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  Hell is a place where nothing connects with nothing.


  T. S. Eliot, Introduction to Dantes Inferno





  
    
      INTRODUCTION

    

  


  Procter and Gamble had a problem: it needed a new floor cleaner. In the 1980s, the company had pioneered one lucrative consumer product after another, from pull-up diapers to
  anti-dandruff shampoo. It had developed color-safe detergent and designed a quilted paper towel that could absorb 85 percent more liquid than other paper towels. These innovations werent
  lucky accidents: Procter and Gamble was deeply invested in research and development. At the time, the corporation had more scientists on staff than any other company in the world, more PhDs than
  the faculties of MIT, UC-Berkeley, and Harvard combined.


  And yet, despite the best efforts of the chemists in the household-cleaning division, there were no new floor products in the pipeline. The company was still selling the same lemon-scented
  detergents and cloth mops; consumers were still sweeping up their kitchens using wooden brooms and metal dustpans. The reason for this creative failure was simple: it was extremely difficult to
  make a stronger floor cleaner that didnt also damage the floor. Although Procter and Gamble had invested millions of dollars in a new generation of soaps, these products tended to fail
  during the rigorous testing phase, as they peeled off wood varnishes and irritated delicate skin. The chemists assumed that they had exhausted the chemical possibilities.


  Thats when Procter and Gamble decided to try a new approach. The company outsourced its innovation needs to Continuum, a design firm with offices in Boston and Los Angeles. I think
  P and G came to us because their scientists were telling them to give up, says Harry West, a leader on the soap team and now Continuums CEO. So they told us to think crazy, to
  try to come up with something that all those chemists couldnt.


  But the Continuum designers didnt begin with molecules. They didnt spend time in the lab worrying about the chemistry of soap. Instead, they visited peoples homes and
  watched dozens of them engage in the tedious ritual of floor cleaning. The designers took detailed notes on the vacuuming of carpets and the sweeping of kitchens. When the notes werent
  enough, they set up video cameras in living rooms. This is about the most boring footage you can imagine, West says. Its movies of mopping, for Gods sake. And we
  had to watch hundreds of hours of it. The videotapes may have been tedious, but they were also essential, since West and his team were trying to observe the act of floor cleaning without any
  preconceptions. I wanted to forget everything I knew about mops and soaps and brooms, he says. I wanted to look at the problem as if Id just stepped off a spaceship from
  Mars.


  After several months of observationWest refers to this as the anthropologist phasethe team members had their first insight. It came as they watched a woman clean her mop in the
  bathtub. Youve got this unwieldy pole, West says. And you are splashing around this filthy water trying to get the dirt out of a mop head thats been expressly
  designed to attract dirt. Its an extraordinarily unpleasant activity. In fact, when the Continuum team analyzed the videotapes, they found that people spent more time cleaning
  their mops than they did cleaning the floors; the tool made the task more difficult. Once I realized how bad mopping was, I became quite passionate about floor cleaning, West says.
  I became convinced that the world didnt need an improved version of the mop. Instead, it needed a total replacement for the mop. Its a hopeless piece of
  technology.


  Unfortunately, the Continuum designers couldnt think of a better cleaning method. It seemed like an impossible challenge. Perhaps floor cleaning was destined to be an inefficient
  chore.


  In desperation, the team returned to making house visits, hoping for some errant inspiration. One day, the designers were watching an elderly woman sweep some coffee grounds off the kitchen
  floor. She got out her hand broom and carefully brushed the grounds into a dustpan. But then something interesting happened. After the woman was done sweeping, she wet a paper towel and wiped it
  over the linoleum, picking up the last bits of spilled coffee. Although everyone on the Continuum team had done the same thing countless times before, this particular piece of dirty paper led to a
  revelation.


  What the designers saw in that paper towel was the possibility of a disposable cleaning surface. All of a sudden, we realized what needed to be done, says Don Buchner, a Continuum
  vice president. We needed to invent a spot cleaner that people could just throw away. No more cleaning mop heads, no more bending over in the bathtub, no more buckets of dirty water.
  That was our big idea. A few weeks later, this epiphany gave rise to their first floor-cleaning prototype. It was a simple thing, just a slender plastic stick connected to a flat
  rectangle of Velcro to which disposable pieces of electrostatic tissue were attached. A spray mechanism was built into the device, allowing people to wet the floor with a mild soap before they
  applied the wipes. (The soap was mostly unnecessary, but it smelled nice.) You know an idea has promise when it seems obvious in retrospect, West says. Why splash around dirty
  water when you can just wipe up the dirt? And why would you bother to clean this surface? Why not just throw it away, like a used paper towel?


  Procter and Gamble, however, wasnt thrilled with the concept. The company had developed a billion-dollar market selling consumers the latest mops and soaps. They didnt want to
  replace that business with an untested cleaning product. The first focus groups only reinforced the skepticism. When Procter and Gamble presented consumers with a sketch of the new cleaning device,
  the vast majority of people rejected the concept. They didnt want to throw out their mops or have to rely on a tool that was little more than a tissue on a stick. They didnt like the
  idea of disposable wipes, and they didnt understand how all that dirt would get onto the moistened piece of paper. And so the idea was shelved; Procter and Gamble wasnt going to risk
  market share on a radical new device that nobody wanted.


  But the designers at Continuum refused to give upthey were convinced theyd discovered the mop of the future. After a year of pleading, they persuaded Procter and Gamble to let them
  show their prototype to a focus group. Instead of just reading a description of the product, consumers could now play with an experiential model clad in roughly cut plastic. The
  prototype made all the difference: people were now enthralled by the cleaning tool, which they tested out on actual floors. In fact, the product scored higher in focus-group sessions than any other
  cleaning device Procter and Gamble had ever tested. It was off the charts, Buchner says. The same people who hated the idea when it was just an idea now wanted to take the
  thing home with them. Furthermore, tests by Procter and Gamble demonstrated that the new product cleaned the floor far better than sponge mops, string mops, or any other kinds of mops.
  According to the corporate scientists, the tissue on a stick was one of the most effective floor cleaners ever invented.


  In 1997, nearly three years after West and his designers began making their videotapes, Procter and Gamble officially submitted an application for a U.S. patent. In the early spring of 1999, the
  new cleaning tool was introduced in supermarkets across the country. The product was an instant success: by the end of the year, it had generated more than $500 million in sales. Numerous imitators
  and spinoffs have since been introduced, but the original device continues to dominate the post-mop market, taking up an ever greater share of the supermarket aisle. Its name is the Swiffer.


  The invention of the Swiffer is a tale of creativity. Its the story of a few engineers coming up with an entirely new cleaning tool while watching someone sweep up some
  coffee grounds. In that flash of thought, Harry West and his team managed to think differently about something we all do every day. They were able to see the world as it wasa frustrating
  place filled with tedious choresand then envision the world as it might be if only there were a better mop. That insight changed floor cleaning forever.


  This book is about how such moments happen. It is about our most important mental talent: the ability to imagine what has never existed. We take this talent for granted, but our lives are
  defined by it. There is the pop song on the radio and the gadget in your pocket, the art on the wall and the air conditioner in the window. There is the medicine in the bathroom and the chair you
  are sitting in and this book in your hand.


  And yet, although we are always surrounded by our creations, there is something profoundly mysterious about the creative process. For instance, why did Harry West come up with the Swiffer
  concept after watching that woman wipe the floor with the paper towel? After all, hed done it himself on numerous occasions. I cant begin to explain why the idea arrived
  then, he says. I was too grateful to ask too many questions. The sheer secrecy of creativitythe difficulty in understanding how it happens, even when it happens to
  usmeans that we often associate breakthroughs with an external force. In fact, until the Enlightenment, the imagination was entirely synonymous with higher powers: being creative meant
  channeling the muses, giving voice to the ingenious gods. (Inspiration, after all, literally means breathed upon.) Because people couldnt understand creativity, they
  assumed that their best ideas came from somewhere else. The imagination was outsourced.


  The deep mysteriousness of creativity also intimidated scientists. Its one thing to study nerve-reaction times or the mechanics of sight. But how does one measure the imagination? The
  daunting nature of the subject led researchers to mostly neglect it; a recent survey of psychology papers published between 1950 and 2000 revealed that less than 1 percent of them investigated
  aspects of the creative process. Even the evolution of this human talent was confounding. Most cognitive skills have elaborate biological histories, so their evolution can be traced over time. But
  not creativitythe human imagination has no clear precursors. There is no ingenuity module that got enlarged in the human cortex, or even a proto-creative impulse evident in other primates.
  Monkeys dont paint; chimps dont write poems; and its the rare animal (like the New Caledonian crow) that exhibits rudimentary signs of problem solving. The birth of creativity,
  in other words, arrived like any insight: out of nowhere.


  This doesnt mean, however, that the imagination cant be rigorously studied. Until we understand the set of mental events that give rise to new thoughts, we will never understand
  what makes us so special. Thats why this book begins by returning us to the material source of the imagination: the three pounds of flesh inside the skull. William James described the
  creative process as a seething cauldron of ideas, where everything is fizzling and bobbing about in a state of bewildering activity. For the first time, we can see the cauldron
  itself, that massive network of electrical cells that allow individuals to form new connections between old ideas. We can take snapshots of thoughts in brain scanners and measure the excitement of
  neurons as they get closer to a solution. The imagination can seem like a magic trick of matternew ideas emerging from thin airbut we are beginning to understand how the trick
  works.


  The first thing this new perspective makes clear is that the standard definition of creativity is completely wrong. Ever since the ancient Greeks, people have assumed that the imagination
  is separate from other kinds of cognition. But the latest science suggests that this assumption is false. Instead, creativity is a catchall term for a variety of distinct thought processes.
  (The brain is the ultimate category buster.) Just consider the profusion of creative methods that led to the invention of the Swiffer. First, there was the anthropologist phase, those nine months
  of careful observation and tedious videotaping. Although this phase didnt generate any new ideasthe point was to clear the mind of old onesit played an essential role in the
  creative process, allowing the team to better understand the problem. And then, when West watched the woman sweep up the coffee grounds, there was the classic moment of insight, a breakthrough
  appearing in a fraction of a second. But that epiphany wasnt the end of the process. The engineers and designers still had to spend years fine-tuning the design, perfecting the spray nozzle
  and the electrostatic wipes. The concept is only the start of the process, West says. The hardest work always comes after, when youre trying to make the idea
  real.


  The point is that the Swiffer creative process involved multiple forms of creativity. This is where the tools of modern science prove essential, since they allow us to see how these various
  forms depend on different kinds of brain activity. The imagination is transformed from something metaphysicala property of the godsinto a particular twitch of cortex. Furthermore,
  this new knowledge is useful: because we finally understand what creativity is, we can begin to construct a taxonomy of it, outlining the conditions under which each particular mental strategy is
  ideal. Some acts of imagination are best done in a crowded caf sipping espresso, and some are helped by a cold beer on the couch. Sometimes we need to let go and improvise on our own, and
  sometimes we need the wisdom of others. Once we know how creativity works, we can make it work for us.


  But just because weve begun to decipher the anatomy of the imagination doesnt mean weve unlocked its secret. In fact, this is what makes the subject of creativity so
  interesting: it requires a description from multiple perspectives. The individual brain, after all, is always situated in a context and a culture, so we need to blend psychology and sociology,
  merging together the outside world and the inside of the mind. This is why, although Imagine begins with the fluttering of neurons, it will also explore the influence of the surrounding
  environment on creativity. Why are some cities such centers of innovation? What kind of classroom techniques increase the creativity of children? Is the Internet making us more or less imaginative?
  Well look at evidence showing that seemingly irrelevant factorssuch as the color of paint on the wall or the location of a restroomcan have a dramatic impact on creative
  production.


  Furthermore, because the act of invention is often a collaborative processwe are inspired by other peopleits essential that we learn to collaborate in the right way. The
  first half of this book focuses on individual creativity, while the second half shows what happens when people come together, interacting in office hallways and city streets. Thanks to some
  fascinating new research, such as an analysis of the partnerships behind thousands of Broadway musicals, we can begin to understand why some teams and companies are so much more creative than
  others. Their success is not an accident.


  For most of human history, people have believed that the imagination is inherently inscrutable, an impenetrable biological gift. As a result, we cling to a series of false myths about what
  creativity is and where it comes from. These myths dont just misleadthey also interfere with the imagination. In addition to looking at elegant experiments and scientific studies,
  well examine creativity as it is experienced in the real world. Well learn about Bob Dylans writing method and the drug habits of poets. Well spend time with a bartender
  who thinks like a chemist, and an autistic surfer who invented a new surfing move. Well look at a website that helps solve seemingly impossible problems, and well go behind the scenes
  at Pixar. Well watch Yo-Yo Ma improvise, and well uncover the secrets of consistently innovative companies.


  The point is to collapse the layers of description separating the nerve cell from the finished symphony, the cortical circuit from the successful product. Creativity shouldnt be seen as
  something otherworldly. It shouldnt be thought of as a process reserved for artists and inventors and other creative types. The human mind, after all, has the creative impulse
  built into its operating system, hard-wired into its most essential programming code. At any given moment, the brain is automatically forming new associations, continually connecting an everyday
  x to an unexpected y. This book is about how that happens. It is the story of how we imagine.
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  BOB DYLAN LOOKS bored. Its May of 1965 and hes slumped in a quilted armchair at the Savoy, a fancy London hotel. His Ray-Bans are
  pulled down low; his eyes stuck in a distant stare. The camera turns awayDylans weariness feels like an accusationand starts to pan around the room, capturing the ragged
  entourage of folkies and groupies following the singer on the final week of his European tour.


  For the previous four months, Dylan had been struggling to maintain a grueling performance schedule. Hed traveled across the Northeast of the United States on a bus, playing in small
  college towns and big-city theaters. (Dylan played five venues in New Jersey alone.) Then he crossed over to the West Coast and crammed in a hectic few weeks of concerts and promotion. Hed
  been paraded in front of the press and asked an endless series of inane questions, from What is the truth? to Why is there a cat on the cover of your last album? At
  times, Dylan lost his temper and became obstinate with reporters. Ive got nothing to say about these things I write, he insisted. I just write them. Theres no
  great message. Stop asking me to explain. When Dylan wasnt surly, he was often sarcastic, telling journalists that he collected monkey wrenches, that he was born in Acapulco, and that
  his songs were inspired by chaos, watermelons, and clocks. That last line almost made him smile.


  By the time Dylan arrived in London, it was clear that the trip was taking a toll. The singer was skinny from insomnia and pills; his nails were yellow from nicotine; and his skin had a ghostly
  pallor. (He looked, someone said, like an underfed angel.) Dylan was taking too many drugs and was surrounded by too many people taking drugs. In a classic scene from Dont
  Look Back, a documentary about the 1965 tour by D. A. Pennebaker, the singer returns to an empty suite. Welcome home, says a member of his entourage. Its the first
  time that this room hasnt been full of a bunch of insane lunatics, man, that I can remember . . . Its the first time its been cool around here. A few minutes
  later, theres a knock on the door. The lunatics have arrived.


  Dylan couldnt escape from the crowds, so he learned to disappear into himself. He packed a typewriter in with his luggage and could turn anything into a desk; he searched for words while
  surrounded by the distractions of touring. When he got particularly frustrated, he would tear his work into smaller and smaller pieces, shredding them and throwing them in the wastebasket.
  (Marianne Faithfull referred to such moments as tantrums of genius.) Although Dylans creativity remained a constanthe wrote because he didnt know what else to
  dothere were increasing signs that he was losing interest in creating music. For the first time, his solo shows felt formulaic, as if he were singing the lines of someone else. He rarely
  acknowledged the audience or paused between songs; he seemed to be in a hurry to get offstage. In Dont Look Back, when a fan tells Dylan she doesnt like his new singleit
  featured an electric guitarhis reply is withering: Oh, youre one of those. I understand now. And then he turns and walks away.


  Before long, it all became too much. While touring in England, Dylan decided that he was leading an impossible life, that this existence couldnt be sustained. The only talent he cared
  abouthis ceaseless creativitywas being ruined by fame. The breaking point probably came after a brief vacation in Portugal, where Dylan got a vicious case of food poisoning. The
  illness forced him to stay in bed for a week, giving the singer a rare chance to reflect. I realized I was very drained, Dylan would later confess. I was playing a lot of songs
  I didnt want to play. I was singing words I didnt really want to sing . . . Its very tiring having other people tell you how much they dig you if you yourself dont dig
  you.


  In other words, Dylan was sick of his music. He was sick of strumming his acoustic guitar and standing in the spotlight by himself; sick of the politics and the expectations; sick of the burden
  of being a spokesman. People assumed that his songs always carried a message, that his art was really about current events. But Dylan didnt want to have an opinion on everything; he
  wasnt interested in being defined by the sentimental self-righteousness of Blowin in the Wind. The problem was that he didnt know what to do next: he felt trapped
  by his past but had no plan for the future. The only thing he was sure of was that this life couldnt last. Whenever Dylan read about himself in the newspaper, he made the same observation:
  God, Im glad Im not me, he said. Im glad Im not that.


  The last shows were in London at a sold-out Royal Albert Hall. It was here that Dylan told his manager he was quitting the music business. He was finished with singing and songwriting and was
  going to move to a tiny cabin in Woodstock, New York. Although Dylan had become a pop iconthe prophetic poet of his generationhe was ready to renounce it all, to surrender the
  celebrity and status, if it meant he might be left alone.


  Dylan wasnt bluffing. As promised, he returned from his British tour and rode his Triumph motorcycle straight out of New York City. He was leaving the folk scene of the Village behind,
  heading upstate to an empty house. He was done writing songshe had nothing else to say. Dylan didnt even bring his guitar.


  Every creative journey begins with a problem. It starts with a feeling of frustration, the dull ache of not being able to find the answer. We have worked hard, but weve
  hit the wall. We have no idea what to do next.


  When we tell one another stories about creativity, we tend to leave out this phase of the creative process. We neglect to mention those days when we wanted to quit, when we believed that our
  problems were impossible to solve. Because such failures contradict the romantic version of eventsthere is nothing triumphant about a false startwe forget all about them. (The
  failures also remind us how close we came to having no stories to tell.) Instead, we skip straight to the breakthroughs. We tell the happy endings first.


  The danger of telling this narrative is that the feeling of frustrationthe act of being stumpedis an essential part of the creative process. Before we can find the
  answerbefore we probably even know the questionwe must be immersed in disappointment, convinced that a solution is beyond our reach. We need to have wrestled with the problem and
  lost. And so we give up and move to Woodstock because we will never create what we want to create.


  Its often only at this point, after weve stopped searching for the answer, that the answer arrives. (The imagination has a wicked sense of irony.) And when a solution does
  appear, it doesnt come in dribs and drabs; the puzzle isnt solved one piece at a time. Rather, the solution is shocking in its completeness. All of a sudden, the answer to the problem
  that seemed so daunting becomes incredibly obvious. We curse ourselves for not seeing it sooner.


  This is the clichd moment of insight that people know so well from stories of Archimedes in the bathtub and Isaac Newton under the apple tree. Its the kind of mental process
  described by Coleridge and Einstein, Picasso and Mozart. When people think about creative breakthroughs, they tend to imagine them as incandescent flashes, like a light bulb going on inside the
  brain.


  These tales of insight all share a few essential features that scientists use to define the insight experience. The first stage is the impasse: Before there can be a breakthrough,
  there has to be a block. Before Bob Dylan could reinvent himself, writing the best music of his career, he needed to believe that he had nothing left to say.


  If were lucky, however, that hopelessness eventually gives way to a revelation. This is another essential feature of moments of insight: the feeling of certainty that accompanies the new
  idea. After Archimedes had his eureka momenthe realized that the displacement of water could be used to measure the volume of objectshe immediately leaped out of the bath and ran to
  tell the king about his solution. He arrived at the palace stark-naked and dripping wet.


  At first glance, the moment of insight can seem like an impenetrable enigma. We are stuck and then were not, and we have no idea what happened in between. Its as if the cortex is
  sharing one of its secrets.


  The question, of course, is how these insights happen. What allows someone to transform a mental block into a breakthrough? And why does the answer appear when its least expected? This is
  the mystery of Bob Dylan, and the only way to understand the mystery is to venture inside the brain, to break open the black box of the imagination.


  1.


  Mark Beeman was stumped. It was the early 1990s and Beeman, a young scientist at the National Institutes of Health, was studying patients who had suffered damage to the right
  hemisphere of the brain. The doctors would always tell these people, Wow, youre so lucky, Beeman remembers. Theyd go on about how the right
  hemisphere was the minor hemisphereit doesnt do much, and it doesnt do anything with language. Those consoling words reflected the scientific consensus that the right
  half of the brain was mostly unnecessary. In his 1981 Nobel lecture, the neuroscientist Roger Sperry summarized the prevailing view of the right hemisphere at the time he began studying it: The
  right hemisphere was not only mute and agraphic but also dyslexic, word-deaf and apraxic, and lacking generally in higher cognitive function. In other words, it was thought to be a
  useless chunk of tissue.


  But Beeman noticed that many patients with right hemisphere damage nonetheless had serious cognitive problems even though the left hemisphere had been spared. He started making a list of their
  deficits. The list was long. Some of these patients couldnt understand jokes or sarcasm or metaphors, Beeman says. Others had a tough time using a map or making sense of
  paintings. These might not seem like debilitating problems, but they were still very unsettling for these people, especially because they werent supposed to exist. Their doctors had told
  them not to worry because the right hemisphere wasnt supposed to be important.


  The struggles of these patients led Beeman to reconsider the function of the right side of the brain. At first, he couldnt figure out what all these deficits had in common. What did humor
  have to do with navigation? What possible link existed between sarcasm and visual art? The mental problems triggered by right hemisphere damage just seemed so incomprehensibly varied. I
  couldnt come up with a decent explanation, Beeman remembers. I couldnt connect the dots.


  And then, just when Beeman was about to give up, he had an idea. Perhaps the purpose of the right hemisphere was doing the very thing he was trying to do: find the subtle connections between
  seemingly unrelated things.1 Beeman realized that all of the problems experienced by his patients involved making sense of the whole, seeing not just the
  parts but how they hang together. The world is so complex that the brain has to process it in two different ways at the same time, Beeman says. It needs to see the forest
  and the trees. The right hemisphere is what helps you see the forest.


  Take the language deficits caused by right hemisphere damage. Beeman speculated that, while the left hemisphere handles denotationit stores the literal meanings of wordsthe
  right hemisphere deals with connotation, or all the meanings that cant be looked up in the dictionary. When you read a poem or laugh at the punch line of a joke, you are relying in
  large part on the right hemisphere and its ability to uncover linguistic associations. Metaphors are a perfect example of this. From the perspective of the brain, a metaphor is a bridge between two
  ideas that, at least on the surface, are not equivalent or related. When Romeo declares that Juliet is the sun, we know that he isnt saying his beloved is a massive, flaming
  ball of hydrogen. We understand that Romeo is trafficking in metaphor, calling attention to aspects of Juliet that might also apply to that bright orb in the sky. She might not be a star, but
  perhaps she lights up his world in the same way the sun illuminates the earth.


  How does the brain understand the line Juliet is the sun? The left hemisphere focuses on the literal definition of the words, but that isnt particularly helpful. A metaphor,
  after all, cant be grasped by making a list of the adjectives that describe both entities. (In the case of sun and Juliet, that would be a very short list.) We can grasp the
  connection between the two nouns only by relying on their overlapping associations, by detecting the nuanced qualities they might have in common. This understanding is most likely to occur in the
  right hemisphere, since its uniquely able to zoom out and parse the sentence from a more distant point of view.


  This hemispheres ability to see the forest doesnt apply just to language. A study conducted in the 1940s asked people with various kinds of brain damage to copy a
  picture of a house. Interestingly, the patients drew very different landscapes depending on which hemisphere remained intact. Patients reliant on the left hemisphere because the right hemisphere
  had been incapacitated depicted a house that was clearly nonsensical: front doors floated in space; roofs were upside down. However, even though these patients distorted the general form of the
  house, they carefully sketched its specifics and devoted lots of effort to capturing the shape of the bricks in the chimney or the wrinkles in the window curtains. (When asked to draw a person,
  this type of patient might draw a single hand, or two eyes, and nothing else.) In contrast, patients who were forced to rely on the right hemisphere tended to focus on the overall shape of the
  structure. Their pictures lacked details, but these patients got the essential architecture right. They focused on the whole.


  The challenge for Beeman was finding a way to study these more abstract cognitive skills. He wanted to understand the right hemispherehe just didnt know which questions to ask.
  The right hemisphere was tainted by all this pop-psychology stuff about right-brain people being more artistic or imaginative, Beeman says. And so when you said you wanted to
  investigate that kind of thinking in the right hemisphere, grant committees assumed you werent very serious. Studying metaphors and holistic thinking seemed like a sure way to ruin a
  scientific career.


  But in 1993, Beeman heard a talk on moments of insight by Jonathan Schooler, a psychologist now at the University of California at Santa Barbara. Schooler presented the results of a simple
  experiment: hed put undergraduates in a tiny room and given them a series of difficult creative puzzles. Heres a sample question:


  
    
      
        A giant inverted steel pyramid is perfectly balanced on its point. Any movement of the pyramid will cause it to topple over. Underneath the pyramid is a $100 bill. How do
        you remove the bill without disturbing the pyramid?

      

    

  


  Reflect, for a moment, on your own thought process as you try to solve the puzzle. Almost everyone begins by visualizing the pyramid perched precariously on the valuable piece of green paper.
  Your next thought probably involves some sort of crane that would lift the pyramid into the air. (Alas, such a contraption violates the rules of the puzzle.) Then you might imagine a way of sliding
  the money out without tearing the bill. Unfortunately, for most people, no workable solutions come to mind, which is why they reach the impasse stage. The subject gets flustered and frustrated,
  since he has followed his train of thought to its logical conclusion. And then he starts to give up. One of the common reactions is for people to get annoyed at the scientist,
  Schooler says. They say: Whyd you give me this puzzle? Its stupid. Its impossible. You have to reassure them that the problem really has a
  solution.


  At this point in the study, Schooler began giving the subjects hints. He subliminally flashed them a sentence with the word fire or told the subjects to think about the meaning of
  remove. Interestingly, these hints were much more effective when selectively presented to the left eye, which is connected to the right hemisphere. Wed give people these funny
  goggles that allowed us to flash hints to one eye at a time, Schooler says. And it was startling how you could flash a really obvious hint to the right eye [and hence left hemisphere]
  and it wouldnt make a difference. They still wouldnt get it. But then youd flash the exact same hint to the other eye, and it would generate the insight. Only the right
  hemisphere knew what to do with the information. (If youre still wondering, the solution is to set the hundred-dollar bill on fire. The insight, then, is that the bill just needs to
  be removed, not salvaged.)


  To Beeman, Schoolers finding was a revelation. It made perfect sense that the right hemisphere excelled at solving insight puzzles since that side of the brain was better able to see the
  hidden connections, those remote associations between separate ideas. While the left hemisphere was frantically trying to lift the pyramid into the airthats the obvious way to
  remove the moneythe right hemisphere was busy thinking about alternative approaches. I suddenly realized that moments of insight could be a really interesting way to
  look at all these skills the right hemisphere excelled at, Beeman says. It was a rigorous way to study some very mysterious aspects of the mind. I had an insight about
  insight.


  2.


  Mark Beeman has a tense smile, a receding hairline, and the wiry build of a long-distance runner. He qualified for the Olympic trials in 1988 and 1992 with a time of 3:41 in the
  fifteen-hundred-meter race, although he gave up competitive running after, as he puts it, everything below the hips started to fall apart. He now subsists on long walks and the manic
  tapping of feet. When Beeman gets excited about somethingwhether its the cellular properties of pyramidal neurons or his new treadmillthe pace of his speech accelerates and
  then he starts to draw pictures on whatever scratch paper is nearby.


  In the mid-1990s, when Beeman began studying moments of insight, the standard scientific approach to the subject involved giving people difficult puzzles and asking them questions about how they
  solved them. The problem with this method is that everything that leads you to the insight happens unconsciously, Beeman says. People have no idea where the insight came from,
  or what thoughts led them to the solution. They cant tell you anything about it. The science had hit a wall.


  Beeman wanted to extend the research on insight by looking at the phenomenon from the perspective of the brain. He was eager to use the new tools of modern neuroscience, such as PET scans and
  fMRI machines, to locate the source of epiphanies inside the skull. However, this approach immediately led to a major experimental complication. In order to isolate the brain activity that defined
  the insight process, Beeman needed to compare moments of insight to answers that arrived by conscious analysis, that is, by people methodically testing ideas one at a time. In conscious analysis,
  people have a sense of their progress and can accurately explain their thought processes. (The left hemisphere is nothing if not articulate.) The problem is solved through diligence and hard work;
  when the answer arrives, there is nothing sudden about it.


  Unfortunately, all of the puzzles used by scientists to study insight required insight. Either they were solved in a sudden Aha! moment or they werent solved at all.
  Consider this classic problem:


  
    
      
        Marsha and Marjorie were born on the same day of the same month of the same year to the same mother and the same father, yet they are not twins. How is that
        possible?2

      

    

  


  Or what about this one:


  Rearrange the letters n-e-w-d-o-o-r to make one word.3


  This was Beemans challenge: to come up with a set of puzzles that were often solved by insight, but not always. In theory, this would allow him to isolate the unique neural patterns that
  defined the insight process, since he could compare the brain activity of subjects having epiphanies with that of those relying on ordinary analysis. The puzzles, though, werent easy to
  invent. It can get pretty frustrating trying to find an experimentally valid brainteaser, Beeman says. The puzzles cant be too hard or too easy, and you need to be able
  to generate lots of them. He eventually settled on a series of verbal puzzles that he named compound remote associate problems, or CRAP. The joke is beginning to get old. Yes, yes,
  Im studying CRAP, Beeman grumbles. In his science papers and PowerPoint presentations, Beeman now leaves off the final P.


  The puzzles go like this: A subject is given three different words, such as age, mile, and sand, and asked to think of a single word that can form a compound word or phrase with
  each of the three. (In this case, the answer is stone: stone age, milestone, sandstone.) The subject has fifteen seconds to solve the question before a new puzzle appears. If he comes up
  with an answer, he presses the space bar on the keyboard and says whether the answer arrived via insight or analysis. When I participated in the experiment in Beemans lab, I found that it
  was surprisingly easy to differentiate between these two problem-solving possibilities. When I solved puzzles with analysis, I tended to sound out each possible combination, cycling through each of
  the different words that went with age and then seeing if it also worked with mile and then sand. When I came up with a solution, I always double-checked it before pressing the
  space bar. An insight, by contrast, was instantaneous: the word felt like a revelation.


  Beeman was now ready to start looking for the neural source of insight. He began by having people solve the puzzles while inside an fMRI machine, a brain scanner that monitors changes in blood
  flow as a rough correlate for changes in neural activity. (Active brain cells consume more energy and oxygen, which triggers the rush of blood.) While fMRI gives scientists a precise spatial map of
  the brain, the technique suffers from a time delay of several seconds while the blood diffuses across the cortex. I soon realized that insights happen too fast for fMRI, Beeman says.
  The data was just too messy.


  Thats when Beeman teamed up with John Kounios, a psychologist at Drexel University. Kounioss main experimental tool is EEG, or electroencephalography, which measures the waves of
  electricity produced by the brain. A subject wears a plastic hat filled with greased electrodesit looks like a bulky shower capeach of which monitors a specific frequency of neural
  activity. Because there is no time delay with EEG, Kounios realized that it could be a useful technique for investigating the instantaneousness of insight. Unfortunately, this speed comes at the
  cost of spatial resolution: the waves of electricity cant be traced back to their precise sources.


  By combining both techniquesfMRI and EEGin the same study, Beeman and Kounios were able to deconstruct the epiphany. The first thing they discovered was that, although it seemed
  like the answer appeared out of nowhere, the brain had been laying the groundwork for the breakthrough. (In his lectures, Beeman likes to quote a dictum of Louis Pasteur: Chance favors the
  prepared mind.) The process began with an intense mental search as the left hemisphere started looking for answers in all the obvious places. Because Beeman and Kounios were giving people
  word puzzles, they saw additional activation in brain areas related to speech and language. This left-brain thought process, however, quickly got tiringit took only a few seconds before the
  subject said hed reached an impasse and couldnt think of the right word. Almost all of the possibilities your brain comes up with are going to be wrong, Beeman says.
  There are just so many different connections to consider. And its up to you to keep on searching or, if necessary, change strategies and start searching somewhere else.


  What happens next is the stumped phase of creativity. Not surprisingly, this phase isnt very much fun. In the CRA study, for instance, subjects quickly got frustrated by their inability
  to find the necessary word. They complained to the scientists about the difficulty of the problems and threatened to quit the experiment. But these negative feelings are actually an essential part
  of the process because they signal that its time to try a new search strategy. Instead of relying on the literal associations of the left hemisphere, the brain needs to shift activity to the
  other side, to explore a more unexpected set of associations. It is the struggle that forces us to try something new.


  Whats surprising is that this mental shift often works. Because we feel frustrated, we start to look at problems from a new perspective. Youll see people bolt up in their
  chair and their eyes go all wide, says Ezra Wegbreit, a graduate student in the Beeman lab who often administers the CRA test. Sometimes, they even say Aha! before they
  blurt out the answer. The suddenness of the insight is preceded by an equally sudden burst of brain activity. Thirty milliseconds before the answer erupts into consciousness, theres a
  spike of gamma-wave rhythm, which is the highest electrical frequency generated by the brain. Gamma rhythm is believed to come from the binding of neurons: cells distributed across the cortex draw
  themselves together into a new network that is then able to enter consciousness.


  Where does this burst of gamma waves come from? To answer this question, Beeman and Kounios went back and analyzed the data from their fMRI experiment. Thats when they discovered the
  neural correlate of insight: the anterior superior temporal gyrus (aSTG). This small fold of tissue, located on the surface of the right hemisphere just above the ear, became
  unusually active in the seconds before the epiphany. (It remained silent when people solved the word puzzles by analysis.) The activation of the cortical circuit was sudden and intense, a surge of
  electricity leading to a rush of blood. Although the precise function of the aSTG remains unclear, Beeman wasnt surprised to see it involved in the insight process. A few previous studies
  had linked it to aspects of language comprehension, such as the detection of literary themes, the interpretation of metaphors, and the comprehension of jokes. Beeman argues that these linguistic
  skills share a substrate with insight because they require the brain to make a set of distant and original connections. Although most of us have probably never used age, mile, and
  sand in a sentence before, the aSTG is able to discover the one additional word (stone) that works with all of them. And then, just when were about to give up, the answer is
  whispered into consciousness. An insight is like finding a needle in a haystack, Beeman says. There are a trillion possible connections in the brain, and we have to find the
  exact right one. Just think of the odds!


  Sometimes, of course, these long odds are beaten. Because weve been stumped, we finally start searching in the correct places, rummaging through the obscure file cabinets of the right
  hemisphere. And then, if were lucky, the search will end with a solution, a flicker of electricity inside the head. The insight has gone incandescent.


  
    [image: ]


    This is the brain area that shows a spike in activity shortly before the insight arrives.
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  It took a few days to adjust to the quiet of Woodstock. After all, Dylan had gone straight from a frantic rock n roll tour to a remote rural cabin. He was suddenly
  alone with nothing but an empty notebook. And there was no need to fill this notebookDylan had been relieved of his creative burden. For the first time in years, he didnt need to
  worry about his next song. Dylan told his manager that he was going to start working on a novel.


  But then, just when Dylan was most determined to stop creating music, he was overcome with a strange feeling. Its a hard thing to describe, Dylan would later remember.
  Its just this sense that you got something to say. What he felt was the itch of an imminent insight, the tickle of lyrics that needed to be written down. And so Dylan did the
  only thing he knew how to do: he grabbed a pencil and started to scribble. Once Dylan began, his hand didnt stop moving for the next several hours. I found myself writing this song,
  this story, this long piece of vomit, twenty pages long, Dylan said. Id never written anything like that before and it suddenly came to me that this is what I should
  do.


  Vomit is the essential word here. Dylan was describing, with characteristic vividness, the uncontrollable rush of a creative insight, that flow of associations that cant be held
  back. I dont know where my songs come from, Dylan said. Its like a ghost is writing a song. It gives you the song and it goes away. You dont know
  what it means. Once the ghost arrived, all Dylan wanted to do was get out of the way.


  The song that Dylan began writing in Woodstock starts like a childrens storyOnce upon a timebut its no fairy tale. Dylan had no idea where this
  narrative was going or how it was going to end. And so he decided to blindly follow his imagination, as the ghost led him from one evocative image to the next:


  
    
      Once upon a time you dressed so fine


      You threw the bums a dime in your prime, didnt you?


      People call, say, Beware, doll, youre bound to fall.


      You thought they were all kiddin you.

    

  


  What do these words mean? What is Dylan trying to tell us? The song is an angry screedthe poetry critic Christopher Ricks called it an unlove songbut who is Dylan
  yelling at? These questions, of course, dont have easy answers. This was the thrilling discovery that saved Dylans career: he could write vivid lines filled with possibility without
  knowing exactly what those possibilities were. He didnt need to know. He just needed to trust the ghost.


  This was a staggeringly strange way to create a piece of pop music. At the time, there were two basic ways to write a song. The first was to be like the Bob Dylan that Dylan was trying to
  escape: compose serious lyrics on a serious topic. One had to sing of injustice or a broken heart, chant wordy lines over a bare-bones melody. There could be an acoustic guitar and a harmonica but
  not much else.


  The second way was essentially the opposite. Instead of wallowing in melancholy and complexity, one could imitate those cynical geniuses on Tin Pan Alley and compose an irresistible jingle full
  of major chords. Take, for instance, this number-one Billboard single from 1965, I Cant Help Myself, made famous by the Four Tops:


  
    
      Sugar pie, honeybunch


      You know that I love you

    

  


  These lyrics have a deliberate clarity. As soon as the first couplet is heard, the listener knows exactly what kind of song it will be. (In this sense, its not so different from those
  somber folk songs.) Such predictability is precisely what Dylan wanted to avoid; he couldnt stand the clichd constraints of pop music. And this is why that vomitific
  writing was so important: Dylan suddenly realized that it was possible to celebrate vagueness, to write lines that didnt insist on making sense, that existed outside the categories of FM
  radio. He would later say that this was his first completely free song . . . the one that opened it up for me.


  But what did it open up? In retrospect, we can see that the compositionit would become the debut single on Highway 61 Revisitedallowed Dylan to fully express, for the first
  time, the diversity of his influences. Listening to these ambiguous lyrics, we can hear his mental blender at work as he effortlessly mixes together scraps of Arthur Rimbaud, Fellini, Bertolt
  Brecht, and Robert Johnson. Theres some Delta blues and La Bamba but also plenty of Beat poetry, Ledbetter, and the Beatles. The song is modernist and premodern, avant-garde
  and country-western.


  What Dylan didand this is why hes Bob Dylanwas find the strange thread connecting those disparate voices. During those frantic first minutes of writing, his right hemisphere
  found a way to make something new out of this incongruous list of influences, drawing them together into a catchy song. He didnt yet know what he was doingthe ghost was still in
  controlbut he felt the excitement of an insight, the subliminal thrill of something new. (I dont think a song like Rolling Stone could have been done any other
  way, Dylan insisted. You cant sit down and write that consciously . . . What are you gonna do, chart it out?) When Dylan gets to the chorusand he knows this is
  the chorus as soon as he commits it to paperthe visceral power of the song becomes obvious:


  
    
      How does it feel


      To be without a home


      Like a complete unknown


      Like a rolling stone?

    

  


  The following week, on June 15, 1965, Dylan brought his sheaf of papers into the cramped space of Studio A at Columbia Records in New York City. After just four takesthe musicians were
  only beginning to learn their partsLike a Rolling Stone was cut on acetate. Those six minutes of raw music would revolutionize rock n roll. Bruce Springsteen
  would later describe the experience of hearing the single on AM radio as one of the most important moments of his life. Even John Lennon was in awe of the achievement.


  The constant need for insights has shaped the creative process. In fact, these radical breakthroughs are so valuable that weve invented traditions and rituals that
  increase the probability of an epiphany, making us more likely to hear those remote associations coming from the right hemisphere. Just look at poets, who often rely on literary forms with strict
  requirements, such as haikus and sonnets. At first glance, this writing method makes little sense, since the creative act then becomes much more difficult. Instead of composing freely, poets
  frustrate themselves with structural constraints.


  But thats precisely the point. Unless poets are stumped by the form, unless they are forced to look beyond the obvious associations, theyll never invent an original line.
  Theyll be stuck with clichs and conventions, with predictable adjectives and boring verbs. And this is why poetic forms are so important. When a poet needs to find a rhyming word
  with exactly three syllables or an adjective that fits the iambic scheme, he ends up uncovering all sorts of unexpected connections; the difficulty of the task accelerates the insight process. Just
  look at Dylans verb choice in the second stanza of Like a Rolling Stone, which contains one of the most memorable lines in the song:


  
    
      Youve gone to the finest school all right, Miss Lonely


      But you know you only used to get juiced in it.

    

  


  Juiced in it? Its an incredibly effective phrase, even though the listener has no idea what it means. Its not until the next couplet that the need for juiced becomes
  clear:


  
    
      And nobody has ever taught you how to live on the street


      And now you find out youre gonna have to get used to it

    

  


  Dylan uses the surprising word juiced because it rhymes with used, which is part of the snarling line that gives the stanza its literal meaning. Nevertheless, the innovative use of
  juice as a verb is one of those poetic flourishes that make Like a Rolling Stone so transcendent. Its a textbook example of how the imagination is unleashed by
  constraints. You break out of the box by stepping into shackles.


  The story of Like a Rolling Stone is a story of creative insight. The song was invented in the moment, then hurled into the world. It took only a few seconds before a mental block
  became a work of art; a season of creative despair gave way to some of the most inspired music of Dylans career. In a 1966 interview with Playboy, Dylan assessed the impact of this
  sudden breakthrough on his music. Last spring, I guess I was going to quit singing, he said. The way things were going, it was a very draggy situation . . . But Like a
  Rolling Stone changed it all: I didnt care anymore about writing books or poems or whatever. I mean, here was something that I myself could dig.


  What Dylan dug was the strangeness of the song, the way it sounded like nothing else on the radio. In that lonely cabin, he found a way to fully express himself, to transform the fragments of
  art in his head into a new kind of song. He wasnt just writing a pop singlehe was rewriting the possibilities of music.
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  THIS IS A STORY about tape. It begins in the summer of 1925. Dick Drew was a sandpaper salesman with the Minnesota Mining and Manufacturing Company.
  He spent a lot of time demonstrating the effectiveness of sandpaper in auto-body shops trying to convince mechanics to buy his brand. Sometimes, after Drew made his sales pitch, hed sit in
  the back of the shop and watch the men work. He soon noticed that all of the mechanics shared a common problem. It occurred when the mechanics were applying two-toned paint to a car. The workers
  would begin by painting everything black. Then they would protect this new coat of paint with taped-on sheets of butcher paper and carefully apply the second shadeusually a sleek line of
  white or red. Once the paint dried, the paper was removed. Here is where the process failed: the paper was usually attached to the metal with a strong adhesive, which meant that removing the paper
  and tape often peeled away the newly applied black paint. And so the frustrated workers would begin on that section again, their labor undone.


  After watching this happen several times, Drew realized that the adhesive was too sticky. The workers were only hanging paper; they didnt need a strong glue. And thats when Drew
  had his first insight: sandpaper might help him solve the auto-body problem. Sandpaper, after all, was simply a mixture of adhesive and abrasive. (A tough paper backing coated in glue and then
  rolled in crushed minerals.) If you left out the abrasive, then you were left with a moderately sticky paper, which is precisely what the mechanics needed.


  When Drew got back to the office after this realization, he began exploring his new idea. The first thing he discovered was that the glue used in sandpaper was also too strongit ripped
  the wet paint right off. And so he began experimenting with the adhesive recipe, trying to make the rubber resin a little less sticky. This took him several months. He then had to find the right
  backing. Most adhesives were applied to woven fabrics, but Drews experience as a sandpaper salesman led him to focus on a backing of paper. Unfortunately, he couldnt think of a way to
  store the sticky sheets; they kept sticking together, forming a crumpled stack. After two months of struggle, Drew was ordered by his boss, William McKnight, to stop working on the project. The
  company was in the sandpaper business; Drew should go back to selling industrial abrasive.


  But Drew refused to give up. Although he was stumped, he still stayed past closing time at work, testing out different varieties of backing and recipes for glue. And then, late one night in his
  office, everything changed. In the time it took to have an insightthat burst of gamma waves erupting in the right hemisphereDrew grasped the solution to his sticky problem. The idea
  was simple: Instead of applying the adhesive to square sheets of paper that needed to be stacked, it could be applied to a thin strip of paper that was then rolled up, like a spool of ribbon. The
  mechanics could unwind the necessary amount of sticky paper and attach it directly to the car, allowing them to paint without tack or glue. Drew called it masking tape.


  Nobody knows where this revelation came from. Some say that Drew was inspired by the car wheels in the auto-body shop; others think he borrowed the idea from the large spools of paper that were
  shipped to the sandpaper factory. Drew himself had no answer. And yet, the insight happened. Drew was able to imagine a long roll of stickiness, a pressure-sensitive adhesive that could be applied
  to metal and then ripped off without damaging the paint.


  In retrospect, the idea for a roll of tape seems incredibly obvious; its hard to imagine a world where stickiness is limited to glue and tack and sticky sheets. Sure enough, the product
  was an instant hit in the marketplace, and not only among car mechanics. By 1928, Drews company was selling more masking tape than sandpaper.
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  The Minnesota Mining and Manufacturing Company is now called 3M. The corporate headquarters, just outside St. Paul, looks like a college campus, a sprawling five-hundred-acre
  landscape of lab buildings, grassy fields, and parking lots. Although the company still sells sandpaper and tape, it has since expanded into an astonishing array of product categories. (The company
  currently sells more than fifty-five thousand different products, giving it a nearly 1:1 product-to-employee ratio.) A random list of 3M products includes computer touch screens, kitchen sponges,
  water-purification filters, streetlights, stain-resistant fabrics, lithium ion batteries, home insulation, dental fillings, medical masks, and drug patches.


  What do these products have in common? Nothing at all, except that they were pioneered by 3M. Were an unusual company, says Larry Wendling, a vice president in charge of
  corporate research. We have no niche or particular focus. Basically, all we do is come up with new things. It doesnt really matter what the thing is. As a result, the company
  spends nearly 8 percent of its gross revenue on basic research, which makes it one of the biggest spenders in the Fortune 500. While most innovative companies are celebrated for a single innovation
  with a short lifespanthink of Netscape, AOL, or Atari3M has been inventing new products for more than seventy-five years. (The company was recently ranked the third most innovative
  company in the world, according to a survey of executives. It was beaten by Apple and Google.) Furthermore, 3M products that are less than five years old typically account for 30 percent of annual
  revenue, a fact that captures the constant churn of innovation at the company. Theres an astonishing diversity of research going on here, Wendling says. I dont
  think theres another place thats trying to invent the next sticky tape and the next energy-efficient television screen and the next generation of vaccines. Were
  doing work in every scientific field.


  This emphasis on innovation has been a defining feature of the company ever since Dick Drew invented masking tape. Although William McKnight, the CEO of the company at the time, initially
  disapproved of Drews quixotic pursuit, he quickly saw the potential of the new product line. (Adhesives, it turned out, were much more profitable than abrasives. As one 3Mer remarked to me,
  Selling tape is a great business: you make it by the mile and sell it by the inch.) And so McKnight dramatically reorganized the company, investing the tape windfall in a brand-new
  science lab. He hired dozens of researchers and gave them the freedom to pursue their own interests. That, after all, was the lesson of Dick Drew: even a salesman could invent an important new
  product.


  And thats why Ive come to the 3M labs in the dead of winter. I want to understand how this corporate history of innovation has informed its culture. Over the years, the company has
  learned a few essential tricks about creativity, and those tricks have been hard-wired into its research practices. When youve been at this for as long as we have, you develop some
  important techniques for innovation, Wendling says. We might not be the sexiest companyhe points to a wall display filled with office-supply productsbut
  our approach is time-tested. We know what works.


  Wendling then tells me about the first essential feature of 3M innovation, which is its flexible attention policy. Instead of insisting on constant concentrationrequiring every employee
  to focus on his or her work for eight hours a day3M encourages people to make time for activities that at first glance might seem unproductive. Are you struggling with a difficult technical
  problem? Take a walk across campus. (When I visited 3M, in the late winter, the fields were full of grazing deer and employees strolling in their puffy winter parkas.) Are you stuck on a challenge
  that seems impossible? Lie down on a couch by a sunny window. Daydream. Play a game of pinball. While 3M demands a high level of productivitythe parking lot was full of cars at 8:00
  P.M.it also encourages employees to take regular breaks.


  One important consequence of this approach was the invention of the 15 percent rule, a concept that allows every researcher to spend 15 percent of his or her workday pursuing speculative
  new ideas. (People at 3M refer to this time as the bootlegging hour.) The only requirement is that the researchers share their ideas with their colleagues. While bootlegging
  time has since been imitated at other innovative companiesGoogle, for instance, gives its software engineers the same freedom4the concept was
  first implemented at 3M. Its a little amusing that people think Google invented this idea, Wendling says. Weve been doing it here forever. At first, people
  thought we were crazy. They said employees need to be managed. They said the scientists would just waste their free time, that wed be squandering all our R and D money. But heres the
  thing about the fifteen percent rule: it works.


  The science of insight supports the 3M attention policy. Joydeep Bhattacharya, a psychologist at Goldsmiths, University of London, has used EEG to help explain why interrupting ones
  focusperhaps with a walk outside or a game of Ping-Pongcan be so helpful. Interestingly, Bhattacharya has found that its possible to predict that a person will solve an insight
  puzzle up to eight seconds before the insight actually arrives. I never expected that wed find such a remote precursor, he says. It seems really strange that I
  can anticipate someone elses moment of insight before they are even aware of the answer. But thats what we found.


  What is this predictive brain signal? The essential element is a steady rhythm of alpha waves emanating from the right hemisphere. While the precise function of alpha waves remains mysterious, theyre closely associated with relaxing activities such as taking a warm shower. In fact, alpha waves are so crucial for insight that, according to Bhattacharya,
  subjects with insufficient alpha-wave activity are unable to utilize hints provided by the researchers. I can give these people really obvious clues, but it still wont help, he
  says. They will never get it. One of Bhattacharyas favorite insight puzzles goes like this: A man has married twenty women in a small town. All of the women are still alive and
  none of them are divorced. The man has broken no laws. Who is the man? Bhattacharya will let people struggle for up to three minutes before he starts giving them hints. Hell suggest possible
  analogies and fill his sentences with thinly veiled references to religion. However, unless the subjects are thinking in the exact right wayunless those alpha waves are visible on the EEG
  monitorthey will never have the insight: the man is a priest.


  Why is a relaxed state of mind so important for creative insights? When our minds are at easewhen those alpha waves are rippling through the brainwere more likely to direct
  the spotlight of attention inward, toward that stream of remote associations emanating from the right hemisphere. In contrast, when we are diligently focused, our attention tends to be
  directed outward, toward the details of the problems were trying to solve. While this pattern of attention is necessary when solving problems analytically, it actually prevents us
  from detecting the connections that lead to insights. Thats why so many insights happen during warm showers, Bhattacharya says. For many people, its the most
  relaxing part of the day. Its not until were being massaged by warm water, unable to check our e-mail, that were finally able to hear the quiet voices in the backs of
  our heads telling us about the insight. The answers have been there all alongwe just werent listening.


  This also helps explain the power of a positive mood. German researchers have found that when people are happy, they are much better at guessing whether or not different words share a remote
  associate. Even when the subjects in the German study did not find the answerthey were forced to guess after looking at words for less than two secondsthose in a positive mood were
  able to accurately intuit the possibility of an insight. In contrast, those feeling gloomy performed slightly below random chance. They had no idea which remote associates were real and
  which were a waste of time.


  More recently, Beeman has demonstrated that people who score high on a standard measure of happiness solve about 25 percent more insight puzzles than people who are feeling angry or upset. In
  fact, even fleeting feelings of delight can lead to dramatic increases in creativity. After watching a short, humorous videoBeeman uses a clip of Robin Williams doing standupsubjects
  have significantly more epiphanies, at least when compared with those who were shown scary or boring videos. Because positive moods allow us to relax, we focus less on the troubling world and more
  on these remote associations. Another ideal moment for insights, according to Beeman and John Kounios, is the early morning, shortly after waking up. The drowsy brain is unwound and disorganized,
  open to all sorts of unconventional ideas. The right hemisphere is also unusually active. The problem with the morning, though, Kounios says, is that were always so
  rushed. Weve got to get the kids ready for school, so we leap out of bed, chug the coffee, and never give ourselves a chance to think. If youre stuck on a difficult problem,
  Kounios recommends setting the alarm clock a few minutes early so that you have time to lie in bed. We do some of our best thinking when were half asleep.5


  One of the surprising lessons of this research is that trying to force an insight can actually prevent the insight. While its commonly assumed that the best way to solve a difficult
  problem is to relentlessly focus, this clenched state of mind comes with a hidden cost: it inhibits the sort of creative connections that lead to breakthroughs. We suppress the very type of brain
  activity that should be encouraged. For instance, many stimulants taken to increase attention, such as caffeine, Adderall, and Ritalin, seem to make epiphanies much less likely. (According to a
  recent online poll conducted by Nature, nearly 20 percent of scientists and researchers regularly take prescription drugs in order to improve mental performance. The most popular reason
  given was to enhance concentration.) Because these stimulants shift attention away from the networks of the right hemisphere, they cause people to ignore those neurons that might
  provide the solution. People assume that increased focus is always better, says Martha Farah, a neuroscientist at the University of Pennsylvania. But what they dont
  realize is that intense focus comes with real tradeoffs. You might be able to work for eight hours straight [on these drugs], but youre probably not going to have many big
  insights.6


  Consider an experiment that investigated the problem-solving abilities of neurological patients with severe attention problems. (Most of these patients had suffered damage
  to the prefrontal cortex, a part of the brain just behind the forehead.) Because of their injuries, these poor people lived in a world of endless distractions; their focus was always fleeting.
  Heres a sample problem given to the brain-damaged patients:


  
    
      IV = III + III

    

  


  The task is to move a single line so that the false arithmetic statement becomes true. (In this example, you would move the first I to the right side of the V so that it reads VI =
  III + III.) Nearly 90 percent of the brain-damaged patients were able to correctly solve the puzzle, since it required a fairly obvious problem-solving approach: the only thing you have to do is
  change the answer. (A group of subjects without any attention deficits found the answer 92 percent of the time.) But heres a much more challenging equation to fix:


  
    
      III = III + III

    

  


  In this case, only 43 percent of normal subjects were able to solve the problem. Most stared at the Roman numerals for a few minutes and then surrendered. The patients who
  couldnt pay attention, however, had an 82 percent success rate. This bizarre resultbrain damage leads to dramatically improved performancehas to do with the unexpected
  nature of the solution: rotate the vertical line in the plus sign by ninety degrees, transforming it into an equal sign. (The equation is now a simple tautology: III = III = III.) The reason this
  puzzle is so difficult, at least for people without brain damage, has to do with the standard constraints of math problems. People are not used to thinking about the operator in an equation, so
  most of them quickly fix their attention on the Roman numerals. But thats a dead end. The patients with severe cognitive deficits, by contrast, cant restrict their search. They are
  forced by the brain injury to consider a much wider range of possible answers. And this is why theyre nearly twice as likely to have an insight.


  Or look at a recent study led by Holly White, a psychologist at the University of Memphis. White began by giving a large sample of undergraduates a variety of difficult creative tests.
  Surprisingly, those students diagnosed with attention deficit hyperactivity disorder (ADHD) got significantly higher scores. White then measured levels of creative achievement in the real world,
  asking the students if theyd ever won prizes at juried art shows or been honored at science fairs. In every single domain, from drama to engineering, the students with ADHD had achieved
  more. Their attention deficit turned out to be a creative blessing.


  The unexpected benefits of not being able to focus reveal something important about creativity. Although we live in an age that worships attentionwhen we need to work, we force
  ourselves to concentratethis approach can inhibit the imagination. Sometimes it helps to consider irrelevant information, to eavesdrop on all the stray associations
  unfolding in the far reaches of the brain. Occasionally, focus can backfire and make us fixated on the wrong answers. Its not until you let yourself relax and indulge in distractions that
  you discover the answer; the insight arrives only after you stop looking for it.


  Kounios tells a story about a Zen Buddhist meditator that illustrates the importance of these alpha waves. At first, this man couldnt solve any of the CRA problems given to him by the
  scientists. This guy went through thirty or so of the verbal puzzles and just drew a blank, Kounios says. He assumed the way to solve the problems was to think really hard
  about the words on the page, to really concentrate. But then, just as the meditator was about to give up, he started solving one puzzle after another; by the end of the experiment, he was
  getting them all right. It was an unprecedented streak. According to Kounios, this dramatic improvement depended on the ability of the meditator to focus on not being focused so that he could
  finally pay attention to all those fleeting connections in the right hemisphere. Because he meditated ten hours a day, he had the cognitive control to instantly relax, Kounios says.
  He could ramp up those alpha waves at will, so that all of a sudden he wasnt paying such close attention to the words on the page. And thats when he became an insight
  machine.


  2.


  While 3Ms flexible attention policy is a pillar of its innovation culture, the company doesnt rely on relaxation and distraction alone to generate new insights. As
  Wendling notes, Sometimes, youve got to take a more active role . . . We want to give our researchers freedom, but we also want to make sure the ideas theyre pursuing are really new and worthwhile. This is where horizontal sharing, the second essential feature of the 3M workplace, comes in. The idea is rooted in the companys
  tradition of inventing new products by transplanting the same concept into different domains. Just consider the invention of masking tape. Drews fundamental insight was that even a simple
  product like sandpapernothing but sturdy paper coated with a sticky gluecould have multiple uses; Drew realized that those ingredients could also be turned into a roll of adhesive.
  This led William McKnight, the executive who turned 3M into an industrial powerhouse, to insist on sharing among scientists as a core tenet of 3M culture. Before long, the Tech Forum was
  established, an annual event at which every researcher on staff presents his or her latest research. (This practice has also been widely imitated. Google, for instance, hosts a conference called
  CSI, or Crazy Search Ideas.) Its like a huge middle-school science fair, Wendling says. You see hundreds of posters from every conceivable field. The guys doing
  nanotechnology are talking to the guys making glue. I can only imagine what they find to talk about.


  The benefit of such horizontal interactionspeople sharing knowledge across fieldsis that it encourages conceptual blending, which is an extremely important part of the
  insight process. Normally, the brain files away ideas in categories based on how these ideas can be used. If youre working for a sandpaper company, for instance, then you probably spend most
  of the day thinking about sandpaper as an abrasive. That, after all, is the purpose of the product. The assumption is that the vast store of mental concepts work only in particular situations and
  that its a waste of time to apply them elsewhere. Theres no point in thinking about sandpaper if you dont need to sand something down.


  Most of the time, this assumption holds true. However, the same tendency that keeps us from contemplating irrelevant concepts also keeps us from coming up with insights. The
  reason is that our breakthroughs often arrive when we apply old solutions to new situations; for instance, a person thinking about sandpaper when he needs something sticky. Instead of keeping
  concepts separate, we start blending them together, trespassing on the standard boundaries of thought.


  The best way to understand conceptual blending is to look at the classic childrens book Harold and the Purple Crayon. The premise of the book is simple: Harold has a magic crayon.
  When he draws with this purple crayon, the drawing becomes real, although its still identifiable as a childish sketch. If Harold wants to go for a walk, he simply draws a path with his
  crayon. This fictive sketch then transforms into a real walkway, which Harold can stroll along. This magic crayon is seemingly the solution to every problem.


  But heres the twist that makes Harold and the Purple Crayon such an engaging book: it blends together two distinct concepts of the world. Although the magic crayon is clearly a
  fantastical inventiona conceit that could never existHarold still has to obey the rules of reality. So when Harold draws a mountain and then climbs it, he must try not to slip and
  fall down. When he does slipgravity exists even in this crayon universeHarold has to draw a balloon to save himself. In other words, the book is delicate blend of the familiar and the
  fictional; Harold has a surreal tool, but it operates amid the usual constraints. Mark Turner, a cognitive psychologist at Case Western Reserve University, has used this childrens book to
  demonstrate that even little kids can easily combine two completely distinct concepts into a single idea. If they couldnt, then the travails of Harold would make no sense.


  What does conceptual blending have to do with creativity? Although people take this mental skill for granted, the ability to make separate ideas coexist in the mind is a
  crucial creative tool. Insights, after all, come from the overlap between seemingly unrelated thoughts. They emerge when concepts are transposed, when the rules of one place are shifted to a new
  domain. The eighteenth-century philosopher David Hume, in An Enquiry Concerning Human Understanding, described this talent as the essence of the imagination:


  
    
      
        All this creative power of the mind amounts to no more than the faculty of compounding, transposing, augmenting, or diminishing the materials afforded us by the senses and
        experience. When we think of a golden mountain, we only join two consistent ideas, gold, and mountain, with which we were formerly acquainted.

      

    

  


  Hume was pointing out that the act of invention was really an act of recombination. The history of innovation is full of inventors engaged in compounding and
  transposing. Johannes Gutenberg transformed his knowledge of winepresses into an idea for a printing machine capable of mass-producing words. The Wright brothers used their knowledge
  of bicycle manufacturing to invent the airplane. (Their first flying craft was, in many respects, just a bicycle with wings.) George de Mestral came up with Velcro after noticing burrs clinging to
  the fur of his dog. And Larry Page and Sergey Brin developed the search algorithm behind Google by applying the ranking method used for academic articles to the sprawl of the World Wide Web; a
  hyperlink was like a citation. In each case, the radical concept was merely a new mixture of old ideas.


  Dick Drew was a master at conceptual blending. After he invented masking tape, a colleague told him about a strange new material called cellophane. (By this time, Drew had
  become a full-time researcher.) The material was translucent and shiny but also strikingly impermeable to water and grease; it was being sold by DuPont as a packaging solution, a cheap way of
  wrapping products for shipping. Drew took one look at the material and had another idea, which he would later describe as the insight of his life: cellophane would make a perfect adhesive. He
  ordered a hundred yards of cellophane and began coating the material with glue. Drew called it Scotch tape. By 1933, less than two years after the see-through adhesive hit the market, the product
  had become the most popular consumer tape in the world. Although masking tape and cellophane were completely unrelatedit had never occurred to DuPont researchers to make their wrapping
  material stickyDrew saw their possible point of intersection.


  This process has been repeated again and again at 3M. For instance, the adhesive used in industrial-strength masking tape gave rise to the sound-dampening panels used in Boeing aircraft. (The
  material is so sticky that it even binds sound waves.) Those panels in turn gave rise to the extremely strong adhesive foam used in golf clubs, which can hold together carbon fiber and titanium
  during high impact. And the concept of Scotch tape eventually inspired another 3M engineer to invent the touch-screen technology used in smartphones. (Instead of coating cellophane, the clear glue
  is used to coat an electrically charged glass surface, which is then attached to a display.) After a 3M engineer noticed that Scotch tape could act like a prism, a team of scientists used their
  tape expertise to develop transparent films that refract light. Such films are now being widely used in laptops and LCD televisions; because they direct the brightness of each bulb outward, fewer
  bulbs are required on the inside, thus reducing the energy consumption of the devices by as much as 40 percent. The lesson is that the tape business isnt just
  about tape, Wendling says. You might think an idea is finished, that theres nothing else to do with it, but then you talk to somebody else in some other field. And your little
  idea inspires them, so they come up with a brand-new invention that inspires someone else. That, in a nutshell, is our model.


  In fact, 3M takes conceptual blending so seriously that it regularly rotates its engineers, moving them from division to division. A scientist studying adhesives might be transferred to the
  optical-films department; a researcher working on asthma inhalers might end up tinkering with air conditioners. Sometimes, these rotations are used as a sudden spur for innovation. If a product
  line is suffering from a shortage of new ideas, 3M will often bring in an entirely new team of engineers, sourced from all over the company. Our goal is to have people switch problems every
  four to six years, Wendling says. We want to ensure that our good ideas are always circulating.


  The benefit of such circulation is that it increases conceptual blending, allowing people to look at their most frustrating problems from a fresh perspective. Instead of trying to invent a new
  tack, imagine a roll of sticky paper; instead of trying to improve the battery performance of a laptop, think about the refractory properties of its light bulbs. To get a better sense of how this
  mental process unfolds, consider this insight puzzle, which is notoriously difficult:


  
    
      
        You are a doctor faced with a patient who has a malignant tumor in his stomach. It is impossible to operate on the patient, but unless the tumor is destroyed, the patient
        will die. There is a kind of ray machine that can be used to shoot at and destroy the tumor. If the rays reach the tumor all at once at a sufficiently high intensity, the tumor will be
        destroyed. Unfortunately, at this intensity, the healthy tissue that the rays pass through on the way to the tumor will also be destroyed. At lower intensities the rays
        are harmless to healthy tissue, but they will not affect the tumor either. What type of procedure might be used to destroy the tumor with the rays, and at the same time avoid destroying the
        healthy tissue?

      

    

  


  If you cant figure out the answer, dont worry; more than 97 percent of people conclude that the problem is impossiblethe patient is doomed. However, theres a very
  simple way to dramatically boost the success rate of solving this insight puzzle. It involves telling the subjects a story that seems entirely unrelated:


  
    
      
        A fortress was located in the center of the country. Many roads radiated out from the fortress. A general wanted to capture the fortress with his army. But he also wanted
        to prevent mines on the roads from destroying his army and neighboring villages. As a result, the entire army could not all go down one road to attack the fortress. However, the entire army
        was needed to capture the fortress; an attack by one small group could not succeed. The general therefore divided his army into several small groups. He positioned the small groups at equal
        distances from the fortress along different roads. The small groups simultaneously converged on the fortress. In this way the army captured the fortress.

      

    

  


  When the tumor puzzle was preceded by this military tale, nearly 70 percent of subjects came up with the solution. Because the subjects were able to see what the different stories had in common,
  they generated a moment of insight; the answer emerged from the analogy. (If you are still wondering, the solution to the doctors problem is to mount ten separate ray guns around the patient
  and set each of them to deliver 10 percent of the necessary radiation. When the ray machines are all focused on the stomach, there is enough radiation to destroy the tumor
  while preserving the surrounding tissue.)


  How can we get better at conceptual blending? According to Mary Gick and Keith Holyoak, the psychologists behind the tumor puzzle, the key element is a willingness to consider information and
  ideas that dont seem worth considering. Instead of concentrating on the details of the problemmost people quickly fixate on tumors and rayswe should free our minds to search
  for distantly related analogies that can then be mapped onto the puzzles were trying to solve. Sometimes, the best way to decipher a medical mystery is to think about military history.


  The importance of considering the irrelevant helps explain a recent study led by neuroscientists at Harvard and the University of Toronto. The researchers began by giving a sensory test to
  eighty-six Harvard undergraduates. The test was designed to measure their ability to ignore outside stimuli, such as the air conditioner humming in the background or the conversation taking place
  in a nearby cubicle. This skill is typically seen as an essential component of productivity, since it keeps people from getting distracted by extraneous information. Their attention is less likely
  to break down.


  Heres where the data get interesting: those undergrads who had a tougher time ignoring unrelated stuff were also seven times more likely to be rated as eminent creative
  achievers based on their previous accomplishments. (The association was particularly strong among distractible students with high IQs.) According to the scientists, the inability to focus
  helps ensure a richer mixture of thoughts in consciousness. Because these people had difficulty filtering out the world, they ended up letting more in. Instead of approaching the problem from a
  predictable perspective, they considered all sorts of far-fetched analogies, some of which proved useful.7 Creative individuals
  seem to remain in contact with the extra information constantly streaming in from the environment, says Jordan Peterson, a neuroscientist at the University of Toronto and lead author on the
  paper. The normal person classifies an object, and then forgets about it. The creative person, by contrast, is always open to new possibilities.


  3.


  Marcus Raichle, a neurologist and radiologist at Washington University, got interested in daydreaming by accident. It was the early 1990s, and Raichle was studying the rudiments
  of visual perception. His experiments were straightforward: A subject performed a particular task, such as counting a collection of dots, in a brain scanner. Then he or she did nothing for thirty
  seconds. (It was pretty boring for the subjects, Raichle admits. You always had to make sure people werent dozing off.) Although the scanner was still collecting
  data in between the actual experiments, Raichle assumed that this information was worthless noise. We told the subjects to not think about anything, he says. We wanted them to
  have a blank mind. I assumed that this would lead to a real drop in brain activity. But I was wrong.


  One day, Raichle decided to analyze the fMRI data collected when the subjects were just lying in the scanner waiting for the next task. (He needed a baseline of activity.)
  To his surprise, Raichle discovered that the brains of subjects were not quiet or subdued. Instead, they were overflowing with thoughts, their cortices lit up like skyscrapers at night. When
  you dont use a muscle, that muscle isnt doing much, Raichle says. But when your brain is supposedly doing nothing, its really doing a tremendous
  amount.


  Raichle was fascinated by the surge in brain activity between tasks. At first, he couldnt figure out what was happening. But while sitting in his lab one afternoon, he came up with the
  answer: The subjects were daydreaming! (I was probably daydreaming when the idea came to me, Raichle says.) Because they were bored silly in the claustrophobic scanner, they were
  forced to entertain themselves. This insight immediately led Raichle to ask the next obvious question: Why did daydreaming consume so much energy? The brain is a very efficient
  machine, he says. I knew that there must be a good reason for all this neural activity. I just didnt know what the reason was.


  After several years of patient empiricism, Raichle began outlining a mental system that he called the default network, since it appears to be the default mode of thought. (Were an
  absentminded species, constantly disappearing down mental rabbit holes.) This network is most engaged when a person is performing a task that requires little conscious attention, such as routine
  driving on the highway or reading a tedious book. People had previously assumed that daydreaming was a lazy mental process, but Raichles fMRI studies demonstrated that the brain is extremely
  busy during the default state. There seems to be a particularly elaborate electrical conversation between the front and back parts of the brain, with the prefrontal folds (located just behind the
  eyes) firing in sync with the posterior cingulate, medial temporal lobe, and precuneus. These cortical areas dont normally interact directly; they have different
  functions and are part of distinct neural pathways. Its not until we start to daydream that they begin to work closely together.


  All this mental activity comes with a very particular purpose. Instead of responding to the outside world, the brain starts to explore its inner database, searching for relationships in a more
  relaxed fashion. (This mental process often runs parallel with increased activity in the right hemisphere.) Virginia Woolf, in her novel To the Lighthouse, eloquently describes this form of
  thinking as it unfolds inside the mind of a character named Lily:


  
    
      
        Certainly she was losing consciousness of the outer things. And as she lost consciousness of outer things . . . her mind kept throwing things up from its depths, scenes,
        and names, and sayings, and memories and ideas, like a fountain spurting . . .

      

    

  


  A daydream is that fountain spurting as the brain blends together concepts that are normally filed away in different areas. The result is an ability to notice new connections, to
  see the overlaps that we normally overlook. Take, for instance, the story of Arthur Fry, an engineer at 3M in the paper-products division. It begins on a frigid Sunday morning in 1974 in the front
  pews of a Presbyterian church in north St. Paul, Minnesota. A few weeks earlier, Fry had attended a Tech Forum presentation by Spencer Silver, an engineer working onyou guessed
  itadhesives. Silver had developed an extremely weak glue, a paste so feeble it could barely hold two pieces of paper together. Like everyone else in the room, Fry had patiently listened to
  the presentation and then failed to come up with any practical applications for the compound. It seemed like a dead-end idea, Fry says. I quickly put it out of my
  thoughts. What good, after all, is a glue that doesnt stick?


  That Sunday, however, the paste reentered Frys thoughts, albeit in a rather unlikely context. I sang in the church choir, Fry remembers, and I
  would often put little pieces of paper into the music on Wednesday night to mark where we were singing. Sometimes, before Sunday morning, those little papers would fall out. This annoyed
  Fry, because it meant that he would often spend the service frantically thumbing through his hymnal, looking for the right page. But then, during a particularly boring sermon, Fry engaged in a
  little daydreaming. He began thinking about bookmarks, and how what he needed was a bookmark that would stick to the paper but wouldnt tear it when it was removed. And thats when Fry
  remembered Spencer Silver and his ineffective glue. He immediately realized that Silvers patented formulathis barely sticky adhesivecould help create the perfect bookmark.


  So Fry started working, in his bootlegging time, on this new product for his hymnal. After several months of chemical tinkeringthe first bookmarks destroyed his books, leaving behind a
  gluey residueFry developed a working prototype, which became the basis for a small test run. I gave some of them to my cohorts in the lab, to secretaries, to the librarians, he
  says. Basically anybody who would take them. Although people found the product usefulit was better than folding down page cornersnobody wanted a refill. Instead of
  disposing of the bookmarks, Frys coworkers just transferred them from book to book.


  Fry was ready to give up. But then, a few weeks later, Fry had a second epiphany. He was reading a report and had a question about a specific paragraph. However, instead of writing a note
  directly on the paper, Fry cut out a square of the bookmark material, stuck it onto the page, and wrote his question there. He sent the report to his supervisor; Frys supervisor jotted down
  his response on a different sticky square, applied it to another document, and sent that back. The men immediately realized theyd discovered a new way to communicate.
  Instead of writing separate memos full of page references and excerpted quotes, they could stick questions and comments directly onto the text. And these sticky little papers werent useful
  just for documents; every surface in the office was now a potential bulletin board. This time when Fry gave out the products to colleagues, he suggested that they write on them. Within weeks, the
  3M offices were plastered with canary-yellow squares. The Post-it note was born.


  Its not an accident that Arthur Fry was daydreaming when he came up with the idea for a sticky bookmark. A more disciplined thought process wouldnt have found the
  connection between Spencer Silvers weak adhesive and the annoying tendency of those pieces of paper to fall out of the choral book. The errant daydream is what made Post-it notes possible.
  The boring sermon didnt hurt either.


  Jonathan Schooler, the psychologist who helped pioneer the study of insight, has recently begun studying the benefits of daydreams. His lab has demonstrated that people who consistently engage
  in more daydreaming score significantly higher on measures of creativity. (To evaluate daydreaming, he gave subjects a slow section of War and Peace and then timed how long it took them to
  start thinking about something else.) What these tests measure is someones ability to find hidden relationships that can help them solve a problem, Schooler says. That
  kind of thinking is the essence of creativity. And it turns out that people who daydream a lot are much better at it.


  However, not all daydreams are equally effective at inspiring useful new ideas. In his experiments, Schooler distinguishes between two types of daydreaming. The first type
  occurs when people notice they are daydreaming only when prodded by the researcher. Although theyve been told to press a button as soon as they realize their minds have started to wander,
  these people fail to press the button. The second type of daydreaming occurs when people catch themselves during the experimentthey notice theyre daydreaming on their own. According
  to Schoolers data, individuals who are unaware that their minds have started wandering dont exhibit increased creativity. The point is that its not enough to just
  daydream, Schooler says. Letting your mind drift off is the easy part. The hard part is maintaining enough awareness so that even when you start to daydream you can interrupt yourself
  and notice a creative thought. In other words, the reason Fry is such a good inventorhe has more than twenty patents to his name, in addition to Post-it notesisnt simply
  that hes a prolific mind-wanderer. Its that hes able to pay attention to his daydreams and to detect those moments when his daydreams generate insights.


  This helps explain another interesting experiment from Schoolers lab, described in a 2009 paper wittily entitled Lost in the Sauce. In this study, Schooler once again had
  undergraduates read a boring passage from War and Peace. However, he first gave some of the students a generous serving of vodka and cranberry juice. Not surprisingly, the drunk readers had
  a tougher time paying attention to the text than their sober classmates did and were much more likely to engage in idle daydreams. More important, though, the students given alcohol almost always
  failed to notice they had stopped paying attention to Tolstoy until probed. Schooler suggests thats because alcohol induces a particularly intense state of mind-wandering, which he refers to
  as zoning out. This is why its nice to have a beer or two after work, Schooler says. We become a little less aware of what were thinking. But
  that awareness is also the key to a productive session of mind-wandering. You might solve a problem while drunk, but you probably wont notice the answer.


  The lesson is that productive daydreaming requires a delicate mental balancing act. On the one hand, translating boredom into a relaxed form of thinking leads to a thought process characterized
  by unexpected connections; a moment of monotony can become a rich source of insights. On the other hand, letting the mind wander so far away that it gets lost isnt useful; even in the midst
  of an entertaining daydream, you need to maintain a foothold in the real world.


  Schooler has begun applying this research to his own life: he now takes a dedicated daydreaming walk every day. He shows me his favorite route, a hiking trail on the bluffs above a scenic Santa
  Barbara beach. The landscape is chaparral and oak trees; the only sound is the rhythm of the waves below. This is where I come to relax, Schooler says. But just because
  Im relaxed doesnt mean Im not working. What I realized is that the kind of thinking I do here [on the hike] is so useful that I needed to build it into my work routine. It
  wasnt enough to just daydream in my spare moments, while sitting in traffic or waiting in line. I needed to be more disciplined about my mind-wandering. And so, every afternoon,
  Schooler parks his car on the Pacific Coast Highway, leaves his iPhone behind, and walks along these seaside cliffs. I never have a plan or a list of things I need to think about, he
  says. Instead, I just let my mind go wherever it wants. And you know what? This is where I have all my best ideas.


  The advantage of knowing where insights come from is that it can make it easier to generate insights in the first place. When were struggling with
  seemingly impossible problems, its important to find time to unwind, to eavesdrop on all those remote associations coming from the right hemisphere. Instead of drinking another cup of
  coffee, indulge in a little daydreaming. Rather than relentlessly focusing, take a warm shower, or play some Ping-Pong, or walk on the beach.


  Look at this recent experiment, published in Science. These psychologists, at the University of British Columbia, were interested in looking at how various colors influence the
  imagination. They recruited six hundred subjects, most of them undergraduates, and had them perform a variety of basic cognitive tests displayed against red, blue, or neutral backgrounds.


  The differences were striking. When people took tests in the red condition, they were much better at skills that required accuracy and attention to detail, such as catching spelling mistakes or
  keeping random numbers in short-term memory. According to the scientists, this is because people automatically associate red with danger, which makes them more alert and aware.


  The color blue, however, carried a completely different set of psychological benefits. While people in the blue group performed worse on short-term memory tasks, they did far better on those
  requiring some imagination, such as coming up with creative uses for a brick or designing a childrens toy out of simple geometric shapes. In fact, subjects in the blue condition generated
  twice as many creative outputs as did subjects in the red condition.8


  We can now begin to understand why being surrounded by blue walls makes us more creative. According to the scientists, the color automatically triggers associations with the
  sky and ocean. We think about expansive horizons and diffuse light, sandy beaches and lazy summer days; alpha waves instantly increase.9 This sort of mental
  relaxation makes it easier to daydream and pay attention to insights; were less focused on whats right in front of us and more aware of the possibilities simmering in our
  imaginations.


  Theres something deeply surprising about these data. We tend to assume that some people are simply more creative than others, that originality is a predetermined personality trait: if a
  person isnt born with the correct kind of brain, hell never be able to compose an original song or come up with an idea as innovative as Post-it notes. But creativity isnt a
  fixed feature of the mindthats why merely exposing people to the color blue can double their creative output. The imagination is vaster than we can imagine. We just need to learn how
  to listen.
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