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SECTION A


A New Kind of Efficiency


“What may emerge as the most important insight of the twenty-first century is that man was not designed to live at the speed of light.”


—Marshall McLuhan1


[image: A decorative image of a head in profile depicted with connected cogs inside.]


Once upon a time, news traveled no faster than the pace of scurrying feet. Technology upended that world. It distorted time, contorted space, and gradually synchronized minds and brains across the globe into a fluid new reality.


On the 27th of August 1883, the residents of Milwaukee, Wisconsin, shuddered in terror when the mighty volcano Krakatoa in Java, Indonesia, emitted the loudest sound ever to be heard on Earth. The deafening blast was actually imperceptible to the people of Milwaukee, and yet they trembled as if Krakatoa had erupted right in their backyards.2 A new communication technology called the telegraph was responsible for this peculiar dismembering of reality: it disseminated news of the disaster to sixty newspapers across the world, thereby shattering the immutability of space and time as the scaffold of existence. Human beings could now hop into a reality thousands of miles away, without needing hours or even weeks to arrive. Or as the philosopher Marshall McLuhan put it, “Today it is only too easy to have dinner in New York and indigestion in Paris.”


Before the railroads arrived, Americans lived on “sun time.” Each town in the United States had its very own brand of time, set by the position of the sun in the sky, and every degree change of longitude resulted in a time difference of four minutes. After the railroads arrived, Americans could no longer let the sun decide what time it was, as this created too much confusion. On April 19, 1883, The New York Times lamented how “fifty-six standards of time are now employed by the various railroads of the country in preparing their schedules of running times.”3 Human pace had now overtaken the sun’s, and the sun would have to concede the reins of time to humans. By the end of 1883, the hills and valleys of time had flattened into a continuous American landscape, and “standard” time was born.


Once technology began to contort the coordinates of time and space, it played puppeteer to the trajectory of human existence. Railroad tracks defined where humans moved, and railroad timetables decided when. Humans consented to confine their movements—and, in turn, the patterns of their lives—to the departure and arrival times printed on a train schedule in exchange for a more efficient way of life. Soon the quest for efficiency would change the way humans moved within even tighter confines of time and space.


Over the course of the nineteenth century, scientists from Helmholtz to Huxley had shown that humans, like inefficient machines, waste energy. As the century neared its end, a sedulous Pennsylvania machine shop engineer named Frederick Winslow Taylor noticed that a worker’s output could be substantially augmented if they did not stray beyond a strict choreographed sequence of movements while they worked. Taylor realized that the limiting factor in manual work was not insufficient physical effort but wasted physical effort. A precisely designed routine could accelerate an entire manufacturing process, and even make the work easier. Taylor was the first to study the science of work efficiency in an industrial workplace, rather than in a laboratory, and this made his findings immediately translatable to the real world. As his ideas spread across manufacturing plants in the United States, one plant, the Ford Motor Company, took the mission of improving efficiency to an entirely new level. Engineers at the plant experimented with a strategy that would turn the standard model of car manufacturing upside down. Instead of several engineers working on one car at a time as they had always done, one engineer worked on several cars in quick succession —by moving each on a conveyor belt in the form of an “assembly line”. This erased the time wasted between jobs and significantly escalated output per unit of time. Their strategy proved so successful that the Ford Motor Company went from producing eleven cars in a month to churning one out every twenty-four seconds, and the assembly line took the stage as the global model for efficiency.


Little by little, all flavours of work were recast into an assembly-line template. The undulations of farm labor flattened into a continuous moving belt of mechanized agriculture, identical houses were assembled from a moving belt of parts, and even patients on hospital-clinic conveyor belts waited their turn to be “fixed.”


In the 1950s, when a large portion of work moved from the hands to the head, many rural Americans flocked to urban America, seduced by the shiny, gilded image of white-collar knowledge workers working comfortably for better pay. But the factory model of work had hardly changed. Office workers sat in place and performed monotonous, almost automatic work on repeat; they clocked in every morning and out in the evening, fueled by caffeine and interrupted only by hunger’s call to lunch. Even the office layouts were modeled after the factory floor, with desks crammed in rows like stations on an assembly line.


By 1970, the most dissatisfied workers in the country were no longer blue-collar workers assembling parts in a factory but white-collar clerical workers on desk jobs. Industrial age factories had metamorphosed into gleaming, shiny offices, and desk workers’ brains were the new assembly lines. As a 1972 report by a special task force to the United States Secretary of Health, Education, and Welfare described it, “The office today, where work is segmented and authoritarian, is often a factory. . . . Computer keypunch operations and typing pools share much in common with the automobile assembly line.”4


A linear, continuous, assembly-line configuration of work emphasizes quantity over quality. When you flatten the natural fluctuation of your mental engine into a straight line, you prevent the lows, but you also prevent the highs. There is no room for flair or brilliance, or for out‑of‑the-box thinking. For well over a century, the majority of white-collar work did not demand complex thinking or exceptional creativity, so this was of no great significance. Human minds were mere cogs in the production machine; how much they worked mattered more than how well they worked. In an assembly line of moving minds, as in an assembly line of moving hands, quantity decided the bottom line.


It is a feature of the human condition that whenever we encounter a limit, we problem-solve our way around it by creating tools. When the pace of human hands hit a ceiling of maximum output, we supplanted human hands with automated machine parts. When the computational power of the human mind limited progress, we delegated its labor to calculators, then to computers, and then to supercomputers. Machine intelligence can now do straightforward knowledge work more efficiently than humans. Automated trading has replaced human minds across Wall Street trading floors, legal firms are integrating chatbots into their legal service, and AI races ahead of eye surgeons to successfully screen patients for diabetic eye disease.


With AI gaining territory over lower-level-thinking jobs, the knowledge work spectrum is shifting toward an emphasis on idea generation, complex learning, and problem-solving. In his book Exponential, Azeem Azhar describes how a company’s worth today depends more on its intangible assets than on its tangible ones. The algorithms in a search engine’s platform are more valuable than the physical factories that manufacture its hardware, and the brand identity of a company like Apple holds more value than the physical cost of all its products. These intangible assets are realized through an exceptional level of “brainwork.” Products have also grown so complex in the digital age that they are more difficult to conceptualize than to make. For example, a cell phone’s manufacturing process is insignificant compared to the sophisticated thought process needed to design its software.


The old kind of factory-style continuous work creates the wrong kind of ecosystem in this new phase of the digital age. The assembly-line-flattened mind, without its peaks of brilliance and troughs of recovery, will not be optimally placed to flourish in a world where generating genius ideas and designing ingenious solutions define success. Efficiency is no longer defined by the quantity of output, but by its quality.


In the following chapters, I propose a new approach to efficiency for the age of AI‑assisted knowledge work. I begin by searching for clues that tell us how our brains aspire to work when work is not imposed from the outside, and trace this trail deep into the brain’s wiring to search for footprints of these inclinations. I then tie current neuroscientific thinking to these footprints to create a template for mental efficiency that taps into the brain’s inherent makeup and hard wiring. As you journey through this book, you will discover how mental performance can soar to exceptional heights if, instead of imposing the rhythm of assembly-line work on your brain, you impose the rhythm of your brain on your work.
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Power Laws


“The very remote future [infinity] of . . . the aeon prior to ours . . . was our Big Bang.”


—Sir Roger Penrose1


When mathematician and Oxford professor Sir Roger Penrose accepted his Nobel Prize in 2020, he spoke of “a crazy theory” of his: that before the Big Bang, there had been another universe just like ours that had burst forth from another big bang. According to his theory, there was an aeon before ours that was just like ours, and an aeon before that, and another before that, ad infinitum.2


Penrose’s theory would resonate with many communities around the world, including the Ju’/hoansi of Botswana, who think of time as a rhythmic cycle, with neither a beginning nor an end. Life happens in a plexus of multiple repeating rhythms “characterized by the predictability of the seasons and the metronomic periodicity of the movements of the sun, stars, and moon,” anthropologist James Suzman writes in Affluence Without Abundance.3 In rhythmic time, the overall pace of life is set by nature’s cycles; it cannot be accelerated with human tools. The sun’s rise and fall, for example, defines the cycle of day and night, and try as you might, you cannot make the sun rise or fall sooner or later than it inevitably will.


Within each cycle, time passes at a variable rate, expanding when there is little to be done, and shrinking when activity soars. You get a sense of what this feels like if you have no visible indicator of time passing and your thoughts and perception of the world determine its apparent pace. Some periods seem to pass quickly, and others more slowly. You cannot easily slice these expansions and contractions of time into neat segments of steady assembly-line progress. In a world that spins on rhythmic time, time does not shape how you work; rather, your work shapes how you perceive time.


Curiously, this perceived nonuniform time may set the pace for our minds and bodies more than we think. In an extraordinary experiment, researchers at Harvard University measured how quickly thirty-three healthy volunteers recovered from superficial skin wounds sustained from cupping therapy in three different environments of perceived time. Each volunteer sat in front of a clock that had been manipulated to run half as fast as real time, twice as fast as real time, or at the pace of real time. The results were astonishing. When the volunteers believed time was passing faster than it actually was, their wounds healed faster.4


Stone Age Economics, written by the late anthropologist Marshall Sahlins, is a rich anthology of firsthand accounts of hunter-gatherer community life from different corners of the world.5 The accounts paint a rhythmic pattern of work and rest such that people would work hard for part of the day and then spend a longer time in relative leisure. If a day was spent hunting, it would be followed by a couple of days of repose. Once everyone completed their work, they were not compelled to fill their ample free time doing any more.


Despite the persistent uncertainty and challenges of hunter-gatherer life, there was surprizingly little inclination to spend many hours embroiled in backbreaking work, and intense work dominated no more than short bursts of time. As Czech anthropologist Leopold Pospisil, who did extensive research on the Kapauku people of Papua, describes in Sahlins’s anthology, “Only every other day is supposed to be a working day. Such a day is followed by a day of rest in order to ‘regain the lost power and health.’ ” When their work called for hard labor for longer periods, “they [would] relax for a period of several days, thus compensating for their ‘missed’ days of rest.”6


In another account, ethnologist Martin Gusinde describes the hunter-gatherer Yámana people of Tierra del Fuego, South America, in the 1920s: “The Yámana are not capable of continuous, daily hard labor, much to the chagrin of European farmers and employers for whom they often work. Their work is more a matter of fits and starts, and . . . they can develop considerable energy for a certain time. After that, they show a desire for an incalculably long rest period during which they lie about doing nothing.”


Almost every account in Sahlins’s anthology tells of a rhythmic pattern of working, in which an intense burst of work is followed by periods of lighter work and rest. Such a pattern could be imagined as a kind of power law: a mathematical relationship between two things in which a change in one gives rise to a change in the other according to some power. In this case, as the laboriousness of the work rises, the time spent doing it falls, so the bulk of the time is spent doing moderate to light work. If we plot it as a graph, the power law relationship would look something like this:


[image: The Power Law Curve. A graph showing how often (frequency) on the Y axis and work intensity on the X axis, the latter going from low to moderate to high. The curve shows that as the frequency decreases, the work intensity increases. ]


This way of working seems to be typical of diverse hunter-gatherer communities, irrespective of geography and independent of external pressures of weather, terrain, or climate. As Sahlins’s work demonstrates, and as anthropologist James Suzman also points out in Affluence Without Abundance, hunter-gatherer communities—even those that still survive today—seem to have an innate propensity to work in this way.


In 2013, an American research group fitted forty-four traditional hunter-gatherers from the Hadza community in northern Tanzania with Global Positioning System (GPS) units as they went about foraging for food in their usual way. Almost half of their foraging bouts followed what is known as a Lévy walk: a power law pattern that roughly translates to walking short distances most often and long distances far less frequently. Perhaps even more intriguing, this pattern of walking was seemingly independent of the features of their environment. In other words, the Hadza hunter-gatherers did not walk in a power law pattern because they needed to; they did so because they chose to.7 The Hadza are not unique. Other hunter-gatherer societies such as the Me’Phaa of Mexico and the Cariri of Brazil also demonstrate Lévy walk patterns.8


The instinct to hunt and forage in a power law pattern may have conferred an evolutionary advantage on our ancestors by making them less susceptible to life-threatening exhaustion and hunger when stranded in remote and alien landscapes.9 If you have to locate a source of food in the wild with no prior knowledge of the terrain, the most efficient way to do so is by following a power law pattern: if you look for local sources first and venture out on long and exhausting expeditions only when absolutely necessary, you preserve energy for longer. The agricultural revolution and then the industrial revolution ironed over the instinct to behave and work in this way.10 The uniformity and order necessary for successful agriculture erased all spontaneity and fluctuations. Assembly lines simply continued and amplified this trend.


The blueprint of the instinct to work and behave in bursts, in a power law pattern, however, intractably endures and is even woven into the tapestry of our inner experience. Searching for a memory is a form of foraging for the mind, and the same pattern of foraging seen in the Hadza, the Me’Phaa, and the Cariri emerges in the brain when we scour its shelves for a memory that has long been filed away.11


One compelling fragment of evidence for power laws embedded in the brain’s dynamics is seen in newborn mammals. Being awake is labor-intensive for newborn brains, which are encoding new information and galvanizing neural connections at dizzying speeds. Sleep provides respite. Research has found that newborn rats flip randomly between sleep and awake states until they are around two weeks old, when the periods they spend awake start to follow a power law.12 They are awake for short bouts most of the time, and for long bouts less often—a pattern that will be familiar to parents of infants, who often nap in one‑to‑two-hour intervals throughout the day.


Even adult humans living in a digitalized and predictable urban world seem to want to move and rest in a power law pattern when left to their own devices. Actigraphy studies have shown how we spontaneously pause to rest in between bursts of physical activity in a power law pattern, taking short breaks frequently and long breaks less often.


If power laws persist across climates and people and lands, if they choreograph how we explore the world around us and the depths of our own minds, if they carve our innate patterns of work and rest, could they also hold the secret to working better with our brains?


In 2006, researchers13 from Hungary, Portugal, and the United States raked through the archives of the Darwin Correspondence Project, the Freud Museum of London, and the Einstein Papers Project to see if there was a pattern in the way Darwin, Freud, and Einstein—three of the most celebrated minds of the twentieth century—answered their letters. In those days, letters were a form of knowledge work. Many scientists did not work in “laboratories” dedicated to spawning groundbreaking theories; rather, they did such thinking at home, on a writing desk. Profound scientific debates and even a form of peer review took place using the medium of letter writing. Darwin’s frequent letters to friends and colleagues chauffeured his mental voyage toward the theory of evolution.


Had Darwin, Freud, and Einstein replied to each letter as it arrived, there would be no obvious pattern to their letter writing. But this was not the case; the researchers found that there was a pattern. The time interval between receiving a letter and replying to it was often short and only occasionally long. Instead of writing like workers on an assembly line, with letters moving at constant speed on a conveyor belt, Darwin, Freud, and Einstein worked in rhythmic bursts with power law undertones.


Power laws are abundant in almost every facet of our natural environment, from the weather to ocean waves, from craters on the moon to volcanic eruptions, earthquakes, and avalanches. We also inadvertently incorporate power laws into human creations: cities and towns show power laws, as do corporations, features of the internet, and language. The power law patterns of the world very likely imprinted themselves upon us during our evolution and inspired power law patterns in our own neural and behavioural dynamics.


Technology and time


When we use technology to improve a process, we target the slowest links in the chain because they are what hold the process back. We make the slow bits faster to catch up with the fast bits, so instead of having slow and fast phases, the entire process happens at a constant pace. This was the philosophy behind Ford’s assembly lines. Since the pace of events sculpts our experience of time, time now passes at a constant speed for anyone observing the process.


Technology changes the coordinates of time so that a new kind of time emerges: technological time. This time is linear, regular, and set by the pace of technological chains. In most knowledge workspaces, workflows bend to meet this superhuman speed of information transfer. The whole office tries to synchronize itself to this pace, and technological time even follows workers all the way into their homes, burrowing into Zoom calls, text messages, and emails.


You can sense the magnitude of this effect if you find yourself in a world that technology has yet to fully conquer. A couple of years ago, I traveled to the remote mountains of Sardinia to meet explorer and National Geographic Fellow Dan Buettner to work on the Netflix series about his work, Live to 100: Secrets of the Blue Zones. We filmed in Seulo, a living museum of centenarians, where twenty-nine of its approximately eight hundred inhabitants were over a hundred years old.


Hard work is integral to life in Seulo, a town with a strong pastoral culture. Goatherds, even the centenarians among them, rise at the break of dawn and take their goats up to the mountains, no matter the season. Later, when the sun has risen high, they make their way back down to feast on a homemade meal. The afternoon is spent in gentle, satisfied existence, sharing news and gossip with neighbors and friends as they sit outside in the fresh, open air.


Many homes did not have a television or broadband internet, and the mobile phone signal was precarious. There was also significant day‑to‑day uncertainty. The terrain was hilly with few boundaries, the goats could wander anywhere, and every moment could bring something unexpected. Food was grown and gathered at nature’s mercy, the weather decided how you would spend your day, and you had to change your plans if there was rain. Problem-solving was an inescapable feature of daily life. Yet despite the precarity inherent in their lifestyle, I saw few signs of stress or worry.


On my visit there, I could not help noticing that daily life passed by in bursts of intensity in a kind of power law pattern reminiscent of our hunter-gatherer ancestors. Moments of intense mental and physical work existed, but they seemed to always be followed by a nap or a long interval of time spent gazing gently at the world passing by. You might have to chase a goat up a hill one moment, and spend the next hour lazily watching over your herd. The absence of technology meant that humans defined the speed of time. As they moved about, time followed in their footsteps. Once work was over, time slowed down too.


The people of Seulo score better in many health metrics than their counterparts in other parts of Sardinia and in Italy as a whole, with both mental and physical performance remaining optimal well into old age. Could their pattern of work and life be contributing to their extraordinary mental fitness and longevity?


Intense mental work depletes resources and generates mental fatigue much faster than light mental work. A “power law” mode of working—where you work intensely for short periods, and your work is punctuated with breaks and followed by rest and recuperation—protects you from chronic mental strain and its damaging consequences. But while working in rising and falling tides comes easily to the people of Seulo, it does not in itself guarantee prodigious mental output in a knowledge work environment. For rhythmic mental work to produce exceptional output, every interval of hard work would need to be optimized so it is consistently of the highest quality. For that to happen, we need one more ingredient.


The power of efficiency


In 2019, Eliud Kipchoge, a thirty-four-year-old long-distance runner from Kenya, broke every marathon record in human history when he completed a 26.2‑mile course in less than two hours. But his astonishing feat never made it into the record books because he had used a special tool to help him. He didn’t run with a jet propulsion backpack or use roller skates, nor did he take performance-enhancing drugs or wear smart sneakers. His tool was ingenious in its simplicity.


On the day of his race, a silver electric car with a formidable-looking apparatus strapped to its roof drove ahead of Kipchoge and shone a bright green laser beam on the ground in front of him while he ran. It acted as a pacemaker, as a metronome that orchestrated Kipchoge’s every footfall, and it kept him at a steady pace of around two minutes and fifty seconds per kilometre, the most efficient running speed for achieving his goal. A faster pace increased the risk of exhaustion and a slower pace of losing the challenge. Kipchoge finished twenty seconds under the two-hour mark, and his triumph was a reminder of how a human body’s performance can reach colossal heights by artfully managing its pace.


In many ways, the track was to Kipchoge what information is to our brains, and mental efficiency, like running efficiency, is a balancing act. You want your mental engine to work fast enough to make good progress but not so fast that you suffer wear-and-tear damage. Much like Kipchoge’s optimal pace, there is an optimal “sweet spot” of mental pace where efficiency peaks.


But this poses a conundrum. By its definition, a power-law-like way of working is inherently rhythmic and entirely antithetical to working at a consistent, albeit efficient, pace. Also, quality and efficiency, though not mutually exclusive, do not always coexist. You may be an exceptionally efficient coder producing mediocre software, or you may arrive at a genius product idea after twenty years spent getting nowhere. If a rhythmic way of working produces excellence and a pacemaker maximizes efficiency, is there a way to work that will not sacrifice one for the other, but instead combine the two to forge an almost hyperefficient mode of working?


A setup that marries a power-law-like way of working with Kipchoge’s pacemaker would need to do two things. First, the pacemaker would adjust your pace to suit the specific kind of mental work you are doing. Second, the pacemaker would change your pace in a power law pattern, keeping your pace high for only short bursts of time and low for much longer. This would preserve rhythmic peaks of brilliance while sharpening those peaks to be as efficient as possible. In the next section, I will describe how your brain is wired with an ingenious circuit that does exactly this.
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Your Gear Network


“My mind is like a racing engine, tearing itself to pieces because it is not connected up with the work for which it was built.”


—Sir Arthur Conan Doyle1


Nestled at the root of your brain, on either side of a cavity filled with spinal fluid, sits a small cluster of brain cells. The cells are full of the neurotransmitter norepinephrine, which makes them look blue. Hence they have been given the name locus coeruleus, the Latin term for a blue dot.2 Your blue dot is your brain’s hub of norepinephrine.


The brain cells in your blue dot fire “bullets” of norepinephrine that scatter across the brain’s vast landscape through an intricate network, the “blue dot network.” These bullets have an intriguing effect: they change the brain’s entire configuration depending on the pattern in which they are fired.


Each configuration endows your brain with unique abilities and sets the pace at which it works. When your blue dot network sends out a fast stream of norepinephrine bullets, your thoughts speed up. When it fires more slowly, your thoughts slow down.


The blue dot is usually referred to by the Latin term locus coeruleus, which is often shortened to LC. The LC, together with its nerve trails that carry and dispatch norepinephrine, is referred to as the LC‑NE network in the scientific literature. The LC‑NE network doesn’t work in isolation: it has a close relationship with both dopamine-based and acetylcholine-based systems. For the purposes of this book, I will refer to the whole LC‑NE network and its second-order effects with dopamine and acetylcholine as the blue dot network. (The three gears I subsequently describe refer loosely to the states associated with three levels of tonic and phasic LC activity, with gear 2 corresponding to the highest levels of phasic LC activity.)


In this way, your blue dot network expertly controls your brain’s configuration, changing your brain’s state simply by changing the way it fires.


In the context of knowledge work, it helps to imagine your blue dot network as a gear system that puts your brain into three main modes: slow, medium, and fast. You shift gears to change mental pace. Gear 1 puts you in slow mode, gear 2 in medium mode, and gear 3 in fast mode.
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