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			PREFACE

			FROM MY BRAIN TO YOURS

			They say that everyone has a book in them, but no one ever tells you how hard it is to get that book out of you. Well, they didn’t tell me anyway. To be fair, I probably wouldn’t have listened. As it turns out, my brain is more of a “touch the stove to see how hot” kind of learner. To be honest, I’m thankful for it. Because even if I get burned now and then along the way, if I had a “because they said so” type of brain, I wouldn’t have done most of the hard things that prepared me to write this book in the first place. And if you learn half as much about your brain when you read it as I did when I wrote it, it will definitely have all been worth it.

			Suffice to say that my first book-writing experience has been anything but “normal,” if there is such a thing. A big part of it involved the experiment we all participated in that began in 2020—and I’m pretty sure none of us signed a consent form. You know, the one centered on a virus? I’d like to think of it as a radical exploration of what psychologists have called the nature-versus-nurture question: How much of what makes you you is inherent in your biological makeup, and how much is a response to your environment? When the COVID-19 pandemic hit, many of us traded the routine parts of our daily lives for pervasive anxiety about our health and the safety of our loved ones.

			Fortunately, my “day job” as a scientist and professor at the University of Washington in Seattle gave me some tools for understanding what might happen to me under these circumstances. But for reasons you’ll read about in the second half of this book, my knowing better didn’t immediately translate into my doing better. Instead, I watched my life transform with equal parts fascination and horror. I was captivated by the differences between how I felt and how the people around me seemed to be coping with the changes in their routines. Some of them got into “the best shape of their lives,” while I remained stagnant. Others exchanged recipes and became obsessed with baking the perfect loaf of sourdough bread. Not only did I cook less than ever, I didn’t do any of the things I always said I would do if I had more time.

			Instead, I tried my best to finish Netflix. I cajoled my husband into playing dozens of hours of Pandemic, a board game in which you try to save the world from a virus outbreak. I ate like crap. I drank more than normal. And in the moments of stillness, while gazing at my increasingly protruding navel, I found myself asking the very question that got me into this field in the first place.

			“Why am I like this?”

			The answer is pragmatically simple but biologically and philosophically complicated enough to fill a whole shelfful of books.

			My brain makes me this way.

			I remember the exact moment I first had this realization, and how swiftly it changed my life forever. I was nineteen years old and, after watching one-too-many episodes of Doogie Howser, M.D., was on my way to applying to med school. To meet my last requirement, I signed up for a psychology course at the local junior college that didn’t interfere with my day job, selling shoes at Kinney’s in the mall. And during our first class, the instructor described the story of Phineas Gage.

			Gage was a railway worker who made a mistake in 1848 that caused an iron spike to get blasted through his left cheek and out the top of his head. When it did, it took a decent-size chunk of his brain with it. Surviving such an injury would be remarkable even with today’s medical practices—so the fact that Gage got up and literally walked away from the accident is incredible in and of itself. Eventually, many of his physical and mental abilities returned to “normal.” But the damage Gage sustained to his frontal lobe left his personality fundamentally, and permanently, changed. While Gage was once a well-respected and dependable man, capable of forming and executing rational plans, his physician described him as “fitful, irreverent . . . manifesting but little deference for his fellows, impatient of restraint or advice when it conflicts with his desires, at times pertinaciously obstinate, yet capricious and vacillating, devising many plans of future operations, which are no sooner arranged than they are abandoned in turn for others appearing more feasible.” To put it simply, Gage was not the same person after his brain injury.

			This fascinated me.

			I left class trying to wrap my mind around the fact that the human brain is an organ, just like the heart or the lungs, but that the functioning of this organ makes you you. The lungs oxygenate the blood. The heart circulates the oxygenated blood through the body, and then your brain uses that oxygenated blood to create the energy that gives rise to every thought, feeling, emotion, and action that you identify as your own. Change the brain and you change the person.

			What I realized about three months into the pandemic is that on a smaller (and, hopefully, less permanent) scale, my brain was changing. Soaked in cortisol—a neurochemical related to prolonged stress—my brain was struggling to find a balance between the “should do” and “want to do” urges. And I don’t know who needs to hear this, but being stressed also majorly kills creativity.

			Thankfully, while writing the “Mixology” chapter, I had the aha moment that gave me some much-needed perspective. Among other things, it reminded me why people were responding to the pandemic in different ways. At the end of the day, people respond to stress differently for the same reason that some people feel paranoid when they smoke weed for the first time, while others just feel hungry. It all goes back to the nature-versus-nurture question—and the answer is almost always a combination of both. Baseline differences in our biology combine with our lived experiences to shape the way we think, feel, and respond to our environmental changes. And I know that my brain did the best it could under the circumstances. It always does. I sincerely hope your brain will enjoy learning about itself through the fruits of our labor.

		

	
		
			INTRODUCTIONS

			THE NEUROSCIENCE OF YOU 101

			Let me start by saying how excited I am for the opportunity to introduce you to your brain! It doesn’t seem right, after all, that I might know more about the thing that’s driving you around this world than you do. To be fair, I’ve been at this for a while now, so I’ve got a bit of a head start. Since I got my first job in a brain development lab in the mid-’90s, I’ve been working at the intersection of neuroscience, psychology, linguistics, and neural engineering. The goal of my research is straightforward, but not simple—to figure out how differences in brain functioning shape the way people process information. In short, I want to understand what makes people like you tick.
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			Though I’m sure most of you understand, on some level, that your unique ways of thinking, feeling, and behaving are related to the way your brain works, the vast majority of neuroscience books on the shelf adopt the one-size-fits-all approach that has dominated the field for more than a century. And let’s face it: Things that are one-size-fits-all don’t fit anyone very well. In fact, what I have learned in my professional life echoes what I have observed in my most interesting and rewarding interactions with people in the real world.

			We do not all work the same.

			This book goes beyond describing how most brains work, to allow you to get a better understanding of how your brain works. Because, at risk of sounding cliché, every brain really is unique. Even identical twins conjoined at birth have different brains! And though this might come as a bit of a surprise, a number of the differences between healthy human brains can have profound effects on the way they work.

			Remember “The Dress” that took the Internet by storm in 2015 because people couldn’t agree about whether it was blue and black or white and gold?[*] I have to assume that the reason millions of people were captivated by that picture is because the version of reality that our brains create for us is so convincing. It’s a bit shocking to learn that something as elementary as the color of a dress might be open to interpretation. But by the time you’ve finished the “Adapt” chapter, the science behind how different brains understand the color of the Dress should be clear to you. This won’t change the way you experience the Dress, but it might give you a new perspective on the whole “seeing is believing” adage. Because, as you’ll soon learn, differences in how our brains work shape not only the way we see the world but the decisions we make about how to behave in it.

			Ready to get started learning about yours?

			Put your hands into fists and turn them so both thumbs are facing you. Now bring the knuckles of your fingers together and voilà! You’ve got a pretty decent model of the size of your brain.

			It’s kind of humbling, isn’t it?

			Though it might be smaller than you imagined, it is mighty. That three(ish)-pound bundle of 86 billion (give or take) signal-producing brain cells called neurons is single-handedly[*] responsible for translating physical energy in the world “out there” into your version of reality. Of course, it also controls most of your bodily functions and keeps you alive in its “spare time.” To accomplish its important jobs, your brain uses at least 20 percent of your body’s energy resources at any given time, even though it only makes up about 2 percent of its total weight. In other words, your brain is expensive.

			And don’t even get me started about how brilliantly engineered it is. To get the most brainpower into a head you can still manage to carry around, evolutionary pressure caused “gyrification” of big brains—a process by which their surfaces folded in on themselves to fit in smaller spaces. It’s kind of like taking a piece of paper and crumpling it into a ball. If you were to “uncrumple” the computationally powerful layer of neurons that covers your brain—the cerebral cortex—it would cover about the same surface area as two medium pizzas.[*] And because your brain cells are jammed in there so tightly, your brain doesn’t even have room to store backup fuel reserves, like most of your other organs do. As a result, it requires a constant supply of glucose, even when you’re sleeping. Suffice to say that if we haven’t “maxed out” when it comes to the amount of brainpower our bodies can support, we’re damn close.

			But you might still be wondering what the size of your fists can tell you about how your brain works. I should probably warn you up front—if you’re hoping to read this book and learn that because you have really big hands, your brain is better, faster, and stronger than average, you are probably going to be disappointed.[*] Don’t get me wrong, bigger is better in some circumstances, but that’s not what this book is about. Most of the important characteristics of the organ that makes you you are more nuanced than that.

			Take, for example, the research paper titled “Big-Brained People Are Smarter” by Michael McDaniel. In it, McDaniel analyzed the relation between brain volume and performance on standardized intelligence tests using data collected from over 1,500 people. As you might suspect from the spoiler in the title, people with bigger brains do tend to score higher on intelligence tests.[*] According to his analysis, the correlation between the two variables—a statistic that estimates how much the value of one variable (like brain size) can tell you about the value of another one (like intelligence scores) was .33. If you square this number, and multiply it by 100, it gives you something more interpretable—the percentage of variability in one value explained by the other. In this case, that value is 10.89 percent, which means that if you’re trying to explain what makes people perform differently on intelligence tests, knowing how big their brains are will get you almost 11 percent of the way there. While that’s clearly a decent-size piece of the puzzle, I hope it makes you wonder what explains the other 89 percent, especially since your brain is 100 percent responsible for your performance on any test.

			How your brain is engineered

			The truth about differences between human brains—or at least the version of it that my brain has created for me—is more complicated than just bigger being better.[*] This makes sense, if you consider the fact that evolution has already been hard at work for hundreds of millions of years cramming more and more horsepower into our heads. But the evolutionary pressures that shaped your brain didn’t care specifically about how big it got. Instead, the success of a brain is measured by its ability to drive the body it inhabits around the world in a way that allows it to live long enough to find another brain that’s willing to reproduce with it. Over time, many different types of brains evolved, each optimally engineered to pilot different kinds of bodies through the specific environments they inhabit.[*]

			I should also warn you that this book has little to do with how to find the right partner, though the last chapter of the book—“Connect”—does describe the challenges two brains encounter when they’re trying to communicate through the different worlds they’ve created for themselves. Instead, we’re going to focus on the massive information-processing engine that is your brain, and yours alone. Much like the parts of a vehicle’s engine translate energy from batteries or fuel combustion into mechanical forces that move it through the world, the goal of any brain is to translate physical energy from the environment it inhabits into information it can use to make the decisions that drive it through the world in a way that maximizes its success.

			But here’s the catch—the universe your brain operates in is essentially infinite and continuously changing. Your brain, mighty though it may be, is finite. It has to process the world “out there” in discrete, bite-size chunks. It’s kind of like taking a series of low-resolution snapshots and then building a movie out of them. Doing so requires a million decisions about which bits of information are the most important, and how to “connect the dots” when there are missing pieces. As you’ll read in this book, individual brains have different ways of trying to manage their inherent limitations.

			Much like engines have different mechanisms for translating energy into motion (for example, the number of cylinders or type of transmission they have), every brain has a set of design features that shapes the way it reconstructs the incomplete data it takes in, and generates the thoughts, feelings, and decision-making patterns that drive you. And this is how we’re going to go about the business of figuring out how your brain works. Because obviously, without all the fancy equipment I use in the lab to measure it more directly, the best we can do is to reverse-engineer your brain, based on the way you think, feel, and act.

			In the chapters that follow, I’ve included a series of assessments to help you get a better idea of how your brain is designed.[*] As we get into the process of reverse-engineering it, you’ll start to learn about the costs and benefits associated with each of the different design features we discuss. This makes sense, if you consider how long evolution has been working to weed out brain designs that don’t work well for anyone in any situation. Sure, when they are faced with a specific kind of problem, one type of brain might do better than another. But there is almost always another situation in which the second brain type will excel.

			In other words, trying to decide what type of brain design is “the best” is kind of like trying to decide whether a Honda Civic is better or worse than a Subaru Outback. Sure, I have a personal opinion about this, but in truth, they are two different cars that have been engineered to meet different needs. Deciding which one is better depends a lot on what you need your car to do. I hope you can keep this in mind when you start figuring out how your brain works. This book is more about “finding your lane” than “winning a race” with it!

			The brains of London taxi drivers, which became temporarily famous in the year 2000, perfectly illustrate this idea. Before getting licensed to drive a cab in London, a person has to pass an incredibly difficult test with an equally intimidating name—“The Knowledge.” The test involves memorizing the layout of more than 20,000 streets in the Greater London area—a feat that involves an incredible amount of memory resources. As you might suspect, this pretty quickly weeds out candidates like me, whose brains are all RAM and no hard drive, so to speak. In fact, fewer than 50 percent of the people who sign up for taxi driver training pass the test, even after spending two or three years studying for it! And as it turns out, the brains of London cabbies are different from non-cab-driving humans in ways that reflect their herculean memory efforts. In fact, the part of the brain that has been most frequently associated with spatial memory, the tail of the sea horse–shaped brain region called the hippocampus, is bigger than average in these taxi drivers.[*] But here’s a fun fact that didn’t make it into their first fifteen minutes of fame—the head of the hippocampus is smaller than average in the taxi drivers!

			To figure out the implications of this particular brain design, Eleanor Maguire, the Irish neuroscientist who discovered the remarkable brains of these drivers, conducted a follow-up study. To control for the environmental demands that the taxi drivers’ brains operate in, moving a vehicle through busy streets without bumping into things, she compared their memory performance to another group whose brains operate in a similar environment—London bus drivers. The results of this literal head-to-head comparison were pretty fascinating. While the taxi drivers outperformed the bus drivers on tests that involved recognizing landmarks in London, or judging the distance between familiar places in the city, the bus drivers outperformed taxi drivers on tests that involved drawing complex figures from memory, or remembering lists of words. In other words, the brains of the taxi drivers showed a specific type of memory enhancement—one that allowed them to acquire a massive amount of spatial information from the maps they studied. However, that enhancement also seemed to come with a measurable cost to other memory functions, as it crowded out nearby brain regions with other jobs to perform. And though I’m sure you could engage a group of cabbies or bus drivers in a lively debate about which group is smarter, both performed equally well on more tests than they differed on, including things that are central to many environments, like the ability to remember stories or recognize people’s faces.

			The example of the two types of drivers’ brains nicely illustrates many of the principles of brain engineering that this book is organized around. The first is the notion of costs and benefits. If Maguire had not been motivated to understand the whole story, it would have been very easy to decide that bigger was better. Taxi drivers have bigger spatial memory regions and are better able to memorize a massive number of maps. And if I were to ask the average person off the street whether they’d like to have a better memory, most of them would say yes. But what if I were to ask you whether you’d rather be able to memorize massive amounts of spatial information, or to memorize your grocery list or sketch something you’ve seen once from memory? Then the answer would probably depend on what you need, or like, to do with your brain, right?

			And this brings me back to my second point about brain designs. It doesn’t make sense to decide that one is better than the other without thinking about what you need to do with it. Unlike the Honda Civic versus Subaru Outback comparison, your brain is also engineered by the environments it gets put in and the tasks you ask it to accomplish. In other words, your brain might currently be a Subaru Outback, a Honda Civic, or even a Ford F-150, but you were born closer to a Volkswagen Beetle, or a Fiat 500, and your experiences helped to shape you into what you are today.

			In the pages that follow, I plan to help you understand your brain better by describing some of the design features that are most influential in driving you around the environment you inhabit. Starting from the inside out, in Part 1, we’ll discuss some of the biological pressures that shape brains in different ways, from the asymmetries that give rise to specialized brain functions to the chemicals that fuel your brain’s communication systems. Then, in Part 2, we’ll take a look at how external pressures both shape your brain and interact with its intrinsic design features. What are the jobs a brain needs to do to be successful, and how might different ways of getting these jobs done be reflected in different types of brain designs? From the need to adapt to different environments to the desire to understand and connect with others, some of our most remarkable differences show up when we watch brains responding to the variety of situations we ask them to drive us through. But before we get started discussing how all of this works, I’d like to give you a bit more of the theoretical background, to help you to understand what it means when I say “Your brain makes you that way.”

			What does it mean to be different?

			I’ll be the first one to admit how much comfort I find in a good book, fiction or nonfiction, that helps me feel like some of the things that I think are really strange about myself are actually pretty normal. But my understanding of what makes something normal or abnormal is probably different from yours, so this seems like a good place to start our discussion. The first thing to note is that the distinction between “normal” and “abnormal” is almost never a binary one. It’s not like those of us in the know look at a group of people through our scientific lenses and think “normal, normal, normal, WEIRD, normal, normal.” It just doesn’t work like that.

			Instead, whether you’re studying someone’s general level of optimism about the future or their brain size, there is almost always a range of values that describe the characteristic you’re interested in. The question then becomes—Are you “within the normal range” or “outside” of it? But how do we decide where the boundary is?

			And here’s something not everyone understands—you can’t scientifically define what’s “normal” or “abnormal” without understanding the nature of how people differ. When we do, we need to hold two different ways of defining normal in mind: (1) How typical or atypical is a particular way of being? and (2) How functional or dysfunctional is it?

			Let’s take attention deficit/hyperactivity disorder (ADHD) as an example that I have some personal and professional experience with. According to the American Psychiatric Association’s Diagnostic and Statistical Manual of Mental Disorder, a diagnosis of ADHD requires five or more symptoms of inattention (or hyperactivity[*]) that persist for at least six months and that negatively affect social, academic, or occupational activities. The symptoms include: making careless mistakes, lacking attention to detail, having difficulties sustaining attention, having trouble listening, failing to follow through on tasks and instructions, being disorganized, avoiding tasks that require sustained mental effort, losing things, being easily distracted, and being forgetful. If you just read that list and thought—“Holy crap, that’s me!”—you are not alone. After one of my brightest students with the most “streaky” productivity record was diagnosed with ADHD in graduate school, I started to wonder whether my husband, Andrea, and I fell “within the normal range” or not.[*]

			Fortunately, the ability to pay attention is something I also study, from a “how brains do it differently” perspective. And as you’ll read in the “Focus” chapter, “paying” attention is costly for any brain. But some people are clearly better able to stay on task, and resist distractions, than others are.

			But here’s the challenge—if I were to try to use my laboratory tests to sort people into “within the normal range” and “outside the normal range” buckets, my focus would be entirely on how typical a particular type of behavior is. Much like teachers who grade on a curve use class averages to weight a particular score—usually setting the average to a C grade—scientists can use statistics to decide whether a particular way of thinking, feeling, or behaving is typical or atypical by estimating how likely it is to be observed in their population of interest. Unfortunately, the choice about how to map “unlikely” to “abnormal” is a bit arbitrary. By convention, many scientists draw a line in the sand at the point where 95 percent of the population would fall in the “normal range” and the 5 percent with the most extreme values would be considered “abnormal.”

			But once that line is drawn, on either side of the cutoff you will find two people who end up in different buckets even though their performance looks more similar to each other’s than it does to that of most other people in their own bucket. One of them will wind up in the “within the normal range” bucket and the other will be “outside” of it. If you’re the one who gets put in the “outside” bucket, you are more likely to get help, including access to services and treatments based largely on how most other people in your bucket work. But the person standing next to you, who got put in the “normal” bucket, may have very similar challenges without either the awareness or the resources to help. On the other hand, they don’t inherit whatever “abnormal” label is associated with the bucket, and the stigma that can come with it.

			Still, if I were to draw that arbitrary line in the sand based on the typical ways people perform on the attention tests in my lab, how well would they map onto the kinds of “real world” disturbances that the diagnostic manual considers? The short answer is not very well, and here’s why: A person’s ability to “resist distractions” doesn’t exist in a vacuum. It lives in a brain with a whole host of other design features that may exacerbate, or compensate for, that particular one. And that brain exists in an environment with a particular set of demand characteristics that it may or may not be well matched for.

			This explains why the diagnostic criteria for ADHD are more centered on functionality than they are on typicality. Rather than measuring how distractable a person is in the laboratory, the clinicians ask questions about whether a person’s way of being “negatively impacts functioning.” In fact, according to the CDC, about 9.4 percent of children in America are diagnosed with ADHD, and the numbers are steadily rising. If nearly 1 in 10 children has ADHD, it’s not really that abnormal, is it? My point is simply that when it comes to how our brains are engineered, it’s important to understand that typicality, or how frequently some design feature occurs in brains, and functionality, or how well that design feature is working for a person given the environment, are two different criteria that can be used to define “normal.”

			WEIRD science

			To further complicate things, allow me to plant a seed (of doubt) about the role that culture has played in the historical definitions of both typicality and functionality. First, when it comes to typicality, both scientists and consumers of science alike need to ask themselves an important question: Do the people we study look like the people in the world that we are trying to make inferences about?

			The answer to this question is almost always “no.” As Joseph Henrich, a professor of evolutionary biology, and his colleagues so cleverly pointed out, the people we study—those on which the very definition of typicality is based—are WEIRD. That is, the vast majority of what we know about how people work comes from research conducted on participants from Western, Educated, Industrialized, Rich, and Democratic countries. Most of them are White college undergraduates. And if you spend as much time with undergraduates as I do, this might make you a little bit nervous.[*]

			I’m not going to sugarcoat this. Much of the science in this book, including some of my own work, is based on WEIRD samples. This is clearly a limitation on how well I can help you understand how you work, especially if you’re not WEIRD. We’re doing our best to capture true neurodiversity in our lab, and if you’re interested in lending your brain to science, or just learning more about it, please visit the research link on my website, chantelprat.com. Despite the glaring holes in the current research, I am confident that the foundational principles we discuss in this book—the biological spaces that brains can occupy, and the complex ways our environments shape and interact with these spaces—apply to brains from all walks of life.

			But this brings me to my second point about the role of culture in defining the functionality of a given way of thinking, feeling, or behaving. The story of the bus drivers and the taxi drivers provides a straightforward example of the fact that the functionality of any brain’s engineering depends on the context it operates in. I bet you can imagine a job in which “distractibility” might be quite functional—perhaps one in which you need to be able to detect unexpected changes in your environment and adapt accordingly? As you’ll read more about in the “Adapt” chapter, these are the conditions our human brain likely evolved under—not the stable nine-to-five office or classroom life.

			This is all just a roundabout way of explaining why this book is not going to tell you whether your brain is normal or abnormal, or even whether you’re functional or dysfunctional. Even if I were interested in doing such a thing, I’m not qualified for that job. For the most part, the people I study in the lab operate in the “typical” bucket.[*] And while I’d like to think that the work I do in this space has implications for figuring out what it means when someone is defined as “abnormal,” I also have to confess that I’d be totally OK living in a world without those buckets.

			What if, instead, we tried to understand people as the multidimensional beings that they really are? While this kind of worldview would definitely make education, diagnosis, and treatment more difficult, there’s little doubt in my mind that it would also make them more effective. As I hope the ADHD example illustrates, we all fall somewhere on many different axes of being. Sometimes, we might have extreme values in one dimension, but the extent to which that value is problematic depends on a lot of other factors, including our environments. And the reverse is also true—sometimes we have ways of thinking, feeling, or behaving that are problematic, but they don’t come from one place. Instead, they can arise from multiple features that might be “within the normal range” in isolation but create a perfect storm when combined.

			In this book, I’ll define some of these axes in the brain, with the hope of helping you to appreciate the place you occupy in the multidimensional differences space. After all, Mr. Fred Rogers, who played a critical role in shaping my young brain, once said, “As human beings, our job in life is to help people realize how rare and valuable each one of us really is, that each of us has something that no one else has—or ever will have.” So when the same brain heard Steven Pinker say that “all normal people have the same physical organs, and . . . we all surely have the same mental organs,” it thought, What a bunch of bullshit![*]

			Besides, as Pharrell Williams says, “The same is lame.”

			What difference does it make?

			To be fair, I don’t think Pinker was trying to convince his readers that we are all exactly the same. Instead, I think his point was more about whether our differences are relevant or not, especially when they’re viewed in light of our commonalities. “Differences among people, for all their endless fascination to us as we live our lives,” he says, “are of minor interest when we ask how the mind works.” If I set aside, for a second, the fact that my entire career is based on this area of “minor interest,” I can see his point.

			To ground our two perspectives in the context of neuroscientific research,[*] allow me to introduce you to another nervous system, one that belongs to a nematode[*] called the Caenorhabditis elegans—or C. elegans for short. The entire nervous system of the C. elegans consists of a whopping 302 nerve cells, or neurons. These neurons, in turn, come into contact with 132 muscles and 26 organs. To state the obvious, the C. elegans is not that complicated. And while I think that even Pinker could get behind the idea that the difference between the wiring of C. elegans and that of our own brains is of interest when it comes to how minds work, a huge amount of what we know about how our own brains are engineered comes from studying simpler models. In other words, the differences between humans and roundworms are of little interest when it comes to how the brain works—at least at some level.

			Say what?

			At the end of the day, both nervous systems are information-detecting engines, built to collect data from the body and the environment and use it to make the best decision possible about what to do next.[*] To do so, they use many of the same mechanisms. Their basic processing unit, the neuron, is a marvelous cell with a clever way of accumulating evidence about what’s going on in the world around it. When it does, it sends its own “summary” of the state of things on down the chain of communication. On the receiving end of each neuron are a set of branches, or “dendrites”[*] that reach toward the other cells in the vicinity and try to eavesdrop on their versions of what the state of the world is. The neuron accumulates evidence on a moment-to-moment basis, based on the number and type of signals it receives, until it reaches a threshold. And when that happens—boom! It joins the gossip circle, releasing its own chemical signals into the spaces where other neurons are eavesdropping on it. If you’d like to geek out on the specific process by which chemical signals open and close physical channels, which then change the electrical voltage inside the neuron and cause more channels to open, a quick search of action potential on YouTube will get you lots of cool animations. For now, suffice to say that the way it works in C. elegans and a human is basically the same.

			
				
					HOW NEURONS WORK
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			In fact, there are enough shared features between the physiology of human and nematode neurons that hundreds of millions of national funding dollars are devoted to research on C. elegans. The things we have learned from this work fill dozens of books, with titles like Neurobiology of the Caenorhabditis Elegans Genome, Ageing: Lessons from C. Elegans, and my favorite, WormBook. Of course, if you consider the differences between human brains against the backdrop of how much we have in common with a roundworm, it seems easy to view them as insignificant.

			But now consider the other end of the spectrum—the differences between the mental lives of humans and chimpanzees, our closest living relatives. As you might imagine, our brains are remarkably similar to chimp brains. This makes pretty good sense, if you consider the fact that the DNA blueprints that build human and chimp brains overlap by about 95 percent. But the functional implications of that 5 percent difference allow me to write a book, in a shared symbolic language that you can understand, while the wild chimpanzees still spend a good chunk of their day finding food and grooming one another to maintain their social bonds.

			In this comparison, you can start to see that when it comes to the relation between minds and brains, a little difference can go a long way. But since you’ve never been a chimpanzee, here are a few examples that are closer to home. Remember the way you thought, felt, and behaved when you were a teenager?[*] Though the brain that guides you through life now still bears the scars of that time, the neural changes that happen across your life span can also have big consequences on your mental life. For an even subtler difference, consider how you feel first thing in the morning versus late at night. Within a twenty-four-hour cycle, changes in the neurochemical signaling of your brain’s pacemaker, the suprachiasmatic nucleus, can have pretty dramatic effects on your inner workings. Hopefully, reflecting on the range of spaces your own brain and mind can occupy will help you start to appreciate the relevance of small differences. But before you decide whether these differences are important, let me talk a bit about their scientific implications.

			Take, as an example, my early research investigating how the two halves, or hemispheres, of the brain collaborate to help you understand the stories you read or listen to. To get a better handle on the work your brain does for you in these situations, consider the following sentence:

			
				The haystack was important because the cloth ripped.

			

			Though this is a perfectly legal English sentence, you probably feel a bit disoriented after reading it. It’s not that you don’t understand the sentence, per se. You likely know the meanings of all of the words. And you can use your linguistic knowledge to figure out how the meanings of the words relate to one another. For instance, based on the order these words occur in, you know that it was the haystack, not the cloth, that was important. You also know that this importance is somehow causally related to the action of the cloth ripping. But you still don’t really understand what the heck is going on.

			This is because when we read, or even listen, to language, we have different levels of understanding it. The first is the one we’ve been discussing, based purely on the linguistic information contained in a sentence. But the second involves interpreting this information in the broader context of what you know about the world, and what’s going on around you at the time.

			The reason the haystack sentence feels weird is that it has been plucked out of its context. If I were to tell you that the sentence was part of a story about parachuting, how would your understanding of it change? Hopefully, things would click into place, shifting your comprehension of the sentence from a place of disconnected ideas to a scenario you can imagine, like a little movie clip unfolding in your mind. If it did, your brain connected a bunch of dots between things you already knew about the real world, like how gravity and parachutes work, and what was written on the page. From there, the reason a haystack might be important becomes clearer.

			What’s interesting about these two ways of understanding is that research on people with brain damage seems to suggest that different parts of the brain are involved in computing them. Prior to my research, it was generally believed that the left side of the brain, which is typically involved in processing linguistic information,[*] was responsible for understanding the ideas printed on the page; while the right side, which is typically implicated in more visual or spatial thinking, constructed the scenario. But these ideas, like most of what we know about how brains work, were based on findings that were averaged across groups of participants.

			But we also know, from pioneers in the field of reading research like my graduate adviser, Debra Long, that not all people understand what they read in the same way. And I wondered whether this variance had anything to do with the way the jobs were divided up between the two sides of their brains. To explore this possibility, I conducted a study looking at differences in what each hemisphere remembered about a story, in more than 200 readers with different skill levels.

			Here’s how the experiments worked in a nutshell: Participants were told to read, and try to remember, short, two-sentence vignettes that were presented in the center of their computer screens. After reading a few stories, they would see a series of words flashed either in the center of their screens or just to the left or the right of the place they were told to focus their eyes. Their task was simple—to indicate with a button press as quickly as possible whether the word presented had been used in one of the stories. For instance, if I gave you the word “important” after reading the haystack story, you would say yes because that word was in the sentence.

			Based on our participants’ patterns of responding, we were able to reverse-engineer something about the way each of their hemispheres processed the stories. For instance, sometimes we presented words like “parachute” that weren’t actually in any of the stories but were thematically related to them. If participants were slow to reject those words, or mistakenly said they had seen them, we had pretty good evidence that they were understanding the broader scenario of the stories. And we measured the linguistic type of understanding by checking to see whether people were faster to recognize words like “important” when they were presented after linguistically related words, like “haystack,” than when they followed words from different grammatical clauses in the sentence, like “cloth.”

			And we used one last trick to figure out how each hemisphere might be involved in these different ways of understanding. Because of the way information flows from our eyes to our brains, everything coming from the left side of any focal point goes into the right hemisphere first, and vice versa. Though both hemispheres in a healthy brain eventually share this information, differences in the speed and pattern of responding to words presented to the left or right sides of the screen provide critical clues about how each hemisphere processed the sentences.
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			Although all participants in our study were college students with no diagnosed reading disabilities (in other words, they were all in the typical bucket), differences in their reading skill corresponded to brains that were doing different things—particularly in the right hemisphere. As predicted by the patient data, we showed that the left hemisphere of all of our readers did seem to understand the linguistic aspects of texts (that is, their left hemispheres understood that the haystack was important, not the cloth). However, the right hemisphere of the less-skilled readers in our group was also sensitive to these linguistic relations. So much for language being a left-hemisphere-only function! And when it came to the scenario-based way of understanding stories, both hemispheres of the less-skilled readers got tripped up by words like “parachute,” showing that they were sensitive to both the scenarios as well as linguistic features. On the other hand, only the left hemisphere of the skilled readers seemed sensitive to the scenarios. Ironically, the most-skilled readers had right hemispheres that were like Jon Snow from Game of Thrones—they knew nothing. They didn’t respond differently when words like “important” were presented after “parachute” or “cloth,” or “crow” for that matter. And they were no more tripped up by words like “parachute” that were thematically related to the stories than they were by words that were totally unrelated to the sentences.

			At the end of the day, no individual in my experiment showed the specific pattern of results that was predicted based on the data you get when you average groups of people with different reading skill. It’s kind of like taking a room full of people and saying that their average age is forty-two, even if no one in the room is actually forty-two. But in this case, the failure to understand how brains differed led not only to incomplete data but to incorrect conclusions about how the two hemispheres contribute to reading comprehension.

			If you’re still wondering why to care about this, imagine what might happen if you found yourself with an injury in the right hemisphere of your brain. What changes might the doctor tell you to expect? How might they evaluate the risks and benefits of some optional surgery?

			Throughout my career, I have argued that although focusing on group averages has allowed the field to learn more quickly about the things we do have in common (like many of the mechanisms that underlie our sensory processes), it has also slowed our ability to understand the things that make us unique (like how we go about understanding stories, or jokes, or one another for that matter). One implication of this “one-size-fits-all” approach is that the vast majority of what we know about how the human brain gives rise to the human mind either ignores or glosses over the things that make us different.[*] For instance, many neuroscientists and even physicians still consider language comprehension to be the left hemisphere’s job. And as a result, when it comes to understanding how, and in whom, the right hemisphere contributes to different ways of understanding language, there is little consensus in the field, even though descriptions of language difficulties following right-hemisphere damage have been reported for more than 150 years.

			But before I ride off into the sunset on my “differences matter” high horse, please allow me to make a confession: There are good, practical, reasons that people who are interested in human neuroscience don’t study individual differences. The first relates to that whole “brains trying to understand brains” conundrum. The human brain is so incredibly complicated that we will definitely not fully understand it in my lifetime,[*] even if we do gloss over all the things that make us different and focus on our commonalities. The truth is that we still don’t even fully understand C. elegans! Even though we have a perfect map of each of their neurons and what they are connected to, we cannot predict with 100 percent accuracy what a C. elegans will do in any given situation. We can get close, but we don’t understand everything.[*] Imagine how that scales up from a map of 302 neurons to one of 86 billion, and you will have the appropriate mindset for appreciating how much we still don’t know about your brain.

			Which brings me to the second reason that studying individual differences in human brains is challenging. Many of the interesting variables can’t be ethically manipulated in the laboratory. Instead, when a person walks in for testing, they bring all of their brain’s design features with them—those that they were born with, as well as those that were shaped by their experience. But as you’ll learn in this book, these things are often related to one another. Trying to tease differences apart to figure out why someone is the way they are is very challenging in the best of circumstances. The task always takes us back to one of the oldest questions in psychology—how much of what makes you you is inherent in your DNA, and how much has been shaped by your experiences?

			The misunderstood battle of nature versus nurture

			So what came first—the linguistically ignorant right hemisphere, or skilled reading ability? By now, most people who study human behavior understand that our biology and our experiences are so intertwined that it hardly makes sense to “blame” one or the other when trying to figure out what makes you you. The answer is always a combination of both. For one thing, every single life experience changes your brain. Some of the changes are inconsequential and others are incremental. But on rare occasions, for better or for worse, a single event can change the way we work, forever.

			This is an important note to take, before diving deeper into the neuroscience of you. The fact that something about your brain causes you to think, feel, or behave in a certain way does not necessarily mean either that you were born that way or that it can’t change. The truth is that your brain is a moving target. And most research linking brains to behaviors, like my work on the two hemispheres and reading skill, only looks at a single point in time—a snapshot, so to speak. With this kind of experiment, it’s simply impossible to tell how much of a particular brain design is stable or has been shaped by your experiences.

			One way to separate the influences of our genetic blueprints (or “nature”) from our environments (or “nurture”) is to do a longitudinal study. With this type of design, researchers measure the same brain at different points in time, to see how general maturation, or a specific experience, might change it. For example, in yet another clever follow-up experiment conducted with London’s taxi drivers, Katherine Woollett and Eleanor Maguire did exactly this. Their goal was to figure out whether people who are able to pass the Knowledge test were born with bigger hippocampal tails, or whether it was the act of studying for the test itself that caused this area to grow.

			To do this, they took images of the brains of 110 people on two occasions, three to four years apart. The majority of them (79) were taxi-driving hopefuls, first scanned while they began training to become taxi drivers but had not yet passed their tests, and the rest (31) were “control” participants, selected to match them on factors like age and IQ that might relate to the sizes and shapes of their brains. And since more than half of the trainees fail to pass the Knowledge, the researchers planned to make two comparisons with their data. First, they wanted to compare the brains of people who eventually passed the test to those who didn’t, to see if there were observable brain design features that separated the groups. Second, they wanted to see if there were any notable changes that happened as a result of studying for the Knowledge and stuffing one’s brain full of maps.

			The results from Woollett and Maguire’s longitudinal study provided pretty clear evidence about the causal relation between the taxi drivers’ brains and what they’d been asked to do. Before training, there was no way to identify who would or wouldn’t eventually pass the Knowledge. There were no reliable brain differences between the eventual “pass” and “fail” groups when they signed up for training—not in the size of their hippocampi, or of any other brain region for that matter. In fact, the only difference between those who passed the test and those who didn’t was the amount of time they spent training every week. The group who passed spent an average of 34.5 hours each week training, while those who didn’t typically spent less than 17 hours a week studying! And over three years, that intense training schedule left its mark, but only on the brains of the group that passed. After squeezing all of that knowledge into their brains, their hippocampal tails grew.[*] In other words, the exceptional brains of the London taxi drivers were created by the demands placed on them. Case closed.

			For researchers who don’t have the time, money, or desire to follow their participants through life and take repeated measurements of their brains, twin studies provide another option for disentangling the influences of nature and nurture. The field of behavioral genetics has largely progressed this way—attempting to disentangle nature from nurture by looking at people who share different proportions of each. For instance, monozygotic, or “identical,” twins are created from the same egg and sperm and are nearly genetically identical at birth;[*] whereas dizygotic, or fraternal, twins come from two different sperm and two different eggs, and thus share the same amount of genetic overlap as any two nonidentical siblings. Many studies estimate heritability, or the extent to which some measurable characteristic is genetically driven, by comparing how similar it is in pairs of monozygotic twins to pairs of dizygotic twins. If the monozygotic twins are more similar to each other with respect to the characteristic of interest (say, their ability to remember the location of landmarks) than dizygotic twins are, the difference between twins is assumed to be related to genetics. This type of analysis relies on the assumption that monozygotic twins and dizygotic twins share roughly the same degree of overlapping environments.

			The problem with this assumption is that some characteristics that have genetic influences, like extraversion (which you’ll read about in the “Mixology” chapter), also influence the kinds of environments and experiences people will seek out. And other genetic factors, like how tall or attractive you are, can influence your experiences by shaping the way others treat you. To further muddy the nature-versus-nurture waters, the rapidly evolving field of epigenetics is showing that environmental experiences can create chemical changes in our DNA! As a result, a single gene can have different effects on the proteins it creates in the brain (or body) when placed in different environments. Through these mechanisms our experiences can become “biologically encoded.”[*] In other words, if you put the same strand of DNA into different environments, it might build different people.

			But sometimes the outcomes aren’t that different.

			The documentary Three Identical Strangers does a fantastic job capturing this. The movie is based on the remarkable true story of identical triplets who were adopted into different families at birth, and only discovered one another accidentally at the age of nineteen. In case you haven’t seen it, I won’t ruin the surprise (and sometimes scandalous) twists—but suffice to say that the ways in which these boys were similar to one another might go beyond what your mind conjures up when you think of how your biology makes you you. Of course they look, walk, and talk alike—but smoke the same brand of cigarettes? That’s just wild. Or is it?

			The only problem with anecdotal evidence like this is that we get so captivated by the story that we don’t think about the facts objectively. For one thing, the similarities stand out, but the differences are easy to ignore. It’s not that anyone would have been shocked if the triplets liked different kinds of beer[*]—but the fact that they all smoked Marlboros caught our attention. Which brings me to my second point about statistics and coincidences: To figure out how surprising the similarities between long-lost twins (or triplets) might be, we’ve got to ask the question, “How likely is it that any two random strangers who meet on the street would also be similar in this way?” When it comes to what kind of beer you drink, or what brand of cigarettes you smoke, the answer depends on how popular that choice is. According to a market research article I found, in 1980 when the triplets met, Marlboros were the most popular cigarette with people in their age group, capturing about 40 percent of the market. It’s still remarkable, but somewhat less remarkable than if they all smoked Camel Lights. To be scientific about the question of whether a person’s taste in cigarettes can be genetically influenced, we’d need to look at a bunch of monozygotic twins, separated at birth, and see if the likelihood that they smoke the same brand is significantly greater than the likelihood that any two unrelated people plucked off the street would.[*]

			I know, I’m no fun.

			But the good news, when it comes to our discussion about nature versus nurture, is that I already had this kind of scientifically skeptical attitude on board when I met One Really Freaking Similar Stranger named Maia on April 7, 2020. There I was, in the middle of writing a book about how your brain makes you you, when I received an email from a twenty-year-old stranger with the memorable subject line “49.5% Match! (You might want to sit down).”

			The first thing I noticed while reading the email was how much she “sounded” like me. Though her words were more carefully chosen than mine typically are, they were also a bit silly, and emphatic in a way that was very familiar. Unless something like this happens to you, you might never think you’d recognize yourself in the way someone uses an exclamation point. But I did![*]

			The next things that struck me were the similarities in the things she chose to share about herself. Not knowing how I’d feel about being contacted, she strategically kept the email short and sweet. I imagine she thought quite a lot about what she wanted me to know about her, in case she never got the chance to talk to me again. Under those conditions, she chose eight things to share: (1) her love of singing, and the fact that she was studying to be a music teacher; (2) her love of animals, especially horses; (3–6) were brief mentions of hobbies, which included hiking, painting, traveling, and playing Mario Kart; (7) that she was voted “class clown”; and (8) that her Taco Bell order was a Crunchwrap Supreme with spicy potatoes and guacamole.

			At this point, the feeling that I was talking to the twenty-year-old version of myself was through the roof. As you will probably figure out by the end of this book, I am also a huge animal lover. Hopefully, you’re holding me accountable here and thinking, Wait. What’s the chance that two random strangers who meet on the street will also love animals? And that would be a valid point. But I think I’m an outlier in how much I love animals. Like, I still go to petting zoos, even though my child is twenty-six—and I stay too long. When I was little, I brought a baby duck home from the feed store because it was cute. I named him Quackers and filled a wheelbarrow up with water so he could swim in my backyard.[*] In my adult life, I have become infamous for finding lost or injured animals, including Hugo, the dehydrated little baby raccoon I found in a gutter and raised in my garage until he was strong enough to be released. In my lifetime, I have had at least twenty different types of pets, starting with sea monkeys and an ant farm, and working my way up through fish and lizards in college, to finally fulfilling my childhood dreams and buying an off-the-track racehorse for myself for my thirtieth birthday.

			So what are the odds? According to the most relevant statistics I could find, 4.6 million Americans ride horses for hobby or sport. That’s about a 1 in 71 chance of finding someone on the street who rides horses. But maybe that’s not a fair estimate, since it’s more popular with certain demographics than others.[*]

			But what about the other seven things? Love of music? I’m an amateur drummer, but my daughter, Jasmine, did musical theatre throughout high school. Hiking? Definitely. Painting? I don’t have the patience, but my mom, aunt, grandmother, and great-grandmother are all stellar visual artists. Traveling? Definitely, but that’s pretty common for those who are capable. And Mario Kart? I’ve only played a few times, but I always lose—possibly because I like to pick the bathtub as my vehicle of choice. I was not voted class clown, but as you might guess from my Mario Kart vehicle, I’m also not a particularly serious person. In fact, my husband and I, who share the same preteen sense of humor, describe ourselves as “astronauts of stupid.”

			What’s kind of funny, in retrospect, is that the most salient thing about the list of Maia’s “fun facts” was her Taco Bell order. No, I am not about to tell you that I eat Crunchwrap Supremes with spicy potatoes and guacamole.[*] That would be wild. But anyone who spent time with me when I was Maia’s age knows that Taco Bell was a huge part of my culture. To be clear, it’s not the fact that we both liked Taco Bell[*] that blew my mind. It’s that I would also probably have chosen to include my Taco Bell order in the “these are the things that you need to know to understand me” package. Suffice to say that reading the email from Maia, and then watching the slideshow her parents had prepared for me, was an unforgettable experience. Though I knew she existed, it was an entirely different thing to watch the life of someone that was created from my DNA unfold across my computer screen.

			Her origin story starts the summer before I began graduate school, when I decided to become an ovum donor.[*] It’s a choice I’m proud of—one that allowed me to help an incredibly kind family that had trouble conceiving on their own while earning a bit of money to help support my own child, who was four years old at the time.

			And here’s where my nature-versus-nurture story takes an interesting twist. When it comes to shared experiences, my daughter, Jasmine—the best friend I gave birth to—and I are as close as it gets. We grew up together. Because I was only nineteen years old when I gave birth to her and was a single mom until I met Andrea twelve years later, Jasmine and I did everything together. When she was little, there were months at a time when we were never physically separated. As we went about the maturation process (she usually a few steps ahead of me), many commented on our similarity to the Gilmore Girls.[*] I can see it, except for the fact that I’m way less cool than Lorelai, and she’s a little less nerdy than Rory. Oh, and we’re real.

			Like the Gilmore Girls, Jasmine and I overlap a lot in our “likes” (trash television, Zumba, Irish food, and ’90s hip-hop, to name a few) and “dislikes” (anything even remotely scary, people who drive too slow, artsy films,[*] and having our feet tickled, for starters), but we have very different temperaments. She is chill (except when driving), and I am not. She’s a deep, careful thinker, and I’m fast, spontaneous, and impulsive. While raising her, I never thought, Jasmine is exactly like me. I always thought, We make a perfect team.

			Maia, on the other hand, seems to have a freakishly similar temperament. If the number of exclamation points in her email weren’t a dead giveaway, most pictures of her hold some clue to our shared personality traits. We are both clearly high on the extraverted scale—I like to call it “pizzaz,” but the kids these days might also call it “extra.” Suffice to say that neither of us blends in very well. The other day, Maia sent me a picture of herself cruising around with Pepper, her pet bearded dragon, in this giant pink aquarium-backpack thing she bought so that he could come have adventures with her. Wow.

			What might the similarities and differences I share with these two amazing young women with whom I also share half of my genes reflect about the role that genes and environments play in shaping our brains? In the pages that follow, I’ll describe some of the ways that our brain design is influenced by nature and nurture independently, and how those two things interact. In Part 1, I’ll focus on biological features. However, as you’ll learn, even the smallest aspects of our biology are also shaped by our environments. When applicable, I’ll talk about the heritability of different traits, or the percentage of variability that is estimated to come from genetic influences, based on twin studies and the like. Then, as we shift into Part 2, our focus will turn to the jobs we ask our brains to do, and how our life experiences and biology interact to shape the way we go about accomplishing them. Throughout this process, I have no doubt that you’ll be thinking about how you came to occupy the “difference space” you currently inhabit, and I’ll do my best to provide clues along the way. But before we go there, I’d like to add a few more words about what you should and shouldn’t expect to find in the pages that follow.

			You probably think this book is about you, don’t you?

			It’s about time to address the elephant in the room—the fact that I haven’t told you anything specific about how your brain works yet. But you’re still here, which, I hope, is a sign that I’ve at least got you thinking about it. In the pages that follow, I plan to provide you with a solid foundation in the neuroscience of you—one that describes both how biological engineering differs across brains (in Part 1) and how the jobs they do provide the testing grounds for bringing out the differences between us (Part 2). Of course, to fit what I’ve learned in twenty-plus years into a book that wouldn’t warp your brain like the Knowledge test, I had to make some tough choices about what to put in and what to leave out.

			My decisions about what to include were largely driven by the aspects of brain design that can most easily be reverse-engineered. As a result, many of our discussions will be centered on characteristics like handedness or personality traits—things you either already know about yourself or that can be measured using the assessments you’ll find in the book. But keep in mind, if you find yourself wanting to know more about how your brain works, feel free to check out the “Research” link on my website, chantelprat.com, at any time. There you’ll find a variety of links to brain games that you can play to get more time-sensitive measures of some of your own brain’s design features.

			Whenever possible, I also chose to discuss topics that have been thoroughly studied, with multiple lines of converging evidence. Unfortunately, this is the exception rather than the rule with individual differences in research in neuroscience. Many of the experiments I describe have been conducted within the past five years. Try to keep this in mind as you read. This is a new field, and the cutting edge can also be the bleeding edge. I imagine that in another five years, what we know will have changed substantially. At least, I hope that’s the case, because there is still so much about you that we don’t know! Given where the field is at, my goal is not to give you all the answers but to give you the tools to be able to think about what we do and don’t understand about how different brains work.

			When it comes to what I’m not going to talk about in this book, one of the biggest topics is what makes one brain better, or worse, than another. It just doesn’t make sense to me, even though I was born before the “every brain gets a trophy” generation. As the taxi-driver experiment illustrates, you’ve really got to be thinking about the match between a brain and an environment to decide whether it’s a good fit, rather than talking about the absolute “goodness” of a particular design feature.

			For related reasons, I’m not going to spend a lot of time telling you how to change your brain. While I’m
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