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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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The Creative Mind

“Big ideas come from the unconscious. But your unconscious has to be well-informed, or your idea will be irrelevant.”

—David Ogilvy1

In his book The Art of Thought, Graham Wallas, a cofounder of the London School of Economics, points out that creative ideas are born in four stages: preparation, incubation, illumination, and verification.2

A demonstration of how this might play out can be found in Nobel Prize winner Kazuo Ishiguro’s account of how he wrote his novel The Remains of the Day in just four weeks, revealed in a 2014 interview with the Guardian newspaper.3 What’s notable about this example is not just the astonishing speed at which he completed the novel but the way his creative process unfolded long before he put pen to paper, and how his journey was a mosaic of distinct mental states.

	•	Preparation: First, Ishiguro learned everything he could about the setting of his novel. As he describes it, he voraciously consumed “books by and about British servants, about politics and foreign policy between the wars.” This would have been optimal in a high-energy gear 2 state.


	•	Incubation: He then put his project aside and filled his time with various social engagements for almost a year. Ishiguro was not actively doing anything to prompt his ideas to incubate during this time; they marinated in his subconscious mind.


	•	Illumination and verification: Ishiguro eventually locked himself in his home and drowned in the imaginary world of his future novel. He wrote furiously and with such energy that he penned many “scenes that went nowhere” while also having “vital imaginative breakthroughs.” This was likely a high-energy gear 2 state which enabled a form of brainstorming, or in his words, “The priority was simply to get the ideas surfacing and growing.” During this stage, where his “fictional world was more real [to me] than the actual one,” he would have withdrawn his attention from the outside world and guided it inward, into the imaginary “Darlington Hall” of his novel, where his mind now resided. After four weeks spent in this existence, The Remains of the Day took form.4


The creative process

Whether you are trying to solve a complicated problem, think up a new idea, or write a novel, your mind is driven by a process and by a goal. Your goal is to hunt for that new idea or solution. In the course of pursuing that goal, your mind must sometimes widen its beam of attention to capture details that do not at first appear directly relevant.5 If your attention is overly focused on your goal, it makes you less adventurous and narrows your thinking.

Earlier, I described how your attention widens in both the lower and higher energy states within gear 2. In each case, your focus becomes “leakier” and your mind can wander away from your immediate target, but with a nuanced difference: in the low-energy state, the intensity of your attention is weaker, whereas in the high-energy state it is stronger. This difference manifests as two subtly different kinds of creativity.

Spontaneous insights

At the less energetic end of gear 2, your mind is tranquil and relaxed. You can nudge it to focus, but you can also let it wander. Once you remove your attention from all anchors and let it gently wander and float, you cede the stage to your subconscious mind so it can incubate your thoughts and catalyse insights. This less energetic, slightly daydreamy mental state primes your mind for spontaneous creativity, and you can follow spontaneous ideas through as soon as they appear by narrowing your attention at will. Letting your attention loose from its target also lets you gaze at the whole picture from afar and gain perspective.

Doing something that needs you to stay alert and demands some attention but does not strongly anchor your attention is one route to getting into this state of mind. This explains the abundance of anecdotes about people having moments of insight while out walking, jogging, showering, or doing the dishes but rarely when speaking at a meeting, watching the news, or working to a deadline.

Boredom and “idling” during dull meetings provide excellent opportunities to enter this state, as long as you are relaxed and your mind is not occupied by pressing worries or intrusive thoughts. The lethargy induced by the meeting can help your attention wander without leaving gear 2 because you have to maintain some focus on the meeting in case your voice is called for.

Thinking outside the box

At the more energetic end of gear 2, your mind generally feels sharper and faster. Here, too, you can nudge it into focus at will, but it is always ready to explore the unknown, driven by an inner energy. Your beam of attention is wider and your radar captures details you couldn’t see when your focus was narrow. Solutions that were previously invisible now spring into view. The higher levels of norepinephrine in this state make your mind more able to let go of old ways of thinking and embrace new ones. You think more laterally, you bend the rules, and you can rapidly learn new rules as you go along. Once you have gathered your new ideas, you have to narrow your focus and look closely at each idea to see if it is any good, something you can do by virtue of being in gear 2.

This kind of divergent thought requires freedom from restrictions and rules. If you are too narrowly focused on your goal, or if you fear that unconventional or “out of the box” ideas will be dismissed or ridiculed, your divergent thinking skills diminish. Surprisingly, divergent thinking is even stifled by feeling physically constrained—for example, if you can’t move freely or have to sit in a rigid position. In one experiment, raising the ceiling height by just 2 feet, from 8 feet to 10 feet, made people think more expansively.6 This may explain why walking or running outdoors, where the “ceiling” is as high as the sky, can resolve mental blocks and inspire you with new ideas.

Successful innovative thinking involves finding connections between seemingly disparate ideas. One example of this comes from Toshiyuki Murakami, the Japanese inventor of umbrella bagging machines. Ubiquitous at entrances to malls and hotels across Asia, these popular machines wrap your wet umbrella in a cellophane sheath to prevent it from dripping everywhere during monsoon rains. The genius of the machine lies in how quickly and smoothly the process happens.

In an interview with Japanese news channel NHK World, Murakami described how the idea behind the machine’s mechanism was first inspired by a shoehorn. A shoehorn may not be something you would normally associate with an umbrella, but Murakami’s creative mind connected the two items and used the shoehorn concept as the basis for the machine: inserting an umbrella into a bag is somewhat like inserting your foot into an obstinate shoe. During the development process, he came across a new problem: a cellophane bag, unlike an ordinary shoe, is notoriously difficult to pry open. He subsequently solved the problem by viewing an umbrella through the same lens as a letter. When you open an envelope, one edge is higher than the other; this lets you slide your letter in easily. Making the opening of each cellophane sheath asymmetrical so that one edge sits higher than the other lets you slide the tip of the umbrella in smoothly, just like a letter into an envelope.

Writing in 1981, psychology researcher Colin Martindale explained that “the more elements that a person can focus on simultaneously, the more likely that a creative idea will result.”7 One way to think about creativity is to imagine you have to rustle up dinner on a cold and wet Sunday evening. The wider the variety of ingredients you have in your kitchen cupboard, the more likely you are to come up with new ways to combine them into a spectacular recipe.

One striking example of how widening perspective helps with problem-solving comes from the Second World War. When the U.S. government commissioned a research group to find out where to place structural reinforcements on fighter planes, the research group initially approached the problem by looking at the existing data on where the returning aircraft were hit the most. They reasoned that the areas that sustained the largest number of bullet holes were most in need of extra protection. The mathematician Abraham Wald pointed out the terrible flaw in this logic. He suggested the researchers look at the data they did not have: the planes that hadn’t returned. What if the planes with the bullet holes were able to fly back because of where their bullets struck them? This led to the realization that the parts of the plane that needed reinforcing were those that had no bullet holes in the planes that made it back.

Some research suggests that with practice, it may be possible to improve your ability to see connections between disparate concepts by voluntarily widening your attentional net.

Researchers at Heidelberg University in Germany have shown that when players of a team sport are told to focus on a particular strategy, their attention narrows. If they play without a strategy, however, they spread their attention wider and approach complex situations with more creativity and “out of the box” flair. When a group of children practiced this “attention-broadening” strategy for one hour, twice a week for six months, they became better at using peripheral information to generate creative ideas.8

These principles can generally be applied to knowledge work: you are more likely to come upon innovative ideas and original insights when you widen your approach to narrow business objectives and immerse yourself in the creative process for its own sake.

The power of play

In a 1991 talk for Video Arts, British actor John Cleese described how, when Alfred Hitchcock hit a creative block while working on a screenplay, he would simply stop and “tell a story that had nothing to do with the work at hand.”9 At first, Cleese said, this infuriated Hitchcock’s cowriters, but they soon realized that the point of the story was to dissipate the pressure everyone was under. The idea always surfaced when the pressure was gone.

Creativity
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