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Daron:
To Aras, Arda, and Asu, for a better future

Simon:
To Lucie, Celia, and Mary, always




If we combine our machine-potentials of a factory with the valuation of human beings on which our present factory system is based, we are in for an industrial revolution of unmitigated cruelty. We must be willing to deal in facts rather than in fashionable ideologies if we wish to get through this period unharmed.

—Norbert Wiener, 1949




Praise for Power and Progress

“America (and the world) is at a crossroads. Big business and the rich rewrote the rules of the US political economy since the 1970s, making it more grotesquely unfair than ever just as automation and offshoring jobs changed the game as well. Now with AI, renowned MIT economists Daron Acemoglu and Simon Johnson explain in their important and lucid book how the transformation of work could make life even worse for most people, or, possibly, much better––depending on the political and social and technological choices we make starting now. We must ‘stop being mesmerized by tech billionaires,’ they warn, because ‘progress is never automatic.’ With revealing, relevant stories from throughout economic history and sensible ideas for systemic reform, this is an essential guide for this crucial battle in the ‘one-thousand-year struggle’ between the powerful and everyone else.”

—KURT ANDERSEN, author of Evil Geniuses

“One powerful thread runs through this breathtaking tour of the history and future of technology, from the Neolithic agricultural revolution to the ascent of artificial intelligence: Technology is not destiny, nothing is pre-ordained. Humans, despite their imperfect institutions and often-contradictory impulses, remain in the driver’s seat. It is still our job to determine whether the vehicles we build are heading toward justice or down the cliff. In this age of relentless automation and seemingly unstoppable consolidation of power and wealth, Power and Progress is an essential reminder that we can, and must, take back control.”

—ABHIJIT BANERJEE AND ESTHER DUFLO, 2019 Nobel laureates in economics and authors of Poor Economics and Good Economics for Hard Times

“Acemoglu and Johnson have written a sweeping history of more than a thousand years of technical change. They take aim at economists’ mindless enthusiasm for technical change and their crippling neglect of power. An important book that is long overdue.”

—SIR ANGUS DEATON, 2015 Nobel laureate in economics and coauthor of Deaths of Despair

“If you are not already an addict of Daron Acemoglu and Simon Johnson’s previous books, Power and Progress is guaranteed to make you one. It offers their addictive hallmarks: sparkling writing and a big question that affects our lives. Are powerful new technologies guaranteed to benefit us? Did the industrial revolution bring happiness to our great-grandparents 150 years ago, and will artificial intelligence bring us more happiness now? Read, enjoy, and then choose your lifestyle!”

—JARED DIAMOND, Pulitzer Prize–winning author of Guns, Germs, and Steel and other international bestsellers

“Acemoglu and Johnson would like a word with the mighty tech lords before they turn over the entire world economy to artificial intelligence. The lesson of economic history is technological advances such as AI won’t automatically lead to broad-based prosperity—they may end up benefiting only a wealthy elite. Just as the innovations of the Gilded Age of American industrialization had to be reined in by progressive politics, so too, in our Coded Age, we need not only trade unions, civil society, and trustbusters, but also legislative and regulatory reforms to prevent the advent of a new panopticon of AI-enabled surveillance. This book will not endear the authors to Microsoft executives, but it’s a bracing wake-up call for the rest of us.”

—NIALL FERGUSON, Milbank Family Senior Fellow, Hoover Institution, Stanford University, and author of The Square and the Tower

“A book you must read: compelling, beautifully written, and tightly argued, it addresses a crucially important problem with powerful solutions. Drawing on both historical examples and a deep dive into the ways in which artificial intelligence and social media depress wages and undermine democracy, Acemoglu and Johnson argue for a revolution in the way we manage and control technology. Throughout history, it has only been when elites have been forced to share power that technology has served the common good. Acemoglu and Johnson show us what this would look like today.”

—REBECCA HENDERSON, John and Natty McArthur University Professor, Harvard University, and author of Reimagining Capitalism in a World on Fire

“The technology of artificial intelligence is moving fast and likely to accelerate. This powerful book shows we now need to make some careful choices to really share the benefits and reduce unintended, adverse consequences. Technology is too important to leave to the billionaires. Everyone everywhere should read Acemoglu and Johnson—and try to get a seat at the decision-making table.”

—RO KHANNA, Silicon Valley member of Congress

“This singular book elevated my understanding of the present confluence of society, economics, and technology. Here we have a synthesis of history and analysis coupled with specific ideas about how the future can be improved. It pulls no punches but also inspires optimism.”

—JARON LANIER, author of Ten Arguments for Deleting Your Social Media Accounts Right Now

“Two of the best economists alive today are taking a closer look at the economics of technological progress in history. Their findings are as surprising as they are disturbing. This beautifully written and richly documented book marks a new beginning in our thinking about the political economy of innovation.”

—JOEL MOKYR, Robert H. Strotz Professor of Arts and Sciences, Northwestern University, and author of The Lever of Riches: Technological Creativity and Economic Progress

“Will the AI revolution increase the average worker’s productivity while reducing their drudgery, or will it simply create more exploitative and heavily surveilled workplaces run by robotic overlords? That is the right question, and luckily Acemoglu and Johnson have set out to answer it, giving it profound historical context, combing through the economic incentives, and lighting a better path forward.”

—CATHY O’NEIL, author of Weapons of Math Destruction and The Shame Machine

“Technology is upending our world—automating jobs, deepening inequality, and creating tools of surveillance and misinformation that threaten democracy. But Acemoglu and Johnson show it doesn’t have to be this way. The direction of technology is not, like the direction of the wind, a force of nature beyond human control. It’s up to us. This humane and hopeful book shows how we can steer technology to promote the public good. Required reading for everyone who cares about the fate of democracy in a digital age.”

—MICHAEL J. SANDEL, Robert M. Bass Professor of Government, Harvard University, and author of The Tyranny of Merit: Can We Find the Common Good?

“A remarkable analysis of the current drama of technology evolution versus human dignity, where the potent forces boosting inequality continue to destroy our belief in the nobility of work and the inevitability of egalitarian progress. Acemoglu and Johnson offer a fresh vision of how this drama unfolds by highlighting human capabilities and social skills. They are deeply informed, masters at synthesis, and passionate about shaping a better future where innovation supports equality.”

—BEN SHNEIDERMAN, Distinguished University Professor, University of Maryland, and author of Human-Centered AI

“Our future is inevitable and determined by the acceleration of technologies like AI and Web3.…Or so we are told. Here, from two of the greatest economists of our time, we have the definitive refutation of the techno-determinist story that has held us back from building a better future for the last four decades. With a bit of luck, we may look back at this as a turning point where we collectively once again took responsibility for defining the world we want technology to empower us to live in together.”

—E. GLEN WEYL, research lead and founder, Decentralized Social Technology Collaboratory, Microsoft Research Special Projects

“In this brilliant, sweeping review of technological change past and present, Acemoglu and Johnson mean to grab us by the shoulders and shake us awake before today’s winner-take-all technologies impose more violence on global society and the democratic prospect. This vital book is a necessary antidote to the poisonous rhetoric of tech inevitability. It reveals the realpolitik of technology as a persistent Trojan horse for economic powers that favor the profit-seeking aims of the few over the many. Power and Progress is the blueprint we need for the challenges ahead: technology only contributes to shared prosperity when it is tamed by democratic rights, values, principles, and the laws that sustain them in our daily lives.”

—SHOSHANA ZUBOFF, Charles Edward Wilson Professor Emerita, Harvard Business School, and author of The Age of Surveillance Capitalism
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Prologue

What Is Progress?

Every day, we hear from executives, journalists, politicians, and even some of our colleagues at MIT that we are heading relentlessly toward a better world, thanks to unprecedented advances in technology. Here is your new phone. There goes the latest electric car. Welcome to the next generation of social media. And soon, perhaps, scientific advances could solve cancer, global warming, and even poverty.

Of course, problems remain, including inequality, pollution, and extremism around the globe. But these are the birth pains of a better world. In any case, we are told, the forces of technology are inexorable. We couldn’t stop them if we wanted to, and it would be highly inadvisable to try. It is better to change ourselves—for example, by investing in skills that will be valued in the future. If there are continuing problems, talented entrepreneurs and scientists will invent solutions—more-capable robots, human-level artificial intelligence, and whatever other breakthroughs are required.

People understand that not everything promised by Bill Gates, Elon Musk, or even Steve Jobs will likely come to pass. But, as a world, we have become infused by their techno-optimism. Everyone everywhere should innovate as much as they can, figure out what works, and iron out the rough edges later.

WE HAVE BEEN here before, many times. One vivid example began in 1791, when Jeremy Bentham proposed the panopticon, a prison design. In a circular building and with the right lighting, Bentham argued, centrally positioned guards could create the impression of watching everyone all the time, without themselves being observed—supposedly a very efficient (low-cost) way of ensuring good behavior.

The idea at first found some traction with the British government, but sufficient funding was not forthcoming, and the original version was never built. Nevertheless, the panopticon captured the modern imagination. For the French philosopher Michel Foucault, it is a symbol of oppressive surveillance at the heart of industrial societies. In George Orwell’s 1984, it operates as the omnipresent means of social control. In the Marvel movie Guardians of the Galaxy, it proves to be a flawed design that facilitates an ingenious prison breakout.

Before the panopticon was proposed as a prison, it was a factory. The idea originated with Samuel Bentham, Jeremy’s brother and an expert naval engineer then working for Prince Grigory Potemkin in Russia. Samuel’s idea was to enable a few supervisors to watch over as many workers as possible. Jeremy’s contribution was to extend that principle to many kinds of organizations. As he explained to a friend, “You will be surprised when you come to see the efficacy which this simple and seemingly obvious contrivance promises to be to the business of schools, manufactories, Prisons, and even Hospitals. . . .”

The panopticon’s appeal is easy to understand—if you are in charge—and was not missed by contemporaries. Better surveillance would lead to more compliant behavior, and it was easy to imagine how this could be in the broader interest of society. Jeremy Bentham was a philanthropist, animated by schemes to improve social efficiency and help everyone to greater happiness, at least as he saw it. Bentham is credited today as the founder of the philosophy of utilitarianism, which means maximizing the combined welfare of all people in society. If some people could be squeezed a little in return for a few people gaining a great deal, that was an improvement worth considering.

The panopticon was not just about efficiency or the common good, however. Surveillance in factories implied inducing workers to labor harder, and without the need to pay them higher wages to motivate greater effort.

The factory system spread rapidly in the second half of the eighteenth century across Britain. Even though they did not rush to install panopticons, many employers organized work in line with Bentham’s general approach. Textile manufacturers took over activities previously performed by skilled weavers and divided them up more finely, with key elements now done by new machines. Factory owners employed unskilled workers, including women and small children, to perform simple repetitive tasks, such as pulling a handle, for as many as fourteen hours per day. They also supervised this labor force closely, lest anyone slow down production. And they paid low wages.

Workers complained about conditions and the backbreaking effort. Most egregious to many were the rules they had to follow in factories. One weaver put it this way in 1834: “No man would like to work in a power-loom, they do not like it, there is such a clattering and noise it would almost make some men mad; and next, he would have to be subject to a discipline that a hand-loom weaver can never submit to.”

New machinery turned workers into mere cogs. As another weaver testified before a parliamentary committee in April 1835, “I am determined for my part, that if they will invent machines to supersede manual labour, they must find iron boys to mind them.”

To Jeremy Bentham, it was self-evident that technology improvements enabled better-functioning schools, factories, prisons, and hospitals, and this was beneficial for everyone. With his flowery language, formal dress, and funny hat, Bentham would cut an odd figure in modern Silicon Valley, but his thinking is remarkably fashionable. New technologies, according to this view of the world, expand human capabilities and, when applied throughout the economy, greatly increase efficiency and productivity. Then, the logic goes, society will sooner or later find a way of sharing these gains, generating benefits for pretty much everybody.

Adam Smith, the eighteenth-century founding father of modern economics, could also join the board of a venture capital fund or write for Forbes. In his view, better machines would lead to higher wages, almost automatically:


In consequence of better machinery, of greater dexterity, and of a more proper division and distribution of work, all of which are the natural effects of improvement, a much smaller quantity of labour becomes requisite for executing any particular piece of work, and though, in consequence of the flourishing circumstances of the society, the real price of labour should rise very considerably. . . .



In any case, resistance is futile. Edmund Burke, contemporary of Bentham and Smith, referred to the laws of commerce as “the laws of nature, and consequently the laws of God.”

How can you resist the laws of God? How can you resist the unstoppable march of technology? And anyway, why resist these advances?

ALL OF THIS optimism notwithstanding, the last thousand years of history are filled with instances of new inventions that brought nothing like shared prosperity:

• A whole series of technological improvements in medieval and early modern agriculture, including better plows, smarter crop rotation, more use of horses, and much improved mills, created almost no benefits for peasants, who constituted close to 90 percent of the population.

• Advances in European ship design from the late Middle Ages enabled transoceanic trade and created massive fortunes for some Europeans. But the same kinds of ships also transported millions of enslaved people from Africa to the New World and made it possible to build systems of oppression that lasted for generations and created awful legacies persisting today.

• Textile factories of the early British industrial revolution generated great wealth for a few but did not raise worker incomes for almost a hundred years. On the contrary, as the textile workers themselves keenly understood, work hours lengthened and conditions were horrible, both in the factory and in crowded cities.

• The cotton gin was a revolutionary innovation, greatly raising the productivity of cotton cultivation and turning the United States into the largest cotton exporter in the world. The same invention intensified the savagery of slavery as cotton plantations expanded across the American South.

• At the end of the nineteenth century, German chemist Fritz Haber developed artificial fertilizers that boosted agricultural yields. Subsequently, Haber and other scientists used the same ideas to design chemical weapons that killed and maimed hundreds of thousands on World War I battlefields.

• As we discuss in the second half of this book, spectacular advances in computers have enriched a small group of entrepreneurs and business tycoons over the last several decades, whereas most Americans without a college education have been left behind, and many have even seen their real incomes decline.

Some readers may object at this point: Did we not in the end hugely benefit from industrialization? Aren’t we more prosperous than earlier generations, who toiled for a pittance and often died hungry, thanks to improvements in how we produce goods and services?

Yes, we are greatly better off than our ancestors. Even the poor in Western societies enjoy much higher living standards today than three centuries ago, and we live much healthier, longer lives, with comforts that those alive a few hundred years ago could not have even imagined. And, of course, scientific and technological progress is a vital part of that story and will have to be the bedrock of any future process of shared gains. But the broad-based prosperity of the past was not the result of any automatic, guaranteed gains of technological progress. Rather, shared prosperity emerged because, and only when, the direction of technological advances and society’s approach to dividing the gains were pushed away from arrangements that primarily served a narrow elite. We are beneficiaries of progress, mainly because our predecessors made that progress work for more people. As the eighteenth-century writer and radical John Thelwall recognized, when workers congregated in factories and cities, it became easier for them to rally around common interests and make demands for more equitable participation in the gains from economic growth:


The fact is, that monopoly, and the hideous accumulation of capital in a few hands, like all diseases not absolutely mortal, carry, in their own enormity, the seeds of cure. Man is, by his very nature, social and communicative—proud to display the little knowledge he possesses, and eager, as opportunity presents, to encrease his store. Whatever presses men together, therefore, though it may generate some vices, is favourable to the diffusion of knowledge, and ultimately promotive of human liberty. Hence every large workshop and manufactory is a sort of political society, which no act of parliament can silence, and no magistrate disperse.



Electoral competition, the rise of trade unions, and legislation to protect workers’ rights changed how production was organized and wages were set in nineteenth-century Britain. Combined with the arrival of a new wave of innovation from the United States, they also forged a new direction of technology—focused on increasing worker productivity rather than just substituting machinery for the tasks they used to perform or inventing new ways of monitoring them. Over the next century, this technology spread throughout Western Europe and then the world.

Most people around the globe today are better off than our ancestors because citizens and workers in early industrial societies organized, challenged elite-dominated choices about technology and work conditions, and forced ways of sharing the gains from technical improvements more equitably.

Today we need to do the same again.

The good news is that incredible tools are available to us, including magnetic resonance imaging (MRI), mRNA vaccines, industrial robots, the internet, tremendous computational power, and massive amounts of data on things we could not measure before. We can use these innovations to solve real problems—but only if these awesome capabilities are focused on helping people. This is not the direction in which we are currently heading, however.

Despite what history teaches us, the predominant narrative today has shifted back toward something remarkably close to what was prevalent in Britain 250 years ago. We are living in an age that is even more blindly optimistic and more elitist about technology than the times of Jeremy Bentham, Adam Smith, and Edmund Burke. As we document in Chapter 1, people making the big decisions are once again deaf to the suffering created in the name of progress.

We wrote this book to show that progress is never automatic. Today’s “progress” is again enriching a small group of entrepreneurs and investors, whereas most people are disempowered and benefit little.

A new, more inclusive vision of technology can emerge only if the basis of social power changes. This requires, as in the nineteenth century, the rise of counterarguments and organizations that can stand up to the conventional wisdom. Confronting the prevailing vision and wresting the direction of technology away from the control of a narrow elite may even be more difficult today than it was in nineteenth-century Britain and America. But it is no less essential.




1

Control over Technology


In the Fall as recorded in the book of Genesis, man underwent a loss of innocence and a weakening of his power over creation. Both of these losses can be to some extent made good, even in this life—the former by religion and faith, the latter by arts and sciences.

—FRANCIS BACON, Novum Organum, 1620

Instead, I saw a real aristocracy, armed with a perfected science and working to a logical conclusion the industrial system of to-day. Its triumph had not been simply a triumph over Nature, but a triumph over Nature and the fellow man.

—H. G. WELLS, The Time Machine, 1895



Since its first version in 1927, Time magazine’s annual Man of the Year had almost always been a single person, typically a political leader of global significance or a US captain of industry. For 1960, the magazine chose instead a set of brilliant people: American scientists. Fifteen men (unfortunately, no women) were singled out for their remarkable achievements across a range of fields. According to Time, science and technology had finally triumphed.

The word technology comes from the Greek tekhne (“skilled craft”) and logia (“speaking” or “telling”), implying systematic study of a technique. Technology is not simply the application of new methods to the production of material goods. Much more broadly, it concerns everything we do to shape our surroundings and organize production. Technology is the way that collective human knowledge is used to improve nutrition, comfort, and health, but often for other purposes, too, such as surveillance, war, or even genocide.

Time was honoring scientists in 1960 because unprecedented advances in knowledge had, through new practical applications, transformed everything about human existence. The potential for further progress appeared unbounded.

This was a victory lap for the English philosopher Francis Bacon. In Novum Organum, published in 1620, Bacon had argued that scientific knowledge would enable nothing less than human control over nature. For centuries, Bacon’s writings seemed no more than aspirational as the world struggled with natural disasters, epidemics, and widespread poverty. By 1960, however, his vision was no longer fantastical because, as Time’s editors wrote, “The 340 years that have passed since Novum Organum have seen far more scientific change than all the previous 5,000 years.”

As President Kennedy put it to the National Academy of Sciences in 1963, “I can imagine no period in the long history of the world where it would be more exciting and rewarding than in the field today of scientific exploration. I recognize with each door that we unlock we see perhaps 10 doors that we never dreamed existed and, therefore, we have to keep working forward.” Abundance was now woven into the fabric of life for many people in the United States and Western Europe, with great expectations for what would come next both for those countries and the rest of the world.

This upbeat assessment was based on real achievement. Productivity in industrial countries had surged during the preceding decades so that American, German, or Japanese workers were now producing on average a lot more than just twenty years before. New consumer goods, including automobiles, refrigerators, televisions, and telephones, were increasingly affordable. Antibiotics had tamed deadly diseases, such as tuberculosis, pneumonia, and typhus. Americans had built nuclear-powered submarines and were getting ready to go to the moon. All thanks to breakthroughs in technology.

Many recognized that such advances could bring ills as well as comforts. Machines turning against humans has been a staple of science fiction at least since Mary Shelley’s Frankenstein. More practically but no less ominously, pollution and habitat destruction wrought by industrial production were increasingly prominent, and so was the threat of nuclear war—itself a result of astonishing developments in applied physics. Nevertheless, the burdens of knowledge were not seen as insurmountable by a generation becoming confident that technology could solve all problems. Humanity was wise enough to control the use of its knowledge, and if there were social costs of being so innovative, the solution was to invent even more useful things.

There were lingering concerns about “technological unemployment,” a term coined by the economist John Maynard Keynes in 1930 to capture the possibility that new production methods could reduce the need for human labor and contribute to mass unemployment. Keynes understood that industrial techniques would continue to improve rapidly but also argued, “This means unemployment due to our discovery of means of economising the use of labour outrunning the pace at which we can find new uses for labour.”

Keynes was not the first to voice such fears. David Ricardo, another founder of modern economics, was initially optimistic about technology, maintaining that it would steadily increase workers’ living standards, and in 1819 he told the House of Commons that “machinery did not lessen the demand for labour.” But for the third edition of his seminal Principles of Political Economy and Taxation in 1821, Ricardo added a new chapter, “On Machinery,” in which he wrote, “It is more incumbent on me to declare my opinion on this question, because they have, on further reflection, undergone a considerable change.” As he explained in a private letter that year, “If machinery could do all the work that labour now does, there would be no demand for labour.”

But Ricardo’s and Keynes’s concerns did not have much impact on mainstream opinion. If anything, optimism intensified after personal computers and digital tools started spreading rapidly in the 1980s. By the late 1990s, the possibilities for economic and social advances seemed boundless. Bill Gates was speaking for many in the tech industry at the time when he said, “The [digital] technologies involved here are really a superset of all communications technology that has come along in the past, e.g., radio, newspaper. All of those things will be replaced by something that is far more attractive.”

Not everything might go right all the time, but Steve Jobs, cofounder of Apple, captured the zeitgeist perfectly at a conference in 2007 with what became a famous line: “Let’s go and invent tomorrow rather than worrying about yesterday.”

In fact, both Time magazine’s upbeat assessment and subsequent techno-optimism were not just exaggerated; they missed entirely what happened to most people in the United States after 1980.

In the 1960s, only about 6 percent of American men between the ages of 25 and 54 were out of the labor market, meaning they were long-term unemployed or not seeking a job. Today that number is around 12 percent, primarily because men without a college degree are finding it increasingly difficult to get well-paid jobs.

American workers, both with and without college education, used to have access to “good jobs,” which, in addition to paying decent wages, provided job security and career-building opportunities. Such jobs have largely disappeared for workers without a college degree. These changes have disrupted and damaged the economic prospects for millions of Americans.

An even bigger change in the US labor market over the past half century is in the structure of wages. During the decades following World War II, economic growth was rapid and widely shared, with workers from all backgrounds and skills experiencing rapid growth in real incomes (adjusted for inflation). No longer. New digital technologies are everywhere and have made vast fortunes for entrepreneurs, executives, and some investors, yet real wages for most workers have scarcely increased. People without college education have seen their real earnings decline, on average, since 1980, and even workers with a college degree but no postgraduate education have seen only limited gains.

The inequality implications of new technologies reach far beyond these numbers. With the demise of good jobs available to most workers and the rapid growth in the incomes of a small fraction of the population trained as computer scientists, engineers, and financiers, we are on our way to a truly two-tiered society, in which workers and those commanding the economic means and social recognition live separately, and that separation grows daily. This is what the English writer H. G. Wells anticipated in The Time Machine, with a future dystopia where technology had so segregated people that they evolved into two separate species.

This is not just a problem in the United States. Because of better protection for low-paid workers, collective bargaining, and decent minimum wages, workers with relatively low education levels in Scandinavia, France, or Canada have not suffered wage declines like their American counterparts. All the same, inequality has risen, and good jobs for people without college degrees have become scarce in these countries as well.

It is now evident that the concerns raised by Ricardo and Keynes cannot be ignored. True, there has been no catastrophic technological unemployment, and throughout the 1950s and 1960s workers benefited from productivity growth as much as entrepreneurs and business owners did. But today we are seeing a very different picture, with skyrocketing inequality and wage earners largely left behind as new advances pile up.

In fact, a thousand years of history and contemporary evidence make one thing abundantly clear: there is nothing automatic about new technologies bringing widespread prosperity. Whether they do or not is an economic, social, and political choice.

This book explores the nature of this choice, the historical and contemporary evidence on the relationship among technology, wages, and inequality, and what we can do in order to direct innovations to work in service of shared prosperity. To lay the groundwork, this chapter addresses three foundational questions:

• What determines when new machines and production techniques increase wages?

• What would it take to redirect technology toward building a better future?

• Why is current thinking among tech entrepreneurs and visionaries pushing in a different, more worrying direction, especially with the new enthusiasm around artificial intelligence?

The Bandwagon of Progress

Optimism regarding shared benefits from technological progress is founded on a simple and powerful idea: the “productivity bandwagon.” This idea maintains that new machines and production methods that increase productivity will also produce higher wages. As technology progresses, the bandwagon will pull along everybody, not just entrepreneurs and owners of capital.

Economists have long recognized that demand for all tasks, and thus for different types of workers, does not necessarily grow at the same rate, so inequality may increase because of innovation. Nevertheless, improving technology is generally viewed as the tide lifting all boats because everyone is expected to derive some benefits. Nobody is supposed to be completely left behind by technology, let alone be impoverished by it. According to the conventional wisdom, to rectify the rise in inequality and build even more solid foundations for shared prosperity, workers must find a way to acquire more of the skills they need to work alongside new technologies. As succinctly summarized by Erik Brynjolfsson, one of the foremost experts on technology, “What can we do to create shared prosperity? The answer is not to slow down technology. Instead of racing against the machine, we need to race with the machine. That is our grand challenge.”

The theory behind the productivity bandwagon is straightforward: when businesses become more productive, they want to expand their output. For this, they need more workers, so they get busy with hiring. And when many firms attempt to do so at the same time, they collectively bid up wages.

This is what happens, but only sometimes. For example, in the first half of the twentieth century, one of the most dynamic sectors of the US economy was car manufacturing. As Ford Motor Company and then General Motors (GM) introduced new electrical machinery, built more-efficient factories, and launched better models, their productivity soared, as did their employment. From a few thousand workers in 1899, producing just 2,500 automobiles, the industry’s employment rose to more than 400,000 by the 1920s. By 1929, Ford and GM were each selling around 1.5 million cars every year. This unprecedented expansion of automobile production pulled up wages throughout the economy, including for workers without much formal education.

For most of the twentieth century, productivity rose rapidly in other sectors as well, as did real wages. Remarkably, from the end of World War II to the mid-1970s, the wages of college graduates in the US grew at roughly the same rate as the wages of those workers with only a high school education.

Unfortunately, what subsequently occurred is not consistent with the notion that there is any kind of unstoppable bandwagon. How productivity benefits are shared depends on how exactly technology changes and on the rules, norms, and expectations that govern how management treats workers. To understand this, let us unpack the two steps that link productivity growth to higher wages. First, productivity growth increases the demand for workers as businesses attempt to boost profits by expanding output and hiring more people. Second, the demand for more workers increases the wages that need to be offered to attract and retain employees. Unfortunately, neither step is assured, as we explain in the next two sections.

Automation Blues

Contrary to popular belief, productivity growth need not translate into higher demand for workers. The standard definition of productivity is average output per worker—total output divided by total employment. Obviously, the hope is that as output per worker grows, so will the willingness of businesses to hire people.

But employers do not have an incentive to increase hiring based on average output per worker. Rather, what matters to companies is marginal productivity—the additional contribution that one more worker brings by increasing production or by serving more customers. The notion of marginal productivity is distinct from output or revenue per worker: output per worker may increase while marginal productivity remains constant or even declines.

To clarify the distinction between output per worker and marginal productivity, consider this often-repeated prediction: “The factory of the future will have only two employees, a man and a dog. The man will be there to feed the dog. The dog will be there to keep the man from touching the equipment.” This imagined factory could churn out a lot of output, so average productivity—its output divided by the one (human) employee—is very high. Yet worker marginal productivity is minuscule; the sole employee is there to feed the dog, and the implication is that both the dog and the employee could be let go without much reduction in output. Better machinery might further increase output per worker, but it is reasonable to expect that this factory would not rush to hire more workers and their dogs, or increase the pay of its lonely employee.

This example is extreme, but it represents an important element of reality. When a car company introduces a better vehicle model, as Ford and GM did in the first half of the twentieth century, this tends to increase the demand for the company’s cars, and both revenues per worker and worker marginal productivity rise. After all, the company needs more workers, such as welders and painters, to meet the additional demand, and it will pay them more, if necessary. In contrast, consider what happens when the same automaker installs industrial robots. Robots can perform most welding and painting tasks, and can do so more cheaply than production methods employing a larger number of workers. As a result, the company’s average productivity increases significantly, but it has less need for human welders and painters.

This is a general problem. Many new technologies, like industrial robots, expand the set of tasks performed by machines and algorithms, displacing workers who used to be employed in these tasks. Automation raises average productivity but does not increase, and in fact may reduce, worker marginal productivity.

Automation is what Keynes worried about, and it was not a new phenomenon when he was writing early in the twentieth century. Many of the iconic innovations of the British industrial revolution in textiles were all about substituting new spinning and weaving machines for the labor of skilled artisans.

What is true of automation is true of many aspects of globalization as well. Major breakthroughs in communication tools and shipping logistics have enabled a massive wave of offshoring over the last several decades, with production tasks such as assembly or customer service being transferred to countries where labor is cheaper. Offshoring has reduced costs and boosted profits for companies such as Apple, whose products are made of parts produced in many countries and are almost entirely assembled in Asia. But in industrialized nations it has also displaced workers who used to perform these tasks domestically and has not activated a powerful bandwagon.

Automation and offshoring have raised productivity and multiplied corporate profits, but have brought nothing resembling shared prosperity to the United States and other developed countries. Replacing workers with machines and moving work to lower-wage countries are not the only options for improving economic efficiency. There are multiple ways of increasing output per worker—and this has been true throughout history, as we explain in chapters 5 through 9. Some innovations boost how much individuals contribute to production, rather than automating or offshoring work. For example, new software tools that aid the tasks of car mechanics and enable greater precision work increase worker marginal productivity. This is completely different from installing industrial robots with the goal of replacing people.

Even more important for raising worker marginal productivity is the creation of new tasks. There was plenty of automation in car manufacturing during the momentous reorganization of the industry led by Henry Ford starting in the 1910s. But mass-production methods and assembly lines simultaneously introduced a range of new design, technical, machine-operation, and clerical tasks, boosting the industry’s demand for workers (as we will detail in Chapter 7). When new machines create new uses for human labor, this expands the ways in which workers can contribute to production and increases their marginal productivity.

New tasks were vital not just in early US car manufacturing but also in the growth of employment and wages over the last two centuries. Many of the fastest-growing occupations in the last few decades—MRI radiologists, network engineers, computer-assisted machine operators, software programmers, IT security personnel, and data analysts—did not exist eighty years ago. Even people in occupations that have been around for quite a while, such as bank tellers, professors, or accountants, now work on a variety of tasks that did not exist before World War II, including all of those that involve the use of computers and modern communication devices. In almost all these cases, new tasks were introduced as a result of technological advances and have been a major driver of employment growth. These new tasks have also been an integral part of productivity growth, for they have helped launch new products and more efficient reorganization of the production process.

The reason that Ricardo’s and Keynes’s worst fears about technological unemployment did not come to pass is intimately linked to new tasks. Automation was rapid throughout the twentieth century but did not reduce the demand for workers because it was accompanied by other improvements and reorganizations that produced new activities and tasks for workers.

Automation in an industry can also push up employment—in that sector or in the economy as a whole—if it reduces costs or increases productivity by enough. New jobs in this case may come either from nonautomated tasks in the same industry or from the expansion of activities in related industries. In the first half of the twentieth century, the rapid increase in car manufacturing raised the demand for a range of nonautomated technical and clerical functions. Just as important, productivity growth in car factories during these decades was a major driver for the expansion of the oil, steel, and chemical industries (think gasoline, car bodies, and tires). Car manufacturing at mass scale also revolutionized the possibilities for transportation, enabling the rise of new retail, entertainment, and service activities, especially as the geography of cities transformed.

There will be few new jobs created, however, when the productivity gains from automation are small—what we call “so-so automation” in Chapter 9. For example, self-checkout kiosks in grocery stores bring limited productivity benefits because they shift the work of scanning items from employees to customers. When self-checkout kiosks are introduced, fewer cashiers are employed, but there is no major productivity boost to stimulate the creation of new jobs elsewhere. Groceries do not become much cheaper, there is no expansion in food production, and shoppers do not live differently.

The situation is similarly dire for workers when new technologies focus on surveillance, as Jeremy Bentham’s panopticon intended. Better monitoring of workers may lead to some small improvements in productivity, but its main function is to extract more effort from workers and sometimes also reduce their pay, as we will see in chapters 9 and 10.

There is no productivity bandwagon from so-so automation and worker surveillance. The bandwagon is also weak, even from new technologies that generate nontrivial productivity gains, when these tasks predominantly focus on automation and cast workers aside. Industrial robots, which have already revolutionized modern manufacturing, generate little or no gains for workers when they are not accompanied by other technologies that create new tasks and opportunities for human labor. In some cases, such as the industrial heartland of the American economy in the Midwest, the rapid adoption of robots has instead contributed to mass layoffs and prolonged regional decline.

All of this brings home perhaps the most important thing about technology: choice. There are often myriad ways of using our collective knowledge for improving production and even more ways of directing innovations. Will we use digital tools for surveillance? For automation? Or for empowering workers by creating new productive tasks for them? And where will we put our efforts toward future advances?

When the productivity bandwagon is weak and there are no self-acting correction mechanisms ensuring shared benefits, these choices become more consequential—and those who make them become more powerful, both economically and politically.

In sum, the first step in the productivity bandwagon causal chain depends on specific choices: using existing technologies and developing new ones for increasing worker marginal productivity—not just automating work, making workers redundant, or intensifying surveillance.

Why Worker Power Matters

Unfortunately, even an increase in worker marginal productivity is not enough for the productivity bandwagon to boost wages and living standards for everyone. Recall that the second step in the causal chain is that an increase in the demand for workers induces firms to pay higher wages. There are three main reasons why this may not happen.

The first is a coercive relationship between employer and employed. Throughout much of history, most agricultural workers were unfree, either working as slaves or in other forms of forced labor. When a master wants to obtain more labor hours from his slaves, he does not have to pay them more money. Rather, he can intensify coercion to extract greater effort and more output. Under such conditions, even revolutionary innovations such as the cotton gin in the American South do not necessarily lead to shared benefits. Even beyond slavery, under sufficiently oppressive conditions, the introduction of new technology can increase coercion, further impoverishing slaves and peasants alike, as we will see in Chapter 4.

Second, even without explicit coercion, the employer may not pay higher wages when productivity increases if she does not face competition from rivals. In many early agricultural societies, peasants were legally tied to the land, which meant that they could not seek or accept employment elsewhere. Even in eighteenth-century Britain, employees were prohibited from seeking alternative employment and were often jailed if they tried to take better jobs. When your outside option is prison, employers do not typically offer you generous compensation.

History provides plenty of confirmation. In medieval Europe, windmills, better crop rotation, and increased use of horses boosted agricultural productivity. However, there was little or no improvement in the living standards of most peasants. Instead, most of the additional output went to a small elite, and especially to a massive construction boom during which monumental cathedrals were built throughout Europe. When industrial machinery and factories started spreading in Britain in the 1700s, this did not initially increase wages, and there are many instances in which it worsened living standards and conditions for workers. At the same time, factory owners became fabulously wealthy.

Third and most important for today’s world, wages are often negotiated rather than being simply determined by impersonal market forces. A modern corporation is often able to make sizable profits thanks to its market position, scale, or technological expertise. For example, when Ford Motor Company pioneered new mass-production techniques and started producing good-quality, cheap cars in the early twentieth century, it also became massively profitable. This made its founder, Henry Ford, into one of the richest businessmen of the early twentieth century. Economists call such megaprofits “economic rents” (or just “rents”) to signify that they are above and beyond the prevailing normal return on capital expected by shareholders given the risks involved in such an investment. Once there are economic rents in the mix, wages for workers are not simply determined by outside market forces but also by potential “rent sharing”—their ability to negotiate some part of these profits.

One source of economic rents is market power. In most countries, there is a limited number of professional sports teams, and entry into the sector is typically constrained by the amount of capital required. In the 1950s and 1960s, baseball was a profitable business in the US, but players were not highly paid, even as revenues from television broadcasts poured in. This changed starting in the late 1960s because the players found ways to increase their bargaining power. Today, the owners of baseball teams still do well, but they are forced to share much more of their rents with the athletes.

Employers may also share rents to cultivate goodwill and motivate employees to work harder, or because prevailing social norms convince them to do so. On January 5, 1914, Henry Ford famously introduced a minimum pay of five dollars per day to reduce absenteeism, to improve retention of workers, and presumably to reduce the risk of strikes. Many employers have since tried something similar, particularly when it is hard to hire and retain people or when motivating employees turns out to be critical for corporate success.

Overall, Ricardo and Keynes may not have been right on every detail, but they correctly understood that productivity growth does not necessarily, automatically deliver broad-based prosperity. It will do so only when new technologies increase worker marginal productivity and the resulting gains are shared between firms and workers.

Even more fundamentally, these outcomes depend on economic, social, and political choices. New techniques and machines are not gifts descending unimpeded from the skies. They can focus on automation and surveillance to reduce labor costs. Or they can create new tasks and empower workers. More broadly, they can generate shared prosperity or relentless inequality, depending on how they are used and where new innovative effort is directed.

In principle, these are decisions a society should make, collectively. In practice, they are made by entrepreneurs, managers, visionaries, and sometimes political leaders, with defining effects on who wins and who loses from technological advances.

Optimism, with Caveats

Even though inequality has skyrocketed, many workers have been left behind, and the productivity bandwagon has not come to the rescue in recent decades, we have reasons to be hopeful. There have been tremendous advances in human knowledge, and there is ample room to build shared prosperity based on these scientific foundations—if we start making different choices about the direction of progress.

Techno-optimists have one thing right: digital technologies have already revolutionized the process of science. The accumulated knowledge of humanity is now at our fingertips. Scientists have access to incredible measurement tools, ranging from atomic force microscopes to magnetic resonance imagery and brain scans. They also have the computing power to crunch vast amounts of data in a way that even thirty years ago would have seemed like fantasy.

Scientific inquiry is cumulative, with inventors building on each other’s work. Unlike today, knowledge used to diffuse slowly. In the 1600s, scholars such as Galileo Galilei, Johannes Kepler, Isaac Newton, Gottfried Wilhelm Leibniz, and Robert Hooke shared their scientific discoveries in letters that took weeks or even months to reach their destination. Nicolaus Copernicus’s heliocentric system, which correctly placed Earth in the orbit of the sun, was developed during the first decade of the sixteenth century. Copernicus had written out his theory by 1514, even if his most widely read book, On the Revolutions of the Celestial Spheres, was published only in 1543. It took almost a century from 1514 for Kepler and Galileo to build on Copernicus’s work and more than two centuries for the ideas to become widely accepted.

Today, scientific discoveries travel at lightning speed, especially when there is a pressing need. Vaccine development usually takes years, but in early 2020 Moderna, Inc., invented a vaccine just forty-two days after receiving the recently identified sequence of the SARS-CoV-2 virus. The entire development, testing, and authorization process took less than one year, resulting in remarkably safe and effective protection against severe illness caused by COVID. The barriers to sharing ideas and spreading technical know-how have never been lower, and the cumulative power of science has never been stronger.

However, to build on these advances and turn them to work for the betterment of billions of people around the world, we need to redirect technology. This must start by confronting the blind techno-optimism of our age and then developing new ways to use science and innovation.

The good and the bad news is that how we use knowledge and science depends on vision—the way that humans understand how they can turn knowledge into techniques and methods targeted at solving specific problems. Vision shapes our choices because it specifies what our aspirations are, what means we will pursue to achieve them, what alternative options we will consider and which ones we will ignore, and how we perceive the costs and benefits of our actions. In short, it is how we imagine technologies and their gifts, as well as the potential damage.

The bad news is that even at the best of times, the visions of powerful people have a disproportionate effect on what we do with our existing tools and the direction of innovation. The consequences of technology are then aligned with their interests and beliefs, and often prove costly to the rest. The good news is that choices and visions can change.

A shared vision among innovators is critical for the accumulation of knowledge and is also central to how we use technology. Take the steam engine, which transformed Europe and then the world economy. Rapid innovations from the beginning of the eighteenth century built on a common understanding of the problem to be solved: to perform mechanical work using heat. Thomas Newcomen built the first widely used steam engine, sometime around 1712. Half a century later, James Watt and his business partner Matthew Boulton improved Newcomen’s design by separating the condenser and producing a more effective and commercially much more successful engine.

The shared perspective is visible in what these innovators were trying to achieve and how: using steam to push a piston back and forth inside a cylinder to generate work and then increasing the efficiency of these engines so that they could be used in a variety of different applications. A shared vision not only enabled them to learn from each other but meant that they approached the problem in similar ways. They predominantly focused on what is called the atmospheric engine, in which condensed steam creates a vacuum inside the cylinder, allowing atmospheric pressure to push the piston. They also collectively ignored other possibilities, such as high-pressure steam engines, first described by Jacob Leupold in 1720. Contrary to the eighteenth-century scientific consensus, high-pressure engines became the standard in the nineteenth century.

The early steam engine innovators’ vision also meant that they were highly motivated and did not pause to reflect on the costs that the innovations might impose—for example, on very young children sent to work under draconian conditions in coal mines made possible by improved steam-powered drainage.

What is true of steam engines is true of all technologies. Technologies do not exist independent of an underlying vision. We look for ways of solving problems facing us (this is vision). We imagine what kind of tools might help us (also vision). Of the multiple paths open to us, we focus on a handful (yet another aspect of vision). We then attempt alternative approaches, experimenting and innovating based on that understanding. In this process, there will be setbacks, costs, and almost surely unintended consequences, including potential suffering for some people. Whether we are discouraged or even decide that the responsible thing is to abandon our dreams is another aspect of vision.

But what determines which technology vision prevails? Even though the choices are about how best to use our collective knowledge, the decisive factors are not just technical or what makes sense in a pure engineering sense. Choice in this context is fundamentally about power—the power to persuade others, as we will see in Chapter 3—because different choices benefit different people. Whoever has greater power is more likely to persuade others of their perspective, which is most often aligned with their interests. And whoever succeeds in turning their ideas into a shared vision gains additional power and social standing.

Do not be fooled by the monumental technological achievements of humankind. Shared visions can just as easily trap us. Companies make the investments that management considers best for their bottom line. If a company is installing, say, new computers, this must mean that the higher revenues they generate more than make up for the costs. But in a world in which shared visions guide our actions, there is no guarantee that this is indeed the case. If everybody becomes convinced that artificial-intelligence technologies are needed, then businesses will invest in artificial intelligence, even when there are alternative ways of organizing production that could be more beneficial. Similarly, if most researchers are working on a particular way of advancing machine intelligence, others may follow faithfully, or even blindly, in their footsteps.

These issues become even more consequential when we are dealing with “general-purpose” technologies, such as electricity or computers. General-purpose technologies provide a platform on which myriad applications can be built and potentially generate benefits—but sometimes also costs—for many sectors and groups of people. These platforms also allow widely different trajectories of development.

Electricity, for instance, was not just a cheaper source of energy; it also paved the way to new products, such as radios, household appliances, movies, and TVs. It introduced new electrical machinery. It enabled a fundamental reorganization of factories, with better lighting, dedicated sources of power for individual machinery, and the introduction of new precision and technical tasks in the production process. Advances in manufacturing based on electricity increased demand for raw materials and other industrial inputs, such as chemicals and fossil fuels, as well as retail and transport services. They also launched novel products, including new plastics, dyes, metals, and vehicles, that were then used in other industries. Electricity has also paved the way for much greater levels of pollution from manufacturing production.

Although general-purpose technologies can be developed in many different ways, once a shared vision locks in a specific direction, it becomes difficult for people to break out of its hold and explore different trajectories that might be socially more beneficial. Most people affected by those decisions are not consulted. This creates a natural tendency for the direction of progress to be socially biased—in favor of powerful decision makers with dominant visions and against those without a voice.

Take the decision of the Chinese Communist Party to introduce a social credit system that collects data on individuals, businesses, and government agencies to keep track of their trustworthiness and whether they abide by the rules. Initiated at the local level in 2009, it aspires to blacklist people and companies nationally because of their speech or social media posts that go against the party’s preferences. This decision, which affects the lives of 1.4 billion people, was taken by a few party leaders. There was no consultation with those whose freedom of speech and association, education, government jobs, ability to travel, and even likelihood of getting government services and housing are now being shaped by the system.

This is not something that happens only in dictatorships. In 2018 Facebook founder and CEO Mark Zuckerberg announced that the company’s algorithm would be modified to give users “meaningful social interactions.” What this meant in practice was that the platform’s algorithm would prioritize posts from other users, especially family and friends, rather than news organizations and established brands. The purpose of the change was to increase user engagement because people were found to be more likely to be drawn to and click on posts by their acquaintances. The main consequence of the change was to amplify misinformation and political polarization, as lies and misleading posts spread rapidly from user to user. The change did not just affect the company’s then almost 2.5 billion users; billions more people who were not on the platform were also indirectly affected by the political fallout from the resulting misinformation. The decision was made by Zuckerberg; the company’s chief operating officer, Sheryl Sandberg; and a few other top engineers and executives. Facebook users and citizens of affected democracies were not consulted.

What propelled the Chinese Communist Party’s and Facebook’s decisions? In neither case were they dictated by the nature of science and technology. Nor were they the obvious next step in some inexorable march of progress. In both cases you can see the ruinous role of interests—to quash opposition or to increase advertising revenues. Equally central was their leadership’s vision for how communities should be organized and what should be prioritized. But even more important was how technology was used for control: over the political views of the population in the Chinese case, and people’s data and social activities for Facebook.

This is the point that, with the advantage of an additional 275 years of human history to draw on, H. G. Wells grasped and Francis Bacon missed: technology is about control, not just over nature but often over other humans. It is not simply that technological change benefits some more than others. More fundamentally, different ways of organizing production enrich and empower some people and disempower others.

The same considerations are equally important for the direction of innovation in other contexts. Business owners and managers may often wish to automate or increase surveillance because this enables them to strengthen their control over the production process, save on wage costs, and weaken the power of labor. This demand then translates into incentives to focus innovation more on automation and surveillance, even when developing other, more worker-friendly technologies could increase output more and pave the way to shared prosperity.

In these instances, society may even become gripped by visions that favor powerful individuals. Such visions then help business and technology leaders pursue plans that increase their wealth, political power, or status. These elites may convince themselves that whatever is good for them is also best for the common good. They may even come to believe that any suffering that their virtuous path generates is a price well worth paying for progress—especially when those bearing the brunt of the costs are voiceless. When thus inspired by a selfish vision, leaders deny that there are many different paths with widely different implications. They may even become incensed when alternatives are pointed out to them.

Is there no remedy against ruinous visions imposed on people without their consent? Is there no barrier against the social bias of technology? Are we locked in a constant cycle of one overconfident vision after another shaping our future while ignoring the damage?

No. There is reason to be hopeful because history also teaches us that a more inclusive vision that listens to a broader set of voices and recognizes the effects on everyone is possible. Shared prosperity is more likely when countervailing powers hold entrepreneurs and technology leaders accountable—and push production methods and innovation in a more worker-friendly direction.

Inclusive visions do not avoid some of the thorniest questions, such as whether the benefits that some reap justify the costs that others suffer. But they ensure that social decisions recognize their full consequences and without silencing those who do not gain.

Whether we end up with selfish, narrow visions or something more inclusive is also a choice. The outcome depends on whether there are countervailing forces and whether those who are not in the corridors of power can organize and have their voices heard. If we want to avoid being trapped in the visions of powerful elites, we must find ways of countering power with alternative sources of power and resisting selfishness with a more inclusive vision. Unfortunately, this is becoming harder in the age of artificial intelligence.

Fire, This Time

Early human life was transformed by fire. In Swartkrans, a South African cave, the earliest excavated layers show ancient hominid bones that were eaten by predators—big cats or bears. To the apex predators of the day, humans must have seemed like easy prey. Dark places in caves were particularly dangerous places, to be avoided by our ancestors. Then the first evidence of fire appears inside that cave, with a layer of charcoal about a million years old. Subsequently, the archaeological record shows a complete reversal: from that time forward, the bones are mostly those of nonhuman animals. Control of fire gave hominins the ability to take and hold caves, turning the tables on other predators.

No other technology in the last ten thousand years can claim to approach this type of fundamental impact on everything else we do and who we are. Now there is another candidate, at least according to its boosters: artificial intelligence (AI). Google’s CEO Sundar Pichai is explicit when he says that “AI is probably the most important thing humanity has ever worked on. I think of it as something more profound than
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