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  The Rise of the Centaurs_


  Who’s better at chess—computers or humans?


  The question has long fascinated observers, perhaps because chess seems like the ultimate display of human thought: the players sit like Rodin’s Thinker, silent, brows furrowed, making lightning-fast calculations. It’s the quintessential cognitive activity, logic as an extreme sport.


  So the idea of a machine outplaying a human has always provoked both excitement and dread. In the eighteenth century, Wolfgang von Kempelen caused a stir1 with his clockwork Mechanical Turk—an automaton that played an eerily good game of chess, even beating Napoleon Bonaparte. The spectacle was so unsettling that onlookers cried out in astonishment when the Turk’s gears first clicked into motion. But the gears, and the machine, were fake; in reality, the automaton was controlled by a chess savant cunningly tucked inside the wooden cabinet. In 1915, a Spanish inventor unveiled a genuine, honest-to-goodness robot2 that could actually play chess—a simple endgame involving only three pieces, anyway. A writer for Scientific American fretted that the inventor “Would Substitute Machinery for the Human Mind.”


  Eighty years later, in 1997, this intellectual standoff clanked to a dismal conclusion when world champion Garry Kasparov was defeated by IBM’s Deep Blue supercomputer in a tournament of six games. Faced with a machine that could calculate two hundred million positions a second3, even Kasparov’s notoriously aggressive and nimble style broke down. In its final game, Deep Blue used such a clever ploy—tricking Kasparov into letting the computer sacrifice a knight—that it trounced him in nineteen moves. “I lost my fighting spirit,”4 Kasparov said afterward, pronouncing himself “emptied completely.”5 Riveted, the journalists announced a winner. The cover of Newsweek proclaimed the event “The Brain’s Last Stand.”6 Doomsayers predicted that chess itself was over7. If machines could outthink even Kasparov, why would the game remain interesting? Why would anyone bother playing? What’s the challenge?


  Then Kasparov did something unexpected8.


  The truth is, Kasparov wasn’t completely surprised by Deep Blue’s victory. Chess grand masters had predicted for years9 that computers would eventually beat humans, because they understood the different ways humans and computers play. Human chess players learn by spending years studying10 the world’s best opening moves and endgames; they play thousands of games, slowly amassing a capacious, in-brain library of which strategies triumphed and which flopped. They analyze their opponents’ strengths and weaknesses, as well as their moods. When they look at the board, that knowledge manifests as intuition—a eureka moment when they suddenly spy the best possible move.


  In contrast, a chess-playing computer has no intuition at all. It analyzes the game using brute force; it inspects the pieces currently on the board, then calculates all options. It prunes away moves that lead to losing positions, then takes the promising ones and runs the calculations again. After doing this a few times—and looking five or seven moves out—it arrives at a few powerful plays. The machine’s way of “thinking” is fundamentally unhuman. Humans don’t sit around crunching every possible move, because our brains can’t hold that much information at once. If you go eight moves out in a game of chess,11 there are more possible games than there are stars in our galaxy. If you total up every game possible? It outnumbers the atoms in the known universe. Ask chess grand masters, “How many moves can you see out?” and they’ll likely deliver the answer attributed to the Cuban grand master José Raúl Capablanca: “One, the best one.”12


  The fight between computers and humans in chess was, as Kasparov knew, ultimately about speed. Once computers could see all games roughly seven moves out, they would wear humans down. A person might make a mistake; the computer wouldn’t. Brute force wins. As he pondered Deep Blue, Kasparov mused on these different cognitive approaches.


  It gave him an audacious idea. What would happen if, instead of competing against one another, humans and computers collaborated? What if they played on teams together—one computer and a human facing off against another human and a computer? That way, he theorized, each might benefit from the other’s peculiar powers. The computer would bring the lightning-fast—if uncreative—ability to analyze zillions of moves, while the human would bring intuition and insight, the ability to read opponents and psych them out. Together, they would form what chess players later called a centaur: a hybrid beast endowed with the strengths of each.


  In June 1998, Kasparov played the first public game of human-computer collaborative chess, which he dubbed “advanced chess,” against Veselin Topalov, a top-rated grand master. Each used a regular computer with off-the-shelf chess software and databases of hundreds of thousands of chess games, including some of the best ever played. They considered what moves the computer recommended; they examined historical databases to see if anyone had ever been in a situation like theirs before. Then they used that information to help plan. Each game was limited to sixty minutes, so they didn’t have infinite time to consult the machines; they had to work swiftly.


  Kasparov found the experience “as disturbing as it was exciting.” Freed from the need to rely exclusively on his memory, he was able to focus more on the creative texture of his play. It was, he realized, like learning to be a race-car driver: He had to learn how to drive the computer, as it were—developing a split-second sense of which strategy to enter into the computer for assessment, when to stop an unpromising line of inquiry, and when to accept or ignore the computer’s advice. “Just as a good Formula One driver really knows his own car, so did we have to learn the way the computer program worked,” he later wrote. Topalov, as it turns out, appeared to be an even better Formula One “thinker” than Kasparov. On purely human terms, Kasparov was a stronger player; a month before, he’d trounced Topalov 4–0. But the centaur play evened the odds. This time, Topalov fought Kasparov to a 3–3 draw.13


  In 2005, there was a “freestyle” chess tournament14 in which a team could consist of any number of humans or computers, in any combination. Many teams consisted of chess grand masters who’d won plenty of regular, human-only tournaments, achieving chess scores of 2,500 (out of 3,000). But the winning team didn’t include any grand masters at all. It consisted of two young New England men, Steven Cramton and Zackary Stephen (who were comparative amateurs, with chess rankings down around 1,400 to 1,700), and their computers.


  Why could these relative amateurs beat chess players with far more experience and raw talent? Because Cramton and Stephen were expert at collaborating with computers. They knew when to rely on human smarts and when to rely on the machine’s advice. Working at rapid speed—these games, too, were limited to sixty minutes—they would brainstorm moves, then check to see what the computer thought, while also scouring databases to see if the strategy had occurred in previous games. They used three different computers simultaneously, running five different pieces of software; that way they could cross-check whether different programs agreed on the same move. But they wouldn’t simply accept what the machine accepted, nor would they merely mimic old games. They selected moves that were low-rated by the computer if they thought they would rattle their opponents psychologically.


  In essence, a new form of chess intelligence was emerging. You could rank the teams like this: (1) a chess grand master was good; (2) a chess grand master playing with a laptop was better. But even that laptop-equipped grand master could be beaten by (3) relative newbies, if the amateurs were extremely skilled at integrating machine assistance. “Human strategic guidance combined with the tactical acuity of a computer,” Kasparov concluded, “was overwhelming.”


  Better yet, it turned out these smart amateurs could even outplay a supercomputer on the level of Deep Blue. One of the entrants that Cramton and Stephen trounced in the freestyle chess tournament was a version of Hydra, the most powerful chess computer in existence15 at the time; indeed, it was probably faster and stronger than Deep Blue itself. Hydra’s owners let it play entirely by itself, using raw logic and speed to fight its opponents. A few days after the advanced chess event, Hydra destroyed the world’s seventh-ranked grand master in a man-versus-machine chess tournament.


  But Cramton and Stephen beat Hydra. They did it using their own talents and regular Dell and Hewlett-Packard computers, of the type you probably had sitting on your desk in 2005, with software you could buy for sixty dollars.16 All of which brings us back to our original question here: Which is smarter at chess—humans or computers?


  Neither.


  It’s the two together, working side by side.


  We’re all playing advanced chess these days. We just haven’t learned to appreciate it.


  Our tools are everywhere, linked with our minds, working in tandem. Search engines answer our most obscure questions; status updates give us an ESP-like awareness of those around us; online collaborations let far-flung collaborators tackle problems too tangled for any individual. We’re becoming less like Rodin’s Thinker and more like Kasparov’s centaurs. This transformation is rippling through every part of our cognition—how we learn, how we remember, and how we act upon that knowledge emotionally, intellectually, and politically. As with Cramton and Stephen, these tools can make even the amateurs among us radically smarter than we’d be on our own, assuming (and this is a big assumption) we understand how they work. At their best, today’s digital tools help us see more, retain more, communicate more. At their worst, they leave us prey to the manipulation of the toolmakers. But on balance, I’d argue, what is happening is deeply positive. This book is about the transformation.


  In a sense, this is an ancient story. The “extended mind” theory of cognition argues that the reason humans are so intellectually dominant is that we’ve always outsourced bits of cognition, using tools to scaffold our thinking into ever-more-rarefied realms. Printed books amplified our memory. Inexpensive paper and reliable pens made it possible to externalize our thoughts quickly. Studies show that our eyes zip around the page while performing long division on paper, using the handwritten digits as a form of prosthetic short-term memory.17 “These resources enable us to pursue18 manipulations and juxtapositions of ideas and data that would quickly baffle the un-augmented brain,” as Andy Clark, a philosopher of the extended mind, writes.


  Granted, it can be unsettling to realize how much thinking already happens outside our skulls. Culturally, we revere the Rodin ideal—the belief that genius breakthroughs come from our gray matter alone. The physicist Richard Feynman once got into an argument about this with the historian Charles Weiner. Feynman understood the extended mind; he knew that writing his equations and ideas on paper was crucial to his thought. But when Weiner looked over a pile of Feynman’s notebooks, he called them a wonderful “record of his day-to-day work.” No, no, Feynman replied testily. They weren’t a record of his thinking process. They were his thinking process:


  “I actually did the work on the paper,”19 he said.


  “Well,” Weiner said, “the work was done in your head, but the record of it is still here.”


  “No, it’s not a record, not really. It’s working. You have to work on paper and this is the paper. Okay?”


  Every new tool shapes the way we think, as well as what we think about. The printed word helped make our cognition linear and abstract,20 along with vastly enlarging our stores of knowledge. Newspapers shrank the world; then the telegraph shrank it even more dramatically. With every innovation, cultural prophets bickered over whether we were facing a technological apocalypse or a utopia. Depending on which Victorian-age pundit you asked, the telegraph was either going usher in an era of world peace (“It is impossible that old prejudices and hostilities should longer exist,”21 as Charles F. Briggs and Augustus Maverick intoned) or drown us in a Sargasso of idiotic trivia (“We are eager to tunnel under the Atlantic22 … but perchance the first news that will leak through into the broad, flapping American ear will be that the Princess Adelaide has the whooping cough,” as Thoreau opined). Neither prediction was quite right, of course, yet neither was quite wrong. The one thing that both apocalyptics and utopians understand and agree upon is that every new technology pushes us toward new forms of behavior while nudging us away from older, familiar ones. Harold Innis—the lesser-known but arguably more interesting intellectual midwife of Marshall McLuhan—called this the bias of a new tool.23 Living with new technologies means understanding how they bias everyday life.


  What are the central biases of today’s digital tools? There are many, but I see three big ones that have a huge impact on our cognition. First, they allow for prodigious external memory: smartphones, hard drives, cameras, and sensors routinely record more information than any tool before them. We’re shifting from a stance of rarely recording our ideas and the events of our lives to doing it habitually. Second, today’s tools make it easier for us to find connections—between ideas, pictures, people, bits of news—that were previously invisible. Third, they encourage a superfluity of communication and publishing. This last feature has many surprising effects that are often ill understood. Any economist can tell you that when you suddenly increase the availability of a resource, people do more things with it, which also means they do increasingly unpredictable things. As electricity became cheap and ubiquitous in the West, its role expanded from things you’d expect—like nighttime lighting—to the unexpected and seemingly trivial: battery-driven toy trains, electric blenders, vibrators. The superfluity of communication today has produced everything from a rise in crowd-organized projects like Wikipedia to curious new forms of expression: television-show recaps, map-based storytelling, discussion threads that spin out of a photo posted to a smartphone app, Amazon product-review threads wittily hijacked for political satire. Now, none of these three digital biases is immutable, because they’re the product of software and hardware, and can easily be altered or ended if the architects of today’s tools (often corporate and governmental) decide to regulate the tools or find they’re not profitable enough. But right now, these big effects dominate our current and near-term landscape.


  In one sense, these three shifts—infinite memory, dot connecting, explosive publishing—are screamingly obvious to anyone who’s ever used a computer. Yet they also somehow constantly surprise us by producing ever-new “tools for thought”24 (to use the writer Howard Rheingold’s lovely phrase) that upend our mental habits in ways we never expected and often don’t apprehend even as they take hold. Indeed, these phenomena have already woven themselves so deeply into the lives of people around the globe that it’s difficult to stand back and take account of how much things have changed and why. While this book maps out what I call the future of thought, it’s also frankly rooted in the present, because many parts of our future have already arrived, even if they are only dimly understood. As the sci-fi author William Gibson famously quipped: “The future is already here25—it’s just not very evenly distributed.” This is an attempt to understand what’s happening to us right now, the better to see where our augmented thought is headed. Rather than dwell in abstractions, like so many marketers and pundits—not to mention the creators of technology, who are often remarkably poor at predicting how people will use their tools—I focus more on the actual experiences of real people.


  To provide a concrete example of what I’m talking about, let’s take a look at something simple and immediate: my activities while writing the pages you’ve just read.


  As I was working, I often realized I couldn’t quite remember a detail and discovered that my notes were incomplete. So I’d zip over to a search engine. (Which chess piece did Deep Blue sacrifice when it beat Kasparov? The knight!) I also pushed some of my thinking out into the open: I blogged admiringly about the Spanish chess-playing robot from 1915, and within minutes commenters offered smart critiques. (One pointed out that the chess robot wasn’t that impressive because it was playing an endgame that was almost impossible to lose: the robot started with a rook and a king, while the human opponent had only a mere king.) While reading Kasparov’s book How Life Imitates Chess on my Kindle, I idly clicked on “popular highlights” to see what passages other readers had found interesting—and wound up becoming fascinated by a section on chess strategy I’d only lightly skimmed myself. To understand centaur play better, I read long, nuanced threads on chess-player discussion groups, effectively eavesdropping on conversations of people who know chess far better than I ever will. (Chess players who follow the new form of play seem divided—some think advanced chess is a grim sign of machines’ taking over the game, and others think it shows that the human mind is much more valuable than computer software.) I got into a long instant-messaging session with my wife, during which I realized that I’d explained the gist of advanced chess better than I had in my original draft, so I cut and pasted that explanation into my notes. As for the act of writing itself? Like most writers, I constantly have to fight the procrastinator’s urge to meander online, idly checking Twitter links and Wikipedia entries in a dreamy but pointless haze—until I look up in horror and realize I’ve lost two hours of work, a missing-time experience redolent of a UFO abduction. So I’d switch my word processor into full-screen mode, fading my computer desktop to black so I could see nothing but the page, giving me temporary mental peace.


  In this book I explore each of these trends. First off, there’s the emergence of omnipresent computer storage, which is upending the way we remember, both as individuals and as a culture. Then there’s the advent of “public thinking”: the ability to broadcast our ideas and the catalytic effect that has both inside and outside our minds. We’re becoming more conversational thinkers—a shift that has been rocky, not least because everyday public thought uncorks the incivility and prejudices that are commonly repressed in face-to-face life. But at its best (which, I’d argue, is surprisingly often), it’s a thrilling development, reigniting ancient traditions of dialogue and debate. At the same time, there’s been an explosion of new forms of expression that were previously too expensive for everyday thought—like video, mapping, or data crunching. Our social awareness is shifting, too, as we develop ESP-like “ambient awareness,” a persistent sense of what others are doing and thinking. On a social level, this expands our ability to understand the people we care about. On a civic level, it helps dispel traditional political problems like “pluralistic ignorance,” catalyzing political action, as in the Arab Spring.


  Are these changes good or bad for us? If you asked me twenty years ago, when I first started writing about technology, I’d have said “bad.” In the early 1990s, I believed that as people migrated online, society’s worst urges might be uncorked: pseudonymity would poison online conversation, gossip and trivia would dominate, and cultural standards would collapse. Certainly some of those predictions have come true, as anyone who’s wandered into an angry political forum knows. But the truth is, while I predicted the bad stuff, I didn’t foresee the good stuff. And what a torrent we have: Wikipedia, a global forest of eloquent bloggers, citizen journalism, political fact-checking—or even the way status-update tools like Twitter have produced a renaissance in witty, aphoristic, haiku-esque expression. If this book accentuates the positive, that’s in part because we’ve been so flooded with apocalyptic warnings of late. We need a new way to talk clearly about the rewards and pleasures of our digital experiences—one that’s rooted in our lived experience and also detangled from the hype of Silicon Valley.


  The other thing that makes me optimistic about our cognitive future is how much it resembles our cognitive past. In the sixteenth century, humanity faced27 a printed-paper wave of information overload—with the explosion of books that began with the codex and went into overdrive with Gutenberg’s movable type. As the historian Ann Blair notes, scholars were alarmed: How would they be able to keep on top of the flood of human expression? Who would separate the junk from what was worth keeping? The mathematician Gottfried Wilhelm Leibniz bemoaned “that horrible mass of books which keeps on growing,” which would doom the quality writers to “the danger of general oblivion” and produce “a return to barbarism.”26 Thankfully, he was wrong. Scholars quickly set about organizing the new mental environment by clipping their favorite passages from books and assembling them into huge tomes—florilegia, bouquets of text—so that readers could sample the best parts. They were basically blogging, going through some of the same arguments modern bloggers go through. (Is it enough to clip a passage, or do you also have to verify that what the author wrote was true? It was debated back then, as it is today.) The past turns out to be oddly reassuring, because a pattern emerges. Each time we’re faced with bewildering new thinking tools, we panic—then quickly set about deducing how they can be used to help us work, meditate, and create.


  History also shows that we generally improve and refine our tools to make them better. Books, for example, weren’t always as well designed as they are now. In fact, the earliest ones were, by modern standards, practically unusable—often devoid of the navigational aids we now take for granted, such as indexes, paragraph breaks, or page numbers. It took decades—centuries, even—for the book to be redesigned into a more flexible cognitive tool, as suitable for quick reference as it is for deep reading. This is the same path we’ll need to tread with our digital tools. It’s why we need to understand not just the new abilities our tools give us today, but where they’re still deficient and how they ought to improve.


  I have one caveat to offer. If you were hoping to read about the neuroscience of our brains and how technology is “rewiring” them, this volume will disappoint you.


  This goes against the grain of modern discourse, I realize. In recent years, people interested in how we think have become obsessed with our brain chemistry. We’ve marveled at the ability of brain scanning—picturing our brain’s electrical activity or blood flow—to provide new clues as to what parts of the brain are linked to our behaviors. Some people panic that our brains are being deformed on a physiological level by today’s technology: spend too much time flipping between windows and skimming text instead of reading a book, or interrupting your conversations to read text messages, and pretty soon you won’t be able to concentrate on anything—and if you can’t concentrate on it, you can’t understand it either. In his book The Shallows, Nicholas Carr eloquently raised this alarm, arguing that the quality of our thought, as a species, rose in tandem with the ascendance of slow-moving, linear print and began declining with the arrival of the zingy, flighty Internet. “I’m not thinking the way I used to think,”28 he worried.


  I’m certain that many of these fears are warranted. It has always been difficult for us to maintain mental habits of concentration and deep thought; that’s precisely why societies have engineered massive social institutions29 (everything from universities to book clubs and temples of worship) to encourage us to keep it up. It’s part of why only a relatively small subset of people become regular, immersive readers, and part of why an even smaller subset go on to higher education. Today’s multitasking tools really do make it harder than before to stay focused during long acts of reading and contemplation. They require a high level of “mindfulness”—paying attention to your own attention. While I don’t dwell on the perils of distraction in this book, the importance of being mindful resonates throughout these pages. One of the great challenges of today’s digital thinking tools is knowing when not to use them, when to rely on the powers of older and slower technologies, like paper and books.


  That said, today’s confident talk by pundits and journalists about our “rewired” brains has one big problem: it is very premature. Serious neuroscientists agree that we don’t really know how our brains are wired to begin with. Brain chemistry is particularly mysterious when it comes to complex thought, like memory, creativity, and insight. “There will eventually be neuroscientific explanations30 for much of what we do; but those explanations will turn out to be incredibly complicated,” as the neuroscientist Gary Marcus pointed out when critiquing the popular fascination with brain scanning. “For now, our ability to understand how all those parts relate is quite limited, sort of like trying to understand the political dynamics of Ohio from an airplane window above Cleveland.” I’m not dismissing brain scanning; indeed, I’m confident it’ll be crucial in unlocking these mysteries in the decades to come. But right now the field is so new that it is rash to draw conclusions, either apocalyptic or utopian, about how the Internet is changing our brains. Even Carr, the most diligent explorer in this area, cited only a single brain-scanning study that specifically probed how people’s brains respond to using the Web,31 and those results were ambiguous.


  The truth is that many healthy daily activities, if you scanned the brains of people participating in them, might appear outright dangerous to cognition. Over recent years, professor of psychiatry James Swain and teams of Yale and University of Michigan scientists32 scanned the brains of new mothers and fathers as they listened to recordings of their babies’ cries. They found brain circuit activity similar to that in people suffering from obsessive-compulsive disorder. Now, these parents did not actually have OCD. They were just being temporarily vigilant about their newborns. But since the experiments appeared to show the brains of new parents being altered at a neural level, you could write a pretty scary headline if you wanted: BECOMING A PARENT ERODES YOUR BRAIN FUNCTION! In reality, as Swain tells me, it’s much more benign. Being extra fretful and cautious around a newborn is a good thing for most parents: Babies are fragile. It’s worth the tradeoff. Similarly, living in cities—with their cramped dwellings and pounding noise—stresses us out on a straightforwardly physiological level33 and floods our system with cortisol, as I discovered while researching stress in New York City several years ago. But the very urban density that frazzles us mentally also makes us 50 percent more productive,34 and more creative, too, as Edward Glaeser argues in Triumph of the City, because of all those connections between people. This is “the city’s edge in producing ideas.”35 The upside of creativity is tied to the downside of living in a sardine tin, or, as Glaeser puts it, “Density has costs as well as benefits.”36 Our digital environments likely offer a similar push and pull. We tolerate their cognitive hassles and distractions for the enormous upside of being connected, in new ways, to other people.


  I want to examine how technology changes our mental habits, but for now, we’ll be on firmer ground if we stick to what’s observably happening in the world around us: our cognitive behavior, the quality of our cultural production, and the social science that tries to measure what we do in everyday life. In any case, I won’t be talking about how your brain is being “rewired.” Almost everything rewires it, including this book.


  The brain you had before you read this paragraph? You don’t get that brain back. I’m hoping the trade-off is worth it.


  The rise of advanced chess didn’t end the debate about man versus machine, of course. In fact, the centaur phenomenon only complicated things further for the chess world—raising questions about how reliant players were on computers and how their presence affected the game itself. Some worried that if humans got too used to consulting machines, they wouldn’t be able to play without them. Indeed, in June 2011, chess master Christoph Natsidis was caught37 illicitly using a mobile phone during a regular human-to-human match. During tense moments, he kept vanishing for long bathroom visits; the referee, suspicious, discovered Natsidis entering moves into a piece of chess software on his smartphone. Chess had entered a phase similar to the doping scandals that have plagued baseball and cycling, except in this case the drug was software and its effect cognitive.


  This is a nice metaphor for a fear that can nag at us in our everyday lives, too, as we use machines for thinking more and more. Are we losing some of our humanity? What happens if the Internet goes down: Do our brains collapse, too? Or is the question naive and irrelevant—as quaint as worrying about whether we’re “dumb” because we can’t compute long division without a piece of paper and a pencil?


  Certainly, if we’re intellectually lazy or prone to cheating and shortcuts, or if we simply don’t pay much attention to how our tools affect the way we work, then yes—we can become, like Natsidis, overreliant. But the story of computers and chess offers a much more optimistic ending, too. Because it turns out that when chess players were genuinely passionate about learning and being creative in their game, computers didn’t degrade their own human abilities. Quite the opposite: it helped them internalize the game much more profoundly and advance to new levels of human excellence.


  Before computers came along, back when Kasparov was a young boy in the 1970s in the Soviet Union, learning grand-master-level chess was a slow, arduous affair. If you showed promise and you were very lucky, you could find a local grand master to teach you. If you were one of the tiny handful who showed world-class promise, Soviet leaders would fly you to Moscow and give you access to their elite chess library, which contained laboriously transcribed paper records of the world’s top games. Retrieving records was a painstaking affair; you’d contemplate a possible opening, use the catalog to locate games that began with that move, and then the librarians would retrieve records from thin files, pulling them out using long sticks resembling knitting needles. Books of chess games were rare and incomplete. By gaining access to the Soviet elite library, Kasparov and his peers developed an enormous advantage over their global rivals. That library was their cognitive augmentation.


  But beginning in the 1980s, computers took over the library’s role and bested it. Young chess enthusiasts could buy CD-ROMs filled with hundreds of thousands of chess games. Chess-playing software could show you how an artificial opponent would respond to any move. This dramatically increased the pace at which young chess players built up intuition. If you were sitting at lunch and had an idea for a bold new opening move, you could instantly find out which historic players had tried it, then war-game it yourself by playing against software. The iterative process of thought experiments—“If I did this, then what would happen?”—sped up exponentially.


  Chess itself began to evolve. “Players became more creative and daring,” as Frederic Friedel, the publisher of the first popular chess databases and software, tells me. Before computers, grand masters would stick to lines of attack they’d long studied and honed. Since it took weeks or months for them to research and mentally explore the ramifications of a new move, they stuck with what they knew. But as the next generation of players emerged, Friedel was astonished by their unusual gambits, particularly in their opening moves. Chess players today, Kasparov has written, “are almost as free of dogma as the machines with which they train. Increasingly, a move isn’t good or bad because it looks that way or because it hasn’t been done that way before. It’s simply good if it works and bad if it doesn’t.”


  Most remarkably, it is producing players who reach grand master status younger. Before computers, it was extremely rare for teenagers to become grand masters. In 1958, Bobby Fischer stunned the world by achieving that status at fifteen. The feat was so unusual it was over three decades before the record was broken, in 1991. But by then computers had emerged, and in the years since, the record has been broken twenty times, as more and more young players became grand masters. In 2002, the Ukrainian Sergey Karjakin became one at the tender age of twelve.38


  So yes, when we’re augmenting ourselves, we can be smarter. We’re becoming centaurs. But our digital tools can also leave us smarter even when we’re not actively using them.


  Let’s turn to a profound area where our thinking is being augmented: the world of infinite memory.


  We, the Memorious_


  What prompts a baby, sitting on the kitchen floor at eleven months old, to suddenly blurt out the word “milk” for the first time? Had the parents said the word more frequently than normal? How many times had the baby heard the word pronounced—three thousand times? Or four thousand times or ten thousand? Precisely how long does it take before a word sinks in anyway? Over the years, linguists have tried to ask parents to keep diaries of what they say to their kids, but it’s ridiculously hard to monitor household conversation. The parents will skip a day or forget the details or simply get tired of the process. We aren’t good at recording our lives in precise detail, because, of course, we’re busy living them.


  In 2005, MIT speech scientist Deb Roy and his wife, Rupal Patel (also a speech scientist) were expecting their first child—a golden opportunity, they realized, to observe the boy developing language. But they wanted to do it scientifically. They wanted to collect an actual record of every single thing they, or anyone, said to the child—and they knew it would work only if the recording was done automatically. So Roy and his MIT students designed “TotalRecall,” an audacious setup that involved wiring his house with cameras and microphones. “We wanted to create,” he tells me, “the ultimate memory machine.”


  In the months before his son arrived, Roy’s team installed wide-angle video cameras and ultrasensitive microphones in every room in his house. The array of sensors would catch every interaction  “down to the whisper” and save it on a huge rack of hard drives stored in the basement. When Roy and his wife brought their newborn home from the hospital, they turned the system on. It began producing a firehose of audio and video: About 300 gigabytes per day, or enough to fill a normal laptop every twenty-four hours. They kept it up for two years, assembling a team of grad students and scientists to analyze the flow, transcribe the chatter, and figure out how, precisely, their son learned to speak.


  They made remarkable discoveries. For example, they found that the boy had a burst of vocabulary acquisition—“word births”—that began around his first birthday and then slowed drastically seven months later. When one of Roy’s grad students analyzed this slowdown,1 an interesting picture emerged: At the precise moment that those word births were decreasing, the boy suddenly began using far more two-word sentences. “It’s as if he shifted his cognitive effort2 from learning new words to generating novel sentences,” as Roy later wrote about it. Another grad student discovered that the boy’s caregivers3 tended to use certain words in specific locations in the house—the word “don’t,” for example, was used frequently in the hallway, possibly because caregivers often said “don’t play on the stairs.” And location turned out to be important: The boy tended to learn words more quickly when they were linked to a particular space. It’s a tantalizing finding, Roy points out,4 because it suggests we could help children learn language more effectively by changing where we use words around them. The data is still being analyzed, but his remarkable experiment has the potential to transform how early-language acquisition is understood.


  It has also, in an unexpected way, transformed Roy’s personal life. It turns out that by creating an insanely nuanced scientific record of his son’s first two years, Roy has created the most detailed memoir in history.


  For example, he’s got a record of the first day his son walked. On-screen, you can see Roy step out of the bathroom and notice the boy standing, with a pre-toddler’s wobbly balance, about six feet away. Roy holds out his arms and encourages him to walk over: “Come on, come on, you can do it,” he urges. His son lurches forward one step, then another, and another—his first time successfully doing this. On the audio, you can actually hear the boy squeak to himself in surprise: Wow! Roy hollers to his mother, who’s visiting and is in the kitchen: “He’s walking! He’s walking!”


  It’s rare to catch this moment on video for any parent. But there’s something even more unusual about catching it unintentionally. Unlike most first-step videos caught by a camera-phone-equipped parent, Roy wasn’t actively trying to freeze this moment; he didn’t get caught up in the strange, quintessentially modern dilemma that comes from trying to simultaneously experience something delightful while also acting and getting it on tape. (When we brought my son a candle-bedecked cupcake on his first birthday, I spent so much time futzing with snapshots—it turns out cheap cameras don’t focus well when the lights are turned off—that I later realized I hadn’t actually watched the moment with my own eyes.) You can see Roy genuinely lost in the moment, enthralled. Indeed, he only realized weeks after his son walked that he could hunt down the digital copy; when he pulled it out, he was surprised to find he’d completely misremembered the event. “I originally remembered it being a sunny morning, my wife in the kitchen,” he says. “And when we finally got the video it was not a sunny morning, it was evening; and it was not my wife in the kitchen, it was my mother.”


  Roy can perform even crazier feats of recall. His system is able to stitch together the various video streams into a 3-D view. This allows you to effectively “fly” around a recording, as if you were inside a video game. You can freeze a moment, watch it backward, all while flying through; it’s like a TiVo for reality. He zooms into the scene of his watching his son, freezes it, then flies down the hallway into the kitchen, where his mother is looking up, startled, reacting to his yells of delight. It seems wildly futuristic, but Roy claims that eventually it won’t be impossible to do in your own home: cameras and hard drives are getting cheaper and cheaper, and the software isn’t far off either.


  Still, as Roy acknowledges, the whole project is unsettling to some observers. “A lot of people have asked me, ‘Are you insane?’” He chuckles. They regard the cameras as Orwellian, though this isn’t really accurate; it’s Roy who’s recording himself, not a government or evil corporation, after all. But still, wouldn’t living with incessant recording corrode daily life, making you afraid that your weakest moments—bickering mean-spiritedly with your spouse about the dishes, losing your temper over something stupid, or, frankly, even having sex—would be recorded forever? Roy and his wife say this didn’t happen, because they were in control of the system. In each room there was a control panel that let you turn off the camera or audio; in general, they turned things off at 10 p.m. (after the baby was in bed) and back on at 8 a.m. They also had an “oops” button in every room: hit it, and you could erase as much as you wanted from recent recordings—a few minutes, an hour, even a day. It was a neat compromise, because of course one often doesn’t know when something embarrassing is going to happen until it’s already happening.


  “This came up from, you know, my wife breast-feeding,” Roy says. “Or I’d stumble out of the shower, dripping and naked, wander out in the hallway—then realize what I was doing and hit the ‘oops’ button. I didn’t think my grad students needed to see that.” He also experienced the effect that documentarians and reality TV producers have long noticed: after a while, the cameras vanish.


  The downsides, in other words, were worth the upsides—both scientific and personal. In 2007, Roy’s father came over to see his grandson when Roy was away at work. A few months later, his father had a stroke and died suddenly. Roy was devastated; he’d known his father’s health was in bad shape but hadn’t expected the end to come so soon.


  Months later, Roy realized that he’d missed the chance to see his father play with his grandson for the last time. But the house had autorecorded it. Roy went to the TotalRecall system and found the video stream. He pulled it up: his father stood in the living room, lifting his grandson, tickling him, cooing over how much he’d grown.


  Roy froze the moment and slowly panned out, looking at the scene, rewinding it and watching again, drifting around to relive it from several angles.


  “I was floating around like a ghost watching him,” he says.


  What would it be like to never forget anything? To start off your life with that sort of record, then keep it going until you die?


  Memory is one of the most crucial and mysterious parts of our identities; take it away, and identity goes away, too, as families wrestling with Alzheimer’s quickly discover. Marcel Proust regarded the recollection of your life as a defining task of humanity; meditating on what you’ve done is an act of recovering, literally hunting around for “lost time.” Vladimir Nabokov saw it a bit differently: in Speak, Memory, he sees his past actions as being so deeply intertwined with his present ones that he declares, “I confess I do not believe in time.”5 (As Faulkner put it, “The past is never dead. It’s not even past.”)6


  In recent years, I’ve noticed modern culture—in the United States, anyway—becoming increasingly, almost frenetically obsessed with lapses of memory. This may be because the aging baby-boomer population is skidding into its sixties, when forgetting the location of your keys becomes a daily embarrassment. Newspaper health sections deliver panicked articles about memory loss and proffer remedies, ranging from advice that is scientifically solid (get more sleep and exercise) to sketchy (take herbal supplements like ginkgo) to corporate snake oil (play pleasant but probably useless “brain fitness” video games.) We’re pretty hard on ourselves. Frailties in memory are seen as frailties in intelligence itself. In the run-up to the American presidential election of 2012, the candidacy of a prominent hopeful, Rick Perry, began unraveling with a single, searing memory lapse: in a televised debate, when he was asked about the three government bureaus he’d repeatedly vowed to eliminate, Perry named the first two—but was suddenly unable to recall the third. He stood there onstage, hemming and hawing for fifty-three agonizing seconds before the astonished audience, while his horrified political advisers watched his candidacy implode. (“It’s over, isn’t it?” one of Perry’s donors asked.)7


  Yet the truth is, the politician’s mishap wasn’t all that unusual. On the contrary, it was extremely normal. Our brains are remarkably bad at remembering details. They’re great at getting the gist of something, but they consistently muff the specifics. Whenever we read a book or watch a TV show or wander down the street, we extract the meaning of what we see—the parts of it that make sense to us and fit into our overall picture of the world—but we lose everything else, in particular discarding the details that don’t fit our predetermined biases. This sounds like a recipe for disaster, but scientists point out that there’s an upside to this faulty recall. If we remembered every single detail of everything, we wouldn’t be able to make sense of anything. Forgetting is a gift and a curse: by chipping away at what we experience in everyday life, we leave behind a sculpture that’s meaningful to us, even if sometimes it happens to be wrong.


  Our first glimpse into the way we forget came in the 1880s, when German psychologist Hermann Ebbinghaus ran a long, fascinating experiment on himself.8 He created twenty-three hundred  “nonsense” three-letter combinations and memorized them. Then he’d test himself at regular periods to see how many he could remember. He discovered that memory decays quickly after you’ve learned something: Within twenty minutes, he could remember only about 60 percent of what he’d tried to memorize, and within an hour he could recall just under a half. A day later it had dwindled to about one third. But then the pace of forgetting slowed down. Six days later the total had slipped just a bit more—to 25.4 percent of the material—and a month later it was only a little worse, at 21.1 percent. Essentially, he had lost the great majority of the three-word combinations, but the few that remained had passed into long-term memory. This is now known as the Ebbinghaus curve of forgetting, and it’s a good-news-bad-news story: Not much gets into long-term memory, but what gets there sticks around.


  Ebbinghaus had set himself an incredibly hard memory task. Meaningless gibberish is by nature hard to remember. In the 1970s and ’80s, psychologist Willem Wagenaar tried something a bit more true to life.9 Once a day for six years, he recorded a few of the things that happened to him on notecards, including details like where it happened and who he was with. (On September 10, 1983, for example, he went to see Leonardo da Vinci’s Last Supper in Milan with his friend Elizabeth Loftus, the noted psychologist). This is what psychologists call “episodic” or “autobiographical” memory—things that happen to us personally. Toward the end of the experiment, Wagenaar tested himself by pulling out a card to see if he remembered the event. He discovered that these episodic memories don’t degrade anywhere near as quickly as random information: In fact, he was able to recall about 70 percent of the events that had happened a half year ago, and his memory gradually dropped to 29 percent for events five years old. Why did he do better than Ebbinghaus? Because the cards contained “cues” that helped jog his memory—like knowing that his friend Liz Loftus was with him—and because some of the events were inherently more memorable. Your ability to recall something is highly dependent on the context in which you’re trying to do so; if you have the right cues around, it gets easier. More important, Wagenaar also showed that committing something to memory in the first place is much simpler if you’re paying close attention. If you’re engrossed in an emotionally vivid visit to a da Vinci painting, you’re far more likely to recall it; your everyday humdrum Monday meeting, not so much. (And if you’re frantically multitasking on a computer, paying only partial attention to a dozen tasks, you might only dimly remember any of what you’re doing, a problem that I’ll talk about many times in this book.) But even so, as Wagenaar found, there are surprising limits. For fully 20 percent of the events he recorded, he couldn’t remember anything at all.


  Even when we’re able to remember an event, it’s not clear we’re remembering it correctly. Memory isn’t passive; it’s active.10 It’s not like pulling a sheet from a filing cabinet and retrieving a precise copy of the event. You’re also regenerating the memory on the fly. You pull up the accurate gist, but you’re missing a lot of details. So you imaginatively fill in the missing details with stuff that seems plausible, whether or not it’s actually what happened. There’s a reason why we call it “re-membering”; we reassemble the past like Frankenstein assembling a body out of parts. That’s why Deb Roy was so stunned to look into his TotalRecall system and realize that he’d mentally mangled the details of his son’s first steps. In reality, Roy’s mother was in the kitchen and the sun was down—but Roy remembered it as his wife being in the kitchen on a sunny morning. As a piece of narrative, it’s perfectly understandable. The memory feels much more magical that way: The sun shining! The boy’s mother nearby! Our minds are drawn to what feels true, not what’s necessarily so. And worse, these filled-in errors may actually compound over time. Some memory scientists suspect that when we misrecall something, we can store the false details in our memory in what’s known as reconsolidation.11 So the next time we remember it, we’re pulling up false details; maybe we’re even adding new errors with each act of recall. Episodic memory becomes a game of telephone played with oneself.


  The malleability of memory helps explain why, over decades, we can adopt a surprisingly rewritten account of our lives. In 1962, the psychologist Daniel Offer asked a group12 of fourteen-year-old boys questions about significant aspects of their lives. When he hunted them down thirty-four years later and asked them to think back on their teenage years and answer precisely the same questions, their answers were remarkably different. As teenagers, 70 percent said religion was helpful to them; in their forties, only 26 percent recalled that. Fully 82 percent of the teenagers said their parents used corporal punishment, but three decades later, only one third recalled their parents hitting them. Over time, the men had slowly revised their memories, changing them to suit the ongoing shifts in their personalities, or what’s called hindsight bias. If you become less religious as an adult, you might start thinking that’s how you were as a child, too.


  For eons, people have fought back against the fabrications of memory by using external aids. We’ve used chronological diaries for at least two millennia, and every new technological medium increases the number of things we capture: George Eastman’s inexpensive Brownie camera gave birth to everyday photography, and VHS tape did the same thing for personal videos in the 1980s. In the last decade, though, the sheer welter of artificial memory devices has exploded, so there are more tools capturing shards of our lives than ever before—e-mail, text messages, camera phone photos and videos, note-taking apps and word processing, GPS traces, comments, and innumerable status updates. (And those are just the voluntary recordings you participate in. There are now innumerable government and corporate surveillance cameras recording you, too.)


  The biggest shift is that most of this doesn’t require much work. Saving artificial memories used to require foresight and effort, which is why only a small fraction of very committed people kept good diaries. But digital memory is frequently passive. You don’t intend to keep all your text messages, but if you’ve got a smartphone, odds are they’re all there, backed up every time you dock your phone. Dashboard cams on Russian cars are supposed to help drivers prove their innocence in car accidents, but because they’re always on, they also wound up recording a massive meteorite entering the atmosphere. Meanwhile, today’s free e-mail services like Gmail are biased toward permanent storage; they offer such capacious memory that it’s easier for the user to keep everything than to engage in the mental effort of deciding whether to delete each individual message. (This is an intentional design decision on Google’s part, of course; the more they can convince us to retain e-mail, the more data about our behavior they have in order to target ads at us more effectively.) And when people buy new computers, they rarely delete old files—in fact, research shows that most of us just copy our old hard drives13 onto our new computers, and do so again three years later with our next computers, and on and on, our digital external memories nested inside one other like wooden dolls. The cost of storage has plummeted so dramatically that it’s almost comical to consider: In 1981, a gigabyte of memory cost roughly three hundred thousand dollars, but now it can be had for pennies.


  We face an intriguing inversion point in human memory. We’re moving from a period in which most of the details of our lives were forgotten to one in which many, perhaps most of them, will be captured. How will that change the way we live—and the way we understand the shape of our lives?


  There’s a small community of people who’ve been trying to figure this out by recording as many bits of their lives as they can as often as possible. They don’t want to lose a detail; they’re trying to create perfect recall, to find out what it’s like. They’re the lifeloggers.


  When I interview someone, I take pretty obsessive notes: not only everything they say, but also what they look like, how they talk. Within a few minutes of meeting Gordon Bell, I realized I’d met my match: His digital records of me were thousands of times more complete than my notes about him.


  Bell is probably the world’s most ambitious and committed lifelogger.14 A tall and genial white-haired seventy-eight-year-old, he walks around outfitted with a small fish-eye camera hanging around his neck, snapping pictures every sixty seconds, and a tiny audio recorder that captures most conversations. Software on his computer saves a copy of every Web page he looks at and every e-mail he sends or receives, even a recording of every phone call.


  “Which is probably illegal, but what the hell,” he says with a guffaw. “I never know what I’m going to need later on, so I keep everything.” When I visited him at his cramped office in San Francisco, it wasn’t the first time we’d met; we’d been hanging out and talking for a few days. He typed “Clive Thompson” into his desktop computer to give me a taste of what his “surrogate brain,” as he calls it, had captured of me. (He keeps a copy of his lifelog on his desktop and his laptop.) The screen fills with a flood of Clive-related material: twenty-odd e-mails Bell and I had traded, copies of my articles he’d perused online, and pictures beginning with our very first meeting, a candid shot of me with my hand outstretched. He clicks on an audio file from a conversation we’d had the day before, and the office fills with the sound of the two of
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