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Praise for The NeuroGeneration

“We’re on the cusp of some of the most significant advancements in brain science—and in brain enhancement—in all of human history, and Tan Le has her finger on the pulse of these developments. Her book The NeuroGeneration is a smart, compelling, must-read that will take you on a tour through the most exciting neurotechnologies that will reshape humanity. You won’t be able to put this book down, and you won’t be able to stop talking about it afterward.”

—Klaus Schwab, founder and chairman, World Economic Forum

“Tan Le has reinvented her reality—as an immigrant, an entrepreneur, and a visionary—and now she’s reinventing ours. Her own breakthroughs in neuroscience are literally unlocking the power of our minds, creating a platform for the world to create a better future. This book is an extension of her efforts to further our understanding of how the brain works and deepen our appreciation for the limitless possibilities ahead. And like everything Tan does, it’s both exciting and inspiring.”

—Zenia Mucha, chief communications officer, The Walt Disney Company

“This book should not be missed by anyone with a brain, or by anyone who is curious about the healing power of the brain! The NeuroGeneration offers inspiration and hope for a more powerful mind and sheds light on possibilities that seem like sci-fi but are actually in the works.”

—Roger Craig, three-time superbowl champion (XIX, XXIII, XXIV)

“Our species’ future is already scattered in labs and companies around the globe, and Tan Le—an amazing writer, thinker, and entrepreneur—shores up the pieces to reveal a new architecture. This book is a page-turning, electrifying ride into the technology that surrounds us, and how it interfaces with the three-pound organ inside us.”

—David Eagleman, neuroscientist at Stanford University, New York Times bestselling author

“Most books about innovation are written by people who stand on the balcony and observe it. The NeuroGeneration is different. Tan Le is one of the great innovators of this generation. She is creating the future and taking us along for the ride. I don’t know which is more extraordinary, the story of how Tan Le’s company EMOTIV is changing what is possible or the story of her life. The NeuroGeneration is a must-read for those of us who believe that innovation actually is about mind over matter.”

—Jeff DeGraff, “The Dean of Innovation,” professor, Ross School of Business, University of Michigan

“As scientists continue to unlock the mysteries of the brain, innovators are developing cutting-edge neurotechnologies that have the potential to reshape humanity. Yet these advances also create serious new challenges our society has never faced before. Tan Le unpacks both sides of this watershed era in the The NeuroGeneration—an exciting book that couldn’t be more timely . . . or important.”

—Michael McCullough, M.D., M.Sc., founder and president, BrainMind
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To my newborn daughter,

Ai Le Hatala, who will grow up in the

NeuroGeneration, and to my mother,

Mai Ho, whom I hope will benefit

from the advances we are pioneering

in the field of neurotechnology so

that she will stay cognitively fit and

healthy for decades to come.
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INTRODUCTION

ON A CRYSTAL-CLEAR DAY on a speedway in Brazil in 2017, Rodrigo Hübner Mendes took a deep breath and revved the engine of a bright blue Formula 1 race car. The engine’s throaty growl suffused his senses as he sat in the driver’s seat waiting for the “go” sign. A mix of excitement, fear, and curiosity welled up inside him, and his heart thumped so hard in his chest, it felt like it might explode. The CEO of a Brazilian nonprofit, Mendes had spent weeks training for this moment, a feat that was the brainchild of Brazil’s largest broadcast network, TV Globo.

When he got the okay, he accelerated, roaring down the track. As he came upon the first tight curve, a thought flashed through his mind: This is it, the moment of truth. Could he maintain control of the car? It wasn’t smooth, but he managed to bank around the hairpin turn without crashing. Exhilarated, he continued around the course, completing three laps before passing the finish line as a checkered flag waved him in.

This would have been an exciting experience for anyone who has ever dreamed of driving a race car, but for Mendes it was something far more special. In fact, he had just accomplished a feat no one else ever had.

He’d driven a race car using only his thoughts.

Mendes, then age forty-five, is a quadriplegic who lost the use of his arms and legs after being shot during a carjacking when he was just eighteen years old. The customized car he drove had no pedals and no steering wheel. Instead, it was equipped with an onboard computer that translated mental instructions into mechanical action. Mendes directed it thanks to a one-of-a-kind helmet outfitted with EEG-powered technology to capture his brainwaves. When Mendes wanted to speed up, his brainwaves told the car’s computer to do so, and it propelled the vehicle forward. When he wanted to turn right or left, the computer interpreted his thoughts and angled the massive tires in that direction.

Mendes’s incredible feat quickly became a viral sensation. It signaled thrilling new possibilities for people with disabilities, and it offered a captivating glimpse into the future of the human brain.

Fast-forward several months to Buenos Aires, Argentina, where a veritable brain trust of the world’s most promising young scientists, CEOs, government leaders, intellectuals, and media gathered for the Young Global Leaders Summit. As a female inventor, tech entrepreneur, and CEO myself, I was attending as a member of the YGL community, which includes over eight hundred innovative, enterprising, socially minded emerging leaders from all walks of life. At dinner, I noticed a gregarious man in a wheelchair on the opposite side of our large, round table. After he left, the woman seated next to me leaned over to ask if I knew him. When I shook my head, she told me his name and said he had recently made headline news when he drove a race car with his mind. He had accomplished this, she told me, thanks to some type of special technology that read his brainwaves.

I said goodbye to my dinner companions and hurried out to see if I could find him. There he was at the valet station, waiting for a special vehicle to pick him up. I ran up to him and told him I was curious about the mind-control helmet he’d worn. He took one look at my name tag and shouted my name with an exuberant grin.

At that moment, we knew we shared a special connection.

The device Mendes had worn to drive his race car in Brazil used cutting-edge, EEG-based brainwear—developed by my company, EMOTIV, which is headquartered in San Francisco but whose development team extends to Sydney, Australia, Hanoi, and Ho Chi Minh City, Vietnam. Helping people like Mendes use their minds to overcome physical limitations was just one of our motivations behind creating the technology. We also designed the platform to aid worldwide neuroscience research, and to take that research one step further toward enabling people everywhere to supercharge their mental capacities.

I’ve been fascinated by the brain, technology, and the promise of the future ever since seeing Star Wars as a child. I can vividly remember watching the scene in which Jedi-in-training Luke Skywalker practices defending himself with a lightsaber against the unpredictable blasts from a humming, hovering training ball. He’s terrible at it. His mentor, Obi-Wan Kenobi, reminds Luke that “a Jedi can feel the Force flowing through him,” and has Luke put on a helmet before he tries again, telling him to “let go your conscious self and act on instinct.” Luke protests that he can’t see with the helmet’s blast shield down. “Your eyes can deceive you,” says Obi-Wan, instructing the young Jedi. “Stretch out with your feelings!” Only when Luke lets his mind take over does he successfully anticipate the moves of the ball.

Later, in The Empire Strikes Back, Luke’s X-wing starfighter crashes and sinks to the bottom of a swamp, leaving him stranded, along with astro droid R2-D2 and legendary Jedi Master Yoda. To Luke, the situation seems hopeless, until the small but powerful Yoda raises a hand, points his gnarled fingers toward the muck, and lifts the spacecraft from the murky swamp with his mind. “I don’t believe it,” says Luke, and Yoda responds, “That is why you fail.” This is when it finally dawns on Luke that the only way he will ever be able to access the full power of the Force is if he truly believes in the power of his mind.

It was scenes like these that opened my own mind to the idea of a future world in which seemingly impossible things—like using thoughts to control objects—might not always seem so impossible. Translating that big-screen fantasy into reality became an obsession of mine; I dreamed of transforming people’s lives for the better by helping them achieve more than they had believed possible.

I already knew that lives could be transformed in this way. I’d seen it in my own family.

From Refugee to Neurotechnology CEO

My earliest memories are of a boat—the rhythmic thrum of the engine, the bow dipping bravely into the rough waters, the vast and empty horizon. Disguised as a fishing vessel, a 21-meter tugboat nosed its way off the coast of Vietnam and out into the South China Sea under a pitch-black sky at three o’clock in the morning. It was 1981, six years after the fall of Saigon had marked the end of the Vietnam War; I was four years old. I huddled with my mother, grandmother, and little sister in that boat, crouching to stay out of sight—as did the other 150-plus people crammed on board.

All the adults knew the risks of the voyage: capture and a lifetime of misery in a Vietnamese prison camp; a failed engine and a lingering demise at sea; storms and drowning; and, perhaps worst of all, pirates, which for the women and girls on board would mean rape, and for all a violent death. Like most of the grown-ups on our journey, my mother had tucked away a small vial of poison. She and my grandmother had made a pact: if we were captured by pirates, my sister and I would drink from the vial first, then they would swallow the last drops.

My father had stayed behind so he could care for us in the event that we were captured, returned to Vietnam, and imprisoned. He planned to follow on a separate boat in the following weeks when the chance of us being returned to Vietnam was no longer a possibility. Unbeknownst to us, before he could make the voyage, he was captured by Vietnamese officials for organizing and attempting escapes out of the country. I did not reconnect with my father and learn of his story until I was twenty-one years old, visiting Vietnam as a Goodwill Ambassador for Australia. That’s when I discovered he had spent ten years in jail isolated from the outside world, attempted suicide, and was eventually released, a sick and broken man, to piece together another life.

I don’t remember seeing any pirates on our voyage, though my mother tells me they circled us many times but were wary of the steel-hulled tugboat. I don’t recall the engine dying or the rising panic as it failed to start back up time and time again for six long hours. But I do remember running out of food and water after five days at sea. And I’ll never forget gazing out into the endless blackness and then, all of a sudden, seeing stars everywhere—not above but right in front of us. They were the bright lights of a British oil tanker, and the tanker’s crew gave us two options: they could help us navigate to Malaysia, or we could intentionally sink our boat and send an SOS signal so they could legally take us on board.

The choice fell to my mother. After all, the boat belonged to my family. We had put up everything we owned to organize the escape, including recruiting the navigator, ship captain, and crew, as well as bribing officials.

It took only a second for my mother to decide. With the tugboat disappearing below the water, we were hoisted onto the tanker’s deck. We were saved! But not everyone made it off the boat alive. One young man collapsed and died as we were being transported to the tanker, the treacherous journey too much for him. I’ll never forget the apple the men on the oil tanker gave me. I was so hot, hungry, and thirsty, the flavor seemed to explode onto my taste buds. No apple since has ever tasted as sweet.

After three months in a Malaysian refugee camp, we were given political refugee status and offered the opportunity to settle in a country of asylum. My family voted and chose to go to Australia based on the words of my grandfather before he died: “Australia is a young country with lots of land.” (He thought we could start a new life as farmers there.) We started our new life in Footscray, an inner-western working-class suburb of Melbourne teeming with layer upon layer of immigrants. We were four women across three generations living in the same house, with three of us—my mother, my sister, and I—sharing one bed. My mother arrived with nothing: no money, no English, no qualifications, no husband. But she was safe, and determined to give me and my sister more than she’d had, something better. For the first time, her world wasn’t dominated by terrifying risks, but rather seemed filled with endless possibilities.

The possibilities were harder for me to see at first, as I endured the humiliations so familiar to many migrant kids—the teasing about the “smelly” homemade Asian lunches I brought while other kids ate Vegemite sandwiches, the rare but searing chants of “slit eye,” and the occasional graffiti demanding, “Asians, go home.” Go home to where? I thought. I never fit in, or developed a strong sense of belonging. It was extremely painful at the time, but my lack of a comfort zone also pushed me to embrace uncertainty and, later, would give me the courage to venture into unknown territory.

In those early days, my mother held a series of punishing jobs, leaving home before dawn and putting in double shifts six days a week to make ends meet. And although we were poor, she always managed to find the money to cover the costs of extra instruction in English, mathematics, and music for my sister and me. But that meant other expenses didn’t make the cut. Our clothes were secondhand: two pairs of stockings for school, layered to hide the holes in each, and a school uniform that fell to the ankles instead of the knees because it had to last for six years. Despite my failure to fit in, I loved school, especially the science and math classes where my inner nerd could shine. I had a real thing for cars and robots and still dreamed about moving objects with my mind. The classroom was my laboratory.

Within a decade, my mother had opened a nonprofit center to help other refugees find their footing in their new home. As a teenager, I volunteered at the resource center, offering translation services, helping immigrants find vocational training and work, and, after I’d started law school, guiding them in navigating the Australian legal system.

In my last year of law school, I was recognized for these community service efforts and named the 1998 Young Australian of the Year, a prestigious national award that thrust me into the limelight. To say I was shocked is an understatement. Why me? I wondered. I wasn’t an Olympic athlete, an entrepreneur, or an award-winning musician like so many of the recipients before me. I was just a poor immigrant kid from Footscray helping other refugees like myself. For me, this honor was like being thrown into the deep end of the pool when you don’t know how to swim.

After winning the award, I existed in parallel worlds. In one, I was an ordinary student living daily life as part of a working-class family—my mother, sister, and I were still sleeping in the same bed!—while in the other, I was being lauded at events full of incredibly successful people and being invited to speak in venues I had never even heard of. In the first world, I was myself; in the second, I felt like a fraud, an imposter. At these posh events I simply smiled and agreed with anything anyone said, because I was terrified. I didn’t know the protocols. I didn’t even know how to use cutlery. But when I told my mother I couldn’t do it anymore, she reminded me that I was the same age she had been when we boarded that boat and set off on the South China Sea, risking our lives and launching ourselves into the unknown. “I can’t” had never been an option for her. “Just do it,” she told me, “and don’t be what you’re not.”

So, I kept accepting invitations, but I stopped smiling and agreeing, and I started speaking out: on youth unemployment, double standards in education, and the neglect of the marginalized and disenfranchised. And the more candidly I spoke, the more I was asked to speak—at high-level gatherings and think tanks, and at schools and service clubs. As a result, I had the chance to meet an incredible variety of people, from professional athletes and musicians to high-flying executives and brilliant scientists. Those that stuck with me were the ones who’d found success doing something they loved, living on the frontiers of possibility. My mother had always told me success meant one of two things: being a doctor or a lawyer. Both careers would allow me to help others and make a positive contribution to society. It was implied but never directly spoken that they could also provide financial rewards. Of the two, I had chosen lawyer (despite my love of science) because I got queasy at the sight of blood. I graduated law school and started my career, but I could tell the law was the wrong fit for me, and those I’d encountered as my world expanded had opened my eyes to a new view of success.

I thought of the amazing individuals I had met who were making their mark in unconventional ways, and after a few years I listened to my intuition, followed their lead, and quit my job. It was one of those “now or never” opportunities to hit the restart button, before I had a mortgage or other responsibilities that would lock me into a career I didn’t want. I remember the moment I mustered the courage to tell my mum about my decision. I was on a trip as a Special Visitor to the U.K. as a guest of the British High Commission and Foreign Commonwealth Office in 2000, and she was with me. I spilled the news, and then held my breath. Her response took me by surprise. She said I was able to make choices for myself and that, no matter what, I would always have her support.

With that green light, I forged ahead, assembling a team of people I had met through my travels and speaking engagements—people like me for whom the words “it can’t be done” were an irresistible challenge. I rented a town house, where some of us lived together, and we got to work.

For a year, we were penniless. I borrowed $5,000 from a mentor to avoid eviction. Each night I made a huge pot of soup that we all shared. It was the height of the tech boom, and we were brainstorming ways to make some small contribution to our new Information Age. We pushed and probed and explored well into each night. Most of our ideas were crazy, but a few were brilliant.

In 2001, we broke through with a successful tech business—the first to introduce SMS voting on TV. That opened the door to deals to expand the service throughout Australia and in Southeast Asia. We ended up selling this business in 2003, and I found myself once again at a crossroads. I was in the privileged position of having options. I could try to repeat the success of my first venture and build another piece of information technology at the application level, or I could return to the law and my earlier goal of becoming an advocate for those in need.

But when I considered what was truly important to me, neither of these routes felt really satisfying. My main motivation had always been—and still is—to make my life meaningful, to make a positive impact by creating something that didn’t exist before, that would improve the state of the world. Fundamentally, I wanted a project that was worthy of the great sacrifices my family had made to give me the opportunities I’d had in my life.

One night during a dinner with friends, we began talking about the brain, its central place in the human experience and its incredible capabilities. Research into neuroplasticity was revealing the extent of the brain’s potential for change; tapping into that potential could give us the ability to reshape ourselves and our thought processes, to improve our health and extend our lives, and to enhance and augment the ways we interact with the world and others around us. That conversation ran on late into the night.

Over the next few weeks I found myself returning to the subject again and again, captivated by the possibilities and challenges of enhancing the most powerful and mysterious object in the universe. It became clear to me that I had found the fuel for my fire. I wanted to be a part of the future of the human brain, and as Alan Kay once said, “The best way to predict the future is to invent it.”

So, I started inventing.

Welcome to the NeuroGeneration

Since the night that discussion with friends flared into inspiration, I have devoted my life to advancing the understanding, enhancement, and augmentation of the human brain. In the past fifteen years, I’ve become an award-winning inventor with multiple patents in the field of neurotechnology; my company’s brainwear, which has been cited in over 4,000 publications and distributed in more than 120 countries, is tapping into the power of the human brain to push the boundaries of our cognitive powers. It’s what helped Rodrigo drive that race car with his thoughts, and it’s being used in worldwide neuroscience research to further our understanding of the brain and our ability to treat its disorders.

I’m one of a growing cadre of neurotechnologists, neuroscientists, and other innovators who are harnessing advances in research and technology to usher in a new era I call “the NeuroGeneration.” Don’t mistake this moniker for a reference to our youngest population, the kids who are seamlessly growing up with new technology. The NeuroGeneration is an all-encompassing age of unprecedented change in the way we use and understand the brain that may forever alter what it means to be human. It will touch all of our lives, whether we actively participate in it or not.

With the transformation of the human brain coming at such a blistering pace, we find ourselves at a major inflection point in human history, on the precipice of massive disruption not only in the way we think and learn as individuals, but also in the way we do business and lead as societies. Professor Klaus Schwab, the founder and executive chairman of the World Economic Forum (WEF), coined the term “the Fourth Industrial Revolution” to define this emerging era, characterized by the increasing integration of the physical, digital, and biological realms. Although we can’t envision all of the ways this integration will impact our world, we’re already seeing dramatic changes in healthcare, education, transportation, finance, security, entertainment, and media, to name just a few. For instance, the medical community is already embracing artificial intelligence (AI) and machine learning to help detect cancerous tumors, and self-driving cars are already hitting the United States’ highways.

As an inventor and entrepreneur in this field, I understand that our creations hold great promise but also pose risks—physical, psychological, and ethical. The promise of a superhuman brain is also linked to a potential for peril; there is always the possibility that some of these futuristic technologies could be misused. Governments need to jointly develop unified policies about how to foster and regulate AI and other brain-augmentation technologies to ensure they serve the greater good. Nations will have to rethink education systems, healthcare systems, labor laws, and more to address the vast implications of these technologies. I’m honored to serve as a member of WEF’s Global Future Council on Neurotechnologies, a group of neuroscientists, neurologists, technologists, and biopharmaceutical and corporate leaders that explores the effects of developments in neurotechnology on individuals as well as industry, government, and society as a whole. Together, we attempt to design innovative governance models to ensure we can maximize the benefits of these developments while minimizing their risks.

These days, when I’m not ushering the sci-fi world I love into reality, I’m traveling the world talking about it. When National Geographic or the Discovery Channel wants someone relatable to discuss the future of the brain without all the “science speak,” it is an honor that they turn to me, and I’m thrilled to have the opportunity to deliver keynotes at conferences around the world, introducing renowned CEOs, CIOs, entrepreneurs, tech innovators, and government leaders to the NeuroGeneration’s incredible advances in brain enhancement.

But although I routinely meet with influencers on the world stage, I never forget my roots as a refugee, an immigrant growing up in a poor neighborhood. There has never been a more important time for those of us in the neurotechnology industry to champion not only the promise of tomorrow, but also the democratization of its advances. As the latest tools for brain enhancement and augmentation revolutionize our world, it could lead to greater disparity and a “neuro-elite” class that has an unfair competitive advantage in business and life. Or, it could act as a great equalizer, letting all of us make the most of the supercomputer inside our skull. I feel a sense of responsibility to make sure that my inventions are working for the betterment of the human brain and society at large. There are many avenues I could have pursued in my quest to contribute to the future of the brain. I chose to create a more portable, less costly way to collect, analyze, and use the data from EEG—electroencephalogram, a means of recording brainwaves. My hope is that by taking this technology out of the lab and putting it in the hands of consumers, entrepreneurs, and others, we will accelerate the pace of innovation while ensuring more equal access to it, so more of us can contribute to and shape the future of our world.

I am keenly aware that many people can’t afford expensive technology, and I have made it my mission to change that. I also understand that most people never get the chance to attend international conferences to hear from the world’s greatest neuroscientists, technologists, and innovators. In an effort to share what I’ve learned about the advances that will affect us all, I am introducing you to the future of your brain with this book.

Humankind’s Quest to Master the Brain

Some people may be uneasy with the idea of “brain enhancement,” but the quest to boost our brainpower is nothing new; it’s an essential part of human nature. Ever since Homo sapiens emerged nearly 200,000 years ago, we have been searching for ways to upgrade the wetware in our heads, and we’ve been creating and using tools to help us do it—physical and cognitive tools that help us solve problems and complete tasks more efficiently, tools that extend our natural abilities and allow us to do things that weren’t possible before. Language, numbers, science, education—these are all tools we’ve developed to improve our mental capacities. They have provided us with a massive advantage in shaping and surviving our environment.

Our most powerful tool for navigating the ever-changing world, however, is the brain itself. It took billions of years for modern humans to arrive on Earth, and although we continue to evolve genetically, this process occurs at a painstakingly slow pace. Our brain is nature’s way of allowing us to adapt more quickly than we evolve. It’s the cognitive machinery that lets us create and cope with the modern world.

This most vital asset is also the seat of the self and the center of our personal universe. Everything we see, hear, and smell is a product of our brain, which filters the data gathered by our senses and converts it into the model of reality we experience. And yet we still know surprisingly little about the organ that is responsible for our human condition. Courtesy of recent advances in imaging tools, however, we’ve begun to unlock some of the secrets of the human brain. And of everything we have learned so far, the thing I find most amazing is that it is built to change. Our brains are three pounds of pure potential.

For centuries, most doctors and scientists believed that the brain was a fixed entity. Long-held theories claimed that once you reached adulthood, the neurons, synapses, gray matter, and white matter in your skull could not be changed. Correction—it could change, but only in one way: for the worse. Injury could damage your brain, and recovery was thought to be impossible. Old age could lead to the death of neurons, which could never be replaced. If you had a mental health condition, you were stuck with it for the rest of your life. According to these beliefs, our fixed brains controlled us, and a faulty one could hold us hostage. What a grim view.

Fortunately, the revolutionary science of neuroplasticity1 has debunked these notions. The medical and scientific communities now understand that the brain is in a constant state of change, a dynamic entity that has the ability to rewire, reprogram, and heal itself. The brain’s neurons, like trees in a rain forest, can sprout limbs that connect to other neurons in new ways to alter the neural networks inside our heads. Not only do our brains change in response to the world around us; they are also constantly rewiring in response to how we use them. Activities that we frequently repeat are reinforced by the formation of additional neural pathways to support them. Neural pathways that we use often are strengthened, but if a neuron isn’t “fired and wired”—used within the network—it can weaken or even die off. This means that, far from our brains controlling us, we can control our brains. The transformative discovery that our thoughts, actions, and environment can impact how our brains are wired is what opened the possibility of using emerging technologies to intentionally shape them.

Despite all the knowledge that we have gleaned about the universe so far, the greatest mystery remains the one that lies within our skull—the workings of our brain’s 100 billion neurons and the trillions of synapses connecting them. Several things limit what we know about the enigma between our ears:

Dead brains don’t talk. Much of what we have learned about the brain comes from dissecting those of deceased people. Jacopo Annese, an expert neuroanatomist at University of California, San Diego, has been dissecting and slicing brains since 1994. In 2009, about 400,000 people around the globe tuned in to watch Annese make 2,401 slices in the brain of famed amnesia patient “H.M.”2 Although the slices provided a new look at neuronal architecture, it was still dead tissue. It’s like looking at a flat map of a city: it depicts where the roads lead and where the buildings are located, but it doesn’t reveal what the people are doing inside those buildings, how they communicate and work with each other, or why they do what they do. That is the great mystery we are still trying to solve.

Pictures don’t tell the whole story. As humans, we are inherently attracted to images. About 30 percent of the brain’s neurons are dedicated to vision, compared to just 8 percent for touch and a mere 3 percent for hearing.3 This helps explain why, in our quest to understand the brain, we have looked to pictures to tell the story. Perhaps the first brain imaging tool, the microscope was invented in the 1590s, offering a way to view brain tissue at high magnification. Since then, brain imaging has come a long way with MRI, PET, CT, and SPECT. Modern-day imaging tools that attempt to map brain activity, such as functional MRI (fMRI), now provide clues as to where things happen and when they happen. Unfortunately, they don’t necessarily tell us why they happen. Without the why, we can’t decode the dynamics of the brain’s behavior. And with a system like the brain, which is constantly evolving, it’s the dynamics that hold the answers to many of our questions.

Mice and men. Researchers have relied heavily on studying the brains of mice and fruit flies to uncover the specific regions and neurons behind behavior. One group of scientists recently used artificial intelligence to watch and analyze 20,000 videos of 400,000 fruit flies doing what fruit flies do—fly, walk, and groom themselves.4 Riveting. But fruit fly brains have only 100,000 neurons compared to the 100 billion in human brains. Extrapolating the seeds of human behavior from their tiny brains has some obvious problems.

When neuroscientists aren’t peering into the brains of fruit flies, they’re typically studying the brains of mice or rats. Take the brilliant Sebastian Seung, for example. The Princeton neuroscientist is currently leading a team undertaking a herculean task—trying to map the human brain’s 100 trillion neural connections, which he calls the connectome.5 In his book, Connectome: How the Brain’s Wiring Makes Us Who We Are, Seung contends that we are our connectome, that this vastly complex neural network holds all our memories, talents, and personality and is the essence of who we are. He calls his quest to map it one of the greatest challenges of all time, and anticipates it will take generations to achieve. In the meantime, he’s aiming for a more modest goal: mapping the neural connections in tiny chunks of mouse brain. Researchers like Seung say rodents make good stand-ins for humans because the structure and connectivity of their brains resembles our own.

Even so, they’re still relying on some major assumptions. Consider that a rat’s brain weighs less than one ounce and its cerebral cortex makes up just 31 percent of brain volume, compared with 77 percent in humans.6 Rats have about 200 million neurons, while mice have only about 75 million—not even close to our 100 billion. And a huge portion of rodent brains is dedicated to their whisker system. Since humans don’t have whiskers—and no, mustaches don’t count—it’s hard to see the similarities.

No two brains are alike. The folds of the human cerebral cortex are as individual as a fingerprint. This means that with 7.5 billion people on Earth, there are 7.5 billion unique brains. The vast majority of brain research to date, however, has focused on educated males from the Western world. Females remain underrepresented in both human and animal trials. A 2017 review in eNeuro revealed that brain trials using only male animals were 6.7 times as common as female-only studies.7 Existing neuroscience research has also virtually ignored people in areas such as Africa, South America, and Asia. The few studies that have emerged from those regions reveal that their brains can be vastly different from those of Westerners. In order for their findings to be valid, universal, and useful, the research community needs to study a much broader swath of the population.

While the drive toward cognitive enhancement is nothing new, what has changed over time is the scope and scale of the enhancements available to us, at a pace that has been accelerating since at least the Middle Ages. In the twentieth century, our capacity to enhance the human organism surged in a historically unprecedented manner. This period saw incredible advances in medical enhancements, such as the move from crude wooden prosthetics to sophisticated mechanical models. It saw the development of electronic calculating machines that quickly outgrew their original functions and gave humans the ability to perform tasks previously inconceivable. And in the less tangible realm, all sorts of new approaches to cognitive enhancement also came to the fore, such as the creation of various schools of psychotherapy and analysis as well as culture-wide exercises in implementing new educational approaches. Cognitive enhancement has come to define our modern era.

As dramatic as the developments of the last century have been, what is to come in this century—even in just the next few decades—will be still more astounding. Our understanding of our limitations will be shattered as we explore the possibilities that arise when we bring minds, machines, and the material world together. While this integration will take many forms, what is most exciting to me is the way in which it allows us to expand the vast potential of the human brain. Thanks to more powerful tools, we are on the brink of unraveling the brain’s secrets—and using them to our advantage.

In the NeuroGeneration, we will have a much more intimate relationship with our neurons and synapses, understanding how they work and intentionally directing their activity to improve attention, creativity, productivity, and more. Enhancing and augmenting our brainpower in these ways will revolutionize the way we learn, do business, and heal disease.

This Book—Your Guide to The NeuroGeneration

In this book, I’ll take you along with me as I crisscross the globe to meet the daring innovators and forward-thinking neuroscientists on the frontiers of brain enhancement and augmentation, and I’ll introduce you to some of the individuals whose lives are already being transformed by their creations. You’ll see how brilliant minds in labs around the world are using technology to take neuroplasticity to unprecedented levels, and discover the dizzying array of emerging technologies that promise to alter our mental landscape forever: mental health apps that work like medicine, an artificial hippocampus that restores lost memories, cranial stimulation that turns you into a math whiz, neural stimulation and bionic exoskeletons that allow paralyzed people to walk, even a brain–machine interface that can digitize the knowledge stored within your 100 billion neurons. It sounds like the stuff of science fiction, but it is quickly becoming “science faction,” as I like to call it. This book doesn’t attempt to explore every emerging brain-related technology, but rather focuses on those that are already available or imminent and those that will have the most transformative impact. The neurotechnologies I showcase represent the breadth of innovations underway—from noninvasive tools to those that require surgical procedures, tools that let us peer into the brain and others that allow us to change it, tools developed for the healthcare industry and others geared to consumers. The NeuroGeneration also examines the potential risks and ethical issues that come with these advances—from questions of accessibility and privacy to who owns the rights to your neural data and more.

Part I includes seven chapters, each offering an eye-opening look at the latest advancements in a specific area of brain-science innovation to show how what used to be impossible is now in the realm of reality. It will paint a panoramic picture of the human brain of tomorrow. Chapter one examines humankind’s search for chemical shortcuts to improve our cognitive capabilities and looks at the latest neuropharmaceuticals that modulate the brain’s neurotransmitters for better performance. It also introduces you to the concept of the “neuropharmacy” that goes beyond pills to include emerging technologies that could replace or reduce the need for pharmaceutical medications. Chapter two reveals how breakthrough EEG-fused brainwear is opening the door to Star Wars–style mind control to transform the lives of people with physical limitations and to unlock seemingly impossible abilities. Chapter three focuses on how innovators are zapping the brain with electrical pulses in an effort to unleash the genius within and to boost brain function. Chapter four looks at the revolutionary advances in motion that are blending biological beings with robotic prosthetics to make humans who have lost a limb whole again. Chapter five delves deep inside the brain where devices are paving the way to transform us into cyborgs with beyond-human sensory perceptions—think night vision or a sense of smell as keen as a dog’s—and the ability to download and link our brains to our laptops. Chapter six unveils the devastating effects of brain disease and highlights the amazing advances in progress to repair damaged brains at the cellular level. Chapter seven explores the connections between artificial intelligence and the human brain and why I believe AI is likely to become a part of an enhanced human organism rather than an “us vs. them” scenario.

Part II will wrap it up with two chapters that focus on the broader ethical and socioeconomic implications of brain enhancement as well as the nuts-and-bolts strategies business leaders, tech innovators, and individuals can use now to ensure success in the NeuroGeneration. Chapter eight includes an urgent call for “neuroequality” and urges brain-enhancement innovators and inventors to democratize access to their technologies to ensure we don’t create greater disparity in our world. Chapter nine outlines the steps we can take to lay the foundation for a seamless transition into the NeuroGeneration and asks the tough questions we need to address now. For example, will brain enhancement eventually tip the scales to a point where we are more machine than human? How do we prevent this? How do we ensure that artificial intelligence and machine learning take human values into account? If we’re downloading our brains to computers, how do we safeguard our privacy, and who owns our thoughts?

The innovations explored over the next nine chapters will transform how we treat disease, do business, and think, learn, and interact, transforming our lives and our world in wondrous and unexpected ways. Ultimately, this book offers an invitation to people from all walks of life—whether you’re a CEO, government leader, healthcare professional, creative type, stay-at-home parent, or student—to embrace the NeuroGeneration and become an active participant in it; to help shape the future of the human brain.
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THE NEUROPHARMACY IS OPEN FOR BUSINESS

Nootropics, Tools, and Games for Better Cognitive and Mental Health

GEOFFREY WOO STOOD IN HIS LAB—a.k.a. his kitchen—carefully measuring out tiny quantities of white powder from various plastic bags and combining them with the care of a chemist. When he’d achieved what he deemed the ideal mixture, he popped it under his tongue and waited for the magic to happen. A computer scientist with a degree from Stanford University, he’d sold a mobile app company in 2013 and was now exploring his next venture by using himself as a human guinea pig.

While his brainiest friends from college were focusing their enormous talents on making algorithms better, computers faster, and robots smarter, Geoffrey had set his sights on improving what he calls “the human platform,” looking for ways to engineer and enhance the one thing that separates us from all other species on the planet: our cognitive abilities. That sent him down the rabbit hole into the world of nootropics. A nootropic is simply any drug or substance that improves cognitive function; the term comes from the Greek words nous or “mind” and trepein, which means “to bend or turn.” Nootropics are popular with biohackers, those who attempt to take a DIY approach to improving their own biology, but while many biohackers rely on fuzzy, intuitive, and subjective claims about cognitive enhancers, this zeros-and-ones guy intended to quantify his brain gains. Woo put himself through a rigorous battery of brain-training, psychometric, and other tests to measure the differences in his reaction time, working-memory capacity, memory, and focus. He was hoping the potions he was cooking up in his kitchen would upgrade human brainpower, and he wanted the data to prove it. And sure enough, the numbers showed his homemade nootropics were working. It was like his brain was on steroids.

I first linked up with this whip-smart, out-of-the-box thinker as he was launching a project called the Year of Biohacking. By then he’d started a company, originally called Nootrobox but now called HVMN (and no, it isn’t pronounced “human,” it’s just H-V-M-N), to produce and sell his novel nootropics. He wanted to recommend portable EEG devices like the one I’d created as a way for biohackers to quantify the results they achieved using HVMN’s products—“kind of an input and output side of human performance,” as he put it.

With a Millennial swagger you don’t expect from most computer scientists, Geoffrey filled me in on his efforts to enhance the human platform and invited everyone in my office to test-drive one of his first creations. He placed a small chewable cube in front of me. Feeling a little bit like Neo from The Matrix when he took that red pill, I wasn’t sure what to expect as I popped the cube in my mouth. The caffeine-laden treat was also laced with l-theanine, an amino acid found in green tea, as well as vitamins B6 and B12. As I started chewing, the caffeine made a beeline to my brain, where it suppressed the action of adenosine, a neurochemical that slows nerve activity in the brain and makes us drowsy. At the same time, it ramped up production of the feel-good neurotransmitter dopamine for a surge of energy and a quick mood boost. Tempering the caffeine’s stimulating effects, the l-theanine triggered the release of the calming, anti-anxiety neurotransmitter GABA. And those B vitamins? They activated neural networks involved with mood enhancement, memory performance, and cognitive function. This combo of neurochemical action left me more alert and laser-focused on my work. As someone who typically doesn’t consume caffeine, though, this seemed like a mega-dose and gave me a case of the jitters. But the mind-altering cube did make me feel almost superhuman, at least for a few hours.

Geoffrey is one of a new breed of neuropharmacists attempting to develop chemical shortcuts to unleash our cognitive potential, alter our neurotransmitters, modulate our moods, and heighten our productivity. As sci-fi as it sounds to pop a pill to supercharge your brain, this search isn’t new—cognitive enhancers and mind-altering substances can be traced back at least 50,000 years. And there is scientific research backing up many of their claims:



[image: image]Ephedra: In the late 1950s and early 1960s, American archaeologist and Columbia University faculty member Ralph Solecki led a team that uncovered the graves—dating back 60,000 to 90,000 years—of nine Neanderthals in the Shanidar Cave
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