the market. No humans needed. When I ran an innovation group at Reuters, the financial information giant, in 2006, algorithmic trading was starting to take off. About 30 per cent of all shares were traded that way. A decade later, nearly 70 per cent of shares were traded automatically.23 The face-to-face trading of major financial instruments is increasingly rare.

Even fund management, superficially a more ‘human’ area of the financial services industry, is not immune to automation. For decades, fund managers took other people’s money and personally picked investments they thought would get a good return. And for decades, this was a destination for the well-heeled international graduate who had a knack for both economic analysis and personal networking. These days, not so much. Fund managers are being replaced by automated systems. This move from human-run ‘active’ to automated ‘passive’ funds passed a milestone in late 2019, when more than half of all global assets under management went to simple rules-based funds rather than those run by people making investment decisions.24

This is all possible because the culture of trading – the screaming, the braces, the high-octane lifestyle – was mere theatre. A stock was a stock. A bid, a bid. An offer, an offer. Buying and selling shares was a matter of matching bids and offers. Managing all those assets – the patchwork of shares that make a portfolio – turns out largely to be done better by computer programs than by humans.25

But most jobs are not like Wall Street trading. They are more complicated than following a stock index or buying or selling the odd share. They are full of tasks that we don’t bother to write down. Humans know how to open a door or socialise with the other humans in a workplace – and these human relationships are in large part what allows companies to function. Many parts of workplace interaction are governed by undisclosed codes that emerge as you interact with your co-workers.

The philosopher Michael Polanyi said that ‘we can know more than we can tell’.26 It is a delightfully human assertion that, all around us, there is knowledge that we can’t put into words. This is the stuff we learn by just being around our co-workers, our boss, our customers. When we’re embedded in an environment, we get cues and clues about how things get done – what really matters, who matters, what the tradeoffs are, what the best shortcut is. Rarely is this written down – and even if it was, we would still likely learn this better from experience than by studying. There is a tacit dimension to our lives that is not codified, and perhaps never can be.

This is perhaps even truer of supposedly ‘low-skill’ jobs than it is of ‘high-skill’ ones like a Wall Street trader. The anthropologist David Graeber was fond of pointing out that many jobs that we sometimes deem repetitive, task-oriented and perhaps easily automatable are, in fact, more like care work. They’re based less on specific tasks and more on human interaction and emotional labour. Think of a London Underground worker. In practice, this job isn’t so much about watching ticket barriers as it is about helping other humans – guiding confused tourists, ensuring lost children find their parents, explaining to angry commuters why their trains have been delayed. As Graeber put it, ‘It has more in common with a nurse’s work than a bricklayer’s.’27

This dynamic means that, in practice, much of the labour economists consider ‘unskilled’ might prove difficult to automate. A workplace manual is usually barely even a rough guide to what a job is – it doesn’t cover half of the things you need to be successful. And when such tacit knowledge exists in a workplace, it makes artificial intelligence that can do the job very hard to build. An AI system needs a clear and unambiguous goal, and modern systems need to be trained on that data. If the know-how about a job is largely hidden, an AI system will be trained on only half the picture. In short: if an environment is designed for a person, it is likely to be too complicated for machines now or any time in the near future.

As a result, when automation does occur, it happens slowly and step by step. ‘Work’ has to be divided into smaller, more manageable pieces. A simple piece, perhaps the simplest, is broken off. A basic robot or piece of software can then tackle that elementary chunk of work. ‘Simplification is mostly how automation happens,’ the economist Carl Frey, co-author of the doom-and-gloom Oxford study cited above, puts it. ‘Even state-of-the-art robotics would not be able to replicate the motions and procedures carried out by medieval craftsmen. Production became automatable only because previously unstructured tasks were subdivided and simplified in the factory setting.’28

That holds true even as artificial intelligence rapidly picks up speed. By the end of 2020, AI systems, in software or in robots, were not making a dent in the employment statistics. Automation is still only viable for relatively simple, usually simplified, everyday tasks. For example, the first AI-powered self-driving vehicles drove in the very measured environments of Phoenix, Arizona – with its wide, straight roads and perfect weather. The frantic, rainy autobahns of Germany will remain a tough ask for a while. When self-driving trucks are first launched, they will stick to straight highways, rather than manoeuvring through narrow roads in the City of London. Full automation, it seems, remains some way off.

Yet it would be a mistake to conclude that automation is a fringe force in the Exponential Age. As those Wall Street traders found, it is happening. And while, at the moment, its effects remain limited to specific tasks and sectors, we have no guarantee that it won’t soon affect a wider array of jobs. As we saw in Chapter 3, making precise predictions in the Exponential Age is a fool’s game.

But if automation is going to disrupt our work, it seems unlikely to be in quite the way that the headlines imply. Far from causing mass unemployment across sectors, automation instead seems to be a tool that companies can use to become more competitive. Those who use automation well, compete better – at the cost of less competent firms.

The Covid-19 pandemic provided some insight into how this tends to play out. There was much talk in the early stages of the pandemic about how it would catalyse a transition to a digital world. People swapped meeting up for a coffee for logging onto Zoom; bricks-and-mortar retailers closed while online shopping exploded. And naturally, the big winners were the digital giants – the sites that didn’t operate in the suddenly locked-down physical world but on the internet. Leading the pack, as ever, was Amazon. Online sales of calculators, gym equipment, phone chargers, printer paper and much else besides boomed. The firm’s sales grew 40 per cent in the first couple of quarters of 2020.

Amazon is an aggressively automated company, and it is easily the world’s most technically sophisticated retailer. From early on, its founder, Jeff Bezos, was mindful of the power of automation. In 2002, for example, he sent a ground-breaking memo to the firm insisting that all systems in the company be designed to allow for automatic, rather than human-mediated, coordination. ‘Anyone who doesn’t do this will be fired,’ he concluded cheerfully.29 This edict forced Amazonians, as the retailer’s employees are known, to design their internal systems to make it easier to build automated connections between them.30 It laid the groundwork for massive automation down the line. By 2018, Amazon was able to launch physical shops that were free of any human staff. The Amazon Go stores let shoppers wander in, pick up what they want and leave, with their purchases billed automatically to their Amazon account.31

Amazon has also spent the last decade becoming a leader in robotics. It acquired the industry-leading robotics company Kiva Systems in 2012 for a cool $775 million. As of 2019, the firm had 200,000 robots working tirelessly around the globe, sorting billions of packages a year.32 Amazon is possibly one of most robotised large companies in the world – with an astonishing one physical robot for every four workers. If you are one of the 200 million or so people who enjoy Amazon Prime’s same-day delivery, you do so courtesy of some of those bots.

You might think, then, that the triumph of Amazon would lead to the loss of thousands of jobs. Automation, after all, is supposed to be leading to mass unemployment. Yet as Covid-19 hit in 2020, Amazon went on a hiring spree. And no small spree. In the six months after the World Health Organization declared the coronavirus outbreak a pandemic, Amazon announced four waves of hiring, amounting to a staggering 308,000 new jobs globally in one year.33

Amazon’s example reveals that, on the level of individual companies, automation can create more jobs than it destroys. And it wasn’t just Amazon. Other firms that had made significant investments in automation and AI also found themselves continuing to put people on the payroll. Netflix is a leader in AI: that, after all, is what the ‘Up Next’ feature is – the editorial role of determining what you might want to watch has been handed over to algorithms. But despite this, Netflix continued to hire throughout the pandemic.34 The firm grew its workforce by nearly 9.3 per cent in 2020.35

Why did these supposedly super-automated firms continue to hire new people? Well, automation is usually bound up with an ambitious, rapidly growing, well-run company. When a company is expanding quickly, it needs more people – and that holds true however much you invest in automation. If we zoom out wider than the pandemic, we see that automation, growth and increasing employee numbers go hand in hand. Britain’s Ocado is widely regarded as one of the most sophisticated grocery retailers in the world. It has huge, wholly automated factories where cuboid robots scuttle around picking up lettuces and ketchup and shampoo, nary a human in sight. But between 2016 and 2020, Ocado’s headcount grew some 43 per cent. Chinese retailer JD.com has also invested heavily in warehouse automation. In 2018, the firm opened a warehouse that could handle 200,000 orders a day – with only four staff.36 Yet the following year, JD.com added 48,000 employees to its payroll, an increase of more than 27 per cent.

All this means that we’re left with a slightly different picture of our supposedly jobless future. The more that superstar firms like Amazon and Netflix automate, the bigger they grow; the bigger they grow, the more people they employ. There’s an exponential process here, but it doesn’t lead us to employee-free corporations.

Where workers do lose their jobs due to automation, it’s not because they themselves are replaced by some piece of software. It’s often because the firms they work for fail. And the firms they work for fail because their management or shareholders are unwilling or unable to keep up with the new possibilities of technology. That failure often extends to failing to invest in the training that their employees need to implement the latest technologies.

In other words, automation may be more like the story of two friends – call them Fred and Indrek – hiking in western Canada. They stop for a break, taking off their shoes to let their feet breathe. As they relax, they spot a grizzly bear approaching them. Fred silently starts to slip on his shoes. ‘You’ll never outrun that bear. Why bother putting on your shoes?’ asks Indrek. ‘Well,’ says Fred, ‘I don’t have to outrun the bear. I only have to outrun you.’ And then off he sprints.

If a firm is like Fred – that is, it is able to move quickly to adapt to changing circumstances – it may well thrive and grow in the age of automation, hiring more workers. However, if firms or organisations misread the nature of Exponential Age changes, their employees will get eaten by the bear. Blockbuster, the video rental service, was driven out of business by the rise of Netflix, a company originally created to send DVDs through the mail. In 2013, the last 300 Blockbuster outlets shut down, putting thousands of Blockbuster employees out of work, and Netflix emerged as the dominant player in the video rental space.37 But those jobs were lost not because Blockbuster built some amazing automated service that reduced workforces in the 9,000 stores they operated at their peak. Rather, Netflix came up with a digitally enabled business model, first allowing customers to subscribe to DVDs from a website, and later offering them shows and films online. People preferred Netflix’s offer; Blockbuster was slow to adapt and went bust.

A recent survey of 587 manufacturing companies in France supports the notion that the real threat from automation is a traditional one: the competitive threat from rival companies. The authors found that ‘firms adopting robots … became more profitable and productive’. They also created jobs, increasing employment by 10.9 per cent. Whether the total number of production workers increased tended to depend on how fast the firm’s sales grew. But in most cases, new roles would be created in other parts of the firm – resulting in a gain in employment. The problem was not so much the forward-leaning companies, but the laggards. A 10 per cent increase in robot adoption by a firm was associated with a 2.5 per cent decline in employment at its competitors.38 It was not automation itself driving job losses, but the difficulties faced by the companies that didn’t automate.

Of course, the fact that individual companies are doing well out of automation does not mean that automation isn’t something to worry about more broadly. Across an economy, automation might still lead to job losses – albeit with firms like Amazon and Netflix employing increasing numbers of people.

The wider impact of automation is a point on which economists have hemmed and hawed. The French study cited above offers up a sobering picture of the macroeconomic impact of automation – concluding that, overall, automation leads to the loss of jobs across a society. The economists Daron Acemoglu and Pascual Restrepo, who co-authored the study, have conducted much of the most thought-provoking research in this area. They examined the impact of industrial robots in manufacturing, mostly in the automotive sector, and found that the machines were responsible for more than 650,000 job losses in the US between 1990 and 2007. Each individual robot displaced around 5.6 workers and reduced wages by up to half a per cent. Not so good.39

But today this is hardly a consistent conclusion. A European study on industrial robots, again mostly concentrated in the automotive sector, concluded that each additional robot per 1,000 workers increased overall employment by 1.3 per cent.40 Much more encouraging. And many wider studies have suggested that, all in all, automation ends up creating jobs. In 2018, the World Economic Forum predicted automation would create 113 million new jobs over the next several years – albeit at the cost of destroying 75 million.41 As Leslie Willocks of the London School of Economics puts it, ‘as time has gone by, the estimates for net job loss from automation have been disappearing to the point of being negligible’.42

How can this be so? It goes against the folksy economic belief that there is only so much work to go around, and that upsetting the equilibrium of the labour force – by increasing female labour participation, or allowing immigration, or using robots – will reduce the available work for workers. But this belief is nonsense. It’s a form of zero-sum thinking that has largely been dispensed with by economic theory and historical evidence. Economists call it the ‘lump of labour fallacy’.

In truth, the development of new technologies also creates new needs – as one technology displaces the existing ones, new sectors of the economy are brought into existence. Those new sectors have needs that must be met by suitably skilled workers. To see how this works in practice, I’d like you to meet Sid Karunaratne. When I was building a data analytics and prediction start-up in the 2000s, we hired Sid when he was just a year or so out of university. He had the casual air of a techie – ponytailed hair and a start-late, work-late approach to his professional life. When he wasn’t out rock climbing he was at his day job, tending to the cluster of servers that ran our business. These machines were the computing horsepower we needed to back up our large-scale calculations.

In his first few months, looking after this batch of powerful computers was a full-time job. Bugs in the software would cause servers to crash. Inconsistencies in the data might break our programming, causing the servers to crash. The volumes of data might fill up the storage space, causing – you guessed it – the servers to crash. Every couple of days our developers needed to update the core code that powered our business, with bug fixes, optimisations and updates for new features. Sid was responsible for putting changes into production. This meant making perhaps hundreds of little tweaks to the code, and ‘pushing’ it to the powerful servers that our customers accessed. And then there were all the security vulnerabilities that cyber security groups warned us of – new weaknesses discovered in the database we were using, or backdoors into the operating system. All these chinks needed to be patched up: more code that needed to be uploaded to our servers. Morning to night, Sid was busy.

As the company grew and our products improved, our computing demands increased exponentially. Our master data repository, which held perhaps a few million records when Sid joined, grew to tens of billions within a couple of years. Not only did we have to contend with thousands of times more data, we were also more demanding of it. Rather than updating the data a few times a week, we would update the repository millions of times a day, often within milliseconds of getting new information. We processed larger volumes of data, faster. This meant increasing the number of our servers – from a handful up to, at one stage, a few thousand.

But Sid wasn’t overwhelmed by this more complex environment. Rather, it forced him to master new skills and build new tools. He wrote software to do key tasks for him. Soon, his job as server-sitter took up less than half a day a week. Sid figured out how to automate his own job. But that didn’t lead to his redundancy. Far from it. We were a growing business, which Sid’s effectiveness had helped. Automation created more opportunities, not just for Sid but for the rest of the team. With the easy tasks that comprised most of his workday now being done by code, that allowed Sid to turn to more complex, and important, tasks – many of which had previously been going unattended. And as he turned his attention to these tasks, they in turn generated more opportunities and more work.

Sid’s story is not the sort that makes the headlines. But the underlying process is the one we see with many technologies, and it is playing out around the world. The futurist Paul Daugherty wrote an entire book, Human + Machine, about how companies that invest in artificial intelligence create new types of jobs, not just within their own company but across the economy. For example, Aurora, a start-up building self-driving trucks, is creating entirely new categories of work, which look set to become increasingly common: from the people who manage fleets of vehicles, to the remote truck operators who help them deal with unexpected problems the trucks encounter while driving.43 In the end, across an economy automation leads to more jobs, not less.

Crucially, this dynamic only emerges in the longue durée. The historical record is unambiguous. Technologies have created more jobs than they have destroyed, but the short-term damage can be profound. Carl Frey points out that: ‘Throughout history, the long-term benefits of new technologies to average people have been immense and indisputable. But new technologies tend to put people out of work in the short run, and what economists regard as the short run can be many years.’44

Overall, though, the lasting impact of automation will not be the loss of jobs. If we’re looking at the long-term fallout of exponential technologies, our concern should not be with the quantity of work around for humans to do. It should be with the quality of options that are available.

At the end of 2018, when it was not quite 10 years old, Uber announced that each month more than 91 million people were using its services to order taxis or takeaways around the globe. It’s a remarkable number. But a second number also stood out: that the company could count on 3.9 million drivers.45 Not a single one of these drivers worked for Uber. They were gig workers; they didn’t have an employment contract with the firm, but rather were paid, in a roundabout way, for every customer they drove – or every freelance ‘gig’ they completed.

Uber offers a neat demonstration of how we get work in the Exponential Age wrong. For all the talk of mass automation – talk that Uber, until recently a major investor in self-driving cars, has been all too keen to promote – the company has provided work for millions of drivers. But there is something unusual about these jobs. Uber is one of the biggest companies to use networks of freelancers, rather than contracted employees, for its primary business operations. It isn’t a small company by any means – it has more than 20,000 employees, none of whom are drivers. Yet for every full-time employee, there are nearly 200 drivers – working anything from a few hours a week to 10 hours or more a day. Uber has demonstrated that platform-based gig work can work at an enormous scale. But these new working arrangements, rather than automation, are what raises the trickiest questions relating to employment in the Exponential Age.

While Uber is probably the most successful platform-based freelance work company, it did not pioneer the concept. The origins of the gig economy – where short-term, freelance tasks are allocated by an online service – lie in the Amazon Mechanical Turk platform, launched in 2005, a few years before the term ‘gig working’ was coined. The service gets its odd name from a famous chess-playing device of the late eighteenth century. From the 1770s, the ‘Mechanical Turk’ – a mannequin affixed to a chessboard that was mounted on a wooden crate – made waves by beating successive royals, aristocrats and statesmen at chess. Nominally it was powered by an ingenious machine inside the box. In fact, the Turk was operated by a human: a chess master who crouched inside the crate and manually moved the pieces.

Like the original Mechanical Turk, Amazon’s version offers up an apparently automatic way to get things done. And also like the original, it is actually underpinned by hidden human labour. The interface is similar to the odd-jobs notices you sometimes find posted up on noticeboards at the back of neighbourhood stores. Tasks on MTurk tend to be quite small and well defined, but just beyond the reach of current AI systems. And so humans have to step up. A typical job, called a Human Intelligence Task (HIT), might be to go through a list of company websites, find the addresses of their branches and copy them into a database. Anyone can apply to undertake these tasks, and be paid a small fee for every one they complete. Within a couple of years of its launch, more than 100,000 Turkers, as workers on Mechanical Turk are known, were registered with the service.

At first, the tasks on Mechanical Turk had a particularly technical flavour. More than 19 out of 20 of the jobs related to getting information about digital images, or collecting information from other websites – each task being worth about 20–30 cents to the Turker.46 The workers on Mechanical Turk became an incredible ally to companies dealing with large volumes of data. Many of the amazing machine learning systems that emerged during the late 2010s were possible because of the mind-numbing work of thousands of humans, manually classifying data for the algorithms to learn from.

In time, this type of activity garnered a new name: ‘crowdsourcing’. The internet could connect people who needed something done with thousands, perhaps millions, of those with the time and the skill to do it. According to Jeff Howe, the professor of journalism who coined the term, crowdsourcing would unleash ‘the latent talent of the crowd’.47 In these early days, the notion of crowdsourcing had a utopian feel: millions of people working together, perhaps voluntarily, to build some incredible tool like Wikipedia.

Within a few years, crowdsourcing platforms had multiplied. Services like Elance and oDesk sprung up for complicated tasks like programming or copywriting; Fiverr and PeoplePerHour were created for tasks that were less complex than programming but more complex than an Amazon HIT. And if the internet got the trend started, the smartphone helped it take off. The phone became omnipresent. In-built GPS meant that phones always knew where they were – and allowing crowdsourcing platforms to offer up local, highly convenient services. Soon we could order taxis, takeaway food and massages from the comfort of our couches. TaskRabbit, now owned by furniture giant Ikea, will today dispatch someone to help you assemble your new bookcase. Talkspace will help you find a therapist. Wag! will find a walker for your dog. In time, the term ‘crowdsourcing’ – which often referred to unpaid, non-commercial work – gave way to a new term: the ‘gig economy’.

This whole new way of working was underpinned by the emerging exponential economy. Crowdsourcing depended on digital platforms. As we’ve seen, these platforms were able to scale because they were susceptible to network effects and had access to an exponentially increasing amount of computing power. The tasks – sifting through data, finessing product ideas – invariably related to the development of intangible assets. And it was all facilitated by two key general purpose technologies of our age: the internet, the smartphone.

Ten years in, and gig economy platforms are continuing to grow exponentially. They have upended once-stable markets. By 2017, a mere six years after entering New York, Uber’s drivers ferried more passengers than the city’s yellow taxis.48 In the US, Uber arranges more than 1 million rides every single day. Such successes turned into revenues, in 2019, of $14 billion. And that platform growth has meant more gig workers. In the same year in the UK, 2.8 million people were estimated to be platform workers – a shade under 10 per cent of those considered employed.49 Digital platforms could add the equivalent of 72 million full-time positions to the global labour market by 2025.50 Within two decades of the launch of Mechanical Turk, digital piecework might have increased the international workforce by as much as 2 per cent.

All this points to a truth that the hullabaloo about the robopocalypse doesn’t capture. Gig work is a more imminent and transformative force than mass automation. But what does it actually mean for workers? Evangelists for the gig economy – among them, naturally, the founders of leading gig companies – say that their model helps workers in two key ways: it can make markets bigger and more efficient, creating more opportunities for workers; and it can improve the quality of work that someone does.

Many labour markets are inefficient. Demand for a particular type of work goes unmet, perhaps because it is hard for employers to find workers or vice versa. Or perhaps there are middlemen taking an unfairly large piece of the pie. Gig-working platforms make it easier to connect buyers and sellers – the databases and algorithms do the matching. This can lead to an overall increase in opportunities for workers. In developed economies, Uber is bigger than the taxi businesses in many big cities – evidence that the company is expanding markets. In emerging economies, labour markets are often clunkier. Kobo360, a kind of Uber for freight, has helped Nigerian truckers get work in a famously inefficient market mired in corruption and bureaucracy.51

One key way platforms make markets more efficient is by making it easier to discover and apply for jobs on the other side of the world – which might otherwise have been hard to fill. While a delivery driver or masseur is constrained to where they live, designers, programmers and copywriters can work wherever they have an internet connection and share a language with a client. The platform UpWork is a great example of how the gig economy can help workers access the global economy, often in part-time roles. I’ve personally used the platform to hire developers from Egypt, Bulgaria, Pakistan and Colombia, a sound editor from Croatia, and designers from India – all in part-time roles. In 2011, UpWork freelancers billed about $200 million in jobs like this on the site. By 2020, that number had increased more than 12-fold.52

The second putative benefit of gig working is that it might qualitatively improve the nature of work. In the developed world, what the pro-gig-work crowd normally focuses on is flexibility. A gig worker can work when they want rather than under the permanent subordination of an employment contract. Lyft and Uber drivers show remarkable levels of satisfaction with the flexible work set-up: 71 per cent of drivers want to remain independent contractors, albeit down from 81 per cent prior to the Covid-19 pandemic. When asked what is most important to them, drivers ranked pay and flexible schedule as their top priorities.53 In a similar vein, a 2018 British government survey reckoned that more than half of gig workers were satisfied with the independence and flexibility provided by their jobs.54

If gig work is generally more flexible and less formal in richer countries, the reverse is often true in poorer ones. In emerging economies, a gig-working platform may offer more security, more employment options and greater freedoms than casual or day labour does. In India, for example, the sheer size of the informal labour market gets in the way of the government being able to spend on healthcare and education. Casual labourers, hired daily and paid in cash, rarely pay income tax. Nor do their employers contribute to payroll tax. Lower tax participation means less booty in government coffers to fund those social programmes. For highly casual labour markets, the gig economy could be a route to a large, more formal sector – with more protections for workers and a more robust tax base for governments.55

So far so good. Yet there is evidence that all is not rosy for workers on digital labour platforms, especially in advanced economies. Pay is often poor compared to traditional work; working patterns can be precarious, offering few protections should a worker get sick. The platforms themselves can make unilateral changes about how they operate and what they pay. Many companies maintain internal scores about workers on their platforms, which might affect what jobs they are offered. And equally, unions or other collective arrangements are uncommon among the independent workers on gig platforms – which means there is often no collective voice to represent their interests. What this boils down to is a huge imbalance in bargaining power between the platforms and their armies of labour.

One way this power imbalance manifests is through low pay. The British government’s survey from 2018 concluded that nearly two-fifths of gig workers earned less than the equivalent of £8.44 per hour, only a little over the British national minimum wage.56 Low pay in the gig economy is also common in the EU. Platform workers in Germany make 29 per cent less than the local statutory minimum wage, while workers in France make 54 per cent less than its minimum wage.57 Because gig workers often have to meet their own expenses – repairs, fuel, even uniforms – take-home pay can get squeezed. One study from the Massachusetts Institute of Technology estimated that the average Uber driver makes a profit of $3.37 per hour. In 2019, researchers found that American workers for DoorDash, a food delivery service, made $1.45 an hour after expenses, or about a fifth of the then national minimum federal wage.58 (If you are using a gig-based delivery service, it might be worth tipping handsomely.)

As these smartphone-based gig companies sprung up in the mid-2010s, they also led to increasingly precarious working conditions. The new tech platforms go to great pains to explain that the people doing the work are not their employees. The platform’s job is merely to introduce you to someone who will drive you to work or deliver you some late-night ice cream. They are like a modern-day temping agency.

Such distinctions matter. In many countries, particularly in the developed world, employees are treated markedly differently to the self-employed. Employment involves a clear trade-off. The employee enjoys a bundle of benefits, such as a regular wage and job stability, as well as hard-won labour rights: the right to an annual wage, sick pay, parental leave and a fair dismissal. In return, the employer gets the time and best efforts of the employee. The deal is stability, in exchange for subordination. The self-employed, on the other hand, have always been at the mercy of the market. Work can be irregular, and sickness means days off work with no pay.

Companies using gig labour, the largest of which are in the ride-hailing and food delivery sectors, have generally been reluctant to strengthen the protections they offer their workforces. The state of California passed Assembly Bill 5 in 2019, which mandated freelancers to be classified as employees and so have access to the requisite perks. Uber, Lyft and DoorDash were not keen. Through the most expensive lobbying effort in Californian history, they successfully got the state to pass Proposition 22, which granted them an exception – to keep classifying their drivers as independent contractors, albeit with some wage and health protections.59

A similar battle was underway across the Atlantic. In London, James Farrar and Yaseen Aslam, two drivers, took Uber to court, arguing that they weren’t self-employed but should be considered workers under British law. (The classification of ‘worker’ in British law is a curious one – it does not offer all the protections of an employee, but more than those of a freelancer.) But this time the outcome was different. Uber fought Aslam and Farrer for five years, until finally the UK’s highest court dismissed the taxi platform’s arguments unanimously.60 Arriving at the decision, the judges concluded that the drivers were not self-employed entrepreneurs in any sense of the word. Uber controlled all aspects of their work, including the number of trips they received, the price of their service, and even the communication between driver and passenger. Lord Leggatt, who wrote the ruling handed down by the Supreme Court, wrote: ‘The question … is not whether the system of control operated by Uber is in its commercial interests, but whether it places drivers in a position of subordination to Uber. It plainly does.’61

In part, these teething problems are down to an exponential gap – between new modes of employment enabled by exponential technologies, and a set of labour laws designed in the twentieth century. The great triumphs of the twentieth-century labour movement were about securing humane working conditions for contracted employees. The eight-hour day, sick leave, pensions, collective bargaining – all were extended to those who were formally employed by a company. But in the Exponential Age, formal employees are relatively decreasing in number. The technologies of this era create new ways of working, with the smartphone and the task-matching algorithm allowing firms to rely on pools of freelance talent. And our labour laws haven’t yet caught up. That workers are forced to rely on court decisions – rather than clear rules – reveals that the gap is far from closing.

All of this leads to a growing inequality between gig workers and official employees. The self-employed have always had to face the whims of their clients. But in the Exponential Age, their number could swell to the hundreds of millions. Only a small group will retain the privileges that workers have fought to gain over the last 150 years.

Willard Legrand Bundy was an inventor of the old school. Impeccably moustachioed and besuited, Bundy is usually pictured standing proudly beside one of his myriad inventions – a calendar-clock, adding machines, cash registers and more. But one of his simplest devices had the greatest impact of all. His ‘time recorder’, a device that allowed employers to track when their workers clocked in and out, became one of the defining inventions of the twentieth-century workplace. Time recorders first appeared in the 1880s, and by the turn of the century close to 9,000 had been produced. Employers finally had an automatic way of keeping tabs on their workers.

Bundy’s invention represented an early move towards a more scientific, regulated, empirical system of people management. Since Bundy’s time – he died in 1907 – methods of managing employees became progressively more sophisticated. Methods like Bundy’s would be applied systematically across industries.

The tipping point was the rise of scientific management, pioneered by Frederick Winslow Taylor. Like Mark Zuckerberg more than a century later, Taylor attended the prestigious boarding school Phillips Exeter Academy before attending – and dropping out of – Harvard. He went on to work in a machine shop in the steel industry at the age of 19. During his experiences on the shop floor, he noted that workers soldiered at a ‘slow easy gait’ because of a ‘natural laziness’. Through close observation – including what became known as ‘time-and-motion studies’ – he started to quantify human behaviour at work and use his insights to develop rules to optimise output. To boost productivity, he preached, managers should measure everything, link pay and bonuses to performance, and break complex tasks into simpler ones.62

Taylorism underpinned much of the productivity growth of twentieth-century businesses. But it was also punitive, leading to constant surveillance of workers, draconian punishments for ‘underperforming’ employees, and a general tendency to treat workers like machines. The rule of Taylorism is that the unobserved worker is an inefficient worker.63 And as time went on, Taylorism would only become more intrusive in the lives of workers. In the 1930s, Lillian Gilbreth – a psychologist and engineer – developed personality and psychological testing for personnel management staff (who would now be known as ‘human resources’). This approach would soon become the norm in large organisations.64 As one contemporary account of workplace surveillance put it, ‘Not only would workplaces … be designed so that workers would internalize their boss’ gaze, but the addition of these testing methods signalled that the boss was genuinely trying to get inside employees’ heads.’65 It was that classic twentieth-century deal: you get a high-security, high-wage job, but in return you give up your autonomy.

However, by the turn of the millennium, some workplace norms were shifting. Among technology companies, Taylorism was slowly abandoned, replaced by greater freedom for employees. The exponential revolution seemed, at first, to catalyse the long-term shift to a less punitive workplace culture. It was in the run-up to the dot-com boom that companies started to care about their employees. Gone were grey cubicles, vending machines and fluorescent lights. In came bean bags, free lunches and craft beer. Among tech firms, fun amenities became the norm: pool tables, sleeping pods, table football and free food. In 2000, I sat on the board of an internet company that featured a real lawn and swings in its headquarters on the second-floor of a former warehouse in North London.

By the second decade of the twenty-first century, this was fast becoming the norm. Asana, the firm behind a popular team management app, provides its employees with organic home-cooked meals, life coaching and yoga classes. Another software company, Twilio, gives unlimited time off and offers free on-site massages twice a month. By 2017, oocyte freezing – a procedure young women can undergo to freeze their eggs, to delay having children – had become a perk some technology firms provided to their employees. And not only technology firms: Goldman Sachs offers to cover its employees’ fertility treatments and egg freezing up to $20,000.

Sometimes it seemed that the bigger the superstar company, the more generous the offer. From 2009, Netflix gave its employees as much vacation time as they wanted, provided they got their work done. Google, meanwhile, was a pioneer of unusually generous death benefits – if a Google employee dies, the company gives their surviving partner 50 per cent of their salary for a decade after their death – which is unusual even by Exponential Age standards.

Even before the Covid-19 pandemic, many companies were used to employees working remotely at hours that suited them. In the first firm I founded, in 1999, Wi-Fi was a rarity, and public Wi-Fi was non-existent. Most people were largely confined to working from the office, their computer tethered to a network socket – perhaps sometimes taking a laptop home to do a bit of digital paperwork. By the time I founded my second start-up a decade later, the tools of digital work were much richer. We’ve already met Sid Karunaratne, with his penchant for automating his own day job. The tools that allowed Sid and his team members to work from home (or the beach) were wide-ranging – and where possible they took advantage. This kind of unregulated, arm’s-length management is as far away from Taylorism as one could imagine. And it only accelerated during the coronavirus lockdowns, when internet-enabled remote work became the norm for most white-collar workers.

But not every employee works for a firm which provides the freedom to work how and where they like. And the same technologies that enable remote work – from a beach, a mountain or by a lake – can also be turned against employees.

Many readers might be familiar with the ‘panopticon’. Imagined by the early-nineteenth-century philosopher Jeremy Bentham, the panopticon is a type of prison in which every prisoner is constantly visible from a guard tower in the middle of the complex. In such an institution, prisoners never know if they are being watched – because they could be under surveillance at any time. And so, the theory goes, their good behaviour is guaranteed.

Today’s workplace devices are a little like an inescapable digital panopticon. Because every instant message, every email and every document update is logged, you never know when you are being watched. And so, perhaps, you have no choice but to behave.

These methods of surveillance are increasingly common. Many firms today use facial recognition and mood detection systems, or are developing software that estimates how engaged and satisfied employees are. These devices scan emails, Slack messages and even facial expressions for hints of a worker’s mood. The Japanese tech giant Hitachi created name tags with sensors, designed to measure who employees speak to and for how long, to track and measure their movements, and to feed the data into the ‘organisational happiness’ index.66 In November 2020, Microsoft updated its Office software – the most widely used of its kind in the world – to include ‘Workplace Productivity’ scores which monitor how employees use everyday apps like Word.67

And as the technology gets more advanced, it gets more invasive. Some factories in China have garnered headlines for introducing brainwave-reading hats to track their workers’ emotions and focus so they can adjust the length of break times to reduce fatigue.68 Increasingly, automated monitoring systems are used even before a worker joins a company, in the recruitment process. Unilever used AI to save ‘100,000 hours of interviewing time and roughly $1m in recruiting costs each year’ by delegating job interviews to video analysis software.69

Today, these technologies are generally reserved for the most tech-savvy companies. But, as so often in the Exponential Age, there is only a few years’ gap between the technological vanguard and the rest of us. And the process is further along than you might think. A 2018 Gartner report found that half of 239 large corporations were monitoring the content of employee emails and social media accounts.

The move to remote work during Covid-19 only accelerated this transition, particularly in white-collar sectors that were previously office-based. A report by the UK’s human resources trade body, CIPD, found that 45 per cent of employees believe that monitoring is currently taking place in their workplace.70

The issue is not just surveillance, but wider forms of automated management. Workers on platform apps have diminishing control over how they work. When dozens of gig workers for Uber Eats gathered outside the company’s office in south London in 2016 to protest, they were not only criticising their low pay. They were questioning the core of what makes the gig economy giants, especially ride-hailing companies, successful: algorithmic management. ‘We are people, not Uber’s tools,’ they yelled.

These people and millions of other gig workers are managed by computers. Their work is scrutinised through a stream of quantitative performance assessments. Rideshare drivers may only have 10–20 seconds to respond to an offered ride, without knowing in advance where they’re expected to go or how much they can expect to make. If they refuse too many rides in a row, they can be kicked off the platform.71 And this is not limited to ride-sharing. The warehouse workers who put together your grocery delivery are commanded by scanners, which tell them how much time they have to collect each item.72 None of Taylor’s lackadaisical soldiering here. Deliveroo drivers, meanwhile, can be punished if they arrive later than the time of arrival calculated by an algorithm – regardless of the local weather conditions or traffic.

This system of management works like Taylorism on steroids – with all the dehumanising downsides but without the commensurate high pay or job stability. One Amazon worker’s claim, reported in The Guardian, that the company leaders ‘care more about the robots than they care about the employees’ encapsulates one of the oldest criticisms of scientific management.73 Except, this time round, workers don’t have the collective bargaining power they once did. In the ultra-Taylorist companies of the twenty-first century, the power balance is skewed heavily in the favour of bosses.

Amazon automatically fires about 10 per cent of its factory staff annually, for not being able to move packages through the system quickly enough.74 The company’s ‘proprietary productivity metric’, which dictates how quickly workers must process each order, gets our one-day Prime deliveries to us on time. But it also locks workers out of important aspects of decision-making, and denies their agency. One liquid package bursting open on a conveyor belt will take minutes off the targets set by the algorithm – hundreds of packages per hour – becoming one more black mark on your way to getting fired. And package bursts are not rare occurrences.

All this seems paradoxical. In many cases, the very same companies who offer select employees ping-pong tables, craft beer and egg-freezing treatments are obsessively monitoring and controlling others via algorithms. This is the Janus face of work in the Exponential Age. Those who are well-educated and lucky can thrive. Those who aren’t might find themselves trapped in an increasingly punitive workplace.

You may have noticed a pattern emerging. The future of work seems less defined by the absence of work and more by a growing chasm – between increasingly high-quality work for some, and increasingly low-quality, insecure work for others. We aren’t on the verge of a jobless future, but we are perhaps looking at a future in which – if we aren’t careful – work no longer serves the interests of society.

This problem is visible in the precarity of gig work, and the treatment of employees as fungible assets to be controlled through management algorithms. But its clearest manifestation lies in how the rewards are doled out. Economists have long tried to understand how equitable a labour market is by looking at what share of a country’s income goes to workers, and what share goes to the owners of capital – through stock gains, dividends and corporate profits. The story of the last 50 years is striking. Between 1980 and 2014, labour’s share of national income – the percentage of GDP paid out in wages, salaries and benefits – declined on average by 6.5 per cent, as measured in 34 advanced economies. In the US, the decline has been even more staggering. In 1947, workers received 65 per cent of the national income in America; by 2018, this had declined to 56.7 per cent. More than three-quarters of the decline since the end of World War Two occurred in the first two decades of the millennium. For decades, workers have been systematically getting a smaller share of the economic pie.75

In practical terms this has manifested through stagnating average wages and increases in inequality. Again, the most striking example comes from the US. Between the 1940s and the mid-1970s, economic productivity and workers’ pay rose in tandem: from 1948–1973, there was a 97 per cent increase in workers’ hourly pay, against a 91 per cent increase in economic productivity. Fair enough. But then, something surprising happened. The increase in wages tapered off – even as economic productivity continued to skyrocket. By 2018, US economic productivity was 255 per cent higher than it had been in 1948; but workers’ pay was only 125 per cent higher – barely a third more than it had been in 1973. In other words, the output of the US economy continued to rise – but the share workers received stagnated.76

The cause of the decline of labour’s share of the economic pie is multifaceted. But it is closely related to the shift to the exponential economy. Four key causes stand out. Globalisation, which drove down wages in the West as companies offshored jobs to cheaper locations across the world. The decline of unions, which meant workers lacked the bargaining power to stop economic rewards going to the owners of capital (we’ll return to this in a moment). The rise of the intangible economy, which reduced the relative value-add of the average worker – more value was being created by know-how, software and data, stewarded by smaller numbers of highly specialist workers, than by the human sweat of the larger parts of the workforce. And superstarification – as markets consolidated around ever-fewer superstar firms, there was less competition for labour and so workers had less leverage.77 These are all hallmarks of the rise of exponential technologies – the emergence of a global, high-tech, intangible economy, dominated by a handful of big firms. According to one study, more than two-thirds of the loss to workers results from the transition to intangibles and the growth of superstar firms.78

Of course, not every job created by exponential technologies sees wage pressure. Take a company like Uber. It depends on highly sophisticated software: from the algorithm that allocates a driver, to the machine learning that helps forecast demand, suggest destinations, predict bottlenecks and establish surge pricing. All of this software has been designed by engineers. Getting an engineering job at Uber requires a strong academic background as well as top-tier experience working on the latest technologies. The selection process involves several hours of interviews, as well as coding tests and advanced problem-solving – the kind of rigorous testing process that is a hallmark of superstar companies. Should you get the job, though, it all becomes worth it. The average software engineer at Uber was paid $147,603 a year in 2020. Senior engineers with five or more years of experience might make three times that. On the flip side, there are Uber’s drivers. As we’ve seen, gig workers are often paid relatively little. Your typical driver will make $19.73 per hour before expenses, or $30,390 a year if they drive 40 hours a week.

There is a similar dynamic at work in Facebook. Half of all employees at Facebook, from engineers to marketers, accountants to salespeople, make $240,000 a year or more.79 Facebook’s content moderators, who are not employed by the firm but rather contracted via temping agencies, are paid on average $28,000 per annum. Ordinary people who create the contacts, content and conversation on Facebook are, of course, paid nothing.

And this is not just true of digital platforms. Zymergen, a breakthrough company working on the intersection of biology and artificial intelligence, has a similar bifurcation of its workers. On the one hand, highly paid scientists with doctorates; on the other, lower-paid support staff – and little demand for mid-pay workers between these two extremes.80

All this points to the changing topology of employment in the Exponential Age. This is an economy where intangible assets – the kind produced by well-educated knowledge-workers – are all-important. Those with high levels of education are compensated handsomely. At the same time, there remains a group of less well-rewarded, less highly skilled workers, who may not even be acknowledged as employees. In aggregate, the result is a reduced share of income that goes to employees. Middle-wage earners, who used to be the engine of Western economies, are evaporating.

In the long run, workers have generally done well from new technology. It has normally led to innovations that improve working life. The plough, electricity and indoor lighting all made labour a less hazardous task for many workers. For all the tumult of the industrial revolution, it did eventually lead to a marked, consistent and sustained increase in the living standards of workers.

But global labour markets are complicated. There are winners and losers. In Britain, as wages rose sharply through the nineteenth century, some groups were immiserated – the famous handloom weavers, forced into obsolescence by the invention of the mechanical loom, for example.81 Even as salaries rose, many workers had to toil in the hellish conditions we met in Chapter 3. Between 1790 and 1840, wages of workers rose by a modest 12 per cent, while GDP per worker increased by more than half. It was not until the 1860s that ordinary people’s wages caught up with the gains of technology; and not until 1900 that they levelled up entirely. There was a century where workers lagged behind the gains; an uncomfortable century, even if it worked out in the end.82

‘Worked out in the end’ are five very easy words to write. But they represent decades of catch-up – papering over lives where incomes didn’t grow, and quality of life fell relative to the strength of the economy. As John Maynard Keynes put it, ‘In the long run we are all dead.’83 In the meantime, there will be pernicious chasms in the labour market, between the changes wrought by new technology and the norms and laws that govern the workplace.

But it is not too late to redesign the economy to close this widening gap. As so often in the Exponential Age, even as disruptive new technologies take off, remoulding our economy and society in the process, so too do new ideas about how we might adapt. It just takes a little while for the ideas to become a reality. Today, we can already make out the four characteristics we need for a fairer work settlement.

To start with, workers need dignity. Many of the changes described in this chapter have had a dehumanising effect on workers – thanks to the power of Exponential Age technologies to observe, monitor, rank and cajole employees. It’s interesting, however, that these technologies don’t need to be used in such an ominous manner. For example, BP America use Fitbit bracelets to monitor employee wellbeing – a method that gently encourages staff to do more exercise, something for which many workers are grateful. Crucially, this scheme is voluntary. But it shows that new technologies – even surveillance technologies – don’t inherently lead to exploitation. Provided workers are given a say in how these technologies are used – and are given the opportunity to reject them – new workplace technologies need pose no threat to workers’ wellbeing. In fact, they could offer a path towards greater employee satisfaction.

But to make a dignified workplace possible, we need to change our approach to management. That means finding new ways to prevent bosses taking advantage of unfair power differentials – with employees being given greater autonomy over how they work. For workers increasingly managed by algorithmic systems, that might mean getting a chance to speak to a real person to seek redress when the algorithm has been unfair. Workers should also be given more insight into the data that firms hold about them, and clearer explanations on how automated decisions are made. Unions are increasingly mindful of how they can help workers win back ‘data rights’ about who gets given tasks, who gets fined and who gets monitored.84

Flexibility also matters. Work in the Exponential Age is volatile. Ours is a time of dramatic transformations. Firms will fail. Old industries will hollow out. Entire technologies, like fossil fuels, will become redundant. At the same time, new technologies will continue to emerge and grow– cheap solar power, quantum computing, long-term battery storage, precision biology. These technologies will lead to the emergence of dynamic new industries, which will require more workers with different skills. This constant change is what has driven many of the problems identified in this chapter: legacy firms going bust, with their employees left unsuited to the new roles that are being created.

To adapt to this new age, workers need to be given the chance to constantly reskill. In the old world, you might have a single job from the ages of 18 to 60. Today, few industries look likely to stay around for that long – and if they do, it will be through constant technological upgrades. The World Economic Forum expects 42 per cent of the core skills needed for existing jobs to change between 2020 and 2030. But how can we make constant reskilling possible?

Digital technology can help us here too. It seems fatuous to point to TikTok as an example of how people can reskill – but apps like this may well be the future of education. TikTok is rife with DIY videos – particularly in lifestyle areas like home improvement, cooking and skincare. But people with specialist interests can also find communities and continue to learn. Teachers, academics and nutritionists, for example, all have big communities on TikTok, and many use their followings to disseminate information or to correct widespread misconceptions. In June 2020, TikTok announced that it would be commissioning experts and institutions to produce educational content as part of a new trend for micro-learning. Of course, TikTok alone will not reskill the economy – but it points to nascent forms of digital learning, the potential of which is only now being explored. Why shouldn’t we all be constantly educating ourselves via digital platforms?

Workers also need security. In times of rapid change, a safety net becomes critical – lest people lose their jobs and find themselves unable to survive. And the more entrepreneurial and volatile the economy, the more essential such a safety net becomes. Many academics and technologists, from the French superstar economist Thomas Piketty to the founder of the Web, Tim Berners-Lee, argue for universal basic income (UBI) to solve this very problem. Under a UBI system, a government gives every citizen a regular sum of cash, no strings attached. Expensive as this might sound, it’s certainly a quick route to economic security for large numbers of people who might otherwise be at the mercy of a cruel labour market. Small-scale experiments in the US city of Stockton and Finland’s capital Helsinki have shown that people receiving UBI report increased wellbeing and lower levels of food distress. And when they lost their jobs, UBI recipients were nearly a third more likely to get back into work within a year, relative to those who were on more traditional forms of assistance.85

But UBI, at the moment, seems a distant possibility. It remains plagued by concerns that it may weaken work ethic and create a culture of dependency. While early studies suggest this isn’t the case, in many countries UBI may be too controversial to be a viable policy for the time being. A cheaper, more politically palatable alternative is already in place in Denmark – and is known as ‘flexicurity’. The flexicurity model has two sides. On the one hand, employers can hire, fire and tweak employment terms at will. On the other, employees are guaranteed extensive protections and benefits from the state should they find themselves unemployed. For example, an unemployed Dane can make up to 80 per cent of their previous salary – and more if they have kids – provided they can demonstrate they are looking for work.

This would solve one of the great problems of the Exponential Age. Firms don’t necessarily know how fast they will grow, how quickly a business opportunity will emerge, and which blind alleys they will wander down – so flexibility in hiring and firing is valuable. But for workers, of course, agility for corporations doesn’t pay the rent. The Danish model gives firms the adaptability they need, and the workers the security they need.

Finally, workers need equity. While labour’s share of the national cake has been declining for decades, new technologies look set to accelerate this process even further. Technology, globalisation, the intangible economy – all shift power away from labour and towards capital. As the Exponential Age speeds up, we must ask ourselves: How much economic reward should go to entrepreneurs, owners and workers? And is it time for workers to be given a bigger share?

If the answer to the latter question is ‘yes’, there are a few changes we need to make. For one thing, employers need to invest much more in their workers’ development – so they can move into more skilled, better-remunerated roles as technology develops. But this may accentuate the gap between the pay cheques of low- and high-skilled workers. Ours is an era when a programmer for Uber makes at least four times more than the average driver; and in which evidence from the UK shows that for every 10 new high-tech jobs, 7 new low-wage service jobs are created.86

And so, in the Exponential Age, minimum-wage bargaining becomes more important than ever, and policymakers need to make sure it actually reflects the cost of living. At the same time, governments might explore how to mitigate the growing wage differentials between the richest and the poorest workers. One way to make this more likely would be through greater wage transparency. Firms already disclose how much they pay their top directors, and increasingly share data on the gender pay gap. Encouraging companies to share more information about their wage practices would illuminate the problem of income disparity.

This perhaps all sounds utopian. And it’s true: closing the clutch of exponential gaps in the workplace will take great effort. But it is far from impossible. In fact, there are a number of organisations who are already working to close those gaps. They hint at how, in practice, we might achieve the legislative and economic shifts we need.

In the absence of quick action by lawmakers, some entrepreneurial outfits are devising ways to directly support workers. Gig workers often struggle to get access to loans and mortgages; lenders look to strong credit records, and the agencies that offer credit ratings prefer those on standard employment contracts. Portify, based in London, is a start-up that helps freelance workers build up their credit ratings month by month. It effectively sets up a tiny loan for members, which is paid at a rate of £5 ($8) a month. Credit reference agencies like consumers who take out loans, and they love those who pay their loans on time. A positive repayment history makes up more than a third of your credit score. Portify offers just such a history for its gig-working members.

But entrepreneurship alone will not be enough. History shows that meaningful improvements for workers rarely come thanks to the benevolence of bosses, but from pressure by employees. One reading of nineteenth- and early-twentieth-century history is as a long struggle by labour to organise. In the UK, the modern labour movement arguably began in the 1880s, with the emergence of ‘new unionism’ – a wave of trade unions that explicitly appealed to the urban, often-unskilled working class. In the US, the 1937 Battle of the Overpass – when angry Ford workers who were determined to form a union were beaten by Henry Ford’s security entourage – was a decisive moment, after which Ford agreed to sign a contract with the United Autoworkers Union and raise workers’ salaries. The modern social democratic parties of much of the developed world are the legacy of these struggles and others like them.

But unions have fallen out of fashion in the Anglosphere, following a 50-year assault by the political establishment. Union membership in the UK, US, France and others is at its lowest level since records began.87 The free-market orthodoxy we met in Chapter 1 had little time for trade unions – they were seen as ‘labour cartels’ that illicitly interfered with the workings of the market. In the UK, Margaret Thatcher’s government perceived trade unions as one of the biggest internal threats, and took steps to significantly weaken their power. Between 1979 and 1988, union membership declined 20 per cent, thanks to government policies – combined with economic hardship and a decline in manufacturing employment. The US was on a similar trajectory. In 1981, the newly elected Ronald Reagan fired over 11,000 striking air-traffic controllers and replaced them with non-union members. It marked a turning point in the history of American trade unionism.

As a result, there was little unionisation in the early tech industry. This was still true as we entered the Exponential Age: the workforces of the digital superstars were completely un-unionised. The tech industry has been anti-union since its inception – Robert Noyce, who co-founded Intel, declared that ‘remaining non-union is essential for survival for most of our companies’.88 Today’s biggest companies have arguably picked up this mantle. American senators Elizabeth Warren and Bernie Sanders have long accused Amazon of heavy-handed attacks on workers who try to unionise.89 Throughout the last decade, workers at tech companies who try to organise have run into many obstacles – in some cases because they didn’t get the widespread support that they needed, and in others because of active interference by their employers. Only in January 2021 did roughly 200 workers from Google’s owner, Alphabet, finally form a union – but out of an employee pool of 135,000.

Perhaps the word ‘union’ just has too much baggage in the Exponential Age. It conjures up images of striking miners and steelworkers more than of striking Deliveroo drivers. Yet collective action remains the best way to guarantee a workplace that is fair for employees. If we are to build an employment settlement that is dignified, flexible, secure and equitable, workers will need to get organised. Only unions can collectively bargain on behalf of workers. And unions are also better than individual workers at developing the expertise required to digest the complex technical issues emerging in a rapidly changing economy.

But in the world of trade unions, too, digital technology is both the problem and the solution. The creation of new networks of information gives workers an opportunity to identify their shared experiences, discuss how to respond, and organise. Finding like-minded people to collaborate with has always been a barrier to unionisation – but this problem is less pronounced in the Exponential Age when anyone with a smartphone becomes a potential comrade. Today, the process of unionisation often begins with informal collectivisation on WhatsApp groups and online forums. While workers in each industry have their own demands, the use of technology for collectivisation is uniform.90 In West Virginia, where union membership rates hover at around 10.5 per cent,91 teachers looking to organise set up an invite-only Facebook group. Close to 70 per cent of the state’s 35,000 teachers joined, turning the group into a hub for discussion and coordination of major statewide strikes.92

When organised online, such collectives can be truly global in a way internationalist trade unionists of the early twentieth century could only have dreamed of. In January 2020, gig-economy drivers from around the world gathered in Oxford for the first meeting of the International Alliance of App-Based Transport Workers, which was organising for better working conditions for all app-based transport workers globally.

These digitally enabled unions can close the exponential gap by making sure that employment laws and worker-employer relationships are constantly adapting as the economy changes. Collective bargaining and worker organisation have long been the best ways of ensuring that employers remain conscious of the needs of their workers – and that laws follow suit. Without them, workers may well find themselves unable to keep up with the clip of the Exponential Age.

The great risk facing workers in the Exponential Age doesn’t come from robots. It comes from a rapidly changing economy – defined by a fundamental shift in the quality of working arrangements, resulting from gig-working and algorithmic management. For workers, this leads to an age-old problem: a power imbalance between bosses and workers. But while this imbalance is a consequence of the Exponential Age, it is not an inevitable one.
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The World Is Spiky

Angelo Yu had a problem. It was late 2019, and US president Donald Trump had spent much of the previous two years tweeting increasingly bellicose denunciations of the Chinese government. At the same time, the White House had been progressively ratcheting up tariffs on Chinese imports to the US. This looked like bad news for Yu’s start-up, Pix Moving. Based in Guiyang, a city 1,000 kilometres to the north-west of Shenzhen, the firm makes the chassis for a new class of autonomous vehicle. The tariffs made everything more expensive.

A lesser entrepreneur may have had to raise prices for his first customers. Not so Yu. He had a solution: Pix Moving was using only the most modern manufacturing methods – ‘dematerialised’ techniques. Rather than exporting cars, Yu explained, they ‘export the technique that is needed to produce the cars’.1 Vehicles are not loaded onto container ships and sent to their destination. Rather, the company sends design blueprints over to colleagues in the US, who use additive manufacturing techniques to print components locally. From those components, the finished product can be assembled. Yu’s approach could skirt around customs inspectors (and tariffs). Additive manufacturing lets him build wherever his customers are, trade conflicts be damned.

Pix Moving is a start-up that reflects how manufacturing will change as we move further into the Exponential Age and, in doing so, unpick our assumptions about globalisation. On one level, Yu’s story reveals a highly globalised economy in action: a car can be designed in Guiyang and assembled in California with remarkable ease. But it also represents an inversion of globalisation – a return to the local. For decades, supply chains have been getting longer; production processes more international. The various components of a car might be manufactured in a dozen countries and assembled in more than one. In the future, however, manufacturing can happen near to the consumer. Thanks to the wonders of 3D printing, components can be produced locally; while the design might come from anywhere, the finished product can be crafted in a local workshop and handed to a customer who lives close by.

It wasn’t meant to be this way. Thomas Friedman’s bestselling 2005 book The World is Flat declared itself to be a history of the twenty-first century. Its argument: the world is entering a third phase of globalisation. The first, which began with European exploration of the Americas, is most frequently associated with colonialism and the globalisation of trade between countries. In the second, which got going in the nineteenth century, the focus shifted to the activities of transnational corporations – culminating in the monolithic industrial firms of the post-war era. In Friedman’s third phase, globalisation would reach a new level – with flows of trade, labour and information becoming ever more international. Friedman identifies ten ‘flatteners’ – from workflow software and outsourcing, to the development and expansion of sophisticated supply chains – each of which will make the world more globalised.

Friedman was one of the great prophets of globalisation, but he wasn’t the first. By the final third of the twentieth century, there was an array of international institutions propping up a globalising economic order: the World Trade Organization and the Organisation for Economic Co-operation and Development; the International Monetary Fund and the World Bank. Multilateral institutions, including the European Union, were helping flatten the world too – creating multinational political systems premised on free internal trade. The private sector had its own infrastructure of globalisation. Annually at the World Economic Forum in Davos, political and business elites would get together to find common ground in this increasingly flat world.

The power of globalisation was transformative. In 1970, trade represented about a quarter of global GDP. By 2019 it comprised nearly 60 per cent of a much larger global GDP. This brought many benefits. As international trade grew, other forms of global exchange became more straightforward and appealing, from holidays abroad to students studying overseas. Above all, globalisation coincided with a huge increase in wealth around the world, as markets expanded and nations were able to reap the rewards of more open trade. According to its evangelists, globalisation has contributed to better standards of living and the reduction of poverty across the planet.2 As I argued in Chapter 2, the growth of globalisation created very large markets that helped speed up the development of exponential technologies – and the growth of the new businesses that took advantage of them.

Yet following the global financial crisis of 2007–2009, globalisation started to lose its lustre. It had grown in tandem with the financialisation of national and global economies – as trade grew, so too did the importance of borrowing and lending, often through increasingly complex financial instruments. When the financial crisis hit, the pain was not limited to investors – it spread into the ‘real’ economy. In richer countries, many felt that globalisation had led to the offshoring of blue-collar jobs to the emerging economies of the developing world. After 2010, there was an increasing turn towards nationalism in many countries: the Brexit vote in the UK, and the election of Donald Trump in the US. While globalisation remains a potent force in the world economy, it is also increasingly unfashionable.

This is a story that most readers will be familiar with. Much has been written about how globalisation lost its appeal. These accounts usually point towards growing income inequality, concerns about immigration, and deindustrialisation in developed nations – all driving a turn against the supposed benefits of a flat world. Less well-scrutinised, however, is the way exponential technologies both create the rationale for more borders and provide the tools to build them.

We often assume that the more high-tech a society becomes, the more global and borderless it will be. And until recently, that has often been true. But not any more. Many exponential technologies lead to a return to the local. These breakthrough technologies favour the near over the far. It’s not just the 3D printers relied upon by entrepreneurs like Angelo Yu. Exponential technologies also facilitate the local production of energy and food, in a way that would have been prohibitively expensive until recently. And new technologies, and the businesses built on them, often need large numbers of people interacting with each other in close proximity – something only cities can offer.

As the twenty-first century unfolds, the localising potential of technology will only become more powerful. The coronavirus pandemic which began in 2020 showed how fragile global supply chains could be. But if it was a virus in 2020, it could be war or extreme weather – exacerbated by anthropogenic climate change – in the future. The result is an era in which, once again, geography matters – with economic activity set to become increasingly local.

There is an irony here. The economic paradigm that brought about the Exponential Age, globalisation, has fostered technologies that will lead to a return to the local. But our political and economic systems were not designed to cope with the new age of localism. As so often, gaps emerge. Between the economic policies advocated by our political institutions, and the actual workings of an increasingly de-globalised economy. Between the countries that can adapt to the new age of insularity, and those that can’t. And between the creaking nation state, and the newly empowered cities – whose influence has been turbocharged by new technology.

The world is not flat. It is very, very spiky.3

The classic rationale for globalisation rests on the work of the economists Adam Smith and David Ricardo, whose theories both make the case for freer trade. In Smith’s argument, economic benefits arise from specialisation. If, instead of doing everything, we focus on doing one thing, we’ll be more productive. That extra productivity can be used to trade with another specialist. I grind the wheat, you do the baking; between us, we end up with a loaf of bread. In short, trading has generally been more productive than an emphasis on self-sufficiency.

Writing in the early nineteenth century, David Ricardo developed Smith’s ideas to emphasise the importance of ‘comparative advantage’. In Ricardo’s view, nations should export whatever they are relatively good at producing. If a country has extensive coal reserves, it should focus on producing and exporting coal; if a country is rich in arable crops, it should focus on producing and exporting food. Add to that the different economic opportunities present in different societies – poorer countries will be better at low-skilled work like assembly; richer ones at design and innovation – and you have a useful combination: by exchanging with each other, all countries become better off.

Those of us born in the late twentieth century inhabit a world of global trade that Smith and Ricardo could only have dreamed of. The supply chains of this global world touch every part of our lives. A phone is assembled using lithium from Chile, aluminium from China and palladium from South Africa. A single aircraft wing might cross a border half a dozen times, shunted from one specialist factory to the next.

Consider your food. For many years, vegetables, fruits, fish, meat and dairy products have criss-crossed the globe in refrigerated containers. If you place an order with your online supermarket for tomatoes to be delivered at the end of the week, it is possible they are still in the ground in another country – likely Spain, in my case – when you click ‘Add to basket’.4 This is a result of the proclivities of the Spanish climate; we could grow tomatoes in Britain, but in Spain’s sunny climes, you can grow many more with much less effort. And thanks to the miracle of global trade, a logistics company will collect them from a warehouse in Spain and carry them to your local supermarket’s distribution centre. In Britain, the national distribution hub is known as the Golden Triangle, and it sits in the middle of the country. Trucks departing it can reach 90 per cent of the population in four hours. Orders are then sorted and distributed to the individual who made the order – usually about three days later.5

As we progress even further into the Exponential Age, the tendency towards global trade in physical products is being inverted. There would be no need to exchange all those goods if you could source everything that you need locally. In the case of food, we wouldn’t go to all that effort if it was straightforward to grow food – whether tomatoes or bananas or pineapples – here in rainy Britain. And the new technologies of the Exponential Age create that very possibility.

High-tech entrepreneurs have started to bring farming closer to where the food will be eaten. Urban vertical farms, popular in Japan and spreading elsewhere, are unusually efficient. In this set-up, the traditional field is chopped up and assembled in stacks. A modern vertical farm may run to 12 or 13 storeys high, each with a floor area of a few dozen square metres. This method increases the productivity of each square metre of ‘farmland’: when built vertically, 40 metres of growing area can concertina to nearly 10 times that. Using AI systems to control lighting, water and heat drives even more efficiencies. Computer-controlled intensive farms do not require pesticides, or other chemicals.6 Some require 80 times less water than traditional farms. Soil is eliminated in favour of hydroponics (where the roots dangle in water) or aeroponics (where a nutrient-dense solution is misted onto the roots). Rather than using ordinary greenhouse lights, with their wide spectrum of colours, some vertical farms shine only the precise wavelengths to which the vegetables respond. Not even a photon of light is wasted.7 By using renewable energy (often supplied via solar panels on the roof of the building), their energy costs decline and their carbon footprint drops even further. Provided you have the resources to invest in the technology, these farms can be built more or less anywhere – Spain, Britain or beyond.

Historically, food needed to be transported from rural farms to urban centres. But the new technology of urban farming means this need not be the case. With their smaller footprints, farms can be closer to the mouths they feed – sometimes even in the city they serve. Montreal’s 160,000-square-foot Lufa Farms greenhouse, the world’s largest, sits directly on top of a distribution warehouse.8 A tennis court is less than 3,000 square feet; Lufa would easily fit 50 of those. The proximity of Lufa to its consumers allows for fresher product, cultivated for nutrition. And many urban farms are following this template: built close to the retailer, so that the tomato practically rolls from its vine into your shopping bag.

As of 2020, vertical farms have a tiny share of the food market. But the market for high-intensity vertical farms is growing at more than 20 per cent per annum, on the march up our exponential curve.9 The effects of this shift could be staggering. If, in the twentieth century, that ancient human problem – that you can only eat what is nearby – was solved by globalised logistics, then the twenty-first century offers an alternative solution. Today, you can use technology to transform what is actually nearby.

But there’s another solution that is even more radical. New technology reduces our dependence on certain classes of commodities altogether. Let’s turn now from kale to coal. For a hundred years, we have moved around vast quantities of fossil fuels to meet our energy needs. Cargo ships laden with coal, then tankers with oil, and finally refrigerated super tankers for natural gas – all move prehistoric energy from its source to giant power stations. Apart from the handful of nations with energy self-sufficiency, fossil fuels drive a large portion of world trade. They are so essential that the United States has kept an almost permanent military presence in the Persian Gulf to ensure the flow of crude oil continues unabated.

But renewables have now put every nation on a path to energy independence. Once wind turbines are installed or a solar farm is deployed, they require few raw materials – and, as we saw in Chapter 2, such power supplies are fast becoming ubiquitous. This shift to renewable energy drastically reduces the amount of ‘stuff’ that needs to be carted around. In 1998, the UK consumed 63 million tons of coal, three-quarters of which went into electricity generation and a third of which was imported. A mere 21 years later, coal demand for electricity had reduced by 94 per cent and imports were down by 70 per cent. This is combined with a wider trend, in which we get more out of the electricity we use. Between 1999 and 2019, British GDP increased 75 per cent – yet the amount of electricity the economy uses has declined by 15 per cent. We literally create twice as much wealth for every kilowatt-hour of electrical energy we use. And this is only one example – dozens of countries, from Germany to Uzbekistan and the Ukraine to the United States, have had similar experiences.

The shift away from fossil fuels and towards renewables reduces global dependence on fossil-rich nations. Solar energy, thankfully, is much more equitably distributed. While not every nation is rich in fossil fuels, solar energy is possible everywhere. The most solar-rich nation, Azerbaijan, only gets four times more sunlight per square mile of land than the most impoverished, Norway. That may sound significant, but it is a relatively minor variance. The equivalent density between the haves and have-nots for oil is more than a million to one.10

This shift is being charged not only by new forms of electricity, but by new methods of energy storage. In an age of green energy, storage systems become more important – after dusk, solar farms become useless, and so you need a way to store large amounts of electricity. In part, that’s down to innovations like Energy Vault, the company behind the giant insect-like cranes we met earlier. But many of the new methods of storage bring electricity closer to home. Our electric vehicles can hoard electricity which could also power our homes and offices through so-called vehicle-to-grid systems. The average electric car stores about 50 kilowatt-hours of electricity: enough to run the typical British or American home for five days. It will become commonplace for our electric cars to lend their stored electricity to our homes when it is dark. Britain alone is forecast to have as many as 11 million such cars by 2030. If each owner were willing to share a bit of the surplus energy stored in their cars with their neighbours, it might cover the whole country’s needs.11

Simon Daniel is an inventor whose work reveals the power of these newly localised storage systems. His first success was a folding keyboard he designed in the 1990s, just as the PalmPilot, an early pocket-sized tablet computer, was taking off. His latest adventure is to string together thousands of batteries to make a gigantic virtual power plant. For Moixa, his company, to buy the batteries itself, it would need large amounts of capital, perhaps running into the tens of millions of dollars. Instead, he’s persuading owners of electric cars to connect to his network. Together, these idle car batteries form a giant virtual power plant. Daniel’s platform manages them and uses sophisticated algorithms to balance usage across the whole network. At last count, he had managed to combine 20,000 batteries together in several Japanese cities.12 That’s enough to power 25,000 Japanese homes for a day. It is like alchemy – replacing a massive power station, smokestacks rising into the sky, with a web of cars, parked on driveways, keeping homes running as we sleep.

Economies don’t just use oil for energy, of course. Derivatives of crude oil are used to produce pharmaceuticals and plastics, essential parts of everyday life. But this too could be about to change. Josh Hoffman is the CEO of Zymergen, the biotech start-up. His company combines advanced machine learning with clever genetics to persuade microbes to efficiently produce industrial materials. Their first product, Hyaline, will be used in the screens of smartphones. Hoffman’s bugs use natural processes to elegantly grow the screen film, requiring much less energy than making plastics from oil. It is a method that effectively removes hydrocarbons from the production of prosthetic materials.

There’s a caveat to this process, of course. While we are becoming less dependent on fossil fuels, the transition to a fully green economy might not be complete until at least the late twenty-first century. And at the same time, we may become more dependent than ever on a slew of new commodities: the lithium in our batteries, for example, and the rare earth metals that are needed to make precision electronics. Yet the wider trend is towards an economy based on ever less stuff. These trends – the re-localisation of commodity production, plus our decreasing dependence on some commodities altogether – mark a radical shift. Soon, we may be able to fulfil many of our material needs without relying as heavily on international trade.

Perhaps even more revolutionary than our newfound approach to raw goods is the shifting world of manufacturing. In the Exponential Age, manufacturing is becoming less about putting trainers, phones, car components or prosthetics onto standardised 20-foot containers and shipping them around the world. Instead, manufacturing is taking the shape outlined by Angelo Yu. The idea is shipped across the globe, but the building process takes place at a printer or fabricator close to the point of consumption. This could make much of the global network of factories, logistical supply chains and offices redundant. They become liabilities.13

This increasingly localised world of manufacturing is driven by the new norms of the exponential economy. For one thing, we are witnessing the surging importance of intangible assets, which we explored in Chapter 2. For many complex products, from computers to advanced pharmaceuticals, from phones to automotive components, we are largely shipping around ideas. A $1,000 iPhone contains less than $400 in parts. The remaining three-fifths of its original sticker price are the intangibles – the design, the orchestration and the brand.14 As new manufacturing methods mature, that ratio will only move in favour of intangibles. The rise of new exponential technologies, including AI, will accentuate this shift in value. Cutting-edge manufacturing processes require fewer workers than older methods – which means, for the first time in decades, it makes economic sense to manufacture in places with high labour costs.

Take running shoes. For years, branded sneakers have epitomised all that globalisation has to offer. Designed in studios in Portland or Berlin, and promoted by global sports stars on social media, the shoes themselves are largely manufactured in the factory nations of Vietnam, Bangladesh or Thailand. But this is starting to change. In 2016, the German sneaker maker, Adidas, opened its first small-scale factory in its home country. At 50,000 square feet, the Speedfactory in Ansbach, Bavaria, could produce half a million pairs of shoes a year – relying not on cheap labour but on robots, automation and 3D printing. This approach might even end up with a higher standard of product. Such a factory could produce more complex, personalised shoes for its customers.15

We are not yet living in this exponential future, however. Adidas were a little too far ahead of the curve – within three years, the company had wound the Speedfactory down and moved its technology back out to factories in Asia. There were some things the machines couldn’t yet do that long-established suppliers could.16 End-to-end additive manufacturing remains relatively expensive compared to traditional manufacturing – robots aren’t yet cheap enough for these methods to always work.17 But this bundle of high-tech manufacturing technologies is riding an exponential wave, of the kind we have seen many times already. 3D printing technologies are expensive because it is currently a low-volume game. But it will march down the curve of Wright’s Law – getting rapidly cheaper, and in turn driving lower costs for complementary products such as the software needed to control these printing machines. The main 3D printing technologies are already improving at around 30 per cent per annum.

The potential of this new technology was demonstrated during the Covid-19 pandemic. As the virus spread, ill-prepared nations like the United Kingdom found themselves sorely short of masks and visors for their doctors and nurses. Global production facilities in China and Turkey were themselves under lockdown. Volunteer efforts, often led by schools and universities, turned their 3D printers to work. A citizen supply chain got to work producing kit.18 My children’s schools produced several hundred masks using their 3D printers. The masks were then whisked away to the nearby hospital, a mere 20-minute stroll away.

This trend is in its infancy. The global market for 3D printing is tiny, only just nudging $10 billion per annum in 2019. Yet it is growing fast. And it is finding uses among demanding customers: those making components for cars and planes, for instance. One analyst estimates that using additive manufacturing to make a small strut for an airplane might save $700 million in fuel costs over five years. Printed component parts use less material than traditional approaches – they weigh less and waste less.19 If you are lucky enough to drive BMW’s top-of-the-range electric sports car, the i8, you’ll use a 3D printed part every time you open the roof. One of the key widgets that allows the roof to zig-zag its way open is a a 3D printed bracket, and the company has committed to producing tens of thousands of components using this new approach.

And so here we can make out a new system of global trade. Gone will be the world of poor countries manufacturing goods for rich countries, and shipping these products across the world. Instead, each rich country will begin to make its own goods at home, for a domestic market.

But as ever in the Exponential Age, the rewards of new technology are not evenly distributed. The diminishing dependence of rich countries on poor countries’ commodities may fundamentally destabilise the economies of much of the developing world. And depriving poor countries of manufacturing income – as high-tech local manufacturing becomes the norm in Europe and America – could be even more ruinous. A chasm will emerge between the rich world, which has harnessed the power of exponential technology to meet its own needs, and the poor world, which has neither the capital nor the high-skill labour force to keep up.

Let’s look first at commodities. As David Ricardo predicted, much of the developing world has played to its strengths by primarily exporting raw materials – to be developed into more complex products elsewhere. According to one recent history of the commodities trade, ‘Most African countries export commodities, and little else.’20 Africa’s economic fortunes have consistently risen and fallen in line with commodities prices – in the 1980s and 1990s, low commodity prices wreaked economic havoc in many sub-Saharan countries; through the 2000s, high growth rates in many African countries could partly be linked back to soaring commodity prices, themselves driven by growing Chinese demand for raw materials. Between 2001 and 2011, the economy of sub-Saharan Africa grew fourfold.21

All this poses a problem. If the defining force of the modern global economy is to be the re-localisation of production, how will the countries of the developing world get by? The economies of many such countries depend on high demand for imported raw materials in the rich world – if this plummets, such countries will be in a precipitous position.

Consider the consequences of the collapse in oil prices during the 2020 Covid-19 recession. As plane flights were cancelled and a locked-down global population stopped refilling their cars, oil prices went into freefall. Such a shift destabilised huge parts of the global order. As Atif Kubursi, an economics professor at McMaster University, put it, ‘Saudi Arabia needs an $80-per-barrel price to balance its budget, realize its plans to diversify its economy and sustain a heavily subsidized economy. In the balance is the stability of the Saudi Arabian political system and current regime.’22 Such moments herald a concerning future for international trade. Decreasing reliance on commodities could immiserate large areas of the global economy, bringing with it untold political instability.

This emergent gap between the rich and poor worlds will be exacerbated by the shift to localised manufacturing. 3D printing will put downward pressure on the value of world trade. Analysts at the Dutch bank ING reckon it might eliminate up to 40 per cent of world imports by 2040.23 This sum is colossal – an estimated $22 trillion – and will wipe out a decade’s growth in the trade of goods and services. And if such proximate, distributed manufacturing did take hold, it would transform the whole nature of the global supply chain. UPS, the preeminent global logistics company, has already started to invest in technologies that will enable it to print parts that its customers need in a trice – instead of delivering packages across the world.24

Thanks to the compounding effect of these technologies, finished products won’t need to be shipped from Mexico or Bangladesh; they can be printed in a nearby facility. The result may be devastating for already-struggling parts of the developing world, whose economies are built on global demand for cheap labour. Manufacturing goods for the developed world has brought more than just jobs. Whole cultures, economies and societies depend on the continued demand for cheap trainers in rich countries.

Between them, the trends of localised manufacturing and local production of food and energy could erode the authority of the states and multilateral institutions that maintain the global order of trade. In the case of the US, the sheer cost of maintaining global security and stability has run to trillions of dollars over the past decades, and has meant an almost permanent state of war.25 Since 2019, when the US achieved energy sufficiency through its investments in fracking – a new method of extracting natural gas from bedrock – the country has been more willing to see chaos in petrostates the world over. In the words of Nick Butler of King’s College London, American energy security ‘removes one central argument for intervention in areas such as the Middle East, reinforcing the view that the US has nothing to gain from sending its troops to fight other people’s wars’.26

The effects of exponential technology will be even more transformative. The institutions of a globalised world require nations to keep talking to each other, trading and cooperating. When the better-off world disengages from the economic wellbeing of the poor, it makes the path of economic development less clear. And it’s a familiar pattern in the Exponential Age: high-tech, rich economies thrive; others get left behind.

At some point in the latter half of 2007, a man or woman strode into the future. As this individual stepped out of a crowded bus, perhaps packed elbow-to-armpit with a dozen others, they marked the beginning of a new era: one in which more than 50 per cent of our species resided in metropolitan areas.27

Throughout human history, the majority of people lived in rural rather than urban communities. But from that day in 2007 onwards, more than half of us have been city-dwellers. This moment was a long time coming. Two millennia ago, Rome exceeded 1 million inhabitants, as did Alexandria. But cities did not subsequently achieve that scale again until London reached it in the nineteenth century. Our first 10-million-person ‘megacity’, New York, was born in the 1930s on the back of various technological enhancements – electricity, mass transit, modern sanitation, steel-framed skyscrapers, the safety elevator. It also depended on new supply chains that could provide the food and goods needed to sustain a population of that size.28

And yet we have consistently underestimated cities. They have largely been eclipsed in political terms – with power being held at a national level. Cities are neglected in the metrics and institutions we use to make sense of the world – gross national product, national populations, national languages, national anthems.

The emphasis we place on countries erases the fact that cities have long been the engine of wealth creation, scientific discovery, trade and culture. In the Exponential Age, this trend will not just continue but accelerate. At first glance, exponential technologies might seem to erode cities’ significance. They may allow for new forms of remote working. Such remote work, the theory goes, could give a greater online voice to people based away from urban areas. But this is only one side of the story. As we progress through the Exponential Age, cities will become more important, not less.

The key cause is, once again, the rise of the intangible economy – and the effect it has on labour markets. Value in this intangible economy is created through highly complex products. Today, highly skilled knowledge workers are more in demand than ever. And these types of workers have never been evenly spread across a country. They cluster around physical institutions, namely universities, and the labs and resources they provide. And around those universities grow companies that employ the most-skilled individuals.

Once a hub for any specialism is established – be it software design, structural engineering or contemporary art – others with an interest will flock there. Complex technologies – from biotech to artificial intelligence to chip design – need not just one but many specialists working together.29 And only cities can bring them together.

Most of the high-tech urban areas in the Exponential Age are living proof of the way talented people from across sectors flock to cities – a process known as ‘agglomeration’. Every year, thousands of tech workers migrate from around the world to San Francisco. As a result, technology companies are willing to shell out for the eye-watering cost of doing business in San Francisco (or London, or Paris) because they are getting the benefit of an incredibly skilled labour pool. Otherwise, they would move to smaller towns or the countryside and enjoy a lower cost of living.

And San Francisco is just one example. Today’s intangible-powered cities are more specialised than ever. Mumbai has Bollywood, Tel Aviv has cyber security, and Hsinchu, a mid-sized city in Taiwan, has become the global powerhouse for chip making. The Hsinchu Science Park, which covers 14 square kilometres (about five square miles) – about a quarter of the size of Manhattan, and less than one-thousandth the size of London – generated more than $40 billion in 2020.30

This accumulation of talent in urban areas doesn’t just help existing businesses and industries, however. It leads to the emergence of wholly new ideas. The close proximity of thousands of people leads to innovation. As strangers mix, new ideas pollinate. Cities are serendipity in action. Before the rise of smartphones and Amazon, most people would venture to a library or a bookshop to grab a book. In the course of locating the volume in question, you would pass by thousands of different works on hundreds of subjects. Perhaps your eye would catch on something completely random but incredibly useful while you scanned the shelves. Life in cities is similar. As someone leaves their home for their daily commute to the office, they encounter millions of different variables. It’s as if they are scanning millions of books while looking for the right one. Strangers are the critical ingredient here: as the eminent American urbanist Jane Jacobs put it, ‘[Cities] differ from towns and suburbs in basic ways, and one of these is that cities are, by definition, full of strangers.’31 Consider the power of this mingling in a city like Hsinchu, home to many of the world’s leading chip experts.

There is an exponential effect at play: once a city has been established as the go-to place for, say, AI research, the world’s best AI researchers flock there. More great ideas, innovations and businesses develop. And so the city only becomes more powerful. In this way, cities take on a kind of perpetual motion – the bigger they become, the better they are at their specialities; the better they are, the bigger they become. Geoffrey West, the complexity scientist introduced in Chapter 4, characterises cities as one big positive feedback loop. As cities grow, the professional opportunities grow, the social life gets better, and the more attractive it becomes. This, in turn, leads to those same people putting their money back into the city. ‘The bigger the city the more each person earns, creates and innovates and interacts – and the more each person experiences crime, disease, entertainment, and opportunity – and all of this is at a cost that requires less infrastructure and energy for each of them,’ West says. ‘This is the genius of the city.’32

But what, in practice, does this mean for the future of cities? The short answer is that they will continue to grow. This is particularly true in the developing world, where rates of urbanisation are lower than in richer countries. As we move further into the twenty-first century, we will see the growth of ever-more megacities of more than 10 million people – in Asia, South America and sub-Saharan Africa. By 2030, nearly 9 per cent of the world will live in just 41 cities.33

Take the Greater Bay Area, a megalopolis – a cluster of megacities – which includes Shenzhen, Hong Kong and Guangzhou, and whose population exceeds 70 million people. Its economy will increasingly depend on high-tech and emerging sectors, and the benefits large agglomerations bring for economic development. That same logic holds true in much of Africa: by 2100, Lagos will be home to more than 88 million people, Dar es Salaam to more than 70 million and Khartoum to almost 60 million.34 Even a global pandemic seemed unable to stop the rise of urban life. The early stages of the Covid-19 pandemic saw a flight from the cities – The Economist reported that 17 per cent of Parisians left the French capital as the country went into lockdown in March 2020.35 Yet cities bounced back with remarkable rapidity. Researchers at the Wharton School of Business found that most of the major shifts away from cities early in the pandemic were temporary. While some particularly expensive areas such as Manhattan might see a more long-lasting exodus, cities generally held on to their residents.36

As cities grow, in both size and wealth, it creates the prospect of a gap between urban citizens and the rest of the population. City inhabitants tend to be more highly educated and better remunerated than a nation’s median citizen. In India, for example, urban dwellers enjoy more than double the average annual income of rural inhabitants.37 In 2018, when measured across 24 European countries, the earnings gap between urban and rural was 45 per cent.38 All this can lead to a gulf between urban citizens, the great contributors to and beneficiaries of exponential technology, and the rest of a country.

This tension often leads to a conflict between national and city-level governments: with each claiming the right to determine how cities are run. For many years, London was one of Uber’s five biggest markets. But the company grew there with scant regard for the city’s transport regulations. Having fallen short of some requirements on safety, the city suspended the firm’s licences. Rather than support that decision, Theresa May, the prime minister (and national head of government) criticised the local authorities. Though she did not, in this case, have the power to overrule them.39 This is a microcosm of a much broader tension between often liberal, rich, high-tech cities, and often less liberal, poorer, less technologically advanced national governments. For example, the Financial Times recently pointed towards a tendency for national and city executives to clash over immigration – as national governments have turned against migrants, cities in need of labour have taken a more open approach. And that makes them more welcoming to immigrants than their wider countries. As Samer Saliba, an adviser for the refugee NGO the International Rescue Committee put it, ‘Nations talk and cities act.’40

Of course, it would be foolhardy to extrapolate too much from these early clashes between urban and national. But we can begin to make out the contours of an Exponential Age society in which there are constant conflicts between cities and nations. Exponential technologies allow cities more autonomy and self-sufficiency in electricity, trade and food. The exponential economy favours the complex, high-skill activities that are best supported by large, diverse urban populations. If the industrial age of nineteenth and twentieth centuries cemented the importance of the nation state, the Exponential Age is shifting much of that significance to great cities. The result is a tension over where decisions about many aspects of the daily lives of more than half of humanity should occur: at the level of the nation state, or closer to home, in the city.

John Perry Barlow, the former lyricist of the Grateful Dead, was also an internet rights activist for the Electronic Frontier Foundation. At the World Economic Forum’s Davos summit in 1996 he issued a Declaration of the Independence of Cyberspace:


Governments of the Industrial World, you weary giants of flesh and steel, I come from Cyberspace, the new home of Mind. On behalf of the future, I ask you of the past to leave us alone. You are not welcome among us. You have no sovereignty where we gather.

We have no elected government, nor are we likely to have one, so I address you with no greater authority than that with which liberty itself always speaks. I declare the global social space we are building to be naturally independent of the tyrannies you seek to impose on us. You have no moral right to rule us nor do you possess any methods of enforcement we have true reason to fear.41



Barlow was not alone in thinking that the internet transcends national boundaries. It represents one of the most important symbols of globalisation. The web passes across borders like a pulmonary system carrying the oxygen of globalisation: not merely facilitating the trade of goods but also the percolation of ideas. It is aloof, above the worldly concerns of border guards, passport agents and customs checks.

And in Barlow’s time, the internet did indeed seem to subvert the logic of the nation state. It undermined the most basic building block of the geopolitical order: territorial sovereignty, the notion that a nation controls what goes on in its borders. Behind the Iron Curtain and in religious autocracies, the early internet was a place to explore ideas that couldn’t be expressed in the national press. The elimination of the government-controlled middleman, the radio or TV broadcaster, meant protesters could express themselves freely. The failed coup of August 1991 that led to the dissolution of the Soviet Union is a great example. Protestors were able to signal across the fledgling internet that there was a coup underway, even as the unsuccessful rebels shut down CNN and other mass media.42 More broadly, the constant criss-crossing of data – in which ideas might spread from Edinburgh to Évian, Mumbai to Manhattan – helped build a uniquely international culture online.

This isn’t to say that the internet was without national markers. The norms of the early internet had a distinctly American hue. The key protocols, standard procedures, and institutions of governance were almost entirely created by Americans, often sponsored by the US government. And that brought with it a particular set of preoccupations: academic, increasingly liberal, and sceptical of centralised authority. In general, however, the internet promised a global, borderless future.

A quarter of a century after Barlow’s speech, that ideal is in tatters. The internet is turning into a ‘splinternet’, fragmented into regional and national spheres. During the 2010s, governments started to find new ways to bring the internet under the thumb of nation states. Many authorities feared that their citizens’ data might be turned against their people or the state if allowed to flow beyond their borders. The first to understand this were authoritarian regimes. For those living in China, internet use is restricted by vast armies of censors – and by the ‘Great Firewall’, which blocks access to large chunks of the global network. Citizens in Iran, Syria, Turkey, Egypt, the Philippines and many other countries regularly have their internet access surveilled or blocked.43

More recently, this dynamic has spread to liberal democracies. In many cases, their reasoning is understandable. European data protection laws, namely the General Data Protection Regulation – which imposes a strict set of rules on how companies collect and use data – is perhaps the best example: a benign attempt to protect citizens’ digital rights, which nonetheless places hard limits on how easily data can spread across the world. Elsewhere, governments’ actions have a more authoritarian tinge. India’s national e-commerce policy, for example, argues that ‘the data of a country is best thought of as a … national asset, that the government holds in trust’ – a statement that Barlow would likely have been appalled by. The Indian government looks set to create restrictions on how data might be transferred out of the country, leading many technology companies to physically build ‘data farms’ – that is, giant warehouses of servers – in the country.44 This trend looks set to continue. In 2020, several foreign-owned applications, such as TikTok, were banned in India.

As a result, the internet looks increasingly localised, and far from the ‘global social space’ of Barlow’s era. Data protection laws are complicated, inconsistent and commonplace. One London law firm now summarises such rules in a handbook, running from Angola to Zimbabwe. It weighs in at a thumping 820 pages.45 In the decade leading up to 2016, the number of countries that introduced territorial rules around data nearly tripled, to 84.46

The story of the de-localisation and re-localisation of the internet is perhaps the neatest summary yet of the trajectory of the Exponential Age. Digital technologies have the potential to transcend national borders; but, as we have seen, they are just as likely to strengthen them. And that is especially true at a time when many global governments are turning back to nationalist politics.

All this poses a problem for policymakers. The institutions that guide global policy and security were built during an era in which it was assumed that locality was not only dead, but perhaps didn’t matter. From geopolitics to global economics, institutions like the IMF and the WTO have long been the missionaries of globalisation, establishing a template for what participation in the world economy would like. These assumptions seem out of place in a world of national self-sufficiency in energy and commodities, localised manufacturing, and cities of ever-growing importance.

As a result, we need creative responses to the growing divisions in the new world. Those between high-tech, rich and increasingly independent nations, and their poorer, less technologically advanced counterparts. And between growing liberal cities powered by Exponential Age technologies, and more conservative, less cosmopolitan national polities.

The first gap may be closed by an acknowledgement of the continued importance of international cooperation, for developed and developing countries alike. There remain challenges that can only be handled at a global scale, whether that be the threat of anthropogenic climate change, future pandemics or – as we will discover in the next chapter – cyber security. But if the basis for international teamwork isn’t trade, what can bring about that cooperation in practice?

One answer involves establishing what institutions are best equipped to tackle emerging global issues. We might create bodies that foster cooperation, to complement the global trade organisations of old. One such might be a World Data Organization – an idea advocated by the political scientist Ian Bremmer. Such organisations would need to adopt a different approach than the globalising institutions of yore like the IMF. A global data body could coordinate a consistent approach towards artificial intelligence, citizens’ data and intellectual property. It could keep data – needed for healthcare, industry, climate change and research – flowing between countries, even as digital walls go up.47 This might, at first, seem like an inadequate response to forces as significant as the re-localisation of supply chains. But keeping data flowing between borders – in the form of radical new inventions, or clever software patches – would help prevent economies falling into siloes. Even if production processes become local, that doesn’t mean the ideas underpinning production must too.

A similar goal – preventing re-localised economies resulting in new barriers between nations – might be achieved through ‘digital minilateralism’. That means the cooperation of small groups of nations on questions of how to regulate the digital world. One pioneering example of this is the Digital Nations group, founded in 2014 by a grab bag of countries, none of which even shared a border: Estonia, South Korea, Israel, New Zealand and the United Kingdom came together to cooperate on common digital projects, including developing principles of how artificial intelligence might be used by governments. Minilateral approaches benefit from being free of the sclerotic bureaucracy of universal organisations like the UN. Drawing as they do on a smaller pool of countries, minilateral organisations may be more agile and thus more able to make meaningful progress, according to Cambridge University researchers.48 For such an approach to close the exponential gap between rich countries and poor, it would need to invite many more players from the developing world to participate. But it does demonstrate that re-localised economies need not lead to isolationist, uncooperative nation states.

The second growing divide – the one between nation states and cities – needs similarly ambitious solutions. The growing economic, cultural and demographic power of cities requires recognition. Cities are often at the forefront of tackling problems caused by exponential technology. It was places like London that first had to contend with the sudden growth of gig-working platforms such as Uber. Barcelona was among the earliest to reckon with the explosion of digital accommodation marketplaces like Airbnb, and all the economic effects that brought. And, as we have seen, cities will be the engine of the Exponential Age economy.

The solution may be to develop more federal models of national politics, which give more power to regions and cities to manage their own affairs. They need the ability to attract people and regulate the quality of their citizens’ lives, by increasingly governing their own energy, resources and climate agendas. This might seem likely to exacerbate the rural-urban divide, but in fact it may help close it. Many of the divisions in our society result from cities and nations – which have vastly different economic interests and political outlooks – being tied together under a single, over-centralised government. Good examples of an effective, federalised approach to urban government are hard to find. However, many cities seem up for the challenge. Many municipal governments have recently started to work together to identify the shared policies they need. The C40 initiative brings mayors together to discuss climate change; the Mayors for a Guaranteed Income is a coalition of American cities advocating for universal basic income.

These forms of revitalised urban governance are deeply necessary. Exponential technologies take our apparently flattened two-dimensional world and, like a pop-up map, make valleys and peaks suddenly visible. And this is a terrain that our current institutional arrangements, from our approach to trade to how we think about local governance, are ill-equipped to deal with. We may find we have little choice but to accept the re-localising effects of new technologies; what we can do is mitigate the risk of this process leading us into an era of political and economic disorder.

But if we do find ourselves entering a newly disordered world, what will that mean for global conflict? As countries become increasingly economically independent, and tensions mount between urban and rural areas, it seems plausible that wars between and within countries will become more common. And, for better or worse, our approach to warfare is being disrupted just as dramatically as is our approach to geography.
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The New World Disorder

Toomas Hendrik Ilves had just returned from Moscow when the trouble began. The president of Estonia, Ilves had been visiting Russia to attend the funeral of the country’s former leader Boris Yeltsin. After several days’ travel and official duties, he might have hoped for some respite. But no sooner had he returned to his official residence in Tallinn than Estonia was plunged into crisis.

It was April 2007, and through the year tensions between Estonia’s Russian minority and the authorities had been growing. Ilves’s recently elected government had taken steps to relocate a Soviet-era statue away from the centre of Tallinn. The young nation, independent from 1991 after six decades of Soviet rule, was seeking to establish its cultural sovereignty. Yet to many Russians in Estonia, the decision to move the statue represented an assault on their heritage. Now riots had broken out in the capital. The president’s security detail feared for his safety, and he was whisked away to a farm outside the city as a precaution.

That was just the beginning. The next morning, deep in the countryside, Ilves found himself unable to log in to the government’s internet systems. The local newspaper website was offline too. His online bank was unresponsive. Eventually, Ilves tried some American websites, CNN and the New York Times. They loaded seamlessly. It was then that he realised what was going on.

Estonia had been hit by one of the most successful cyberattacks in history. These digital salvoes targeted the entire national infrastructure of the country. Shortly after the mob took to the streets, a wave of botnet and denial-of-service attacks targeted the media, banking and government services, taking them offline. Estonians were unable to withdraw cash from ATMs. Email services went down. Broadcasters were frozen out of their systems; trusted local news services fell silent. The attack was compounded by a coordinated wave of misinformation – pro-Russian hackers flooded news sites with fake news about the events as they were unfolding, adding an element of hysteria to an already fraught situation. The Estonian government, which led one of the most digitally connected countries in the world, was forced to pull the plug and disconnect the country from the global internet in order to end the attack.

To this day, it isn’t quite clear who exactly was culpable for the attack. Many government officials blamed the Kremlin – the attacks came from Russian IP addresses, and online instructions that directed the attack were in Russian. However, in the Exponential Age it is rarely straightforward to find a single culprit: the trail of evidence is too complex. One Estonian government official later told the BBC the attack ‘was orchestrated by the Kremlin, and malicious gangs then seized the opportunity to join in and do their own bit to attack Estonia’.1

Estonia is a member of NATO. An attack launched by tanks and aircraft would have triggered Article 5 of the NATO treaty, and members of the alliance would have flocked to Estonia’s aid. But faced with this very modern kind of warfare, the right response wasn’t so clear. The Estonian government considered invoking the article but lacked absolute proof that the attacks were from the Russian state. It was not clear whether Article 5 would, at that point, cover cyberattacks anyway.

But whoever was responsible, the attack changed the world. It demonstrated the power of this form of attack to governments globally. And it presaged what the future of conflict would look like.

As exponential technologies march forward, they bring with them two changes. Just as the price of computing has collapsed since the 1970s, so the cost of building certain types of weapons is declining precipitously. Computer viruses and other malicious codes are simply software – they are driven by the same price dynamics that give us better laptops and cheaper mobile phones. More nebulous forms of attack become more feasible too. In the twentieth century, for a state to orchestrate a wave of misinformation they would have had to infiltrate newspaper offices, radio and TV studios and broadcast transmitters. Today, it’s merely a matter of making malicious posts go viral on social media. Even in the physical world the cost of warfare is diminishing too. The price of military drones has declined by a factor of a thousand in a decade or so. All these forms of attack are cheaper than their twentieth-century predecessors – and none puts the attacker in the immediate line of fire.

While attackers have gained many new, often cheap, forms of offensive, defenders find themselves much more vulnerable. When few of us owned a computer, few of us could be targeted by some kind of internet ruse or cyberattack. As digital devices have proliferated, so too have our vulnerabilities. Every smart device you buy opens a potential security loophole. A Wi-Fi-connected colour-changing light bulb may be fun, but it may also be an appealing device for an attacker to latch on to. Businesses in all types of industries, including the critical infrastructures of healthcare and energy, are connected to the internet – and that makes them accessible to bad actors. Combine this with the growing number of people online, connected via misinformation-prone social networks, and you have a huge number of targets.

In security terms, these targets are collectively known as the ‘attack surface’ – the total number of vulnerabilities that can be exploited by a hostile actor. A medieval king in a castle, protected by a moat with a single drawbridge and facing archers, swordsmen and primitive ballistics, had a very limited attack surface, given the capabilities of his attackers. But as time went on, the attack surface expanded – because the weapons that could be used against it increased in number. The arrival of trebuchet and then cannons rendered the thick walls meaningless, and the development of aircraft made the height of the ramparts redundant. No one today would think of using a castle to defend from a modern assault. This, in short, is what the technologies of the Exponential Age are doing to the modern state, not to mention modern businesses. Our security systems look increasingly feeble, our attack surface ever more vulnerable, when set against new military technologies.

All of this leads to a classic exponential gap. The speed of technological change has created new opportunities for our adversaries. But the channels we might use to attenuate conflict, or the resources we can draw on to reduce the severity of attacks, have not kept up. On the one hand, methods and sites of attack proliferate. On the other, you have national security infrastructure forged iteratively over centuries. As defending ourselves becomes more complex, even the best militaries, which are mostly moving at a sluggish pace, struggle to adapt.

And the gap is not just between new forms of warfare and our existing defences. It also encompasses the norms and laws governing war zones. Over the centuries, we have established rules of engagement on the battlefield and between nations – from the Geneva Convention to the Treaty on the Non-Proliferation of Nuclear Weapons. Digital warfare will require similar protocols. What are the rules governing an army of malicious hackers? Or the way a hoard of drones interacts with citizens? Away from the physical battlefield, can countries respond to a cyberattack with a bombing raid? Would it be reasonable to respond to a wave of misinformation marshalled by an opponent with a wave of missiles?

All this uncertainty comes against a backdrop of growing political instability, both between and within countries. As we saw in the last chapter, the world is getting spikier. New technologies lend themselves to localised production and less global trade. And less trade might mean more conflict. Writing in 1848, the British liberal philosopher John Stuart Mill characterised ‘the great extent and rapid increase of international trade’ as ‘the principal guarantee of the peace of the world’.2 This has long been a controversial idea – the century that followed Mill’s statement was defined by unprecedented levels of global trade and culminated in the two biggest conflagrations in human history. But, in general, the principle holds. When nations trade, they become economically interdependent. Conflict becomes an inconvenience – it would get in the way of business.

In one dizzyingly enormous study by the Asian Development Bank, researchers analysed hundreds of thousands of conflicts between 1950 and 2000 and concluded that ‘an increase in bilateral trade interdependence and global trade openness significantly reduces the probability of military conflict between countries’.3 Unsurprisingly, then, the turn against globalisation may well lead to greater conflict between nations. One 2010 estimate by a three-decade veteran of the Central Intelligence Agency suggested that deglobalisation might raise the risk of war for any given country in the subsequent 25 years by more than a factor of six.4

At the same time, conflicts within nations are becoming more commonplace. This dynamic long predates the moment in the 2010s when we tipped into the Exponential Age. Writing in the 1990s, the academic Mary Kaldor coined the term ‘new wars’ to describe conflicts after the fall of the Soviet Union. For most of the late twentieth century, wars had been fought between states and their proxies, probably over ideological disputes – namely that between communism and capitalism. The objective was to weaken an enemy state rather than to target its population. Since the 1990s, however, the nature of war has become more fragmented. New wars are led by non-state actors, who are often driven by religious and cultural identities as much as by ideology. Citizens are viewed as a legitimate target. And these conflicts are more likely to unfold within countries than between them. Think of the interethnic conflicts in 1990s Yugoslavia, or the rise of Islamic fundamentalist forces like ISIS.5

As we charge further into the Exponential Age, new wars have become even more common. By 2018, the number of non-state conflicts tracked by the Uppsala Conflict Data Program exceeded 70, more than double the number a decade earlier.6 It would be excessive to say that exponential technologies have caused this shift. But Exponential Age trends have no doubt contributed. Growing urban-rural divides, the increasing weakness of intergovernmental bodies, and the declining cost of military technology have all drawn non-state actors into the fray.

As a result, the next few decades could be an era of grinding, constant conflict. Nations’ ability to defend themselves will look increasingly flimsy, just as our economic and political order becomes more unstable. Sir Richard Barrons – former commander of the British Joint Forces Command, who undertook tours of duty in Northern Ireland, Kosovo, Iraq and Afghanistan – once explained the scale of the problem to me. ‘Many of the things we set great store by, certainly in the arena of conflict,’ he said, ‘are being literally blown away by the way technology is changing how war is fought.’7

In 1981, the Israeli Air Force’s Colonel Ze’ev Raz led a formation of eight F-16 fighters on a secretive mission to Iraq. On 7 June, his squadron of small manoeuvrable planes – designed mostly for dogfighting but on this occasion heavily laden with Vietnam-era gravity bombs – took off from Etzion Airbase on the Sinai Peninsula.8 Before them lay a three-hour, 3,200-kilometre round trip which would reach the very limits of the planes’ operational range.

As they flew over hostile airspace, they were forced to masquerade as Jordanian and Saudi planes to avoid local air defences.9 Their target? The Osirak nuclear reactor – part of Saddam Hussein’s programme to develop nuclear weapons. For all the risk borne by the airmen, the bigger risk was the potential of nuclear escalation in the region and, in the view of the pilots, the threat posed to the existence of their home nation.

Operation Opera was both expensive and risky. The aircraft, supported by escort fighters and refuelling tankers, each cost tens of thousands of dollars an hour to run. The planes were worth millions of dollars apiece. The whole operation could have gone disastrously wrong. And if it had gone even slightly akimbo, the Israelis may have had to contend with one of their airmen getting trapped deep in Iraqi territory.10

However, the mission proved an unqualified success. Raz and his team delivered 16 tons of explosives onto the hardened concrete shell protecting the reactor in under 90 seconds. It was obliterated and, with it, so were Hussein’s nuclear weapons ambitions.

Fast-forward four decades and the Israeli state is still concerned about nuclear proliferation in nearby nations – but today their focus is no longer on Iraq. Since the turn of the millennium, Iran has harboured ambitions to develop nuclear weapons. And in the Exponential Age, Israel’s responses have taken a different form.

The Natanz nuclear site is an industrial complex a few hundred miles south of Tehran, used to enrich uranium. Starting in early 2010, the site suffered a series of perplexing mishaps – around 1,000 centrifuges, a tenth of the site’s contingent, were destroyed. But the perpetrator was not a squadron of Israel’s feared top guns and their 20-ton aircraft. It was Stuxnet, a piece of malicious software code. The bug had buried into Iranian firms’ networks for a few days before arriving in Natanz. Designed specifically to target the software running on electronics made by the German firm Siemens, Stuxnet spent a month gently tampering with the operation of Iran’s computers. The goal was to damage the delicate centrifuges that were being used to purify uranium for military use.11

The effects went far beyond the digital world, destroying much of Iran’s nuclear capabilities. And it all happened without a ‘kinetic’ attack – that is, lobbing a bomb at an enemy. While nobody has ever officially claimed responsibility for Stuxnet, it has been widely alleged to be a joint creation of the Israeli and US governments.12

All states have vulnerabilities similar to the Natanz nuclear site. Today, everything has – or will soon have – a digital interface, probably connected to the internet. One effect of this transformation is to increase the number of attack surfaces within governments – be they nuclear reactors or military databases. But the shift affects civilians too. Millions of civilian-targeted cyberattacks happen every day; and 96 per cent of businesses in Britain suffered a damaging cyberattack in 2019.13 Data leaks are one of the most common consequences of cyberattacks – personal and customer data can be sold on the black market, or used to compromise more computer systems. In 2020, more than 37 billion data records were leaked worldwide, a 46-fold increase on five years previously. Three in five of such breaches, about six a day, occurred within the United States.14 This is a change we are ill-equipped for – whereas most of us still worry about whether we remembered to lock the front door, few of us have the ability to take even basic measures to protect ourselves from cyberattacks.

For every new attack surface, there is a new attack method. Nicole Eagan, CEO of cyber security company Darktrace, told me about the case of an unsuspecting corporate exec who found the computer in his swanky electric car had been used to transmit information to a malfeasant. The car had been charging in the company car park; in the process, it connected to the company’s Wi-Fi and sent data about its owner’s driving habits to the manufacturer. This internet link was enough for the car’s data to be hacked. Some days later, the attack was repeated on a different car in a different city.15 In other cases, hackers have found ways of ‘spoofing’ global positioning systems, to convince ships’ systems that they are thousands of miles from where they are – useful if you want to disrupt global flows of trade.16

And while those attacks on civilian networks seem relatively minor, others have been catastrophic. In 2017, a group of Russian agents – known collectively as Sandworm – launched an operation to debilitate Ukraine’s banking system. They released a piece of malevolent software, or ‘malware’, into the servers of Linkos Group, a Ukrainian software company. Linkos regularly sent updates of its software over the internet to companies all over Ukraine. It was a perfect place to inject malware and hit the country’s computer infrastructure.

In that, the attackers were successful. But thanks to the global connectedness of the internet, the effects were felt elsewhere too. Within a few hours, the malware ‘NotPetya’ had debilitated hospitals in the US and a factory in Tasmania. It would ultimately spread to PCs in 65 countries.17 Some of the most badly hit victims were global companies: Maersk, the Danish shipping giant; Mondelez, the world’s eleventh-largest food company; and RB, the household products titan. The disruption caused billions of dollars of damage – by some estimates as much as $10 billion.

This proliferation of digital attack targets and methods is fundamentally changing the face of contemporary warfare. It is bringing new and unexpected actors into international military conflicts. Take North Korea. For all of the bluster of Kim Jong-un’s regime, the country’s politics have historically been relatively insular – while the government is fond of its military parades, its involvement in international conflicts has generally been limited. It certainly hasn’t been able to afford many physical operations beyond its own borders.

But that is changing fast. The North Korean cyber army included anywhere between 5,000 and 7,000 troops as of 2016 – all under the direct command of leader Kim Jong-un.18 The importance of this organisation lies not only in its attempts to disrupt South Korean infrastructure, but in its involvement in illegal state activities. The North Korean cyber force has drawn blood with online scams, fraud and attacks on online banks and cryptocurrency exchanges.19 International organised crime and cyber warfare are thought to have fuelled the growth in North Korea’s GDP since 2015.20 A UN report estimated that North Korean cyber experts have illegally ‘raised’ up to $2 billion for the country’s weapons programs. This is a much cheaper form of extraterritorial activity than the traditional modes of warfare – which involve sending troops to the other side of the world. All the North Koreans need to wreak havoc is a computer and a talented hacker.

This dynamic means many relatively poor nations can have a disproportionately impactful foreign policy. In 2012, a particularly malevolent virus, Shamoon, struck oil and gas services across Qatar, the UAE and, in particular, Saudi Arabia. The hard disks of more than 30,000 computers were rendered inoperable.21 The attack wiped out the drilling and production data of the Saudi state oil company Aramco, and hit its offices in Europe, the US and Asia. It took the company almost two weeks to restore its network.

Security researchers traced the virus’s origin to APT33, a hacker group closely associated with the Iranian government. The country’s use of cyberattackers is characteristic: the Iranian regime has long favoured foreign policy exploits that are cost-effective and deniable.22 Iran’s military spending is lower than its three main rivals, Israel, Turkey and Saudi Arabia – but cyberspace gives them an opportunity to level up. Hackers give the Iranian government an edge, and it is one they are keen to exploit.

All this means we are entering a different world of conflict: one with radically new targets, forms of attack and hostile actors. But most of the ways we conceptualise warfare and defend ourselves remain distinctly twentieth-century. These new methods of offense don’t map neatly on to our traditional conceptions of sovereignty and war and peace, developed over centuries. The Treaty of Westphalia of 1648 gave birth to the principle that the world was divided into sovereign nations with clear borders. The Geneva Conventions of 1929 and 1949 helped determine what was and was not a legitimate target for military conflict. None of these treaties are equipped to regulate a world in which thousands of actors seek to wreak havoc through digital subterfuge without any official acknowledgement of war.

Sandworm, for example, is a shadowy entity – allegedly part of Russia’s Main Intelligence Directorate, better known as the GRU.23 They were the group behind NotPetya – and are also likely behind Russia’s meddling in American elections, the downing of a Malaysian plane flying from Amsterdam to Kuala Lumpur which killed 300 passengers,24 and the use of a nerve agent in a failed assassination attempt in the UK in 2018. But while sometimes they have clear strategic objectives, at other points their only goal seems to be chaos. In the words of journalist Andy Greenberg, an expert on Sandworm, they are part of a ‘reckless, callous military agency [acting] like cutthroat mercenaries’.25 Sandworm had no real interest in Danish shipper Maersk or indeed any of the many Russian companies downed by NotPetya. It merely sought to create disorder in Ukraine. To do so, it exploited holes in the Microsoft operating system, a piece of software written by an American firm with a global footprint. So was this an act of war against Denmark or the US? It’s hard to say.

The inadequacy of our rules-based order is compounded by the inadequacy of existing forms of national defence. Maersk, one of the shining jewels of Danish business, was crippled by Sandworm’s cyberattack. All 49,000 of the company’s laptops were destroyed in the attack, and more than 1,000 business applications were ruined – all in the seven minutes it took the virus to propagate inside the firm.26 But the Danish state could do little to help the company; in the end it was the company’s own IT staff, not the military or police, who stopped the attack. Likewise, when the virus WannaCry spread across the globe in 2017, it was two private security researchers who came to the rescue – teaming up with the American firm Cloudflare to disable the attack.27

These are not exceptional cases. Most nations’ cyber defences remain feeble. The US military formed its Cyber Command in 2010, two years after classified information in the Department of Defense was compromised, and three years after the savage Russian cyberattack on Estonia. Yet it was not until 2018 that Washington adopted a principle of ‘defending forward’ – an approach that allowed its digital soldiers to mount offensive operations. Britain only launched its own National Cyber Force – an amalgam of its military, top spies, codebreakers and defence scientists – in 2020.28 So far, these defensive capabilities have proven to be limited. In 2020, the American government realised that SolarWinds, a technology firm popular among government departments, had been the victim of a cyberattack that had gone undetected for months. Foreign hackers had been spying on private companies and departments like the US Treasury and the Department of Homeland Security. They were able to access tens of thousands of systems for months on end.29

Never have nations looked so incapable of defending their national interests. And never have outlaws, acting on their own or at the behest of a state, appeared so powerful.

Veles, in North Macedonia, seems like an unremarkable place. A city of fewer than 50,000 inhabitants, it lies nestled in the hills some 60 kilometres (37 miles) to the south-east of Skopje, the country’s capital. And though it hosts a handful of beautiful churches and the odd tourist, Veles has, for most of its history, done little to capture the imagination of the global public.

That all changed in 2016, when the press began to report on a booming new industry in Veles: fake news factories. In the run-up to the US presidential election of 2016, this tiny, decaying town became home to 140 websites focusing on American politics – most of them aggressively pro-Trump. Local teens were enlisted to conjure up or rewrite right-wing news stories, which were then published on social media. These stories were wildly popular, with some garnering hundreds of thousands of shares on Facebook. They were profitable too. One website owner was reportedly soon making upwards of $2,000 per day from online advertising.30

Those in Veles had little understanding of US politics. In many cases, they knew nothing about the topics they wrote about. But not only were they able to report on US politics; they were able present their analyses to millions of people.

The phenomenon of viral misinformation, sometimes created by state actors, is another manifestation of the growing number of attack surfaces in the Exponential Age. Of course, the use of information operations to motivate an army or dispirit the opposition is as old as the hills. Muhammad Saeed al-Sahhaf, the Iraqi diplomat, earned the moniker ‘Comical Ali’ for appearing on live TV in 2003 to claim victory for Saddam Hussein’s forces – almost immediately before Baghdad fell to American troops. But in the Exponential Age, misinformation has become much easier to produce. And for this misinformation to achieve its aim, it doesn’t need a skilled hacker or any complex code. It just needs members of the global public to believe it.

A decade before the 2016 US election, the idea of computational propaganda that could influence national politics seemed fanciful. Governments that managed to control the flow of information through their countries, like the Chinese, did so through gargantuan efforts, and only within their borders. The firm I founded, PeerIndex, analysed flows of content across Twitter and Facebook for several years between 2009 and its sale in 2014. In those early years, we had to deal with very little coordinated misinformation. Automated social media accounts (known as ‘bots’) were common nuisances, usually programmed to amplify commercial scams for vitamins or erectile dysfunction treatments. But they posed little real threat. We built simple systems to detect and ignore them.

But by the time I had sold my company, the situation had started to change. By 2014, viral misinformation was a small but tangible problem. From there on in, the problem grew rapidly. According to a study from the Massachusetts Institute of Technology, the number of English-language tweets that made false claims on Twitter rose from almost negligible levels in 2012 to become a significant threat by 2016. In that period, the number of false claims increased by a factor of 30. Falsehoods, the study found, spread across the network six times faster than the truth.31

The technologies of the Exponential Age make the spread of misinformation much more likely. Anyone can create a website, and anyone can post content to it. It is incredibly cheap to create networks of automated social media accounts to amplify messages. Social networks are fertile ground: content flows freely, without the steady hand of an editor or fact checker. The platforms themselves reward content that disgusts, shocks or delights. And where online platforms use algorithms to recommend content, they do so in ways that often amplify pre-existing beliefs (a phenomenon we’ll explore in the next chapter). In short, an unhealthy combination of exponential forces – new information networks, viral network effects and AI – combine to help lies spread.

And that means fake news is everywhere. In 2019, a survey of citizens in 25 countries found that more than 4 in 5 thought they had been exposed to fake news. Nearly 9 out of 10 of those had initially thought a fake news story was real (your author is in that majority).32 Nearly half of Turks and more than 30 per cent of Koreans, Brazilians and Mexicans say they are exposed to fake news on a weekly basis.33 During the 2020 US election, social networks became breeding grounds for malevolent actors fomenting conspiracies about vaccines or the origins of Covid-19 – bolstered by the increasingly erratic tweets of the then president Donald Trump.

Some of this fake news is created purely for profit – think of that $2,000-a-day website owner. But much is orchestrated by nation states seeking an advantage over an adversary – it is used as a form of attack. It is this characteristic that makes some misinformation not just a nuisance but a type of hostile military action. And this category of misinformation is increasingly common. In 2017, Oxford University researchers found evidence that 28 countries had undertaken some form of online disinformation operation. By 2019, this number had risen to 70.34 Russia topped the league table, responsible for 72 per cent of all foreign disinformation operations between 2013 and 2019.35 But the Chinese have taken a leaf out of the Kremlin’s playbook, rolling out large-scale misinformation operations in the Asia-Pacific. In 2020, Facebook announced that it had uncovered a Chinese misinformation campaign in the Philippines, which seemed to have been designed to promote pro-China politicians.36 Countries like Thailand, Iran, Saudi Arabia and Cuba have also been accused of creating networks of misinformation.37 When used by states in this manner, misinformation becomes disinformation – that is, information that is actively malicious rather than merely inaccurate.

These disinformation campaigns can have a troubling real-world impact. In 2016, Russian internet trolls were able to organise a protest and counter-protest in Houston, Texas. More than 60 people showed up – not the instigators, though, who were sat at their computers thousands of miles away.38 But the consequences can be much more harmful than the odd small protest. The World Health Organization described the ‘infodemic’ that was accompanying the Covid-19 pandemic in Iran, where 700 people may have died from methanol poisoning following online rumours encouraging them to drink the substance to rid themselves of the virus.39 In the UK, dozens of telecoms engineers upgrading mobile phone networks have received death threats because of a cockamamie theory that 5G masts spread the virus.40 And in the US, hostile state actors – particularly Russian ones – mounted concerted campaigns seeking to weaken America’s response to the pandemic. Tactics emphasised ‘weaponising’ pre-existing divisions in the US.41 The goal? To delegitimise efforts to control the spread of the disease and the subsequent vaccination programme.42

But if exponential technologies were one catalyst of the misinformation boom, another was the inability of states to effectively counter lies online. Governments have been startlingly late in taking responsibility for combating misinformation. Only in 2018 did the UK government begin to set up a national security unit to tackle disinformation, and even then they were criticised for the slowness with which they proposed to do so.43 Meanwhile the US had, by the end of 2020, no coordinated counter-disinformation strategy steered by any branch of government.44

But if you think this means the future of conflict will be wholly online, you would be mistaken. Disinformation may soften an adversary, sowing doubt in the population; cyberattacks may weaken the day-to-day operations of their economy. But if that doesn’t achieve your objective, killing their soldiers might. Some of the most rapid exponential changes in conflict have come about on the physical battlefield.

Perhaps the best example is drone technology – pilotless aircraft controlled by soldiers from a remote location. The rise of drones might, at first, seem like a wholly different force to the growth of cyberattacks and disinformation. Viewed more broadly, however, we can see how drone warfare intertwines with and compounds other forms of attack.

War has long been fought simultaneously on multiple fronts: today, disinformation and cyberattacks tenderise an adversary, then a drone attack masticates them. In all cases, the steeply declining prices of weaponry catalyse conflict – drawing ever more actors into a digital or physical battlefield. The result is a more multifaceted form of warfare than ever, fought simultaneously in private forums, in public life and in the streets. It’s new wars on steroids.

The story begins in the early 2000s. Until 9/11, drones played a limited role in military exercises. But as the War on Terror got underway, the CIA started to use them to hunt down the leaders of al-Qaeda in Afghanistan, Pakistan and Yemen. And over the next few years, their uses escalated. The US military’s Predator drone is now a ubiquitous and controversial force across the Middle East. President Obama used them extensively, launching his first drone strike three days into his presidency in 2009. By the time he left office, the US had launched 542 drone attacks, one for every eight days Obama spent in the Oval Office. Those strikes killed 3,797 people – a little under a tenth of those were civilians.45

But this technology is no longer the preserve of the US military. Drones have been getting cheaper, thanks – as ever – to the rapidly changing nature of the underlying technology. The consumer drone industry (the force behind those ‘quadcopters’ that blight quiet strolls on the beach) has developed rapidly, riding the exponential curve of advances in microchips, batteries, robotics and AI. Starting in the early 2000s, radio-controlled aircraft gradually became easier to use, more reliable and quieter, thanks to the development of lithium-polymer batteries and brushless electric motors. Next came drones loaded with chips, which allowed hobbyists to tool them up with autopilot systems. Then came accelerometers, which test for changes in an object’s speed: as these dropped in price, they were integrated into drones. Much of this was down to the development of smartphones. Accelerometers were developing quickly because they were used as smartphone tilt sensors; minuscule Wi-Fi chips and camera sensors were being made more cheaply for smartphone use too.46

The result was a precipitous decrease in the price of drone technology. By the beginning of the 2020s, drones were cheap enough to be used in lieu of fireworks for public events – hundreds of little aircraft carrying many-hued lamps, choreographed by programmers. Many rich countries used these advances to build ever more sophisticated, ever more expensive materiel. A 1990s classic of military aerial surveillance, the MQ-1 Predator combat drone, cost $20 million per system unit (about $34 million in 2019 terms);47 whereas the Global Hawk drone downed by the Iranian military in 2019 cost $130 million.48 But other countries took advantage of exponential improvements in the core technologies to build drones on the cheap. The Turkish Bayraktar TB2, launched in 2014, is on the market for around $5 million.49

Along the way, these cheaper drones brought wholly new actors into military conflicts – battlefield warfare became affordable to any number of terrorist groups and small states. Military drones represent the inverse of traditional flagship military technologies – the ballistic missiles, nuclear weapons, aircraft carriers and stealth fighters that remain the privilege of a handful of rich nations with mature defence industries. Increasingly, anyone can build a drone army. In a 2018 attack, the Kurdistan Workers’ Party (PKK) targeted several Turkish government locations with drones that anyone could buy on Amazon for under $300, having packed them with explosives.50 Then, in 2019, Houthi rebels from Yemen launched drone attacks against the world’s largest oil processing facility in Saudi Arabia, stopping about half of the kingdom’s output for a day.51 In the language of military theory, the development of drones has driven an increase in ‘asymmetric’ conflict – between powerful, well-established actors like nation states, and upstart combatants with fewer resources.

Conflicts between nation states have also been exacerbated by drone warfare. When fighting broke out in the Nagorno-Karabakh region between Armenia and Azerbaijan in late 2020, drones were used on both sides. A regional proxy war involving Russia, Turkey, Israel and some Gulf nations, the conflict became a showcase of the latest drone technology. Thanks to its close links to Turkey and Israel, Azerbaijan was able to unleash a fleet of advanced drones on the battlefield, which ultimately gave it the upper hand. Such drones allowed Azerbaijani forces to penetrate deep into Armenian territory and wreak havoc on their supply lines.52 The Armenians lost more than 185 tanks and hundreds of other pieces of heavy military equipment – more than half its materiel at the start of the conflict. There was a human cost too. Azerbaijan took to launching kamikaze drones against Armenian soldiers, leading to, in the words of one US-based military analyst, ‘very heavy human losses’.53 This conflict was a turning point, sparking a realisation that the men-and-materiel approach of the twentieth century was vulnerable to low-cost exponential technologies. Within weeks, the UK’s Ministry of Defence had turned its attention to buying cheaper armed drones.54

But the issue is not just how cheap they are. Drones are more agile than many types of regular weapons. They can be launched from relatively low-key locations and can access hard-to-reach areas. The Chinese military has tested launching swarms from a light tactical vehicle and from a helicopter, for example.55 As agile reconnaissance tools, meanwhile, drones will improve accuracy, resulting in fewer wasted warheads. Acting as decoys, swarms could even confuse enemy radars and lure their forces away.56 Such weapons arguably also make illegal forms of warfare more likely, should any nation have the appetite to break international law. Take chemical warfare: instead of carrying large loads of a chemical or biological agent and spraying it en masse, drones can target specific vulnerabilities, such as the lead vehicle of a convoy or the home and garden of a target.57 In theory, only a rogue state would ever consider such a method; but the increased reliability and precision of chemical warfare may prove a mite too tempting for some nations.

What is most concerning is that the exponential transformation of drones is still in progress – meaning it is hard to guess where this technology will end up. Human-controlled drones are the first step towards ‘autonomous systems’. Increasingly, militaries and paramilitaries are looking into weapons that can engage the enemy without human intervention. Autonomy is a continuum, not a binary. The US Tomahawk missile has been in use for over 30 years; it can navigate by itself with no GPS, and maintain accuracies of under a metre.58 It has some autonomy but is not fully autonomous: the human is still in the loop to ‘tell’ the computer what to hit and when. However, fully autonomous drones may be possible. And the Israeli-developed drones Harpy and Harop are often cited as autonomous weapons that are already in use. Harpy uses electromagnetic sensors to search for pre-specified targets; its follow-on system, Harop, uses visual and infrared sensors to hunt those targets.

The development of facial recognition and computer vision will further add to the power of such technology on the battlefield. A commercial drone not even intended for military use, the Skydio R1, uses a cutting-edge computer vision system to recognise and track its owner autonomously. Thirteen on-board cameras do real-time mapping, path planning and obstacle avoidance.59 It sells for less than $2,500. Such drones, with high degrees of autonomy, are more and more commonplace. In 2017, the Stockholm International Peace Research Institute analysed 154 weapons systems with automated-targeting capabilities and concluded that more than one-third could select targets and attack without human intervention.60

In the near future, autonomous systems could support warfare by undertaking thousands of complex and coordinated actions in a faster and more agile manner than humans. Communication delays, currently an inevitability as drones are constantly communicating with human-staffed command centres, could be a thing of the past. With synchronised, sensor-equipped drones, each machine carrying a computer on board, this would no longer pose a risk.61 At its most extreme, this could lead to a fully autonomous weapons system, which could make its own decisions about whether, who, when and how to attack. Humans might roughly outline the battlefield, the objectives, the nature of the adversary and the rules of engagement. But the machine would pull the trigger, deciding whether someone is an enemy or not; whether to fire or not; whether to kill or merely disable them.

One need not have read much sci-fi to know that this feels a little dystopian. All of the current norms and regulations surrounding war are rooted in an assumption that humans are in absolute control. The International Criminal Court is set up to investigate war crimes allegations made against individuals such as politicians or militia leaders.62 The Nuremberg tribunals affirmed the importance of human responsibility and the culpability of individuals. Legal experts argue there is a lack of clarity surrounding how courts might deal with crimes arising from the use of autonomous or semi-autonomous weapons. There is, in the words of one recent paper on the subject, a ‘responsibility gap’.63 Humans, presumably, are ultimately liable – but which ones? The engineers or the programmers? The generals or the politicians? And what if the machines are autonomous, provided with general directives but not specific missions? In the absence of a Geneva Convention for an age of autonomous warfare, the answers remain unclear.

The exponential world is disordered. More actors have more methods with which to strike larger attack surfaces. In this world, war is cheap – in financial and human terms. Unlike Colonel Raz and his F-16 pilots heading into Iraq, a malicious social media campaign that riles an opponent’s citizens puts no soldiers at risk. And the results can be varied, and disorientating: ranging from nuisance-level misinformation to meticulously planned disinformation campaigns; from cyberattacks against power and water infrastructures to drone-borne explosive attacks. Perhaps all foreshadowing a full-blown war.

At the same time, our political order is tending towards instability – it is hard to predict what effect the re-localisation of global society will have on warfare, but it seems unlikely the outcome will be peaceful. Combined with new technology, this trend looks set to turn the Exponential Age into one of apparently never-ending conflict – where any low-level scuffle could escalate into something more disastrous. The mischievous needling of small-scale cyberattacks, the disruptive potential of long-term disinformation campaigns, and savage, coordinated cyber warfare are all part of the same ecosystem. And citizens and businesses, as much as politicians and armies, will be on the front line.

What can we do to escape this world of fragmentary, high-tech conflict? Since Thomas Hobbes’s Leviathan, published in 1651, scholars have often argued that the first duty of the state is to protect its citizens from violence. If states can’t prevent their citizens being targeted by Exponential Age weapons, they are failing in their most fundamental obligations. And so it falls to states to resolve the escalating conflicts of the Exponential Age.

There are three ways they can do so. First, states need to strengthen their defences across their entire attack surface – undertrained militaries, insecure office computers, gullible citizens. Second, they must establish new norms surrounding communication and escalation. Third, they must work to reduce the proliferation of attack surfaces and weapons.

Let’s take these one by one. Western states’ defences against the possibilities of high-tech attacks are often weak. They are like castles without moats – or castles in an age of helicopter gunships that can fly over walls. But with the right investments, they could build moats (or anti-aircraft guns). On one level, that involves a rebalancing of the priorities of the military. It takes the realisation that expensive planes – like America’s Lockheed F-35 fighter, which will cost nearly $2 trillion over its life – are no match for cyberattacks: and that cyberattacks are a real threat. And so, in many cases, investment should go elsewhere.

This is something that many nations are gradually realising. In March 2020, the US Department of Defense updated Congress on its aforementioned policy of ‘defending forward’.64 Their strategy involved a more active approach to protecting US national interests in cyberspace, by strengthening the role of Cyber Command within the Department of Defense.65

But boosting national defences will not just involve defending state security infrastructure. Much of the digital infrastructure of the twenty-first century is owned and run by private companies. This means that the sites of attack are privately controlled; and it means that identifying, responding to and recovering from an attack will often fall to private corporations. When al-Qaeda operatives attacked New York and Washington in September 2001, it fell to the US military to respond. When Maersk and Mondelez were hit by cyberattacks almost two decades later, it was corporations that mounted the first defences.

We might boost the security of these nation-sized companies by increasing their public accountability. When it comes to countering cyberattacks, massive companies do not have a seat at any formal decision-making table, nor clear ways to be held responsible for what happens on their platforms. Many of these firms take their security obligations seriously nonetheless. Microsoft, for example, has embraced its newfound role in preventing malicious attacks with an initiative called the ‘Digital Geneva Convention’, which is designed to protect civilians from cyberattacks. Similar to the Geneva Convention, which offers protections for civilians, prisoners of war and the natural environment during times of conflict, the Digital Geneva Convention aims to engage both governments and private companies as guardians of civilian security. Governments might develop a similar but broader system, laying out the obligations of private companies that operate digital infrastructure.

And then there’s the biggest attack surface of all: every single one of us. Any of us could fall for a phishing attack, or accidentally turn our home into part of a botnet, or find ourselves doubting scientific evidence and refusing to take a vaccine. As the retired general Richard Barrons told me, many in the West are ‘strategic snowflakes’. ‘Our daily life is enormously fragile,’ he says.66 The solution is digital literacy: the set of skills that enables citizens to operate safely in the digital world. An important feature of this is digital hygiene – making sure your passwords aren’t ‘password’, knowing how to clean up old accounts, turning on multi-factor authentication and being able to identify a phishing scam. At the same time, citizens need training on how to function in a world of digital media. That often rests on media literacy, the idea that citizens should think critically about the memes and messages they come across, whether on the internet or in print.

One nation leading the way here is Finland. Just a short ferry ride over the Barents Sea from Estonia, and sharing a land border with Russia, the Finnish state is perhaps understandably mindful of the perils of misinformation. Here, a partnership across the public and private sectors emphasises a coherent response to disinformation – particularly that of Russian source. The programme, launched in 2015, was developed by the president, Sauli Niinistö.67 Critical thinking skills form part of high school curricula, as well as later adult education.68 Children even take classes on how to recognise fake news. A second country leading the way is Taiwan, similarly dwarfed by an often-hostile neighbouring state. Many of Taiwan’s policies are geared towards the threat posed by China, and their misinformation strategy is no exception. Taiwan’s digital minister, Audrey Tang, told me that they ‘teach media competence, meaning that instead of being just readers and viewers of data and journalism, everybody is essentially a producer of data and narratives’.69 It’s a lesson that many in the West would do well to heed.

Stronger defences can make foreign attacks less effective and more expensive. But they aren’t sufficient in isolation. Defence is fundamentally reactive – it cannot prevent attacks happening, at least not directly. And so a second area of improvement relates to de-escalation. How can nations make sure they are communicating in a way that reduces the likelihood of attacking each other in the first place? And if attacks do begin, how can leaders stop them spiralling out of control?

In both cases, we can learn from the experience of the Cold War. While there were some fraught moments, the twentieth century did not, fortunately enough, end with nuclear oblivion. And this was in part down to the communication and de-escalation tactics adopted by some of the more sensible officials in Washington and Moscow. For one thing, the two superpowers ultimately learnt to interact effectively. After the Cuban missile crisis in 1962, the United States and Soviet Union established a hotline – the famous ‘red telephone’ – so the superpowers’ leaders could talk to each other directly. It was an important measure in building trust between the two rivals, particularly at times when a small miscommunication could spell disaster. Policymakers might build a similar network of communication fit for the digital age. As NotPetya showed, cyberattacks are messy – they hit their target but also much else besides, travelling rapidly across our global information networks. This ubiquitous digital fallout can sow confusion about what the real target was, and increase the likelihood of escalation. Better lines of communication would mitigate this risk.

There is also a dire need for new rules of engagement and methods of escalation and de-escalation. Cyber conflict remains a young domain, and the rules are evolving at different rates among different adversaries.70 If nations increasingly ‘defend forward’ as the US has started to do, the chances of misunderstandings or conflagration increase. Again, the less hawkish policymakers of the Cold War hint at a way forward. By the end of the Cold War there were clear norms and doctrines in place, designed to prevent conflicts escalating accidentally. Clear, unambiguous lines were drawn. For example, NATO’s Article 5 was designed to be a hard trigger: any attack on a NATO member was deemed to be an attack on all. Such lines have become blurred during the Exponential Age. It was not until 2019 that NATO started to officially consider whether a serious cyberattack would call for the collective defence enshrined in Article 5.71

And then there is non-proliferation. Through formal or informal means, we may be able to make certain forms of attack unacceptable – either by law or by convention. We have pulled this off before. Chemical and biological weapons, banned internationally in 1925, remain rarely used – even by states that are fond of cocking a snook at the rules-based international order. Landmines have become increasingly rare since a treaty of 1997, cluster bombs since a treaty of 2008. In many cases, such treaties work because they compel private companies, such as arms makers, to stop manufacturing certain classes of weapons. This means they cannot fall into the hands of non-state actors, as well as national armies.

What would a set of non-proliferation treaties fit for the digital age look like? We might start by taking on hacking. In 2021, the CyberPeace Institute called for preventative action against commercially available hacking software – memorably termed ‘intrusion as a service’.72 Here too, a key goal would be to ban private companies from developing malicious software. Take the NSO Group, a private firm which develops software purportedly used as spyware by malicious actors.73 Their blockbuster product is Pegasus, which allegedly targets individuals’ phones and then takes them over. So far, dozens of journalists and activists around the world allege that Pegasus has been used to spy on them.74

Looking to the future, we need to develop a legal framework to govern the use of autonomous weapons. Today, only a small minority of countries have advocated a complete ban. But there is a wider consensus that autonomy cannot be limitless – and ‘human control’ must remain an important aspect of weapons design, operation and governance.75 Work is needed – and fast – to establish new rules that keep pace with the technological acceleration of our weaponry.

At the time of writing, many of these policies feel out of reach. It is not just rogue states and terrorist groups who are drawn to the methods of exponential warfare. We’ve seen how the US military came to depend on drone strikes during Barack Obama’s presidency. And, as the example of Stuxnet shows, cyberattacks can be a helpful weapon in the arsenal of rich nations. It is hard to call for a moratorium of a particular tactic when you yourself engage in it with aplomb.

But inaction is not an option. Exponential technologies will drive further conflict, both by eroding our international order and making warfare more viable. Today, everything is a potential attack surface, and everyone needs to know how to defend themselves. At the same time, malicious actors have new tools to wage the oldest kind of bloody war in the physical world. Without new systems of defence and de-escalation, the world risks becoming a sprawling, messy battlefield.

The talk of national defence, however, raises further questions about life at home. The primary goal of any sovereign nation is to protect its citizens from violent threats so they can have safe and fulfilling lives. But conflict is only one of the threats to that sense of fulfilment. Other areas of our lives – the relationship between consumer and market, citizen and society – are also being unsettled by exponential technology. And, as we’ll discover in the next chapter, we must do more to make sure that the society we inhabit is worth defending.
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Exponential Citizens

On 8 June 1972, the South Vietnamese air force dropped napalm on the village of Trang Bang, about 35 kilometres to the north-west of Saigon. A nine-year-old girl, Phan Thi Kim Phuc, was hurt in the attack. She suffered third-degree burns on 30 per cent of her body from the unctuous mix of gasoline and aluminium salts that fell on her home town.

A photo of Phuc running away from the attack, naked and crying, would become one of the most famous anti-war photographs ever taken. Nick Ut, the photographer, would win a Pulitzer Prize for the shot in 1973, and it remains a powerful symbol of the brutality and horror of war.

Not according to Facebook, however. Some 44 years later, a journalist at the Norwegian newspaper Aftenposten published a story examining the history of war photography. He promoted the story – accompanied by the photo of Phuc – on Facebook. Hours later, Facebook removed the photo for breaching its policies on child pornography. When challenged, Facebook responded by suspending the journalist and issuing a statement that doubled down on their position.1 ‘While we recognise that this photo is iconic, it’s difficult to create a distinction between allowing a photograph of a nude child in one instance and not others,’ the company said.2 As the row escalated, Erna Solberg, the prime minister of Norway, posted a copy of the photo herself – only to see her version removed by Facebook too. Only after a public outcry and global media coverage did the firm recant, reversing its earlier decision to censor one of Norway’s leading newspapers and the country’s premier.3

In September 2016, this still counted as a serious controversy for Facebook. The notion that such a major editorial decision could be made by fiat by some Palo Alto executives was shocking. But within months, the power Facebook wields over our public sphere would become all too apparent – when controversy surrounding Russian interference in the US election via Facebook reached fever pitch. And, over the next four years, Facebook would face ever-greater questions about what – and who – it chose to censor, and what it didn’t.

Facebook is the most powerful media platform in the world – the largest such network in most big countries apart from China. Facebook and its subsidiaries are also the very lucrative plaything of Mark Zuckerberg. In the words of one of its co-founders, Zuckerberg’s Harvard roommate Chris Hughes, ‘Mark’s influence is staggering, far beyond that of anyone else in the private sector or in government.’

Not only does Zuckerberg profit massively from the company, he also has near-absolute control over it. ‘Facebook’s board works more like an advisory committee than an overseer, because Mark controls around 60 percent of voting shares,’ says Hughes. ‘Mark alone can decide how to configure Facebook’s algorithms to determine what people see in their News Feeds, what privacy settings they can use and even which messages get delivered. He sets the rules for how to distinguish violent and incendiary speech from the merely offensive, and he can choose to shut down a competitor by acquiring, blocking or copying it.’4

Hughes’s analysis of Facebook reveals much about life in the Exponential Age. Throughout this book, we have seen how exponential technologies are disrupting the relationship between old companies and new, employer and worker, global and local, national defences and high-tech attackers. But we haven’t yet explored arguably the most important relationship – the one between citizen and society. And, in particular, between citizens and the market.

For centuries, we have accepted that there are some areas where private companies belong – and others where they don’t. Buying and selling is generally an efficient way to supply the world with coffee, or books, or technological widgets. But there are some things that cannot be bought and sold. The issue is not whether buying and selling in these arenas would be efficient, but rather about what is ethically justifiable. People’s private selves, we often think, shouldn’t be on the market. You can’t buy a human. You can’t buy my liver. You can’t buy a friend – or, if you did, people might judge you a little. And then there is the public square, in which we discuss the kind of society we want to inhabit. Democratic institutions like congress or parliament or, in many countries, public service broadcasters – all fall beyond the reach of the market. These binaries have always been blurry – if I buy a newspaper publisher, am I not buying up part of the ‘public square’? But we generally accept them nonetheless. There are, in the words of Harvard philosopher Michael Sandel, ‘moral limits’ to markets.5

However, in the Exponential Age, private companies increasingly encroach on these areas – ones that we once thought of as beyond the market’s reach. This is the result, once again, of increasing returns to scale. Exponential companies get bigger and bigger, sometimes verging on monopoly. They expand horizontally, at an accelerating rate, into ever-wider sectors of our society. And our democratic norms, embedded in slow-to-adapt institutions, seem unable to keep them in check.

This is a phenomenon with three key features. The first, best exemplified by Facebook’s arbitrary controls of conversation as discussed above, is the emergence of new, private rule-makers – whose growing power amounts to the privatisation of the ‘public sphere’. This term, first coined by the German philosopher Jürgen Habermas, refers to the arena in which private individuals come together to discuss the needs of society and the laws that govern it. As the name suggests, this is supposed to take place in public. We have long thought that laws should be made by accountable, elected officials; and they should be scrutinised transparently and collectively. Today, however, a handful of private organisations increasingly dominate that public sphere. They, rather than elected parliaments, make the laws that govern our lives. And our public conversation is conducted on a small number of private platforms, rather than in a wide array of newspapers and broadcasters, think tanks and coffee shops.

The second is the encroachment of markets into our private lives. The private sector and our private lives were once very different. We bought and sold our houses, our food, our labour. But there were parts of our lives that we wouldn’t sell. The conversations between lovers or within families. Essential, personal information about our health, or our relationships, or our sex lives. Increasingly, private companies monitor – and lay some kind of claim to – all of these. As our conversations have moved online, each of us has come to develop a digital doppelgänger – a more intimate account of who we are than we could ever write ourselves. This takes the form of data. Data about individuals has exploded since the growth of social media and mobile phones. The volume of real-time data generated in the global economy expanded by a factor of 19 between 2010 and 2020 – a doubling just under every two years, according to the analyst firm IDC. In 2020, more than 42 million WhatsApp messages were sent a minute, and nearly 150,000 photos uploaded to Facebook.6 This data could be used beneficially, to solve our knottiest societal problems. But today it is largely bought and sold for profit – and along the way it is used to profile us, exploit us, get our money.

The third is the privatisation of the way we interact with one another. It is not just our relationships with the public square and our relationships with ourselves that the private sector is coming to dominate. Our personal relationships – the ways we form social bonds, make friends, build communities – are being remoulded by private platforms. Until recently, communities evolved without the pervasive controlling influence of any one private organisation. Corporations might nourish our collegial instincts – as anyone who has ever chatted with a friend in a chain coffee shop can attest – but no one business determined how social ties came about. But today, our communities are often created online, via platforms owned by a handful of oligopolistic companies. Facebook, Twitter, TikTok: each has a massive impact on who we meet and what we think of them. And this may lead to an increasingly divided society, polarised into thousands of groups that barely interact.

In all three realms, there is a shift in where the power lies – out of our hands and into those of a small number of technology executives. The decisions they take will, understandably, be ones that benefit their businesses and themselves. Sometimes they reflect the needs of society as a whole. But this is usually a mere coincidence. And in many cases, they have harmful effects on society.

With time, a gulf emerges between our ideas surrounding the place of markets, and the role they actually play in our lives. And this process will only continue. As companies get bigger, they will encroach ever further into the realms we previously thought of as beyond the market. The result is a fundamental rewiring of the relationship between citizen and society.

In the early days of the internet, a few people figured out that the digital realm might become governed by the technologists who built it – rather than by the consensus and needs of those who used it. The communitarian ideals of the early internet inadvertently handed power to those who knew how to code and could harness the power of the nascent web for their own purposes.

Larry Lessig, a Harvard law professor, was one of the first academics to study the emerging power of the internet’s developers in determining what we could and couldn’t do. Code – the instructions that make up software in general and the net in particular – could become a constraint on our behaviour, he argued. In much the same way that formal laws, developed constitutionally by legislatures, prescribe our actions, choices in software would govern our behaviour in the digital realm.

His famous essay ‘Code is Law’, published at the dawn of the new millennium, remains an excellent, prescient text. ‘The code regulates,’ Lessig writes. ‘It implements values, or not. It enables freedoms, or disables them. It protects privacy, or promotes monitoring.’ This means that coders have untold power. ‘People choose how the code does these things,’ Lessig argues. ‘People write the code. Thus the choice is not whether people will decide how cyberspace regulates. People – coders – will. The only choice is whether we collectively will have a role in their choice – and thus in determining how these values regulate – or whether collectively we will allow the coders to select our values for us.’ In Lessig’s view, we did not sufficiently scrutinise the interests of developers – the very people forging the laws of the internet.7

This is the first, arguably most corrosive, way the market is stepping into once-uncommodified areas of society. It took a while to become apparent. But Lessig’s prediction – that, in the absence of considered government action, tech elites would become the rule-makers of the digital world – has largely come to pass. In fact, these rule-makers are arguably more unaccountable than even Lessig predicted. Because it’s not individual coders but rather big and ruthless corporations that determine the laws. In Lessig’s day, the best technology companies were largely run by their developers, be they Microsoft or Yahoo!, and this engineering culture called the shots. But since that time, the shape of many of these firms has morphed. They have product managers and policy teams who have a strong hand in shaping the code. And these executives are arguably more focused on commercial maximisation than the motley hoard of 1990s coders ever were. After all, today the prize is much bigger.

The power of coders – and their bosses – has implications for two interrelated parts of our public sphere. Broadly, as Lessig warned, it alters who the lawmakers are. And more specifically, it alters what ideas can get into the public conversation – the tech companies become the censors. Facebook makes the rules; and the primary place you can talk about Facebook’s rules is, you guessed it, on Facebook.

It’s worth reflecting on these two changes in turn. First up, the growing power of private actors in making the rules about what can be done – and what can’t. To see the power of this shift, we must pay a visit to Harvard in the early 2000s. What is now Facebook started as FaceMash, the result of a teenage college student’s peccadillo. Mark Zuckerberg and some of his friends built a website to judge the attractiveness of female students. It soon morphed into TheFacebook, an embryonic social network that played up to the dating-and-mating culture of American colleges. Naturally, the early developers decided that it was important to ask for someone’s relationship status during registration – and that one of those relationship statuses would be ‘It’s complicated’. Both of those decisions, small in themselves, made sense in TheFacebook’s early context.

But as Facebook became more successful, this dorm-room thinking became the global standard. If you wanted to enjoy what Facebook offered, you had to subscribe to that standard. And Facebook exported these particular sociocultural qualities to societies where such questions were inappropriate, or meaningless. People like my mother, then a septuagenarian of Muslim heritage, were offered the choice of an ‘It’s complicated’ relationship. In her context, and doubtless the contexts of hundreds of millions of other people, it was a nonsensical, perhaps even offensive, question. But the code had become law.

If this example sounds trivial, many others are anything but. Consider the Covid-19 pandemic. Tackling a highly contagious, airborne virus with a long incubation period was always going to be a tall order. Given the speed with which it was spreading, tracking the virus would be hard to do manually. Fortunately enough, many of us now carry smartphones that know where we are. They could be used to ‘contact trace’ – that is, work out who potential virus carriers had interacted with and when. The trouble was, virtually every smartphone in the world runs software made by Apple or Google. And these firms decided, without government mandate, to step into the fray. They updated their operating systems to enable some underlying components, which made building contact-tracing apps easier. According to Apple, both firms made design decisions that ‘privacy, transparency and consent [would be] of utmost importance’.8 The tech giants’ software updates became a contributory factor in allowing governments to build more effective contact-tracing apps. In this case, few could impeach the decision made by Apple and Google – it helped slow the spread of the virus. But it also underlined that it was Apple and Google who determined what governments and scientists could – and could not – do. The code had become law.

To say this was an important decision is an understatement. Apple and Google helped enable tools to support contact tracing, but did so on their terms – prioritising user privacy over government surveillance. This may have been a good call, but should decisions like this be taking place in the private realm? Usually, laws are made by elected officials. Now, we have a system of arbitrary power without any clear process of accountability. In the words of the internet activist Rebecca MacKinnon, the ‘consent of the networked’ – that is, every one of us – is being weakened.

And then there’s the question of censorship. This is, arguably, the key consequence of the emergence of the new rule-makers. Today, the question of what makes it into the public sphere – and what doesn’t – is dominated by an ever-diminishing number of technology executives.

The net is, on one level, a democratising force. An internet connection gives you the ability to talk back. Before the internet was widespread, media was controlled by a small number of TV, radio and newspaper outlets. They talked, you listened. Participating in the public conversation meant chatting with friends at drinks after work, or writing a letter to the editor and hoping it was published. Whereas today – thanks to email, blogs and above all instant messaging and social networks – members of the public can express themselves publicly, and in larger numbers than ever before. The internet has set our public sphere free.

And yet, paradoxically, that same public sphere is increasingly concentrated in a few people’s hands. Facebook and Twitter are the key spaces for political conversation, community gossip, blathering about the news. The internet in general, and social networks in particular, are the only places where many conversations can take place – because it is the place we all are. Once again, the network effect is all-important – the more people use these spaces, the more these spaces become the only ones in which discussion can take place. Their scale means that these platforms can censor (or promote) what they choose. And their motives are often what is good for business, not what is good for society.

In some moments, the problem is censorship – think of the photo of Phan Thi Kim Phuc, expunged from Facebook. In others, the problem is a lack of censorship. In 2018, several Indians were murdered by violent mobs who had been agitated by viral messages spread on WhatsApp.9 Facebook – WhatsApp’s owners – stood by as the situation escalated into violence. But in all cases, the root problem is that an unaccountable company decides what ideas get circulated, and how. In the wake of the killings in India, Facebook limited the number of times messages could be forwarded. Initially, the firm took moderate steps to do so in India alone.10 Eventually, more extensive measures were introduced worldwide.11 Over the course of two years, what you or I could do on WhatsApp changed. And so too did what we could say to each other. The basic mechanism through which ideas enter the public sphere was transformed.

In this case, Facebook arguably made the right call in the end. In others, their response has been more problematic. For several months in 2018, army generals in Myanmar were fomenting violence against the Rohingya Muslim minority using Facebook as their primary communication tool. Facebook acknowledged it was ‘a means for those seeking to spread hate and cause harm’ in what has since been described as the ethnic cleansing of the Rohingya minority.12 (Facebook would later reject a request to share data that could have helped hold the Myanmar military accountable at the International Court of Justice.13) Facebook also allowed imminent threats to American citizens to stay live on its site in the face of dozens of reports from users. A day before Kyle Rittenhouse shot and killed two unarmed protestors in Kenosha, Wisconsin, a Facebook page he had visited was urging people to take up arms. Facebook users reported it more than 455 times, but the company left it visible.14

Many platforms make an apparently arbitrary distinction between what is acceptable to say and what isn’t. The banning of Donald Trump’s social media accounts in January 2021, not just by Facebook but also by Twitter, YouTube, Twitch and others, demonstrated the randomness of this line. Trump, it seemed, had gone beyond the pale when he allegedly encouraged the storming of the US Capitol building. But was this necessarily more unforgivable than his earlier behaviour? Over the previous decade, Trump had used social media to promote a racist conspiracy theory about Barack Obama’s birth certificate, amplify tweets from far-right and white supremacist accounts, and falsely allege widespread voter fraud in a series of fair elections – to name only a handful of many, many examples. The new technological platforms had bent themselves into contortions over how to deal with Trump and with abusive content in general. When the social media bans came in a 36-hour period during the transition between Trump’s election defeat and Joe Biden’s inauguration, it raised some crucial questions: Why now? Why this?

The apparent inexplicability of Facebook’s decisions – whereby Trump’s Capitol tweets sparked a ban but a decade of misinformation didn’t; and where the photo of Phan Thi Kim Phuc is censored but anti-Rohingya hate speech isn’t – reveal the power exponential platforms hold. Our public conversation now occurs within systems they control – systems governed by their terms of service and their commercial incentives.

The issue here is less whether the digital platforms are making the right calls, and more whether we want these questions to be handled by private companies in the first place. Some corporations are now experimenting with new approaches – in May 2020, Facebook created an ‘Oversight Board’ of experts on journalism, human rights, law and politics, with the power to scrutinise and overturn the company’s decisions on censorship. It is not a bad start, but the board still seems a mere shim, introduced to curb Facebook’s worst excesses. With no clear guidance from legitimate policymakers, Exponential Age companies have made up the rules themselves.

As Facebook’s top public relations executive – and former deputy prime minister of the UK – Nick Clegg wrote, ‘It would clearly be better if these decisions were made according to frameworks agreed by democratically accountable lawmakers. But in the absence of such laws, there are decisions that need to be made in real time.’15

In the Exponential Age, each of us exists in more than just flesh. We are all reflected in a set of numbers, constructed from our digital trails around the internet – our data selves. This data provides a more detailed account of our likes and dislikes, hopes and fears, than many of us can offer about ourselves. And this data, too, has been privatised.

This is the second way in which markets have come to encroach on our lives. Businesses, most notably those that use data to sell advertising, have become addicted to our digital trails. And with that, they have taken our private lives into the private sector.

Carissa Véliz, a philosopher at Oxford University, argues that this is fundamentally an issue of power. Privacy, she says, is power. Knowing personal details about someone is a very particular kind of power, because it can be transformed into economic, political and other kinds of power. ‘Power over others’ privacy is the quintessential kind of power in the digital age,’ she writes.16

Our private data can be used for any number of purposes – to manipulate our behaviour, to profile us, to target us with particular messages. In this sense, the European Union’s law on data, the General Data Protection Regulation, is telling. The GDPR considers each of us to be ‘data subjects’ – that is, someone about whom someone else holds data. But this term might also have another meaning – that we have all become subjects of data. Data is certainly used to profit from us; it is often used to track us; and it might be used to control us.

The ways companies track our behaviour and generate data from it are becoming ever more complicated. When, in the mid-1990s, the internet first became a destination for consumers rather than just academics, user tracking was very limited in scope and application. When I launched The Guardian’s newspaper’s first websites in 1996, we used primordial tracking to understand how our pages were being accessed. It was so naive: we would count which pages were viewed and the IP address the visitor was coming from. These were the basic ‘log files’ any web server would ordinarily keep – the information an administrator would need to debug or improve a system. It wasn’t used to predict user behaviour or put visitors into cohorts that would be passed on to advertisers. Nor could it have been.

But even this simplistic tracking imposed too much of a strain on our then state-of-the-art servers. They would slow to a crawl. Until we got more capacity, I used to turn the logging off at peak hours of the day. The machines couldn’t keep up. And turning off this logging had no commercial impact – it was just a minor technical nuisance for me in my role as server administrator.

That all began to change with Google. When the company introduced its AdWords advertising system in 2000, it triggered a gold rush to gather more and more data. AdWords was a simple tool that allowed businesses to advertise against specific search terms. But it transformed Google’s fortunes. The company’s revenues leapt from $220,000 in the year before AdWords to $86 million the year after – allowing Google’s executives to successfully take the company public just three years after launch.17 But for AdWords to work, it needed data about what people were searching for, where they were, and more. As Google discovered the profits to be found in the advertising market, it also found the incredible value of gathering data about individual behaviour. Every piece of information, at least in theory, let them make more money.

Where Google led, thousands of other companies followed. Data, they realised, was valuable. And that led to innovative and often rather unscrupulous ways of sucking it out of us. It was miles from my experience at The Guardian. Within a couple of decades, a user visiting a few websites might be tracked by hundreds of organisations.18 Each tracker gathers as much information as it can: your location, IP address, mouse movements, what you searched for, what browser you used, the screen resolution of your computer, and dozens of other data points.

Facebook is, as so often, an illustrative example. When Brian Chen, a reporter at the New York Times, downloaded all of the data that Facebook kept on him, he found at least 500 advertisers had some of his personal info, including his contact information and address, even if he didn’t know what they were selling or had never heard of them before.19 Some of that data might not have even been useful for an advertiser. Then again, it might have been. The declining price of storage means it is often easier to just store information than figure out whether or not you need it. Either way, in practice, almost all of the data created on Facebook could be used for the company’s purposes. Facebook has struck agreements with at least 60 device makers – including Samsung, Apple and Microsoft – and some of these deals have allowed access to data about people’s friends, even without their consent or knowledge.20

As a result, we live in a world that is awash with data. The data sphere grows by about 18 million gigabytes per minute. It is a bafflingly huge number – so baffling that no amount of fiddling with it makes it much more comprehensible. Is it easier to say that digital technologies create about 2.4 megabytes of data per human every minute of the day? Perhaps not.

Some of this data is created by machines and sensors, but much is created by us. And, as new exponential technologies emerge, they will generate more data about us than ever before. Health data – from our genes, illnesses and lifestyle – will soon be converted into numbers. Novel technologies such as brain-computing interfaces could pluck neural activity from our heads even before it forms into thought. Wider use of sensors in our homes and environments will gather more clues about how we live. And the relentless march of processing power will further extend the ability of companies to build our data doppelgängers.

But we shouldn’t assume that the collection of data is inherently bad. It has many beneficial effects. The more data we have, the more accurate the models we use to make sense of the world become. It can be used to predict whether a population is at risk of disease, or whether an economy is healthy, or whether a business is on track for success. To pick just one among innumerable examples, consider consumer credit bureaux. These are an essential way of determining a consumer’s financial health. They harvest data from banks, credit card companies and utilities to build up a financial profile of each of us: our credit score. This data is key in helping us get a mortgage or car loan – without it, lenders are chary to lend. Countries without credit bureaux have much less well-developed consumer financial services than those that do. Data, in this case, should help to broaden access to financial services.

But there’s a catch. Is this data gathered for our benefit, or the benefit of the corporations doing the collecting? In the case of credit data, American lawmakers from both parties are not so sure. Credit bureaux often hold inaccurate data, resulting in unfair credit scores. The businesses have also suffered significant data breaches, exposing personal information to the black market.21 These flaws are the other edge of data’s sword: when the information gathered about us works against us.

Such risks extend well beyond web surfing and credit data. Take 23andMe. I developed a fascination with the company soon after it was founded in 2006. Named after the 23 pairs of chromosomes in a human cell, it offers low-cost gene sequencing – giving you the chance to view the source code that makes you into you. It tells you things about yourself that you know, and things you don’t. I learnt that my genome suggests that I have wet earwax (I do) and that I’m likely to wake at 7.51 a.m. (actually, I wake up much earlier). It turns out it’s possible one of my ancestors was a Viking. I also learnt about my risk of developing diseases like Alzheimer’s and macular degeneration.

Fifteen years on, and 23andMe has a huge set of genomic data. Such a data set is incredibly valuable, and may prove helpful in identifying the genetic drivers of disease. Millions of people have used 23andMe’s services and have shared their genetic information, and more than 80 per cent of them have allowed their genomic data to be used for research. But 23andMe don’t always keep this data to themselves. They can sell it – and they have. In 2018, 23andMe shared the data of consenting customers with pharma giant GlaxoSmithKline for $300 million. Once that data was shared, it was no longer under the purview of 23andMe. It could be shared again and again. And the firm might change its policies; people’s genomes might be used in ways they are not comfortable with. In the US, much healthcare data is protected by a 1996 law called HIPAA, which places strenuous requirements on firms handling healthcare data – but genetic testing of the type that 23andMe and others undertake is not covered by HIPAA or similar laws. Rather, it is covered by their own set of guidelines: a nice gesture, but not worth much. Voluntary guidelines have no enforcement mechanism.22

At the most extreme end of the spectrum, our personal data can be used to stigmatise and demographically profile us. One example is China’s so-called social credit system. In some respects, these systems are relatively benign. Economists often emphasise that the Chinese economy suffers from a ‘crisis of trust’.23 It lacks long-held and consistent business practices. Businesses’ affairs were, to put it mildly, disrupted by the 1949 revolution, the Cultural Revolution of the 1960s and 1970s, and the economic liberalisation of the 1980s and beyond. That disruption led to a reluctance on the part of businesses to lend and take risks – and, in turn, a lack of independent credit bureaux. In this context, social credit scores almost make sense. They give everyone a score based on whether they are law-abiding, credit-worthy and a good citizen. It is all made possible by masses of data; and it will, according to researchers, help overcome the crisis of trust.24 Yet the inherently dystopian implications of a digitally generated taxonomy of citizens is hard to ignore. Recent iterations of the social credit system reportedly put cheating in exams on the list of proscribed activities that could harm your score.

At the time of writing, the democratic world remains blissfully social-credit-system free. However, companies do still use data to profile us – often in ethically dubious ways. Every time you take out a loan, or buy an insurance plan, the terms will be determined by data about similar consumers – and the more sophisticated our data becomes, the more dependent on these methods insurers and banks will be. But this creates a problem: we are all being profiled on the basis not just of our behaviour, but also of our demography. And demographic profiling leads, inexorably, to prejudice. Racial bias in particular tends to seep into data-informed decisions. To take just one example, a study in the US found that an algorithm used by hospitals to allocate care to patients was less likely to refer black patients who were just as sick as white patients.25 The data the algorithm was trained on reflected racial biases; and so the algorithm behaved like a racist.

As the market inveigles its way ever further into the private sphere, with companies taking personal data about our innermost selves and selling it for profit, these problems will only increase. Our private information is sold back to us, then used to profile and manipulate us. In the Exponential Age, what gets measured gets managed. And in a data economy, we are the ones being measured.

We’re often told that opposites attract, but in sociological terms that is verifiably false. One of the most common patterns in life is that we hang out with people like us. Whether it is because of socioeconomic status, ethnicity, a sports team or opinions, we tend to group with people who are more similar than dissimilar.

There are good reasons for this trait, which is called ‘homophily’. Try sitting in the home stands of a football derby and supporting the visitors. Or working with people who have completely incompatible views with yours. Or making friends with people with whom you have nothing in common. Homophily makes life easier.

But we have also long known that homophily shouldn’t be allowed to get out of control. An atomised society can lead to democratic sclerosis: the more divided we are, the harder it becomes to reach consensus decisions and govern effectively, and the less trust citizens have in political institutions. Eventually, homophily can lead to a kind of social breakdown –studies have uncovered that in some countries, including Turkey and the United States, people have a growing reluctance to live near other people who support different political parties. One recent analysis of 11 highly divided polities uses the phrase ‘pernicious polarization’ to refer to the phenomenon of polarisation eroding the ability of a democracy to function.26

This poses a problem for Exponential Age citizens. We’ve already seen how the public conversation and our private lives are being subordinated to the logic of the market. But there’s a third aspect that is also being marketised – the way we meet and form bonds with one another. Increasingly, communities are formed online, under the aegis of a handful of digital giants. And when our social bonds are formed solely through Exponential Age platforms, homophily is at risk of spiralling out of control.

Homophily itself is nothing new. It has long been present in our lives – the first study on the process, from 1954, found that racial and religious groups tended to cluster together within housing developments.27 However, the technologies of the Exponential Age have made a common but formerly low-level feature of our social lives ubiquitous. It is built into the very logic of online networks.

Consider the way people make friends online. Social networks endeavour to link us with people – the ‘people you may know’ who pop up on the side of your Facebook feed. These people are those with common traits: they went to the same university, or love the same soft rock band, or share your friends. As a consequence, social networks are more homophilous and clustered than the rest of society. And they are more cliquey, ultimately, for business reasons. People who are connected with like-minded people online seem to use social networks more. And groups with similar interests are more useful to advertisers: similar types of people tend to buy similar products, and that means they are easier to sell to. Thus there is a commercial incentive to group similar people into progressively more precise, and discrete, segments.

In practice, however, these methods can end up pushing people into ever more isolated and extreme groups. On services like YouTube and Facebook, recommendation algorithms are designed to get increasingly bored users to stay on a website.28 The best way to do that, the algorithms have discovered, is to promote progressively more borderline and extreme material. As the sociologist Zeynep Tufekci puts it: ‘Videos about vegetarianism led to videos about veganism. Videos about jogging led to videos about running ultramarathons. It seems as if you are never “hard core” enough for YouTube’s recommendation algorithm.’ For this reason, Tufekci argues, ‘YouTube may be one of the most powerful radicalizing instruments of the 21st century.’29 And she could well be right. A large-scale study of YouTube analysed more than 330,000 videos and 72 million comments across 349 channels, and found that users consistently migrate from milder to more extreme content.30 Users who consume extreme content used to consume milder videos – but eventually found themselves following ‘radicalisation pathways’ that took them to ever more hardcore sections of the internet.

At their most extreme, these pathways can lead people to violence. A report from 2018 set out to investigate whether Facebook was facilitating ISIS propaganda, and showed how important social networks have been in recruiting new members to the terrorist group. It is a study in homophily: people are gradually pulled from the mainstream of political life into more and more extreme communities. Befriending one ISIS supporter leads Facebook to recommend a dozen other pro-ISIS accounts. ‘Facebook, in their desire to connect as many people as possible, have inadvertently created a system which helps connect extremists and terrorists,’ concluded the researchers, Gregory Waters and Robert Postings.31

During their study, Waters and Postings witnessed a Facebook-enabled recruitment – watching a university student in New York go from claiming he had no clear religion to becoming an ISIS supporter, all in under six months. Facebook’s own research corroborated these findings. In the words of a leaked memo from Facebook vice president Andrew Bosworth, written a year before Waters and Postings’s paper, ‘Maybe someone dies in a terrorist attack coordinated on our tools. And still we connect people.’32

In recent years, Facebook has come to recognise the scale of the issue. Starting in 2017, the company launched an initiative called ‘integrity teams’ that endeavours to tackle the problem. What Facebook found as it dug into its own service was dire. Right-wing and racist extremism was rife in many of Facebook’s major markets. And the platform’s design was making it worse: 64 per cent of people who joined extremist groups joined ‘due to [Facebook’s] recommendation tools’. In 2018, an internal presentation concluded that the algorithms exploit ‘the human brain’s attraction to divisiveness’, noting that Facebook would present ‘more and more divisive content in an effort to gain user attention & increase time on the platform’.33 It was what many outsiders had seen first-hand, and was now validated by the firm itself.

As new exponential technologies emerge, they look set to make the problem of homophily worse. Genomic Prediction is a company that can help parents going through IVF select healthier embryos. As gene technologies become more widespread, the taboos around their use may reduce. Cliquishness might enter our germ line: we may end up picking children who look like us, or think like us, before they are even born.

Such shifts would lead to a fundamental erosion of the ideals that undergird a functioning society – the shared experiences, values and objectives that bind us together. Homophily stratifies our community. It atomises us into smaller, more disparate, more extreme groups. It builds walls, not bridges.

According to James Boyle, a law professor at Duke University, ours is the era of the ‘second enclosure’. The first enclosure largely took place between the fifteenth and nineteenth centuries in Europe, as lands once held in common – fields used for grazing cattle, forests used to forage for wood – were taken into the hands of private owners through a series of enclosure acts. Many economists argue the enclosure movement laid the ground for the industrial revolution, allowing farmland to be used more productively. But it was a drawn-out and often violent process – one that destroyed the social fabric that had held together village life. In the words of one leading economic historian, enclosure meant the rich ‘literally robbing the poor of their share of the common’.34

In the age of the second enclosure, we once again witness the commodification of new spheres of our lives. ‘Things that were formerly thought of as either common property or uncommodifiable are being covered with new, or newly extended, property rights,’ writes Boyle.35 The laws that define our lives are made by private companies; our public conversation takes place on private platforms. The most intimate details of our private lives are bought and sold for profit. And the ways we meet people and forge social bonds are dictated by the proclivities of giant corporations.

But what can we do about it? Within this newly enclosed space, we are at the mercy of the decisions of corporations – it can feel impossible to hold them to account. At the same time, the data economies of the Exponential Age are radicalising us and dividing us – limiting our ability to be good citizens. The two form a pincer movement, lessening our chance to uphold the democratic institutions that allow society to function.

We can all – big companies included – agree that we need new rules. Even Nick Clegg, Facebook’s head of PR, argues that the boundaries for what major technology platforms can do must be decided through democratic politics. This will increasingly be the case as corporations come to monopolise discussions on the internet. If we think these companies are harming us, we need to tell them how – and what we want them to do differently. If democratic processes do not determine the rules, then corporations building technologies will. The code will become law.

Today, however, we can begin to sketch out what form these alternative, more democratic, norms would look like. Our goal here shouldn’t be to work out the specific policies that Facebook, or Twitch, or 23andMe should adopt – the individual decisions will vary from case to case. But we can identify broad principles to underpin the relationship between citizens and the market.

First, transparency. The systems that determine how content flows across digital networks – what gets censored, what gets boosted by the algorithm – must be easier to scrutinise. Today’s complex exponential platforms are opaque: their inner workings are hidden and their decisions are largely cloaked in corporate pabulum. Greater transparency would allow us to observe how decisions by tech elites are made, and identify what effect they have on us.

Consider what this might mean for content moderation. Silencing the prime minister of Norway over war reportage but allowing the American president to rant on for four years (before abruptly silencing him too) reveals just how opaque these rules have become. Imagine if, instead, we had clear and explicit rules on what forms of speech are deemed acceptable by social platforms, and what forms aren’t. This is not an easy line to draw. The more horrific behaviours – such as the live-streaming of the massacre at the Al Noor Mosque in Christchurch, New Zealand, in 2019 – are, in many ways, easier to deal with. Thornier issues arise from online comments that verge on hate speech but might just fall short, or articles that almost seem to incite violence but not quite. At the moment, however, we can’t even have a public conversation about where these red lines are – the rules are made in private.

We also need external parties to be given oversight of the outcomes of that process, such as the operation of the algorithms that shape what we do and don’t see on digital platforms. When two Boeing 737 MAX aeroplanes crashed in quick succession in 2018–19, Boeing was forced to redesign key aspects of the aircraft. The 737 MAX was not allowed to fly again until it had passed a number of safety inspections. Boeing did not decide when the revamped 737 MAX was safe to fly; the Federal Aviation Administration did. We might learn from this example when thinking about our digital infrastructure. The potential harms brought about by digital networks’ algorithms, and their wider processes of deliberation and judgement, need regular inspection – and not behind the closed doors of the companies themselves. This approach might sound radical, but it is no more than already exists in many other sectors. Until 2019, when Donald Trump withdrew America from the INF treaty, Russia and the United States periodically inspected one another’s nuclear weapons systems.36 In the finance industry, bankers regularly run ‘stress tests’ to identify potential problems with their balance sheets, at the behest of central banks.

What if the decisions that the digital superstars make are legal, but as citizens or users we find them uncomfortable? After all, we may all have different boundaries around what is and isn’t an appropriate use of our data – and so the law is of limited use. This is where our second principle comes in: interoperability. We met this concept earlier – the notion that different computer systems should be compatible, and that we should be able to carry data from one to the other. It would mean that if you were using LinkedIn, you would be able to access and read your friends’ posts on Instagram or Twitter. Earlier, we discussed how this could help limit the growth of superstar companies. But it can help us as citizens too. It would mean that we would each have more choice. If we were uncomfortable with the way one company was using our data, we could switch to another – while still being able to act in the digital social space. It would force competing platforms to behave better.

The dominant social networks are no strangers to interoperability. They are all built on the most impressive interoperable system we know of: the internet itself. These large firms are increasingly closed and walled off, but it wasn’t always this way. Until about 2016, digital platforms were rather more open than they are today. If you wanted to access your Facebook posts or your Twitter timeline, you could use those firm’s own products – or you could use them via other services. My own start-up, PeerIndex, could read a user’s data from Twitter, Facebook, LinkedIn and other social networks. While we needed the permission of the user to do this, we didn’t need the permission of the social networks themselves.

This approach was facilitated by social media platforms: they largely ran open interfaces (called APIs), which allowed other companies to access their systems. FriendFeed was one such product: it let you look at and post to dozens of different social networks, including Facebook, from a single application. Mark Zuckerberg liked FriendFeed so much that in 2010 he bought the company and subsequently promoted its founder to be the most senior technologist at Facebook.37 After that acquisition, things started to change. As network effects took hold, clear winners emerged. LinkedIn for business users, Facebook for friends, Twitter for news addicts, Instagram for pictures. Openness played second fiddle to competitiveness. And so the dominant players suffocated interoperability, making their systems deliberately incompatible.

Zuckerberg and his rivals, perhaps, had realised that if you allowed users on one network to talk to those on another network, you handed power to them, both as consumers and citizens, at the expense of the social networks. Interoperability redresses the power imbalance between large platform companies and individuals – if I can leave, say, LinkedIn without losing the ability to post a job ad, then the site’s power over me is much more limited. Interoperability is kryptonite to the winner-take-all power of network effects. In an interoperable world, I can stop using a particular provider but continue to reach all of my friends still using the original service.

This type of open interchange is certainly technologically possible, if not completely straightforward. As Sinan Aral, an MIT professor who has studied social networks since the early 2000s, told me, networks ‘all have the same messaging formats now anyway: textual messages, video messages and stories’.38 To make this shift a reality, though, governments would need to act decisively. Nations could mandate interoperability, especially for services that reach a certain size – perhaps 10–15 per cent market share. By waiting until a company had grown to this scale, it would allow founders to innovate and explore markets – while signalling that future success will bring additional civic responsibilities. And the principle need not be limited to social networks. Imagine if a gig worker could bid for jobs across dozens of relevant platforms at once and carry the track-record they have earned from one service over to another. Or in the case of healthcare, where a patient could access their medical records independent of the provider behind them. In each case, power would slowly shift to the person and away from the platform.

Interoperability unshackles our data from any one service, and helps diminish the control the current and future tech giants have over us all. But it does little to address how we should use the data itself. This is an area of vibrant debate. I am not the first person to express concern about the privatisation of our digital doppelgängers and the implications it has for our privacy. It is a topic being discussed by everyone from Ivy League academics to A-list celebrities.

One approach is to embrace the notion of data as property. As the pop star will.i.am wrote in The Economist in 2019, ‘The ability for people to own and control their data should be considered a central human value. The data itself should be treated like property and people should be fairly compensated for it.’39 The argument is appealing. By putting a price on our data, we could create a more efficient market for the digital labour we all undertake. Well-known figures ranging from Tim Berners-Lee, who invented the World Wide Web, to Alexandria Ocasio-Cortez, the Democratic congresswoman, have pushed the idea that pricing and compensating us for our personal data would help reform the data economy.

But this would be, in my view, a mistake. As we’ve seen in this chapter, the creeping monetisation of private life is the problem. Do we want to further marketise our experiences on exponential platforms – to turn our messages to friends and family into a commodity, and allow Facebook to give it a price tag? You might also be disappointed to learn how much you would actually earn from this approach. Facebook made about $7 in profit for every user in 2019. If each user was to take half of the firm’s profit, that would net them the price of a coffee. A year. The truth is, an individual’s data is worth little – sorry, Mr i.am, even yours.

We don’t need to be able to sell our data. We need new rights for our data selves. This is the third principle that would rebalance the relationship between market and citizen: control. We each deserve authority and oversight over our data.

Martin Tisné, of the charity and think tank Luminate, calls for three inviolable data rights: that people be secure against unreasonable surveillance; that no one should have their behaviour surreptiously manipulated by using data; and that no one should be unfairly discriminated against on the basis of data.40 How, precisely, to enshrine these rights is up for debate.

We could try a digital bill of rights. In the vein of America’s Bill of Rights, or France’s Declaration of Rights of Man and of the Citizen, a bill of digital rights would legally protect data subjects from the arbitrary will of corporations and governments. But a declaration of rights is a fundamentally reactive mechanism. While it would protect us from overbearing businesses and states, it would do little to entitle us to the true benefits of data. If we’re serious about rewiring the relationship between citizens and the market, we need to share the benefits data can bring more widely.

Individually, data – however well protected – isn’t that interesting. It is in aggregate that it becomes useful. Data is the thousands of commuters creating information about congestion, which powers apps that help us navigate cities. Data is the massive surveys of patients’ reactions to drugs, which let us work out whether new treatments are effective. And data is the shared information from mobile phones that allows us to create accurate weather forecasts. Such pools of data contribute to the common good.

There is one way of organising this data that enhances its benefits without exacerbating the problems of data misuse that plague Exponential Age firms. But it requires a fundamental reappraisal of the relationship between citizen and society, public and private. One effect of the emergence of free-market economic doctrine has been the emergence of a crude binary. Today, we tend to divide the economy into two camps: the market and the state. In the Friedmanite world view, the state is usually an incompetent, bloated actor. Even on the left, though, the basic logic of the market/state binary is accepted – progressives just have a more optimistic view of government. The trouble is, this dichotomy is flawed. It conceals other, often more productive, ways of organising our lives.

One contemporary of Friedman’s, Garrett Hardin, became famous for a 1968 essay called ‘The Tragedy of the Commons’, which mournfully argues that any resource that is freely available will be overused.41 The commons are the things that are shared communally – the fish in international waters, or a forest that is shared between a community. And, according to Hardin, they are ripe for over-exploitation. People will act in their own private interest, at the expense of the needs of society – and so the fish will go extinct, the forest will be chopped down. Hardin’s argument was catnip to free marketers, implying as it does that the only viable ways to allocate resources are under the auspices of an overbearing state (bad) or through the allocative efficiency of the market (good). Thus the commons were out of vogue.

But Hardin was wrong. The political economist Elinor Ostrom won a Nobel Prize in 2009 for her work demonstrating that the commons – our shared resources – can be well-stewarded without the need to privatise them, or, indeed, nationalise them. In Ostrom’s view, the commons are vibrant and self-governing, a complex system that can thrive because it is governed by a patchwork of formal and informal norms. In real commons, such as grazing lands, shepherds would talk to each other to ensure fields were not overgrazed. The commons, it turns out, represent a way of organising and managing resources for the benefit of the people who use them.42

And so to the principles of transparency, interoperability and rights, we must add a fourth: commonality. In the Exponential Age we need to create a raft of new commons – which will prevent the creeping power of the private sector in every sphere of our lives. And thankfully, commons are made ever more possible by exponential technology. Digital, intangible assets are unusually prone to management by the commons – they are accessible from around the world, and so can be drawn upon and managed by well-meaning people from anywhere on earth. Unlike fish in an ocean or trees in a forest, digital resources do not get used up. In fact, because of the data network effect, and increasing returns to scale, the more that certain types of information resources get used, the more of those resources there are.

Imagine a world where data resided in data commons. Certain types of information about our lives would be collectively held, in a trusted environment, and used for our benefit. Some data commons are already in existence. The UK Biobank makes excellent use of the millions of data points about our genes that are created each year. It collates the medical and genomic data of 500,000 people. Each has consented to researchers using their data to better understand and prevent serious disease. And any legitimate researcher can access this resource. In fact by 2020, more than 20,000 researchers were doing so. The goal of the UK Biobank is to enable novel scientific discovery with the consent of those who have contributed their data, rather than merely to maximise a commercial return. It is a sharp contrast to how data is often currently managed: hoarded by one party and auctioned off to a small number of well-heeled bidders.

Commons approaches can also be used not merely to share assets but to produce them. If you’ve used the internet, you have taken advantage of a system built using a commons. The open-source software that powers the engines of web servers and other key internet services is one. Loosely connected volunteers have put down millions upon millions of lines of code, building projects such as Linux OS, the Apache HTTP Server, Mozilla Firefox and the Brave browser. No one owns open-source projects; there are no managers in charge; and no one can prevent anyone from contributing or spinning up an alternative project.

In these digital commons, power doesn’t lie in a single place – rather, projects are managed collectively by the volunteers working on them. The best example of such a peer-based commons is Wikipedia: it is visited by more than a billion of us every month, and edited through the collective goodwill of more than 120,000 volunteers. Wikipedia thrives on each participant’s commitment to a particular approach to information, a shared sense of mission, and trust that conflicts will be resolved through community-led arbitration. These examples, far from being a tragedy of the commons, bring enormous social benefits. We can think of them, in the words of legal scholar Carol Rose, as a ‘comedy of the commons’.43

In many cases, commons-based projects have proven to be more successful than commercial ones. And as more domains of the world fall to exponential technologies, the potential of moving industrial activities to the commons increases.

Between them, these four prescriptions – transparency, interoperability, rights and commons – amount to a wholly new way of thinking about the relationship between citizen and market. They respond to the basic problem of modern society: that digital infrastructure undergirds much of our personal, political and public lives. If this infrastructure is exclusively owned and operated by private firms, we will increasingly cease to be fully fledged citizens. We will be mere consumers.

At heart, all four approaches are about limiting unchecked power. Arbitrary power in the hands of anyone has always been a problem. It is a fundamental tenet of liberal democracy – and of any system of good governance – that power should come with accountability, and that those in power should be responsive to the needs of their community. Companies can be as well-meaning as you like and we would still run into the problems that arise from unaccountable power.

This is just as true in the Exponential Age as ever before. Today, new technologies hand untold influence to a handful of companies. And so these questions of governance and representation become even more urgent. We’re in a race not just to limit the new rule-makers’ influence, but also to return power to somewhere it will be exercised openly – to put exponential citizens, acting in their collective interest, in control.




Conclusion: Abundance and Equity

On 6 January 2020, a University of Sydney virologist called Edward Holmes posted a short statement on a website called Virological, on behalf of researchers at Fudan University. The site bills itself as a discussion forum for the analysis of viral molecular evolution and epidemiology. It’s a niche area, and the site attracts perhaps a few dozen users a month. Holmes’s message was functional and unemotive: ‘The Shanghai Public Health Clinical Center [and collaborators] is releasing a coronavirus genome from a case of respiratory disease from the Wuhan outbreak. The sequence has been deposited on GenBank and will be released as soon as possible.’1

Virologists read the message and hopped over to GenBank, an open-access repository of genome sequences run by America’s National Institutes of Health. This strange pneumonia had only been identified a few weeks earlier, originally in a crowded seafood market in Wuhan. Not even a dozen people had died from it. But soon, scientists around the world were on the case. Many started to download the sequence to explore it: as if by teleportation, the code of the virus was transported to computers across the globe.

As the virus spread and national governments started to panic, scientists began working on vaccines. Synthetic genes led to more than 200 different vaccines starting to be developed.2 One firm, Moderna, managed to produce the first vials of its vaccine on 7 February, 31 days after the sequence of the virus was initially released. It took the company, in partnership with the National Institutes of Health, a mere six days to finalise the sequence of the vaccine, and a further 25 days to manufacture it.3 Within 12 months of the virus being identified within humans, many countries had approved seven different effective vaccines.4 Globally, nearly 24 million people had received a vaccine shot by the first anniversary of the virus sequence being made public.

The speed with which scientists went from identifying a novel pathogen to getting a working vaccine was unprecedented in human history. The meningitis vaccine took 90 years to develop, polio 45 years, measles a decade. Scientists created an effective vaccine for mumps in just four years: that was a proud achievement at the time. Given the virulence of SARS-CoV-2 and the effects it was having, no one could afford to wait that long. And so they didn’t.

The medical wonder of the worldwide response was, of course, only one side of the story. The vaccine was developed so quickly because coronavirus had brought about a global crisis. The disease spread rapidly thanks to the highly networked economy of the Exponential Age. On 20 March, there were 10,000 Covid-19 deaths reported in total; on 1 April, the worldwide death toll had risen above 50,000; by September, it had exceeded 1 million. Within a year, there were 2.7 million deaths from Covid-19 reported globally, with the real toll estimated to be much higher. And the virus brought untold social turmoil. By the beginning of April 2020, the majority of countries around the world had gone into some form of lockdown.5 The pandemic was the biggest economic event in modern times, on par with the Wall Street Crash of 1929 – leading to market turmoil, global scuffles over logistics and supply chains, and a fundamental shock to working practices as millions found themselves working remotely or, worse, out of work.

But the exponential speed of the spread of Covid-19 shouldn’t overshadow the exponential speed of our response. The triumph of the vaccine reflected the transformative power of recent technologies, at every stage of the process. It started with genome sequencers. By 2020, there were about 20,000 sequencers in labs, hospitals and universities around the world. They allow scientists to isolate a bit of DNA or RNA and transform it into a gene sequence – the string of letters that represent its component amino acids. This information is uploaded to the kinds of communal databanks discussed in the previous chapter – each a kind of Wikipedia for gene sequences, a space in which people can freely access and make use of genetic information. This technology underpinned scientists’ lightning-fast analysis of Covid-19.

Moderna developed its vaccine with a ‘modified messenger RNA’, or mRNA, a method that involves teaching our cells how to create proteins that resist a virus. And it was able to design such a vaccine thanks to the power of machine learning – Moderna’s platforms crunched millions of numbers to identify what concoction would spark the right response from human cells. It is a characteristically exponential process: according to Marcello Damiani, one of the firm’s bosses, ‘When we run experiments, we collect even more data. This allows us to build better algorithms, which helps build the next generation of medication. It’s a virtuous cycle.’6 The computational tools used by Moderna compressed some tasks that usually take years down to just hours.7

When it came to testing, digital platforms enabled the recruitment of large numbers of trial candidates on whom to test the vaccine. Without those electronic systems, recruiting enough volunteers might have taken months, if not years. During the roll-out, health services relied on databases, online booking systems and text messages to speed up vaccination rates. Databases kept track of who received the jab and who still needed it. Without this technology, many more would have died.

At the same time, exponential technologies defined our cultural and social responses to the pandemic. From the outset, scientists and governments were forced to wage war on online misinformation. Rumours, misinterpretations, deliberate falsehoods, anti-vaccination rhetoric, fake news – all cascaded across social networks. Researchers tracking the spread of ideas over different social networks tried to estimate how quickly Covid misinformation spread. It was highly contagious. The R0 number measures the transmissibility of a pathogen. If the R0 is above 1, a pathogen will spread exponentially; if the R0 is below 1, the spread will stop. The R0 for SARS-CoV-2 is estimated at much more than 3, the common cold between 2 and 3, and the seasonal flu around 1. When the researchers calculated the R0 of Covid misinformation on different social networks, they discovered that it ranged from 1.46 (for Reddit) to 2.24 (for Instagram). All driven by exponential technology – with a single click we could share our unsubstantiated thoughts with hundreds or thousands of people.

During lockdowns, billions of us were compulsorily billeted in our homes. For those with internet access and a computer, tablet or phone, creature comforts – from Netflix to online games – were not in short supply. We filled our fridges with groceries bought online, with DoorDash or Deliveroo providing a wide variety of choice if we wanted a treat. Companies and students flipped to remote work and learning, relying on videoconferencing. The Californian company Zoom became the standard bearer, its mosaic of just-too-small faces and exaggerated waves a familiar backdrop for many a working day.

If an earlier pandemic – say, SARS in 2003 – had struck as virulently as the Covid pandemic, life would have been different. Many of the services that were a lifeline in 2020 were less than a decade old – yet under lockdown, few could imagine a time before them. In 2010, computers were less powerful, phones dumber, broadband worse, social networks largely non-existent. YouTube was founded in 2005; Netflix launched online streaming in 2007; Zoom launched in 2011; DoorDash in 2013. Fewer than one in five US homes had broadband in 2003, and average internet speeds were a twentieth of those in 2020. Remote working as we know it would have been a pipe dream, because the infrastructure that enabled it in 2020 simply didn’t exist then.

The way Covid-19 changed the world was, in short, a symptom of exponential technology. As the virus spread, it was both driven and combated by the innovations described in this book. It proclaimed, more loudly than any previous event, we are in the Exponential Age.

One of the themes of this book has been the way exponential technologies give us more from less. With every given year, technologies deliver more computational power and cheaper energy. They manipulate matter and engineer biology. They achieve more impressive things with less stuff and for less money. They let us develop vaccines, roll out e-commerce, pivot to online work. And it is a cyclical process. As demand for services grows, we march inexorably down the path of Wright’s Law. Increased production drives greater efficiencies, ever-more transformative technologies, and increasingly connected networks of trade and information.

There are few signs of this shift slowing down. As new technologies – from AI to solar power – continue to improve, the Exponential Age will only accelerate. Scientific research will continue, and entrepreneurs will continue to use it to build revolutionary products. The exponential curve of technological performance – and social transformation – will continue its upward trajectory.

Yet for all its talk of our changing economy, politics and society, this book has rarely touched upon where the Exponential Age is taking us in the long run – over the course of decades, rather than years. And with good reason. Making predictions in the Exponential Age is a perilous business. Events have a way of spiralling off in unexpected directions.

We can, however, make out the direction of travel. Nobody knows how exactly exponential technologies will shape our lives. But some changes seem more likely than others.

A decade from the time of writing, computer power will be 100 times cheaper than it is now. A dollar spent will buy you at least 100 times more computing power than you get today. Understanding the implications of this is not easy. It’s like asking someone in the early days of electricity, say in 1920, how they would use the amount of power those of us in the rich world today consume daily without thinking. Back then, the average British home consumed less than 50 watt-hours of electricity per day.8 One hundred years later, the typical UK home guzzles 200 times as much electricity. Americans enjoy still more.

In 1920, it would have been hard to imagine the comforts of today: electric underfloor heating, LED lighting of any hue, tiny motors that open and close our blinds, toothbrushes that vibrate hundreds of times a second, vacuum cleaners that can suck up barely visible animal dander. These machines depend on vast amounts of electricity and a cascade of technologies layered on top of each other. So what might we do with a tremendous growth in computing power – at least 100-fold in any given decade and likely much more? It will create a similar discontinuity to the rapid growth of electricity, the effects of which are hard to predict.

A decade from now, renewable electricity from solar or wind plants will be five times cheaper, and perhaps more – likely a quarter of the 2020 price of natural gas. The batteries used in electric vehicles will probably be a third of the price they were in 2020. Renewable energy will have become the dominant form of electricity in major economies. It seems unlikely that any new sources of fossil fuel power will be coming online in advanced economies. Even in poorer countries, old gas and coal plants are being wound down. Oil companies may well have found better things to do with their time than pump oil. Abu Dhabi’s investments in solar farms across the UAE and in Africa demonstrate the scale of this shift. But solar and wind power will only be part of the transition to a sustainable future: the methods of synthetic biology will allow us to shift away from using fossil fuels in pharmaceuticals and oil-derived materials such as plastics.

A decade from now, human genome sequences will be approaching a dollar apiece. There will be little reason not to sequence every person as part of their normal medical procedures. Building on the advances presaged by services like Ping An Good Doctor, you might have access to hospital-grade diagnostics from your neighbourhood pharmacy. Should you develop a rare illness, personalised medications could be your saviour. Cheap wearable devices and regular testing of your blood and microbiota might allow doctors to catch many conditions before they become serious. The combination of large-scale population data and personal information could help fine-tune diets for health.

A decade from now, scores of nanosatellites providing real-time sensor data might help us keep track of our natural resources – including coral reefs, ocean ecosystems and forests. Scientists plan to map and track every single one of the 3 trillion trees on the planet, to better understand rates of deforestation – which will be critical in managing our carbon budget.9 Vertical farms could reduce our dependence on water and other resources, all the while providing healthier, more nutritious, food to our cities.

In short, we are entering an age of abundance. The first period in human history in which energy, food, computation and much else will be trivially cheap to produce. We could fulfil the current needs of humanity many times over, at ever-declining financial cost.

Yet this is only half the picture. The technology offers up new possibilities. But technology alone will not solve our problems.

We should be concerned with three issues. The first is that an abundance of stuff – energy, materials, healthcare, whatever – doesn’t mean an absence of waste. Sure, some countries have decarbonised their electricity supply and broken the link between carbon output and GDP. But that doesn’t eliminate resource use altogether. Solar panels and chips need sand; batteries need metals that must be yanked out of the ground; urbanisation will require buildings, roads, sewers and more. In fact, history has shown that the cheaper something becomes, the more people can afford it, and so the more demand there is. Supply catalyses demand: my new shelving, bought to help me tidy the piles of books on my desk, resulted in books both on straining shelves and in unruly piles on my desk. Exponential technologies by no means preclude excessive resource extraction.

Imagine that the resources we need to sequence a single human genome reduce by a factor of 100, pushing the cost of sequencing down much further. If, as a result of this lower cost, we end up sequencing a million times more genomes, our overall use of resources will have increased. The risk is that reduced costs lead to gross increases in consumption.10 Exponential technologies can help us tackle human crises like climate change. But the technology alone is not enough. Without the right governance, they may still lead us down the road of overconsumption and environmental catastrophe.

The second issue is that technology is destabilising. At these exponential rates of improvement and deployment, technological innovation challenges well-established systems. As we’ve seen time and again in this book, technology has an earth-shattering effect on our social, economic and political institutions. New companies force out old ones. The relationship between workers and employers is transformed. Economic cooperation gives way to localised production. And the effects of this destabilisation are usually borne by those who can least afford them. Smaller, more vulnerable and low-tech companies are the ones that go bust. Workers with lower levels of training find themselves thrown into exploitative gig work. The localisation of supply chains is ruinous for the economies of the developing world. The negative effects of the Exponential Age are never evenly distributed.

A third concern is the dramatic shift in the locus of power that exponential technologies bring about. These technologies have contributed to the creation of superstar companies. And these firms have capabilities that even governments need to rely on. Such companies increasingly dominate aspects of society we have never thought of as the province of firms. But it is not just companies that are becoming more powerful. Unaccountable influence goes to the individuals and places – high-tech knowledge-workers, cyber criminals, malevolent states – that first understood the power of exponential technology.

The notion of the exponential gap is one attempt to synthesise each of these forces. All of them hint at a world changing faster than our systems and assumptions can handle. And any of these forces might lead us to dystopia. An era of constant military conflict; of increasingly powerful firms and powerless workers; of a hyper-commodified public sphere attuned to the needs of the people building the technologies and few others – all set against the backdrop of environmental crisis.

But this dystopian world is not inevitable. It is easy, when faced with transformative technologies, to become deterministic. We sometimes think that it is the force of technology alone that drives social change. Or assume that technology has its own path over which we have no control. Sheila Jasanoff, an ethicist based at Harvard University, critiques a widespread notion that technology ‘possesses an unstoppable momentum, reshaping society to fit its demands’.11 All too many people, Jasanoff says, think that to stand in the face of technology is to be somehow primitive, a Luddite. Technology, their argument goes, is not something that can be stopped.

Yet technology doesn’t determine how it develops. We do.

This insight is key if we’re to close the exponential gap. Throughout this book, I’ve identified the specific ways we might put technology back in the service of society. But more broadly, the solution to the exponential gap is a shift in mindset – one that acknowledges that we have agency over where technology will take us.

It is a shift with two main stages. The first is to acknowledge that technology’s shape, direction and impact are not preordained. Of course, technology builds on what has come before – new innovations layer and combine with those of earlier generations. But its path is not set. We are the ones who decide what we want from the tools we build.

This is shown most clearly in the divergent ways technologies are used by different societies. Consider DDT, which was very helpful at killing mosquitos and slowing the spread of malaria, but also polluted food chains around the world. DDT was banned in the United States and United Kingdom. Yet for decades it was allowed in India, where preventing malaria was a priority – and so ecological damage was deemed an acceptable downside. Gig work tells a similar tale: in the UK, a rich country with a well-established formal labour market, gig-working platforms may be seen to unacceptably undermine workers’ rights and protections. In India or Nigeria, the same technologies may bring benefits, as these countries have a more informal work market based on day labour. In other words, it is our choices and our circumstances that determine how technology is actually used. As the historian Melvin Kranzberg put it: ‘The point is that the same technology can answer questions differently, depending on the context into which it is introduced and the problem it is designed to solve.’

But acknowledging that the direction of technology is not preordained doesn’t amount to saying that technology isn’t transformative. Elsewhere, Kranzberg writes that technology ‘is neither good, nor bad, nor is it neutral’.12 Like it or not, technology brings change. And so the second stage in our shift in mindset involves acceptance: recognising that while we can shape it, technology will nonetheless bring rapid, often unexpected dislocations. In the face of these changes, we must avoid the temptation to prevent experimentation, or choke the creative vigour of the market. Chaotic, unpredictable developments can be for the good – it’s our responsibility to channel them when we can and manage their surprises when we can’t.

As the Exponential Age accelerates, general purpose technologies will affect all of our most cherished institutions. Our societies are bound together by thousands of unspoken rules, norms, values and expectations. But technology disrupts them. As Jasanoff puts it, ‘In all of its guises, actual or aspirational, technology functions as an instrument of governance.’ It moulds all of the ethical, legal and social systems on which we depend.13 We cannot prevent this moulding happening, but we can direct it.

Of course, changing how we think about the pace of change won’t, on its own, close the exponential gap. We need policies, social movements and new forms of political and economic organisation too. And developing these won’t be easy, given just how many domains of our politics, economy and society are impacted by exponential technology.

As this book has shown, the solutions are varied. Our economy is increasingly dominated by enormous, sometimes oligopolistic companies – forged by increasing returns to scale. These firms operate the infrastructure that underpins the modern world: from the technical internet services that allow data to flow freely, to the software that helps our businesses to function. These firms defy our standard assumptions about the limits of a company’s growth, and about what monopoly looks like. And so we need a new conception of what market dominance is – and to place new regulatory and societal expectations on the companies that start to look monopolistic.

In the workplace, our assumptions about the relationship between an employer and a worker are being eroded. We are moving towards a world dominated by platforms, which may leave workers in a precarious position. And these platforms will increasingly manage workers by algorithms optimised for output and efficiency. The shift in organisational structure and production methods can result in a declining worker share in profits. And so we need new ways to empower working people. Workers, whether formally employed or gig workers, need to be guaranteed dignity, flexibility and security – so they can continually adapt to the rapidly changing workplace, without their lives becoming unbearable. The best way to achieve this is through new forms of collective action, which will allow workers to exert pressure on their employers.

Our sense of place is being upturned as well. As supply chains are re-localised, regional economies in the developed world will become more independent. And cities will grow in stature too, drawing in the talent of a region and taking up the mental space of political leaders. Rural and small-town areas are at risk of getting left behind. Issues that we have thought of as national are becoming regional or even local – how will the structure of power within and between nations need to change to reflect that? On such matters, government needs to be closer to the people it serves. But we also need new organisations to maintain international cooperation, to prevent much of the world being shut out of the benefits of exponential technology.

This return to the local could lead to conflict between nations and between regions. And this risk is exacerbated by new technologies, which make attacks – from drone swarms to constant cyber warfare – much easier. We risk descending into a period of dramatic disorder. In response, nations need to strengthen their defences, and teach their populations to be more resilient to attacks. At the same time, we need new rules and norms of war – to better de-escalate conflicts, and to stop the constant proliferation of new weapons.

Finally, we need to rethink the relationship between citizen and society, particularly surrounding the role of the market in our lives. As ever-greater parts of our lives are turned into commodities – from our public conversations to our private data – we need to make sure that some areas fall beyond the remit of markets. We can do that by making the technology giants more transparent in their decisions, and by explicitly guaranteeing certain rights to digital citizens. At the same time, new systems of common ownership and control would allow our communities – rather than private companies, controlled by the few – to harness the power of exponential technology.

At first glance, these policies might seem disparate. Yet there are a few threads that hold them together. It is these unifying themes that anyone serious about tackling the exponential gap should keep in mind. When water turns to steam, we can still make use of its power. But we need new tools to handle it – or we risk getting scalded. And so we need a new set of tools to manage our phase transition into the Exponential Age.

The first principle is commonality. As the world changes at an increasing pace, no state, business or worker will be able to keep up alone. And so we need to build institutions that allow disparate groups of people to work together, to cooperate and to exchange ideas. This principle underpins many of the policies identified in this book. Interoperability, for example, is about encouraging different businesses to work together. It is about ensuring that as consumers (and customers) we can easily use services from different suppliers, without being locked in to any one of them. Cooperation between nations with similar interests, in the form of new intergovernmental bodies, will help reduce the risk of global conflict. Cooperation will also drive the new wave of commonly owned and commonly run organisations – commons approaches to data, and even to creating services, for example. And a greater emphasis on worker collectives will allow everyone to get a better bargain in the face of volatile shifts in the world of work.

The second principle is resilience. The world is developing faster than ever, and we need institutions that are sturdy enough to handle constant change. When we talk about new forms of welfare – the Danish ‘flexicurity’ model identified in Chapter 5, for example – we are trying to build systems that don’t collapse under the strain of a rapidly changing labour market. And when we emphasise the need for new digital rights for citizens, we are trying to create a bedrock of basic protections that will remain in place whatever direction the digital platforms develop in. These are only a couple of suggestions. All organisations will need to consider how to develop sturdy systems – designed with resilience in mind rather than with resilience as an afterthought.

Resilience, though, does not mean rigidity. And so our third principle is flexibility. Our institutions need to be able to adapt quickly, as society around them changes. Whether it is ignoring cyber threats, or failing to update employment legislation, or being slow to rethink the nature of monopoly, our systems have been lackadaisical in their response to the changing technological order. Many of the suggestions in this book have been about trying to help institutions adapt more quickly. When we hand down power to the local level, we create political units that are small enough to be agile. When we increase the transparency of big tech, we become more likely to spot incipient problems and respond rapidly – before anything gets out of control. These are just a few examples. In the Exponential Age, all institutions need to be serious about flexibility. If they are too rigid, they will be outpaced by our changing world.

Provided you are reading this book at some point before 2040, chances are you have lived more of your life before the Exponential Age than during it. And that means that the institutions around you were, for most of your life, adequate. The industrial age brought new technologies: the internal combustion engine, the telephone, electricity. In response, humans built social institutions that adapted these technologies to their needs: secure jobs and collective bargaining for workers; national electricity boards; road safety manuals. As the twentieth century rolled on, these institutions gradually morphed in line with the changing needs of society. The working norms of the 1990s differed from those of the 1930s. And this gradual pace of change was fine. Technologies were not developing at disorientating rates. There were massive shocks – think of World War Two and the 1973 oil crisis – but by and large technology delivered a period of evolution, not disjuncture.

But we are now well into the Exponential Age. Destabilisation and disorder are constant. And so we need a new social settlement – one that is fit for an era of constant change. The principles that underpin this book – commonality, resilience and flexibility – may seem distant, but they are the only way I can see to make our institutions function in the Exponential Age. And, if they seem fanciful, remember that we have transformed our institutions before. The ideas of universal suffrage, permanent employee contracts and global supply chains once seemed the realm of fiction too.

That humans have created new systems before should give us cause for hope. In the Exponential Age, technology is unpredictable. It is hard to say how new innovations will transform our society, as they constantly interact with our approaches to business, work, place, conflict and politics. But after all the technological revolutions of the past, humans have found ways to thrive. Modern history is defined by two great forces: the extraordinary power of technological change; and humans’ ingenuity in forging the world we want in response. Technology, it turns out, is something that we can control.

And because it is in our control, regardless of how sophisticated it may become, technology always has the potential to be a force for good. Water turns to steam, but that doesn’t stop us harnessing its power.
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