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Everyone who’s ever taken a shower has had an idea. It’s the person who gets out of the shower, dries off and does something about it who makes a difference.


—Nolan Bushnell

















Introduction



“Don’t tell me it’s impossible. Tell me you can’t do it.”


What Makes Some People Spectacularly Innovative?


Why are some people so remarkably innovative? Not the one-hit wonders with a single great idea or the people who seize a unique opportunity offered by a moment in time, but the people who create one game-changing innovation after another: people who spend most of their lives generating and pursuing startling ideas, challenging assumptions, and accomplishing the seemingly impossible. Is there something special about them that makes them so willing and able to change the world? Consider, for example, Elon Musk.


Musk created and sold his first video game when he was twelve and became a millionaire by the time he turned twenty-eight. Over the next ten years he developed an electronic payment system that would be merged into a company we now know as PayPal; founded SpaceX, a company with no less of an objective than to colonize Mars; and helped to create Tesla Motors, the first new-car company to go public in the United States in more than fifty years. In 2010 SpaceX successfully launched a spacecraft into orbit and then brought it safely back to Earth, a remarkable achievement that hitherto had been accomplished only by the national governments of three countries: the United States, Russia, and China. Furthermore, he demonstrated the viability of reusable rockets, something the space industry had long said was impossible.


Musk did not come from a family with strong connections to any of these industries, nor did he come from exceptional wealth or political advantage. Musk did not grow up with any special access to computing, automotive, or space technology prior to founding these companies, nor did he spend years accumulating unusually deep experience in these fields prior to his innovations. Thus, he had no special experience or resources that enabled him to accomplish these feats—his successes seem to have been attained through sheer force of will. What made Musk both able to and driven to create such a remarkable series of profoundly important innovations?


Nikola Tesla (the man for whom Musk’s car company is named) was equally prolific, or perhaps even more so. During his lifetime he achieved more than two hundred stunningly advanced innovations, including the first long-distance wireless communication systems, alternating-current electrical systems, and remote-control robots. His fervor in pursuit of innovation was hard for most people to understand, especially given the skepticism and lack of financing he encountered throughout his life. Like Musk, Tesla had no family background or other advantage in the fields he would come to revolutionize. Although he studied physics in college, it is not clear that he ever completed a degree. Also like Musk, he left his home country as a young man and arrived in the United States nearly penniless. Tesla was an unusual man, to put it mildly. He was riddled with phobias and odd habits, and he lacked the kind of social intelligence and charisma that could have made it easier to get financial support for his projects. Yet also like Musk, he would accomplish a series of technological achievements that most observers had deemed impossible.


Albert Einstein achieved equally remarkable accomplishments in physics: during a four-month period, when he was all of twenty-six years old, he wrote four papers that completely altered the scientific world’s understanding of space, time, mass, and energy. Each was a significant breakthrough, including work on particle physics that would set the stage for quantum mechanics to overthrow classical physics. What is all the more remarkable is that he accomplished these feats while working as a patent examiner because every physics department he applied to turned him down for an academic post. His disrespect for authority had earned him the ire of his college professors, and they refused to support him in his quest for a university position. Even after writing his four remarkable papers, he faced considerable resistance: having the impudence to challenge well-established theories and being Jewish in a time of rampant anti-Semitism combined to make him the subject of frequent attacks. These attacks made his life harder, but they did not induce him to show more reverence for the work of his peers. For Einstein, bowing to authority—including the authority of social norms—was a corruption of the human spirit. He had no intention of marching to anyone else’s drum. This stance would make it harder for him to gain support and legitimacy for his ideas, yet it also freed him to think beyond the existing theories of his time. He would go on to win the Nobel Prize and become, arguably, the most famous scientist of all time.


What is it, then, that makes these people so spectacularly innovative? Is it genetics, parenting, education, or luck? Although innovation has long been a popular research topic in both psychology and business, we don’t have good answers to the question. In part this is because serial breakthrough innovators—people who are extreme outliers of innovative productivity—don’t make great research subjects. Because they are rare, it’s next to impossible to gather data on a large sample of them and run statistical analyses. And because they are busy, you would have an equally hard time getting them into a laboratory to run experiments. Thus, in business schools we tend to focus our research on problems such as how to organize innovation teams, how to choose alliance partners, and how to structure ideation exercises. Those are, after all, things we can measure and manage. The innovation research has not told us where serial breakthrough innovators come from, nor has it told us how we can foster breakthrough innovation in ourselves, in people with whom we work, or in our children.


The research in psychology on individual creativity gets us a bit closer, but most of that research has focused on the general process of creativity—how ordinary people use creativity to solve problems, for example—rather than telling us why some people become outliers. The smattering of research on creative geniuses is sparse, disconnected, and short on conclusions and implications. For example, it has suggested that there may be a genetic component of genius, which is true, though not particularly helpful if you are seeking to increase your innovativeness. Other writers have argued that true genius requires a very large number of hours of practice or very large numbers of chunks of information—a claim that is diminished by a vast number of highly visible exceptions. As noted, Elon Musk did not revolutionize space travel because he had extensive information and experience in that field—quite the opposite. When both US and Russian rocket manufacturers told Musk that his idea for economical reusable rockets was simply not feasible, he started teaching himself by studying rocket science textbooks on his own, and within months he created a spreadsheet that detailed the costs, materials, and performance specifications of the rocket he intended to build. Musk is an outsider who has done the impossible, in part because he didn’t know (or believe) that it was impossible.


Musk crosses boundaries because some of the quirks of his personality are that he enjoys tackling new, difficult problems and he doesn’t care very much about whether you think he has the ability or right to do that. This is an extremely important point—most research shows that we tend to penalize people for crossing boundaries. We discount generalists and are suspicious of people who engage in activities that seem inconsistent with their identity. However, outsiders such as Musk bring an advantage that insiders and industry veterans often lack. Outsiders aren’t trapped by the paradigms and assumptions that become calcified in industry veterans, nor do they have the existing investments in tools, expertise, or supplier and customer relationships that make change difficult and unappealing. For example, Gavriel Iddan, a guided-missile designer for the Israeli military, invented a revolutionary way to allow doctors to see inside a patient’s gastrointestinal system. The traditional approach for obtaining images inside the gut is a camera on the end of a long flexible rod. This method is quite uncomfortable, and it cannot reach large portions of the small intestine, but it was the industry standard for many decades. Most gastroenterologists have invested in significant training to use endoscopic tools, and many have also purchased endoscopic equipment for their clinics. Not surprisingly, most innovation in this domain has focused on incremental improvements in the rod, the camera, and the imaging software. However, Iddan approached the problem of viewing the inside of the gut like a guided-missile designer, not like a gastroenterologist. He did not have the same assumptions about the need either to control the camera with a rod or to transmit images with a wire. Instead, he invented a capsule (called the PillCam) with a power source, a light source, and two tiny cameras that the patient can swallow. The patient then goes about her day while the camera pill broadcasts images to a video pack worn by the patient. Roughly eight hours later, the patient returns to the doctor’s office to have the images read by a software algorithm that can identify any locations of bleeding (the camera pill exits naturally). The PillCam has proven to be safer and less expensive than traditional endoscopy (the PillCam costs less than $500), and it is dramatically more comfortable. For patients, the camera pill was a no-brainer; getting doctors to adopt it has been slower because of their existing investment and familiarity with endoscopy. The PillCam is currently sold in more than sixty countries, and several companies now offer competing products. The camera pill is a remarkable solution to a difficult problem, and it is easy to see why it came from an outsider rather than from an endoscope producer.


Similarly, it is easy to see why Uber, Lyft, Didi Chuxing, and Grab are disrupting the taxi business and why Airbnb, Homestay, and Couchsurfing are disrupting the hotel business. Although taxi companies and hotel chains undoubtedly have knowledge and assets that would be useful in these new business models, they also have assets and strategic commitments that are tied to (or designed for) their original way of doing business and making money. Change would be painful, and it is not obvious that they could outcompete the newcomers in the new business models even if they tried. These are the reasons that disruptive innovation often comes from new entrants rather than industry stalwarts, despite the fact that existing businesses with decades of experience in an industry would seem to have some advantages in resources such as cash, equipment, and clout.


However, most outsiders do not become serial breakthrough innovators. Neither do most extremely experienced people. An individual’s degree of experience may play a role in her emergence as a breakthrough innovator, but it is not clear that it is particularly important or reliable. What, then, is important or reliable? Is there some combination of traits or resources that increases the likelihood of an individual becoming a serial breakthrough innovator? Can we help people tap their own potential to be a breakthrough innovator (and would we want to)?


I first tried to address this question through standard research methods: conducting large-sample studies on innovators and gathering as much data as I could about hundreds of innovators identified by aggregating lists made by others.1 Invariably these studies proved unsatisfying. Most inventors and entrepreneurs are one-hit wonders, leaving us with doubt about how much they could teach us about being innovative. Furthermore, when you try to study a large sample of innovators, you typically find that there is very little information available about their lives, leaving you to draw only a few conclusions about their education or work experience. These studies do not give us the kind of insight into breakthrough innovation that we really want. It is easy to conclude that this is a problem that cannot really be studied or that no insights can be gleaned from trying. Perhaps the problem is too complex, or innovators are too idiosyncratic, for us to learn much of use from studying them.


The question really started coming to a head in early 2011 as people saw the visible deterioration of Steve Jobs’s health. Many, including students in my course on innovation strategy, began asking me about the fate of Apple if it lost its famous leader. I wondered too. Did Apple’s innovativeness arise from something in the organization’s DNA, or was it specific to Steve Jobs? Could his “magic” be handed down to a successor? Was it embedded in the routines at Apple? Or was it in the man himself? It was a question so intriguing that it was worth pursuing even if it didn’t lead to anything useful. I thus began to study Steve Jobs, comparing every detail I could find on him with the existing research on innovation and creativity. I had already been following Apple for years in the course of my research and teaching, but now I began to study Jobs as a person. I read biographies, watched recorded interviews, and scavenged his statements from wherever I could find them. I wanted to understand what he was really like: his talents, his weaknesses, his beliefs and biases. I wanted to understand what drove him and enabled him. I was lucky that a great deal had been written about Steve Jobs and that he had done numerous recorded interviews: it was possible to get a rich, multifaceted perspective on him.


I soon noticed some striking commonalities between Jobs and other breakthrough innovators. For example, I had written a teaching case on Dean Kamen (inventor of the Segway, the first portable kidney dialysis machine, the first wearable drug infusion pump, and much more), and the similarities between Jobs and Kamen were strange and intriguing. Both men had dropped out of college and started companies in their early twenties, and neither had extensive training in the fields to which they would contribute. Both were quirky, with eccentric traits such as wearing the same clothes every day. Jobs didn’t put a license plate on his car and routinely parked in the spots reserved for people with disabilities—those rules just didn’t apply to him. Kamen bought an island (North Dumpling), built his own power grid, and declared his intention to secede from the United States so that its rules would not apply to him. Both men also had unusual homes. Jobs didn’t put furniture in his house—nothing quite fit his stark aesthetic tastes. Kamen’s home was a four-story hexagon with at least one secret passage. Its hallways were designed to look like mine shafts, and a huge cast-iron steam engine that had once belonged to Henry Ford was built into the house’s four-story central atrium. More importantly, both men had such great faith in their own capacity for reasoning and insight that they disregarded the “rules” that constrained the problem-solving efforts of others. For example, when people told Kamen that his idea for a wheelchair that would balance on two feet was impossible, he retorted, “Don’t tell me it’s impossible. Tell me you can’t do it,” and pointed out that many of the scientific principles we take as given are just “man’s laws” that we don’t know to be actually true.2 Steve Jobs said something remarkably similar in a video-recorded interview: “Life gets a lot broader once you realize one simple fact: Everything around you that you call life was made up by people that were no smarter than you, and you can change it.”3 Both men were also driven much more by idealistic goals than materialistic gain: Jobs saw the computer as a means to revolutionize human cognition the way that bicycles had revolutionized human mobility; Kamen wanted to liberate people from the constraints of disease or injury.


As I pondered my notes on these two men—both so profoundly innovative and both sharing some peculiar personal traits that broke with social norms—I suddenly understood that we could gain insight into what makes some people serial breakthrough innovators by studying a smaller sample of exceptional innovators very deeply, using what is known as a multiple case study approach. A multiple case study process begins with writing a description or story of the case (like a biographer writes about her subject) but extends well beyond that as the researcher compares the cases, working iteratively through every possible pair, attempting to recognize commonalities and differences, and capturing the categories and patterns that emerge. Because this is a study of people who are rare outliers of innovative productivity and impact, the control group (what the cases are compared to) is the rest of us.4 That is, we are looking for characteristics that the innovators have in common that stand out for being unusual, such as traits they exhibit to a much greater degree than we would expect for a person drawn at random. Any dimension that figures prominently in one or a few cases is scrutinized closely in the other cases. Humans are prone to overgeneralizing from small samples, so one of the most important tasks is to try to strip away spurious commonalities. For example, Thomas Edison and Marie Curie were the youngest children of their families, and Benjamin Franklin was the youngest son (though not the youngest child) in a family of sixteen children. People have speculated about the effect of birth order on personality and behavior since at least the early 1900s. At that time, Austrian psychiatrist Alfred Adler proposed that firstborns would be more prone to neuroticism and substance abuse because of the excessive responsibility of looking after the younger children, and youngest children would be prone to having poor social empathy as a consequence of being overindulged. It would be easy to speculate that breakthrough innovators might be more likely to be youngest children because, as we shall see, not fitting in socially is a recurring theme among such innovators. But birth order does not survive closer scrutiny: Steve Jobs, Albert Einstein, and Elon Musk were the oldest children in their families, and Nikola Tesla and Dean Kamen were middle children. Furthermore, of the innovators studied here, the one that least exhibits poor social empathy is Benjamin Franklin. It turns out that most empirical work on birth order has found zero effect on personality or behavior, despite the persistence of the myth!


It quickly became clear that it would be important to focus on people who had innovated repeatedly so that we could go beyond “right time, right place” explanations. They also had to be world renowned as innovators so that there would be no doubt about their accomplishments. And their innovations had to be important—they had to leave an indelible imprint on the world because that is the capability that we really want to understand. For practical purposes, they also had to be people who had been extensively written about because only then would we know something about their childhoods, their educations, their hobbies, their personalities, their talents, their motives, their experiences, and more. Once we understood them deeply as people, we could compare and contrast their characteristics and backgrounds, and integrate this with what we know from the science of creativity and innovation. I hoped such an integration would help illuminate what really matters. In the end, it did that and more. It exposed both the exhilaration that the innovators experienced and the great personal costs that they bore while pursuing something that they believed was incredibly important. It revealed the opportunities and constraints that have ensured that the lists of famous innovators have historically been dominated by men from developed economies. And, perhaps most importantly, it revealed that even though some factors have made these innovators unique and inimitable, there are also ways in which we can increase the breakthrough innovation potential in us all.


How the Innovators Were Chosen and Studied


TO CHOOSE A LIST of people that I could confidently identify as profoundly important serial breakthrough innovators, I first scoured dozens of lists of the most famous innovators, looking for people who topped multiple lists and whose contributions would be indisputable. It quickly became clear that there was much more consensus about contributions to technology and science than, for example, contributions to art and music. The appreciation of art and music is a subjective experience, and people vary enormously in how they will rank an innovation in these fields. Furthermore, once artists or musicians have earned acclaim, their subsequent work receives more attention. This can lead to a self-reinforcing advantage in being considered “important.” Technology and science innovations can also have subjective components and self-reinforcing advantages, but they usually have performance dimensions that are objectively measurable, leading to greater agreement about what is important. For example, when Marie Curie discovered the most powerful radioactive substance known at that time (radium), its importance was indisputable. When Albert Einstein first proposed his General Theory of Relativity, its value was at first subject to the interpretation of his peers. However, in 1919, when Sir Arthur Addington verified that Einstein’s predictions were correct during a complete solar eclipse, the theory’s merit was no longer subjective. When Elon Musk demonstrated that a rocket could, in fact, be landed and reused—and at a much lower price than the space industry had dreamed—the value of this innovation could not be denied, even by the space industry stalwarts whose competitive positions it threatened. A small group of technology and science innovators show up near the top of every famous innovators list; the same is not true for innovation in the arts. Thus, to sidestep the sometimes contentious issue of the definition of an important innovation, I decided to limit my focus to technological or scientific innovators and let public lists identify the candidates.


Second, I limited the set to individuals who were widely associated with multiple innovations. The vast majority of people on famous innovator lists are associated with only a single important invention—for example, Percy LeBaron Spencer’s microwave oven, Leopold Godowsky Jr.’s Kodachrome color film, or Hedy Lamarr’s frequency-hopping spread spectrum technology for torpedoes. When an individual is associated with only a single major invention, it is much harder to know whether the invention was caused by the inventor’s personal characteristics or by simply being at the right place at the right time. To really know that we are gaining insight into what makes someone an exceptional innovator, it is important to identify serial breakthrough innovators who innovate for most of their lives. These are the rare people whose life’s purpose is based on making one breakthrough after another.


And, third, developing case studies of the innovators that are as complete and unbiased as possible requires both multiple published biographies of the individual and extensive first-person narratives such as autobiographies, interviews, and videos. In practice, this criteria tended to eliminate many innovators that I would have liked to study who either emerged too recently (for example, Larry Page) or lived too long ago (for example, Leonardo da Vinci). Finally, from the individuals prominent on the remaining list, I attempted to choose people from different areas of industry or science (e.g., medicine, aerospace, electricity, information technology) and from different time periods in order to avoid oversampling from particular “blooms” of innovation associated with a technological shock. Choosing individuals from different periods and fields helps to separate individual factors from contextual factors and improves the opportunity to triangulate about breakthrough innovation more generally. The final set of innovators that I chose to study and focus on in this book includes Marie Curie, Thomas Edison, Albert Einstein, Benjamin Franklin, Steve Jobs, Dean Kamen, Elon Musk, and Nikola Tesla, although I occasionally include examples about other innovators (such as Grace Hopper and Sergey Brin) to illustrate particular concepts.


Closely studying these breakthrough innovators reveals some important commonalities that help give us insight into what made them able—and made them driven—to change the world in such dramatic ways. Although they were extremely intelligent, that is not enough to make someone a serial breakthrough innovator. Other factors played key roles. The innovators displayed some unusual characteristics—quirks—that had important implications for both the ideas they generated and the intensity with which they pursued them. For example, nearly every innovator I studied exhibited very high levels of social detachment. Marie Curie’s unconventionality and chronic depression led her to seek what she referred to as an “anti-natural” life,5 largely isolated from the social world and often isolated even from her children. Marie Curie was aware of her self-imposed isolation and knew that the way she had lived her life was not for everyone. Albert Einstein was similarly aware of his own detachment and isolation, recognizing both its benefits to his independence and originality and its costs to his psychic comfort. Thomas Edison’s deafness made him extremely uncomfortable in social settings, and his near-maniacal work habits meant that he spent most of his life in his laboratory, even sleeping on a table many nights. And Elon Musk, though sometimes referred to as a “playboy” in his adulthood, describes himself as bookish, nerdy, and devoid of friends as a child. In fact, he was so introspective that his family at one point considered the possibility that he was deaf. Separateness helped these innovators become original thinkers. Their isolation meant that they were less exposed to dominant ideas and norms, and their sense of not belonging meant that even when exposed to dominant ideas and norms, they were often less inclined to adopt them.


All of the innovators also exhibited extreme faith in their ability to overcome obstacles (what psychologists would call “self-efficacy”) from an early age. Consider Elon Musk’s decision (at the age of six) to walk ten miles across the city of Pretoria, South Africa, to get to a cousin’s birthday party or his later decision to personally resurrect the space program when he discovered that NASA had no plans to go to Mars. Musk is sometimes referred to as a “walking moonshot”6 because of his willingness to take on seemingly impossible goals. Many of the breakthrough innovators took on such goals because they had such high faith in their own ability to overcome obstacles that they did not buy in to the rules that other people accept as given. This is why some people referred to Steve Jobs as having a “reality distortion field” and why Dean Kamen could dismiss the four laws of thermodynamics as “man’s laws” rather than universal principles. Nikola Tesla similarly challenged what was possible and made statements about what he would achieve in the world that were so grand that people often dismissed him as having delusions of grandeur—until, of course, he proved he was right!


All of the innovators also pursued their projects with remarkable zeal, often working extremely long hours and at great personal cost. Most were driven by idealism, a superordinate goal that was more important than their own comfort, reputation, or families. Nikola Tesla wanted to free mankind from labor through unlimited free energy and to achieve international peace through global communication. Elon Musk wants to solve the world’s energy problems and colonize Mars. Benjamin Franklin was seeking greater social harmony and productivity through the ideals of egalitarianism, tolerance, industriousness, temperance, and charity. Marie Curie had been inspired by Polish positivism’s argument that Poland, which was under Tsarist Russian rule, could be preserved only through the pursuit of education and technological advance by all Poles—including women. Idealism is a very powerful intrinsic motivator that can induce individuals to exert exceptional effort toward a problem. In fact, it may occupy their energy and time to such a level that it causes them to disregard motives that other individuals might find more important, such as the desire for social interaction or leisure. This might partially explain why so many breakthrough innovators have been criticized for abandoning or neglecting their families (e.g., Benjamin Franklin, Thomas Edison, Steve Jobs, Marie Curie). Idealism helps focus innovators by making their long-term purpose very clear, helping them to make choices among the competing demands of their attention. Having lofty superordinate goals, such as Tesla’s desire to achieve global wireless transmission of energy and to free mankind from physical toil, or Musk’s ambition to colonize Mars, gave these innovators a drive and single-mindedness that helped them avoid getting caught up in other interesting problems. They often led their lives as if they had blinders on to keep their attention locked on target. It also made them resilient to failure or criticism because they believed that their goals were important and intrinsically honorable and valuable. For example, Franklin once had to endure a brutal attack by prosecutor Alexander Wedderburn in England’s Privy Council while facing a jeering crowd of England’s elite. However, Franklin remained stoic and silent during the proceedings and never shrank from public life because his belief that he was pursuing his duty to serve God and mankind gave him a moral high ground that helped make him resilient to such attacks.


Idealism was not the only force that drove the innovators. Most of them also worked so hard and so tirelessly because they found work extremely rewarding. Some had an extremely high need for achievement (a personality trait associated with a strong and consistent concern with setting and meeting high standards, and accomplishing difficult tasks), so they took great pleasure in amassing accomplishments. Many also appeared to experience the pleasure of “flow” from working incredibly hard (i.e., work was autotelic—rewarding for its own sake). For example, Edison was competitive by nature and enormously energetic. He enjoyed the process of achieving things, and the physical and mental activity of work gave him pleasure. Many of Edison’s projects turned out to be unprofitable, and he was known to berate the patent system’s inability to defend inventors from “pirates.” However, in general he expressed little remorse or discouragement about disappointing outcomes. The work itself was his primary joy. “I never intend to retire,” he stated. “Work made the earth a paradise for me.”7


In sum, there are very strong commonalities among exceptional breakthrough innovators that make these people similar to one another and also make them atypical, or quirky. Studying these people and integrating what we learn about them with existing research on creativity and innovation helps us understand the mechanisms by which the characteristics led these innovators to create one profound innovation after another. This distinction between the characteristics and the mechanisms by which the characteristics led to innovation is important because even though serial breakthrough innovators are rare and in many ways inimitable, we can still harness some of these mechanisms to discover and unleash innovative potential in ourselves and others. For example, understanding the innovator’s sense of separateness points out the importance of giving people time alone to pursue their own interests and form their own ideas. It highlights how dangerous norms of consensus are to innovation and reveals the advantages of helping people to embrace their weird sides. People also find it illuminating—and often a relief—to see just how many innovators did not do well in school precisely because of their creativity or their tendency to challenge rules. A surprisingly large portion of the breakthrough innovators have been autodidacts—self-taught people—and excelled much more outside the classroom than inside. Although many people will have heard anecdotally that some innovators did not do well in school, this book shows exactly why innovators might not flourish in school and how they were successful anyway.
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I HAVE ORGANIZED QUIRKY around the three main themes of creativity and originality, effort and persistence, and situational advantage. Almost all breakthrough innovation starts with an unusual idea or with beliefs that break with conventional wisdom. Thus, my focus in the first few chapters is on the factors that helped to inspire the innovators to be unconventional, to be creative, and to generate original ideas. We will see here how the breakthrough innovators’ quirky natures make them less likely to buy into established theories and paradigms, and more likely to come up with pathbreaking solutions.


However, creative ideas alone are almost never enough. Many people have creative ideas, even brilliant ones. But usually we lack the time, knowledge, money, or motivation to act on those ideas. For example, we may not know whether our idea will work or how it could be implemented. It may seem too difficult or too risky. Thus, most insightful, creative ideas are brief wisps of thought that are swept away by other, more immediate concerns. It is rare that someone with a breakthrough idea has the motivation, resources, and persistence to pursue it, and although a person could give such an idea to someone else with better motivation and resources—an established inventor or firm, perhaps—it is probably rarer still that this “someone else” will pursue the breakthrough idea. This is because by their very nature, original ideas are often initially hard for others to understand and value. The odds of one person’s breakthrough idea fitting well with another person’s resources, motivation, and worldview are slim. This is why when breakthrough innovations have been brought to the world, it is usually because the innovator has invested remarkable effort and persistence in executing the idea—often in the face of failure and opposition. Every breakthrough innovator studied here demonstrated extraordinary effort and persistence. Most worked extremely long hours, forfeiting leisure, sleep, and time with their families in single-minded pursuit of their mission. Many stuck doggedly to a solution that others had deemed irrational or doomed. Where does such fierce commitment and energy come from? Chapters 4 and 5 show that idealism, need for achievement, unusual energy levels, and “flow” provide some answers to this question.


Next, although we will see that most breakthrough innovators share some personal traits that make them more likely to generate and execute breakthrough ideas, being at the right place at the right time still matters. Chapters 6 and 7 look at the situational advantages—opportunities (and challenges) of an era and access to resources—that aided the rise of these innovators. Finally, as noted above, although this book will show that breakthrough innovators often have some unique and some difficult-to-imitate characteristics or experiences, we can still learn a great deal from them about enhancing innovation. Chapter 8 will summarize the implications for how we can nurture and shape the breakthrough innovation potential in ourselves, in the people we work with, and in our children.


 




Be a loner. That gives you time to wonder, to search for the truth.


—Albert Einstein1

















1



“I gang my own gait.…”


A Sense of “Separateness”


Many of the most prolific breakthrough innovators exhibit a marked sense of “separateness,” perceiving themselves as different or disconnected from the crowd. This separateness can reveal itself in a lack of interest in social interaction, a rejection of rules and norms, and often isolation even from family members. It is not always easy to tell whether an innovator made a voluntary choice to be separate, was born with innate personality traits that led to separateness, or acquired a sense of separateness involuntarily because of circumstances beyond the innovator’s control. However, that sense of separateness is usually sharply discernible by both the innovator and those around her, and it typically emerges quite early in life. Albert Einstein provides an excellent example—he not only exhibited a sense of separateness; he also wrote about it and reflected extensively on how it influenced his ability to be an original thinker.


Albert Einstein was known for great warmth and love for mankind, but in his direct interpersonal relationships he was often cold or detached. Einstein loved humanity and was an avid champion of human rights, pacifism, and nondiscrimination. He could be funny and make and appreciate close friendships. Yet he never lost his sense of disconnect from others and was notoriously aloof and rebellious. He articulated it poignantly in a book titled The World as I See It:




My passionate sense of social justice and social responsibility has always contrasted oddly with my pronounced freedom from the need for direct contact with other human beings and human communities. I gang my own gait and have never belonged to my country, my home, my friends, or even my immediate family, with my whole heart; in the face of all these ties I have never lost an obstinate sense of detachment, of the need for solitude—a feeling which increases with the years. One is sharply conscious, yet without regret, of the limits to the possibility of mutual understanding and sympathy with one’s fellow-creatures. Such a person no doubt loses something in the way of geniality and light-heartedness; on the other hand, he is largely independent of the opinions, habits, and judgments of his fellow and avoids the temptation to take his stand on such insecure foundations.2





Born in Germany on March 14, 1879, Einstein was slow to learn to talk, not uttering his first words until after the age of two, and for most of his life exhibited a form of echolalia—the repetition of phrases, often under the breath. Echolalia is extremely common in autistic children (roughly 75 percent of children on the autism spectrum are estimated to exhibit echolalia), but it can also appear in the absence of any disorder and is sometimes exhibited by children learning to speak. Einstein himself attributed his echolalia to his delay in speaking and noted that he liked to quietly repeat sentences over and over in hopes of perfecting them before voicing them out loud.


Although Einstein’s childhood home and garden were often bustling with children, he tended to keep to himself, pursuing quieter activities. As his longtime colleague Phillipp Frank noted, “From the very beginning he was inclined to separate himself from children his own age and to engage in daydreaming and meditative musing.”3 Some psychologists have speculated that Einstein might have had a mild form of autism that caused him to have far greater ability to analyze the dynamics of the universe than to sense and care about the humans around him. Similar speculations about autism have also at times been made about Bill Gates, in part because he constantly rocks his body while working. He lowers his upper body to a forty-five-degree angle and raises it again, repetitively, with the intensity of the rocking varying with his mood. Many autistic people exhibit repetitive or automatic movements such as rocking, but Gates believes that “it is just excess energy.… I should stop, but I haven’t yet. They claim I started at an extremely young age.”4 Gates is also described as an introvert, not having strong social skills, and sometimes exhibiting a disregard for personal hygiene. However, none of these characteristics suggest that he is actually autistic. Gates is extremely intelligent, highly functional, and, according to his former girlfriend Ann Winblad, a very open and emotional person. He is quite capable of expressing his feelings and understanding those of others. It is just that, as Winblad mentions, Gates is often in a “pure mind state” where hygiene and social graces are a low priority. This aspect of Gates’s nature is exhibited by many serial breakthrough innovators, serial entrepreneurs, and other exceptionally driven people: the prioritization of intellectual pursuits or extreme goals can cause some people to disregard personal appearance or social graces, as we shall see with not only Einstein but also Steve Jobs, Marie Curie, and Dean Kamen.


When Einstein began attending school, at age six, he was withdrawn and quiet, and he did not make many friends. He did not like sports, and his classmates often teased him. He spoke slowly, and his teachers perceived him as inattentive. On one occasion a teacher remarked to him that he would never amount to anything because of his inability to exhibit the necessary discipline for the type of education provided in the school.5 On another occasion, when Einstein’s father inquired with a teacher about what profession the boy should pursue, the teacher responded that it did not really matter as he was unlikely to excel in anything. Einstein would later criticize his childhood school by noting, “The worst thing seems to be for a school principally to work with methods of fear, force and artificial authority. Such treatment destroys healthy feelings, the integrity of and self-confidence of pupils.”6 Yet despite the mutual enmity with which Einstein and his teachers appeared to feel for each other, Einstein often earned the highest grades in the class. Although the regimented rules and rote memorization of school inspired only resentment by the young Einstein, at home he reveled in practicing algebra and showed a strong interest in science. Max Talmud, a medical student who had meals with the Einstein family once a week, noted the boy’s intense interest and began bringing him science and math books. As Talmud would later note, “In all those years, I never saw him reading any light literature. Nor did I see him in the company of schoolmates or other boys of his own age.” Also, “He showed a particular inclination toward physics and took pleasure in conversing on physical phenomena. I gave him therefor for reading matter A. Bernstein’s Popular Books on Physical Science and L. Buchner’s Force and Matter, two works that were then quite popular in Germany.” Talmud noted that Einstein read the books with “breathless suspense.”7 By the time he was twelve, Einstein was teaching himself higher mathematics from books—well ahead of his school curriculum—and, as Talmud noted, “Soon the flight of his mathematical genius was so high that I could no longer follow.”8


Up to the age of twelve, Einstein had (in his own words) a “deep religiosity,” despite having nonreligious parents.9 However, at the age of twelve he became convinced that the stories in the Bible could not be true and that the state was deliberately deceiving young people through religion. This planted the seeds of distrust for authority that would come to define his personality. As he recounted, “Suspicion against every kind of authority grew out of this experience, a skeptical attitude towards the convictions which were alive in any specific social environment—an attitude which has never again left me even though later on, because of better insight into the causal connections, it lost some of its original poignancy.”10 Einstein would later return to believing in a greater spiritual being, but he would never lose his distaste for authority. This had direct consequences on his success in school; although Einstein was a natural and gifted student, his disrespect created friction with his teachers. Little evidence exists that Einstein was overtly rebellious in class, but his disdain for his professors was readily apparent. As his Greek professor said to him, “You sit there in the back row smiling. And that undermines the respect a teacher needs from his class.”11 When Einstein was sixteen, the family business collapsed, so the family moved to Milan, intending for Einstein to stay behind to finish his studies in Munich. Instead, the sixteen-year-old decided to drop out of high school, determined to study on his own and seek admission into a technical college in Zurich. He left Germany and soon renounced his German citizenship (likely in order to avoid joining the army, which would have been required when he turned seventeen). To continue his pursuit of self-education, he bought all three volumes of Jules Violle’s advanced physics text and set to work studying them intensely.


In the fall of 1895 he received permission to take the entrance exam at Zurich Polytechnic two years ahead of time. Although he easily passed the math and science sections, he failed to pass the general section (which included literature, zoology, botany, French, and politics), and he ended up going to a cantonal school in Aarau based on the teaching philosophy of Swiss education reformer Johann Heinrich Pestalozzi. This proved to be a wonderful move for Einstein. Pestalozzi’s philosophy was that students should be able to reach their own conclusions. They should have the opportunity to observe, experiment, and exercise their own intuition. Instead of an authoritarian environment that emphasized rote memorization, as Einstein had experienced in his German gymnasium, the school in Aarau nurtured each student’s individuality and emphasized each student’s free will and responsibility. Perhaps because he was now more comfortable in the Aarau culture, Einstein began to be more social, making friends and cultivating a sense of wit and charm. His classmate Hans Byland described him as “sure of himself.… Nothing escaped his sharp eyes.… Unhampered by convention, his attitude toward the world was that of the laughing philosopher.”12


Pestalozzi also emphasized the value of a visual understanding of concepts (rather than numbers and language)—a fundamental principle that would influence Einstein his entire life. It was at Aarau that Einstein began using “thought experiments,” whereby he would explore physics concepts by picturing them visually in his mind, such as lightning strikes and moving trains, blind beetles crawling on curved branches, and devices designed to identify the location and velocity of speeding electrons.13 One of his most famous visual thought experiments pertained to light: to understand how light moves, he imagined what it would be like to travel alongside a light beam.14 What would it look like? If light were indeed a wave, then the light beam itself would be stationary. It was a puzzle that motivated a large part of his future work.


Einstein was accepted into Zurich Polytechnic the following year at the age of seventeen. He was frequently quoted much later in life that the years in Zurich were some of the happiest of his life. It was here he met Michele Besso and Marcel Grossmann, who would become lifelong friends and would sometimes help him work out the mathematics of his theories. At Zurich his intelligence was frequently acknowledged, but he was also known as irreverent. He had a distracted and disorganized air about him, and he paid scant attention to his clothes or grooming. He was also very prone to skipping class, preferring instead to study subjects on his own. This was perceived as arrogance and disrespect, which earned him uneven grades and animosity from some of the faculty. His physics professor, Heinrich Weber, was quoted as saying, “You’re a clever fellow, but you have one fault: You won’t let anyone tell you a thing!”15 In 1900 Einstein graduated from Zurich Polytechnic near the bottom of his class.


The next couple of years were difficult. Einstein did not want to join his father’s company as an engineer, and his former professors at Zurich Polytechnic were not interested in offering him a job as an assistant professor or in writing him the glowing recommendations he would need to get one elsewhere. He was twenty-one years old, was in love with Mileva Marić (a classmate from Zurich Polytechnic whom his parents found to be unsuitable as a wife because, in part, she suffered from chronic ill health and a limp), and was subsisting on sporadic jobs as a math tutor. In despair, he wrote to nearly every physics professor in Europe, pleading for a job so that he could continue his studies. Most did not respond, and those that did rejected him. During this period Marić and Einstein also produced a daughter, whom he appears to have never publicly acknowledged (in fact, scholars of Einstein were surprised to make the discovery of her existence in 1986, when a stash of letters were found in a California safe-deposit box). Without a job he could not marry Marić, and without a marriage he could not be seen with their child.


Finally, with the help of his friend Marcel Grossman, he got a job as an examiner at the Swiss Patent Office in 1902. Although this job was considered well beneath his qualifications, the move turned out surprisingly well. Einstein found he was able to complete his work in a few hours each day, leaving him time to do his own study and thought experiments. Gainful employment also meant that he could finally marry Marić, which he did on January 6, 1903, although their child had apparently already been given up for adoption. Einstein later expressed gratitude that he ended up as a patent examiner rather than an assistant professor, for academia might have induced him to publish “safe” papers that embraced accepted theories. In the academic world, papers must go through a process of peer review prior to publication; a paper is accepted for publication only if reviewers deem it worthy. If a paper challenges popular ideas or does not show reverence for those who have previously published in the area (who may also be reviewing the paper), it is far less likely to be accepted for publication. Furthermore, after being published, an article gains legitimacy and becomes well-known only if others cite it, build upon it, and teach with it. If an article is ignored, the ideas in the paper may quietly die on the vine without ever having reached a wide audience. Needless to say, it was thus risky for Einstein to write papers that boldly challenged consecrated ideas by well-respected physicists. However, because Einstein did not yet really “belong” to academia, he had less to lose by flouting its norms. It was not in his nature to be deferential to others in order to curry favor. Furthermore, in his role as a patent examiner he was encouraged to be a skeptical and independent thinker.


The year 1905 turned out to be pivotal. In a four-month period from March to June, he wrote papers at a frenzied pace and developed multiple significant breakthroughs in physics, alluded to in a letter he wrote to his friend Conrad Habicht in May 1905:




Why have you still not sent me your dissertation? Don’t you know that I am one of the 1½ fellows who would read it with interest and pleasure, you wretched man? I promise you four papers in return. The first deals with radiation and the energy properties of light and is very revolutionary, as you will see if you send me your work first. The second paper is a determination of the true sizes of atoms.… The third proves that bodies on the order of magnitude 1/1000 mm, suspended in liquids, must already perform an observable random motion that is produced by thermal motion. Such movement of suspended bodies has actually been observed by physiologists who call it Brownian molecular motion. The fourth paper is only a rough draft at this point, and is an electrodynamics of moving bodies which employs a modification of the theory of space and time.16





The first paper that Einstein describes made a theoretical case for light being in the form of discrete particles of energy then called “quanta” (later known as photons) and arguing that the wave effect of light was actually the observation of averages of where those particles were at any point in time. He performed some basic empirical tests that yielded results consistent with his hypothesis. The implications of quantum mechanics would eventually overthrow much of classical physics, but in 1905 it was only a hesitantly considered idea. His second paper on the size of molecules underwent a few rounds of corrections before being submitted as a doctoral dissertation to Dr. Kleiner at the Zurich Polytechnic. This paper earned Einstein his doctorate in April 1905. In May his third paper created quite a stir by providing a theoretical reasoning for the empirical observation of Brownian motion, while at the same time providing a compelling argument that Avogadro’s number could be determined from observations with an ordinary microscope. His paper was widely considered by the physics community to be astonishing and impressive.


Around this time Einstein started to experience a “state of psychic tension” about the conflict between Newton’s laws and Maxwell’s equations: “At the very beginning, when the special theory of relativity began to germinate in me, I was visited by all sorts of nervous conflicts.… When young, I used to go away for weeks in a state of confusion.”17 Although Einstein was interested in the work of both Newton and Maxwell, he knew that their ideas were incompatible. As he would later note, “[T]he constancy of the velocity of light is not consistent with the law of the addition of velocities.”18 This problem gnawed at him, and he spent almost a year trying to resolve it. He had almost given up on it when his “aha!” moment came. He suddenly realized that there was no such thing as absolute time and thus no such thing as absolute simultaneity; there was no ether (the substance that nineteenth-century physicists believed filled all of space and enabled propagation of electromagnetic and gravitational forces), no absolute rest: time is relative based on an observer’s motion, and so is space. He made his arguments by means of thought experiments involving moving trains and clocks (it is probably not inconsequential that he lived next to the Bern train station and was at the time receiving a flood of patent applications at the patent office directed at finding a way to synchronize clocks with an electrical signal).


He came to his insight by casting off Newtonian misconceptions that had held back his contemporaries such as Lorentz or Poincaré, who had come close to the realization made by Einstein but never made the full leap.19 In other words, his insight was made possible precisely because he was able to disregard accepted wisdom. Einstein believed in the existence of simple, harmonious, universal principles. He thus preferred a theory that could sweep away the clutter of fuzzy and thus-far-unverified assumptions such as the existence of ether. Einstein also worked in isolation, away from other scholars and university libraries, so there is some speculation that he may not have even been aware of all of the work of Lorentz and Poincaré. Perhaps more importantly, his rebellious nature and his fundamental belief that deference to authority was a corruption of the human spirit meant that for Einstein, pursuing the discovery of truth was far more important than showing deference to other physicists by adhering to old principles. Theoretical physicist Freeman Dyson described the situation as follows:




The essential difference between Poincaré and Einstein was that Poincaré was by temperament conservative and Einstein was by temperament revolutionary. When Poincaré looked for a new theory of electromagnetism, he tried to preserve as much as he could of the old.… Einstein, on the other hand, saw the old framework as cumbersome and unnecessary and was delighted to be rid of it. His version of the theory was simpler and more elegant. There was no absolute space and time and there was no ether. All the complicated explanations of electric and magnetic forces and elastic stressed in the ether could be swept into the dustbin of history, together with the famous old professors who believed in them.20





As one of his biographers put it, “His early suspicion of authority, which never wholly left him, was to prove of decisive importance, for without it he would not have been able to develop the powerful independence of mind that gave him the courage to challenge established scientific beliefs, and thereby revolutionize physics.”21


Einstein published his special theory of relativity in June 1905. Then, in a state of exhaustion, he took to his bed for two weeks. (In September he would write a three-page paper with one more consequence that occurred to him from his special theory of relativity—namely, that mass m was a measure of the energy E contained within it, and the relationship between speed and mass was E=mc2, with c referring to the speed of light.)


Throughout his life, Einstein possessed a child’s gift of awe at the wonders of the universe, and he had the ability to “hold two thoughts in his mind simultaneously, to be puzzled when they conflicted, and to marvel when he could smell an underlying unity.”22 Einstein was driven to find unifying theories—he believed that a harmonious reality was the basis of the laws of the universe and that science’s goal was to discover it.23 He could often sense when there was a simpler, unified answer to problems that were assumed to be separate. For example, he intuitively understood that gravitational force and inertial force must be definable by a single explanation. It should not be surprising that after completing his special theory of relativity, he immediately began to work on generalizing it so that it could handle changes in velocity or direction.


Despite his astonishing productivity (he published sixteen papers during 1906 and 1907) and the irrefutable impact he was having on physics, he still had difficulty attaining an academic post. He had not made many friends while at Zurich Polytechnic, and his teaching—demonstrated when he lectured as a privatdozent at the University of Bern—left much room for improvement. These personal deficiencies, combined with the anti-Semitism pervasive in European society at the time, created an uphill battle for Einstein. Finally, in 1909, with the support of his former professor Alfred Kleiner, the faculty of Zurich Polytechnic voted to award Einstein a professorship. He would go on to become one of the most famous scientists of all time. He would also leverage his fame to promote pacifism, disarmament, and the abolition of compulsory military service. He was a worldwide celebrity, revered both for his profound intellectual contributions to science and his effort in working toward a kinder, gentler world, even though in many ways he was a detached observer of it. As described by his friend Thomas Bucky, “He had a shy attitude toward everybody. He was gentle, considerate of others, and the opposite of pompous. But I never heard even a close friend call him by his first name. When someone did treat him with undue familiarity, he would shrink back.”24 As we shall see later in the chapter, this detachment is likely to have played multiple roles in helping Einstein to develop his breakthrough ideas.
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MARIE CURIE, WHOSE STORY is told in Chapter 6, is also a poignant example of separateness and isolation. She discovered radium and polonium, and she identified radioactivity as an atomic property. She was the first woman to earn a Nobel Prize, she was the first person ever to win Nobel Prizes in two different fields, and she is likely the most famous female scientist of all time.


To say that Curie was an exceptional student is to understate it—she learned to read so early that it stunned family and friends, and she was the top student of her class all through school despite also usually being the youngest. However, women could not attend university in Poland. Thus, after graduating from the gymnasium she began to focus on self-education, reading science, politics, literature, poetry, and more, while developing a plan to further her educational career. She took a job as a governess in Szczuki, a rural town roughly fifty miles north of Warsaw, hoping to raise enough money to eventually help both her and her sister go to France to attend the Sorbonne. In the meantime she diligently pursued an educational curriculum of her own design, as she described in a letter to her cousin Henrietta:




At nine in the evening I take my books and go to work, if something unexpected does not prevent it.… I have even acquired the habit of getting up at six so that I work more.… At the moment I am reading:


1. Daniel’s Physics, of which I have finished the first volume,


2. Spencer’s Sociology, in French;


3. Paul Bers’ Lessons on Anatomy and Physiology, in Russian.


I read several things at a time: the consecutive study of a single subject would wear out my poor little head which is already much overworked. When I feel myself quite unable to read with profit, I work problems of algebra or trigonometry, which allow no lapses of attention and get me back into the right road.25





She also wrote that she had “acquired the habit of independent work,”26 a habit that would enable her to challenge accepted practices and paradigms and would help develop her ability to make her profound discoveries later in life.


During this period Curie also began to gain more awareness of her own sense of disconnect from the social expectations of young women. She was shy and uncomfortable when meeting new people. She disdained small talk and refused to go to the dances that other young women her age were attending. Separateness would become a defining characteristic of her nature, even after she managed to get to the Sorbonne, where she lived (according to her daughter Eve) “a Spartan existence, strange and inhuman.”27 She avoided friendly meetings and other human contact, and similarly rejected material wealth, thinking it of no importance. For fifteen or twenty francs per month, she rented a small attic without heat, lighting, or water. She would subsist for weeks at a time on only buttered bread and tea. Her entire life was organized around her work at the Sorbonne, and on more than one occasion she fainted at her lab table and had to be reminded to rest and eat.


Even after falling in love and marrying Pierre Curie, she lived a socially isolated life. She had found her match: he was not only brilliant, but he also shared her lack of interest in the social world. As Pierre once wrote, “We dreamed of living in the world quite removed from human beings.” Their daughter Eve wrote about her parents, “United by their tenderness, united by their intellectual passions, they had, in a wooden shack, the ‘anti-natural’ existence for which they had both been made, she as well as he.”28 In her obsession with her work, Marie chose to relinquish much of her child-care duties to Pierre’s father, a cheerful and loving man without whom the daughters would have led bleak lives.29 Although her daughters expressed great adoration and respect for their mother, they also suffered from her insensitivity and neglect. Marie carefully monitored their education and development but gave them scant time and even less overt affection. In a biography that Eve would later write about her mother, she describes her as a person who was fragile yet determined, generous yet austere, lonely yet always painfully distant: “Marie had no time to give to friendship or to love. She loved mathematics and physics.” However, Eve appears to justify her mother’s behavior when she notes that “In all ages women who burn to become great painters or great musicians have disdained the norm, love and motherhood.”30


Like Einstein, Curie was aware of her unconventionality and self-imposed isolation. She also knew that the way she had lived her life was not for everyone, telling Eve, “It isn’t necessary to lead such an anti-natural existence as mine.… I have given a great deal of my time to science because I wanted to, because I loved research.”31


As later chapters will indicate, all the breakthrough innovators I studied (with the notable exception of Benjamin Franklin) exhibited this marked sense of separateness as an integral part of their nature. This is not to be confused with the personality trait that psychologists call “introversion.” Introverts are said to be reflective, reserved, and predominantly interested in ideas and their own mental self than action. Extroverts, on the other hand, are said to be sociable, energetic, and often assertive and outspoken.32 None of the innovators studied here fit neatly into these categories, and certainly many of them would be characterized as assertive or outspoken—sometimes even domineering. The sense of separateness exhibited by the innovators is not reserve; rather, it reflects the degree to which they felt they did not belong to, or were not a part of, the social world around them.


Steve Jobs perceived himself as different from his peers and family, in part because of the angst he suffered from the knowledge that his birth parents gave him up, in part because he realized at a young age that he was more intelligent than his parents, and probably in part because his strong-willed and somewhat abrasive personality made it difficult for him to sustain intimate friendships. Chrisann Brennan, his first girlfriend and the mother of his first child, notes how even in high school Jobs was “disconnected and awkward” and that he had “a mix of genius, authenticity, and emotional woodenness.”33 Thomas Edison was born with an “abnormally large though well-shaped head,” and doctors feared he might have some type of problem with his brain. Because of his presumed delicacy, he was sent to school for only three months of his life. While other boys were playing sports, Edison spent nearly every free moment in a laboratory he had set up in the cellar of his parents’ home. Later in life he would be described by more than one biographer as “jocular,” and he was a known lover of pranks. He also spent most of his life in his laboratory, where he was surrounded by his large team of employees. However, he also became mostly deaf, and this condition made him uncomfortable in social situations (although he saw it as a great boon to his ability to focus). He later married and had children but was chronically preoccupied with work and spent most nights in its laboratory, neglecting his family.34 As his second wife, Mina, wrote of him, “Mr. Edison has few friends. Because of his work he has had to live a great deal by himself and in himself—shut out from the social contacts open to most men.”35


Nikola Tesla, whose life is discussed at length in Chapter 3, similarly worked alone and obsessively, mostly at night, with little social interaction and few friends. In a statement that is remarkably similar to remarks made by Einstein, he told his father, “It is not humans that I love, but humanity.” Although he had the ability to be a charismatic storyteller, he was also noted for having poor social skills and being extremely unconventional. For example, he wrote at length about his love for a pigeon that he believed to be his soul mate. In 1895 a New York Times article described him: “He seems to be a man who dwells apart. He has no kith or kin in this country, and only a few friends who share his confidences. Even in moments of closest social intercourse he will become abstracted, and there is never a time when he would not prefer his laboratory to any other spot on earth.”36


Even Elon Musk, the boy wonder behind SpaceX and Tesla Motors, exhibits this sense of separateness. According to his mother, as a child Musk was the smallest in his class, was a “super nerd,” and was often bullied. He is repeatedly described as “bookish.” His family had also moved frequently (Musk went to seven different schools growing up), making it even more difficult for him to build strong social connections. Musk notes that he “never truly had a chance to make friends.”37 He responded to this sense of separation by escaping into books (Jules Verne and J. R. Tolkien were favorites) and computer programming, ultimately writing and selling his first video game at the age of twelve.


It is difficult to know to what degree these individuals experienced a sense of suffering or regret from their separateness—what people feel may not be what they convey publicly. For example, Eve Curie’s description of her mother paints a picture of a terribly sad and lonely woman, but Marie Curie’s own writings indicated that she experienced a sense of bliss in her self-imposed isolation and immersion in work—at least until Pierre’s death. Of the innovators studied here, only Einstein extensively reflects on his separateness in a written form to which we have access, and although his expressions include a discernible twinge of melancholy, for the most part he confidently extols the importance of such independence. Einstein is famously quoted as having said “It is strange to be known so universally and yet to be so lonely.” Yet in writing about his detachment he noted that it was extremely important for his ability to think independently: “The really valuable thing in the pageant of human life seems to me not the State but the creative, sentient individual, the personality; it alone creates the noble and sublime, while the herd as such remains dull in thought and dull in feeling.”38


By nurturing the independent thinking of the breakthrough innovators, separateness helped them to generate and pursue big and unusual ideas. By not belonging, they were buffered from the norms that help to bring groups of people to consensus and foster cooperation. When separateness is a result of, or results in, social isolation, individuals are less exposed to conventional wisdom; their ideas can develop less contaminated by those shared by the crowd. Furthermore, perceiving oneself as separate can also make an individual more prone to resisting conventional wisdom even if amply exposed to it. When an individual is not well integrated into the social fabric, there is less to lose by being unconventional. In fact, being unconventional or iconoclastic can become an important part of an individual’s identity. These dynamics are vividly illustrated by the lives of serial breakthrough innovators: Einstein was initially shunned by academia and was subsequently able to reject established ideas about ether and absolute time that held back Lorentz and Poincaré; Edison was kept out of grammar school and learned to trust only those things he could prove himself; Curie intensely pursued self-education because women were not allowed in universities in Poland, and she consequently acquired the independent thinking and resolve that were the wellsprings of her success; Jobs felt “abandoned, but special”39 because he knew that he’d been put up for adoption and that he was smarter than his adoptive parents, and he consequently decided that the rules other people lived by did not apply to him. Rejecting the constraints of what other people deemed impossible was fundamental to his inspiration to build computers in a garage and to his commitment to put “1,000 songs in your pocket.”40


Many things can give rise to a sense of separateness. An individual might be physically or socially isolated because of circumstances in childhood. Tesla was emotionally abandoned by his parents for a while after his brother’s death, and he was later confined to bed for nine months with cholera. Separateness can also have a physical origin, such as physical disabilities or mental disorders. Edison’s hearing impairment made him not only uncomfortable in social gatherings but also extremely reluctant to speak in public.41 Charles Darwin appears to have suffered from extreme anthrophobia (fear of social contact) that made him avoid contact even with his close family members.42 Economic, cultural, and language barriers can also create a sense of separateness, offering a partial explanation for why immigrant communities are so often identified as a source of innovation and entrepreneurship: if the “typical” route to prosperity is not available to an individual or a group, they may be more likely to pursue “atypical” routes. Many studies show that immigrants start up new companies at twice the rate of natives, in part because traditional employment opportunities are often not available to them and in part because of different attitudes about risk that are both cause and consequence of leaving the home country and starting over in a new one. Sergey Brin, cofounder of Google, emigrated to the United States with his family at the age of six—Russian Jews were among the few who were allowed to leave the Soviet Union. As he describes it, “The US was very good to us. It was a great place, but we started with nothing. We were poor.… When we first moved to the States we rented a little house, and my parents didn’t have a proper room to sleep in. They had to wall off the kitchen. It was a very humble beginning.… We learned to get by. I think being scrappy and getting by is important.… The most important thing in the background [of being Jewish]—of just having gone through hardship and being able to survive and thrive. I think that’s at the core of the Jewish experience.”43


A sense of separateness can also be self-reinforcing: individuals who perceive themselves as not fitting in may socially isolate themselves because of shyness or fear of rejection. They may not develop social skills that make it easy for them be comfortable in social settings and may also experience failed social encounters that cause them to retreat still further. Others may have excellent social skills but use them only in selective occasions (both Jobs and Einstein were noted as being capable of exceptional charisma yet were also famous for their detachment and for their rejection of social norms). Such people may become so accustomed to doing things their own way that conforming to the structure or routines of others is difficult or irritating for them. On a more positive note, they may also learn to relish and make productive use of their time alone.


These latter two points may explain why so many of the most famous innovators struggled with (or skipped) formal schooling but keenly pursued self-education. Albert Einstein, as described previously, was a difficult and irregular student who graduated at the bottom of his class but studied intensively on his own. Steve Jobs and Dean Kamen both dropped out of undergraduate programs. Jobs famously said that “looking back it was one of the best decisions I ever made. The minute I dropped out I could stop taking the required classes that didn’t interest me, and begin dropping in on the ones that looked far more interesting.”44


Kamen, who is probably best known for inventing the Segway personal transporter (his most famous though not most successful invention), also developed the first portable drug infusion pump, the first portable kidney dialysis machine, several prosthetic limbs, and the iBot, a wheelchair that can climb stairs. He is widely regarded as one of the most accomplished electromechanical engineers in the world and is often compared to Thomas Edison and Henry Ford.45 He has won many awards (including the US National Medal of Technology and the United Nations Global Humanitarian Action Award) and has received roughly a dozen honorary doctoral degrees despite having never finished an undergraduate program. Kamen had earned mediocre grades in middle school and high school, and had frequent conflicts with his teachers. He resented being told what to do and would argue with them over the way they taught math and physics. He also frequently refused to answer test questions, explaining, “I decided taking a test is a fool’s errand. Because the ones you know the answer to, don’t waste your time writing down. And the ones you don’t know the answer to, why shine a bright light on how stupid you are?”46 Later, when he was enrolled at the Worcester Polytechnic Institute, he refused to go to classes: “I said, ‘I’m paying my tuition to have the entire faculty as business consultants. I recognize that is not consistent with your model, which is, You know better than I and I have to take this much math and these electives, and all that stuff is valuable, but right now I’m focused, I’m allowed to make a rational decision, I can pay you this tuition and avail myself of this extraordinary faculty, but I’m not going to waste my time in class because the opportunity costs would be too high.’”47 He ended up dropping out before graduating but remained an avid reader of science texts.


Elon Musk and Sergey Brin both dropped out of doctoral programs. Musk’s approach to his early schooling was utilitarian: he excelled in classes that appealed to him and ignored the others. As he puts it, “I just look at it as ‘What grades do I need to get where I want to go?’ There were compulsory subjects like Afrikaans, and I just didn’t see the point of learning that. It seemed ridiculous. I’d get a passing grade and that was fine. Things like physics and computers—I got the highest grade you can get in those.”48 He also noted, “When I went to college I rarely went to class. I’d just read the textbook and show up for the exams.”49 Although he earned excellent grades and was admitted to Stanford’s doctoral program in physics, he dropped out on the second day after deciding he would rather spend his time revolutionizing methods of payment and banking. Brin has a similar story. Bored in high school, he dropped out a year early and was accepted by the University of Maryland. Like Einstein, he had a tendency to correct his professors; unlike Einstein, his quieter and more studious demeanor did not inspire the rancor that Einstein’s careless wit had provoked. He graduated with a dual degree in math and computer science in 1993 and went straight into the Stanford doctoral program, where he passed all of his qualifying exams within the first couple of months (most students do not take the exams until their third year). Brin thus didn’t need to take any classes—he just needed to write a thesis to graduate. Instead, Brin worked on various projects that interested him (one of which was with Larry Page and evolved into the Google search engine) and never bothered to complete the thesis.


Some breakthrough innovators had almost no formal education. For example, Benjamin Franklin went to school from the age of eight to ten and was almost wholly self-educated. Thomas Edison, despite his mere three months of grammar school, was a voracious reader and by the age of twelve had read Gibbon’s Decline and Fall of the Roman Empire, Hume’s History of England, Sears’s History of the World, Burton’s Anatomy of Melancholy, and the Dictionary of Sciences.50


When people see that brilliantly successful people drop out of school, many infer that education had nothing to do with their success or was even an impediment. However, that is far from the case. All of the breakthrough innovators I studied invested heavily in self-education. They were avid consumers of knowledge, but they followed their own rhythms rather than an instructor’s pace. They went deeply into a topic or broadly across topics they chose rather than following the path of a syllabus. They were fueled by intrinsic motivation—a true love of learning—even if they had no love for school.
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“Spellbinding stories about eight amazing mega-innovators.”
—ERIK BRYNJOLFSSON, coauthor of The Second Machine Age
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