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To my family — Varun, Mom and Dad, Lindsey, Latha and GP,
and our newest member, Munchkin — I love each
of you and all of you so much.


To those of us who, at one point or another, worry that we must
choose between being true to ourselves and being successful
in the world as it is, I hope this book provides tools to
emerge from that struggle at once victorious and at peace.









Author’s Note


The material in this book is for informational purposes only. It does not constitute, and is not intended to substitute for, medical advice or to diagnose, treat, cure, or prevent any health problem or condition. No action should be taken solely on the information in this book. Always consult your physician or qualified healthcare professional on any matters regarding your health and before adopting any suggestions or following any recommendations in this book or drawing inferences from it. The author and publisher specifically disclaim all responsibility for any liability, loss, injury, damage, or other adverse effects that may result, directly or indirectly, from the use or application of information in this book.


Mention of specific companies, organizations, or authorities in this book does not imply endorsement by the author or publisher.


Where dialogue appears, the intention was to re-create the essence of conversations rather than verbatim quotes. This is a work of nonfiction. Dialogue was, in some cases, created for the purposes of entertainment. Names and identifying characteristics of some individuals have been changed.


Facts Matter: A Note on Notes


Throughout the book, you’ll see little numbers perched above the words in many, many sentences. These numbers indicate that there was a specific source, usually a peer-reviewed scholarly research paper, that I was referring to when I made a particular statement. If you’re curious about the source, just flip to the Notes section at the end of the book. There you’ll find the sources listed in the order they appear, organized by chapter. Feel free to look up these sources and use the index; these are great ways to further explore any topic in the book.


Wherever you see the word “percent,” I’m referring to something called an “effect size.” This describes the effect that a treatment had on people’s average cognitive performance. There are many ways to describe these effects, but I use percentile standing. For more info, check out the endnotes.1


A big thanks is owed to my science fact-checkers and beta readers. This team of more than a dozen neuroscience graduate students, professors, undergraduates, and research professionals hailed from Google, Harvard, Johns Hopkins, McGill, New York University, uOttawa Brain and Mind Research Institute, Stanford, University of California–Berkeley, University of Chicago, University of California–Davis, and University of California– Los Angeles. They pored over the manuscript and hunted for mistakes. If you see facts in the book that are wrong, it’s probably because I didn’t heed good advice from one of them. If something looks off to you, just shoot me a message at ericker.com.









Introduction &
How to Use This Book




Time Investment: 11 minutes


Goal: To understand what you will and won’t get out of reading this book





One question has driven me from city to city. It has pushed me to hunt down experts across the world. It has motivated me to scour hundreds of research papers. It has compelled me to jump from working in neuroscience research to technology startups and back to research — but research of a far more personal type. Finally, it has fueled my testing of dozens — no, let’s be honest, hundreds — of apps, wearables, devices, and substances on myself. If I could answer this question for myself, I figured, I could answer it for others, too:


How can I upgrade my brain?


Not how can my doctor upgrade it. Not my teacher. Not my boss. Not my family or friends. How can I do it?


What does a “brain upgrade” mean? For me, it means getting consistent access to the best version of myself, not the one who slouches up on an average day. I want the version who learns fast, who recalls details that others forget, who juggles daily responsibilities without dropping anything important, who says just the right thing to make a friend feel better. The version of me who is bold, reliable, kind — and gets shit done.


Science fiction shows us what a dramatic mental upgrade could look like. With the help of a pill, a man becomes a financial wizard in weeks. With neural implants, a woman masters helicopter piloting in seconds. Other stories describe flawless memory, effortless language learning, and boundless creativity.


What if it didn’t have to remain fiction, though? Even everyday upgrades could be life-altering: What if we didn’t forget someone’s name 10 seconds after meeting them, didn’t snap at our significant others when they interrupted us (sorry, honey!), didn’t click uncontrollably from silly cat video to silly cat video when faced with a deadline? What if we displayed monk-like calm when our siblings or toxic coworkers tried to provoke us? In short, what if we could tap into our better, smarter selves, not just some of the time … but most of the time?


Back to the Beginning


Did your school report card include phrases like “seems bright but is not working to her full potential”? If so, my elementary school days might sound familiar to you. One day, my teacher made the following announcement to the class: “Elizabeth is going to a special tutor because she does not know how to read like the rest of you.” My cheeks burning, I toyed with the idea of running away rather than climbing the steps to the reading tutor’s office. After a few minutes with Ms. Lecto,1 however, two things became clear. First, she didn’t think I was a hopeless case. Second, she both challenged me and trusted me to progress at my own pace. With my previous teachers, I had daydreamed and doodled constantly. With Ms. Lecto, my brain finally turned on.


With her help, I went from being one of the worst readers in my grade midway through the year to fully caught up by summer break. By the following year, I was reading and writing above grade level. A few years later, I was nearly unrecognizable. Instead of being the kid who doodled through class every day, I was earning top grades and winning writing competitions. Later, I earned one degree from MIT and another from Harvard.


What happened? How exactly had the transformation occurred?


Perhaps not surprisingly, I didn’t encounter a lot of late readers among my classmates in graduate school. But I did discover something else there: research on reading trajectories.2 It turned out that students who fell as far behind as I had tended to stay behind when they became adolescents, especially in the United States. Furthermore, delayed readers were far less likely to graduate from high school.3 I had beaten the odds — but how? Other research papers revealed that for some children who would later struggle with reading, certain brain regions involved in language were smaller or under-activated, even before the children attempted to read.4 I wondered whether my struggles could have been predicted, too. Or, was it that I simply wasn’t paying attention? I did daydream a lot, after all. A Duke study tracked nearly 400 children from kindergarten through fifth grade and found a strong role for attention in predicting reading struggles.5


Because the brain changes so much over time and I never got a childhood brain scan or an attentional assessment, I’ll never know whether my reading struggles could have been predicted. However I got there, it was clear that I later won the academic lottery. Ms. Lecto’s personalized approach set me on a far happier academic trajectory than my homeroom teacher could have predicted. If attention was my problem, Ms. Lecto helped with that beautifully. In this book, you will learn about one of the key steps in upgrading the brain: discovering bottlenecks. The flow of water through a bottle is limited by the rate at which it can pass through the narrowest part of the bottle: its neck. In my case, my inability to control my attention was at least one of the bottlenecks preventing me from learning in the regular classroom. For you, the bottleneck may be something else.


Not everyone gets a Ms. Lecto. Frankly, I felt a little guilty at how lucky I had been. Being able to control and manage your mental performance is too critical to leave up to luck. Sometime between high school and college, I began to dream about brain upgrades more generally — not just for improving reading ability or improving attention. Were there evidence-based tools that could provide mental upgrades to anyone, regardless of their bottleneck?


For the next decade (and more), I pursued this question in a range of stressful, exciting, and occasionally comical conditions. Some of the fancier bits included conducting research in the molecular neurobiology lab of a Nobel Prize winner while I was a student at MIT; another involved working for a Silicon Valley billionaire. The not-so-fancy bits included carrying my own poop in a bag to the post office as well as scorching my hair during a botched electronics experiment. Through it all, I kept asking: How do we take the luck out of mental performance upgrades? The best answers I have found, at least so far, lie in the pages ahead.


Back to You


Thanks to improvements in technology and breakthroughs in basic neuroscience, we have probably learned more about the brain in the last few decades than we did in all previous centuries combined. You chose the right time to read a book on brain upgrades.


One of the illusions of modern-day science, however, is that we talk about “the brain” as if it were one thing. In fact, there is no one human brain. Each of our brains is gloriously and maddeningly unique — different from everyone else’s. We’ll talk about the exciting physical evidence behind this claim in chapter 3, but remember this: if your goal is to upgrade your brain, research on other people’s gray matter should intrigue but not convince you. Just because it worked for them does not mean it will work for you. Our current understanding of the brain is not sophisticated enough to predict perfectly what will work for each person.


This realization frustrated me to no end. It led to my discovery of something called “self-experimentation.” One of the only solutions to the problem of us being so different from each other is to use a scientific method designed for the individual. That’s not to say we can’t learn from each other — you’ll find plenty of conventional, group-based research in the pages ahead — but we can’t ever assume the transfer will be perfect. To know whether something works for you, you’ve got to run a self-experiment. This book will teach you to do just that.


You won’t need a neuroscience lab to do this. If you can follow a cookbook recipe, you can run a self-experiment. The best part? You’ll be taking ownership of the most personal part of you: your brain. When it comes to the health and performance of our brains, many of us feel too shy to share our internal experiences with others. So, who better to upgrade that glorious goo between your ears than you? And if you were ever the kid accused of not working to their “full potential,” I wrote this book especially for you.


How to Get the Most Out of This Book


In the pages ahead, you’ll read about something called interventions. These are the tools you’ll use to change your mental performance. You may be more familiar with this term in the context of trying to help a loved one with a drug or alcohol addiction. In research, the term intervention is used more generally. Out of dozens and dozens of candidates, I selected seven interventions to include in this book. All of them are comparatively inexpensive (from free to $500). They can be used at home in 15 minutes a day. Best of all, evidence points to their ability to improve four incredibly important mental abilities: executive function, emotional regulation, learning and memory, and creativity. You’ll learn more about those four abilities in Part II.


You’ll also find assessments you can use to test your performance across the four mental abilities. These tests are fast to do and you won’t need a lot of equipment or a doctor to run them on you. They are also cheap and repeatable, which is important because you’ll need to take them multiple times.


I hope this book fills a gap. There are a lot of evidence-based resources for treating medical conditions, but very few evidence-based resources for people without specific diagnoses who simply wish to become better versions of themselves. If you have been diagnosed with a medical condition, you are still absolutely welcome to join me on this neurohacking journey, but please keep working with your doctor, too. Even if you don’t have a specific medical condition, I hope you share anything you learn here with your doctor so that they can provide more personalized care for you.


Is It Safe?


Some of the interventions covered here involve gadgets — both hardware and software. Some involve pills. One is mostly a change of mindset. Many were developed by scientists in Western labs, but one was discovered in the South Pacific and others come from Indian and Chinese medicine. For me to include an intervention in this book, there had to have been randomized, controlled scientific research studies on healthy participants that were peer-reviewed and published in academic journals. The participants had to show specific improvements on at least one of our four mental targets. I chose not to include interventions that require a prescription or surgery, or that tend to come with major side effects. The intervention also had to show positive results in humans, not just lab animals.


I’ve tested almost all of the interventions here on myself. Some have transformed my cognition. Others did less for me personally but proved transformative for other people, so I still included them. Your experiences will be unique. For this reason, it’s essential that you learn how to test yourself, which is what we will do in Part I of this book.




IF YOU’RE IN A RUSH …


To make it easier to fit this book into the short chunks of time that your schedule may allow, I’ve provided a time estimate and a stated goal at the start of each chapter. If the chapter takes you less time, congrats! If it takes you longer, that’s fine too. Please read at your own pace and in your own way.


At the end of each chapter, there is a set of takeaways. If you only have time to read those, you’ll be missing out on a lot of stories and science, but you’ll still get the main points.


Once you’ve read Part I and Part II of the book, feel free to read the intervention chapters (in Part III and Part IV) in any order you want.


The end of the book (Part V) is where you’ll find the 15-minute self-experiment protocols. Think of that section as your brain upgrade cookbook. The experiments are organized by mental target, so if you already know which aspect of your mental performance you want to upgrade, you can flip to the relevant target to find instructions for your new 15-minute-a-day routine. The instructions are terse, though; they’ll make more sense if you read the chapters, too.





If you ever want to see the source of any statement in this book, there are over 450 citations sprinkled across its pages. Just follow the little superscript numbers you see in the text to the endnotes at the end of the book. The endnotes are organized by chapter. If checking out endnotes doesn’t sound that exciting to you, don’t worry; you won’t miss any of the action if you stick to reading the main text.


By the time you finish the book, you will have:




1.Identified possible bottlenecks holding back your mental performance.


2.Learned how to use personalized tracking and at-home experiments to boost your mental performance.


3.Learned a host of new tools to upgrade your brain. Some will sound like codified common sense; others may seem a bit more … unusual. Like when I attach a battery to my friend’s head to help him type faster.


4.Been equipped to upgrade your mental performance using “15-minute self-experiments.”





Throughout, you’ll learn how my friends and I shared our self-tracking and self-experimentation data with our doctors, in the workplace, and in school settings. Use these stories to inspire you to explore your own cognitive data.


This book is an audacious attempt to throw open the doors to the lab and let everyone come in and play with the equipment that goes beep. Will this cause chaos? Possibly. But good chaos, I hope. You have 24-7 access to something no one else does: your brain. Scientists, doctors, teachers, and technologists can tell you about the averages and characteristics of many brains across crowds, and they have expensive technologies to do so. Still, they don’t have full access to your brain. If you choose to track and self-experiment, you could become the world’s expert on your brain. You could optimize it, tweak it, hone it. In so doing, you could become a profoundly better version of yourself. Who knows what gifts you will give the world then?


Let’s get neurohacking!









PART I
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Prepare to
Neurohack









Chapter 1


Scientific Self-Help




Time Investment: 7 minutes


Goal: To understand what scientific self-help is and how to use it to upgrade your mental performance





How much does self-help really help?


As a market, self-help is worth somewhere in the billions.1 Self-help blogs abound, books fly off the physical and virtual shelves, influencers drop their wisdom by the minute, inspirational seminars and workshops attract hopeful hordes … but the impact is rarely measured.


Traditional self-help often involves doing your best to copy what some authority figure tells you to do. The potential flaw in this approach is that this authority figure may be very different from you. Even if they used their techniques to great success, there’s no assurance that those techniques will work for you. They may have different personalities or values than you do. They may live in a different environment where their techniques work better.


Another issue with traditional self-help is that it often involves little or no measurement. Measurement would make the whole thing accountable. Often, self-help gurus don’t necessarily want you to hold them accountable for whether their ideas actually work.


Scientific self-help is the opposite of traditional self-help. Whereas traditional self-help eschews measurement in favor of feel-good statements and often implies that its way is the best way for everyone, scientific self-help takes a different path. Scientific self-help embraces measurement and accountability — and it assumes individual differences abound. Instead of teaching you how to follow one specific solution, it teaches you a method to compare solutions and decide which one works best for you. Furthermore, scientific self-help empowers you to test solutions for yourself — you won’t have to take anyone else’s word for it.


The engine powering scientific self-help is the self-experiment. In a self-experiment, the same person acts as the researcher and the subject. For example, if you suspected that your attention would improve immediately after meditation, you could run the following self-experiment: First, measure your attention. Then, meditate for a specified amount of time. Then, as soon as you finish, measure your attention again. Repeat this sufficiently often so that your results aren’t skewed by random changes in your attention that have nothing to do with meditation. Sounds simple, right? Doing each of those steps right — and taking steps to avoid bias, since you are playing the role of both the scientist and the subject, after all — is what will transform your idea from a pet theory into a personal discovery.


Trying something, discovering that it doesn’t work for you, then trying something else, and discovering that it does — that is the core of scientific self-help. The gloriously imperfect process of science has brought us so much: cures to disease, longer human life, a greater understanding of our physical world, and, in the last few decades, a dramatically expanded knowledge of the matter that makes up our minds: our brains. Just think. If you turn the scientific method back on yourself, what might you discover?


What Is Self-Experimentation?


In research circles, a scientist who gathers data and runs experiments on a single person calls what they are doing “single-case experimental design,” “n of 1,” or “single-subject research.” To play the role of both scientist and subject, though, is different. That is self-experimentation. Some call it personal science. Among friends, I call it human guinea pigging.


Do real scientists use self-experimentation? Since the Nobel Prize was first awarded in 1901, we know that at least 14 winners were self-experimenters. Half of them won their prize in the very area in which they conducted self-experiments.2 Some scientists used self-experiments as a way of proving their confidence in their findings — even at the risk of their own lives and those of their loved ones. Jonas Salk, for instance, actually tested the polio vaccine on himself and his own family — including his wife and kids!3 To some scientists, self-experiments just seemed like the most ethical way to do science. As Rosalyn S. Yalow, the 1977 Nobel Prize winner in medicine or physiology (and the first American woman to win a Nobel Prize in that category) put it, “In our laboratory we always used ourselves because we are the only ones who can give truly informed consent.”4


Of course, to demonstrate that their findings generalized, self-experimenters had to follow up by experimenting on other people, too. If a professional baker wants to stay in business, they must make bread that other people like. To do that, the baker will offer different types of bread to many people until a recipe is found that the customers crave. But, if that baker needs to please only themselves, all they need to do is bake bread that they like. This might sound small or selfish until you realize that if each of us used self-experimentation to unlock the best versions of ourselves, our world would be filled with more competent, more creative, and more compassionate versions of all of us.


Scientific self-help empowers you to be both open-minded and discerning. It empowers you to try out any advice, tip, strategy, or tool and test whether it actually works for you. You may even be able to use scientific self-help to properly test the tips and advice in self-help books, apps, or other tools you already own.


Self-experimentation involves self-tracking. Self-tracking means observing and recording your behaviors without trying to change them. For instance, you might record the number of hours you sleep each night and observe its relation to your mental performance the next day. If I had known about self-tracking as a child, I might have discovered a personal trigger for attention problems: certain types of food. Without proper self-experiments, it took until my 20s — and only after a keen-eyed roommate who suspected I might be gluten intolerant challenged me to focus one of my self-tracking experiments on my diet (more on food triggers in chapter 6, “Debugging Yourself”).


Interventions


As mentioned in the Introduction, the term intervention is used generally in clinical research. An intervention is like a treatment; it is a tool or approach intended to bring about a specific change. It could be a pill, a meditation program, a new daily ritual … basically, any solution that could be used to address a problem. In our case, we will use it to describe any tool intended to improve mental performance. For instance, it could be a pill aimed at improving memory, a yoga program intended to improve mood, or a video game designed to decrease anxiety.


There’s one last term we’ll cover for self-experimentation. It’s a concept often used by website designers: the “a/b test.” That button you just clicked on your favorite website? It was probably a/b tested. The website designers made identical versions of the site, but with small differences: on version a, the button was red. On version b, the button was blue. Then, they waited to see which site got the most clicks. You can run a/b tests on yourself. For instance, you can compare your results on a memory test after 10 minutes of running (intervention a) versus 10 minutes of doing a crossword puzzle (intervention b). While there are a number of ways that running a/b tests on yourself are trickier — you can’t clone yourself like the website designers could with their websites, for instance — you can run your experiment enough times and wait a sufficient amount of time between experiments so you can make cautious conclusions about which intervention worked better for you. We’ll talk about more ways to make your self-experiments valid in chapter 4, “The Nuts and Bolts.”


Now you know what scientific self-help is and how it differs from traditional self-help. You know what self-tracking and a/b tests are. Most importantly, you heard a lot about self-experiments. But how does all of this relate to upgrading your brain?


In the next chapter, you’ll get the first piece of that puzzle. You’ll learn about a group of people who run a very specific type of self-experiment: neurohackers.


TAKEAWAYS




1.Scientific self-help is different from traditional self-help. It doesn’t tell you what to do; rather, it helps you test whether any given self-improvement approach is actually working for you.


2.Scientific self-help involves self-tracking and self-experiments involving interventions and a/b tests. Self-experiments in particular have a long tradition in mainstream science. You’ll be using some of the same techniques that Nobel Prize winners have used in their research to upgrade your mental performance.












Chapter 2


Neurohackers, Revealed




Time Investment: 9 minutes


Goal: To see what successful neurohacking looks like





What Is Neurohacking?


To some, the word “hacking” is menacing. Computer hackers breaking through online security systems to steal credit card numbers come to mind. To others it means a prank. When I was a student at MIT, our pranks were famous — like the one where students put a police car on the roof of a building, complete with doughnuts in the front seat. Hacking in that context is a way to poke fun, to imagine things done differently. Neurohacking — hacking brain function — involves finding creative shortcuts, using common materials for uncommon purposes, and challenging convention. It is fueled by curiosity — in this case, curiosity about how the mind works.


Neurohacking involves two activities: exploring your current mental abilities and upgrading them. Let’s look at an example of how one neurohacker upgraded his memory.


CASE STUDY #1: UPGRADING LEARNING


On September 14, 2010, a computer scientist named Roger Craig became the highest single-day earner on the quiz show Jeopardy! ($77,000). He held his title for nearly 10 years. In 2011, Craig explained his approach to retaining the information a Jeopardy! champion needs. One of his secrets? A century-old memory technique.1


In the 1880s, a German psychologist named Hermann Ebbinghaus shut himself up in a room in Paris to test how memory works. He forced himself to learn, review, and recall nonsense words on a specific, timed schedule. What Ebbinghaus discovered was that the rate of forgetting was predictable. He discovered a pattern of exactly how long it took to forget. If he reminded himself of one of his nonsense words just before he knew he was about to forget it — but no sooner — he could save himself hours of studying but still recall the information correctly. The trick was knowing when he was about to forget it. Ebbinghaus’s memorization technique became known as spaced repetition. Essentially, it was the most highly specific, scientifically based study schedule you could dream of.2 Over a hundred years later, specially designed computer programs made following a modified version of Ebbinghaus’s schedules feasible.3


Our Jeopardy! champion, Roger Craig, used just such a program to spectacular success. He found an archive of past Jeopardy! questions and answers and input them into the free spaced repetition program Anki.4 Ebbinghaus would have been proud: after his initial learning period, Craig kept his knowledge fresh and learned new material in just 10–30 minutes a day, focusing only on the information he was just about to forget. Using spaced repetition not only saved Craig time, it earned him Jeopardy! fame and fortune.


Meet Your Fellow Neurohackers


Whatever goals you have for your brain, neurohacking offers highly personal upgrades to just about anyone. You are about to join the ranks of a bold, inquisitive crew. Prepare to have fun and indulge your inner nerd.


When I started the research for this book over a decade ago, neurohackers were few, and we were sprinkled around the globe. For the most part, we didn’t even know about each other. Over time, I interviewed researchers in their labs and built my own tools from spare parts. It took me years to find like-minded individuals who could make that adventure less lonely, not to mention more efficient. You, however, can skip much of that.


Today you can find lively communities both online and in person devoted to biohacking — hacking one’s biology (which can, of course, include the brain). There are active groups on Reddit, Meetup, Facebook, and other platforms. Fans of author Tim Ferriss’s bestselling book on biohacking, The 4-Hour Body, gather online, too.


For a wonderful group of self-experimenters and self-trackers, check out the Quantified Self community. It was started in California by Wired magazine founding editors Gary Wolf and Kevin Kelly in 2007. Quantified Self’s thousands of members share an interest in “self-knowledge through numbers.” Their personal “show-and-tell” projects range from a man who used journaling and self-tracking to lose 200 pounds after a lifetime of obesity5 to a woman who struggled with fertility and biohacked her way to a healthy pregnancy.6


For a community that is focused specifically on the brain and new technologies relating to it, there is the NeuroTechX community, co-founded by a group of North American university students in 2015. Today it hosts “hack nights” (meetups where enthusiasts work on neurotechnology projects together), networking gatherings, and other events for its thousands of members and hundreds of chapters around the world.


These communities vary in how science-oriented their members are, but the range of personalities and backgrounds is broad enough that you’ll find someone to your liking if you keep looking. While these groups’ membership often reflects the American technology community’s demographics — white, male, trained in engineering, fairly affluent — there is a growing portion of people of all races, genders, and professions. What unites everyone? Curiosity. And a belief that understanding your own data can free you of your preconceived notions and biases.


CASE STUDY #2: PREVENTING BRAIN FREEZE


In 2012, Steven Jonas, an analyst at a nonprofit, gave a public talk about his personal project aimed at reducing a stress-related issue with his mental performance.7 He had noticed that at various points during his workday, his mind froze. Then he would suddenly find himself “fleeing” — skimming news articles and memes, or jumping up for a carb-heavy, pick-me-up snack. Realizing it was a stress response didn’t help. He needed a way to physically measure his stress. If he could measure it, he hoped he could learn to manage it.


Jonas found something called HRV, short for “heart rate variability.” In a healthy, fit person, the interval between heartbeats varies a lot — high HRV — because it is acutely responsive to changing signals from the brain. Decades of research on the connection between the heart and the brain have produced the finding that, when chronically stressed, the heart becomes less responsive to the brain, leading to low HRV. Jonas decided to track his HRV in order to detect his stress, hoping to catch stress before it turned into a “brain freeze.” To measure HRV, you use a chest strap or other sensor worn on the skin. So Jonas modified an old HRV device to beep whenever it detected his HRV decreasing (indicating that stress was increasing).


He began to notice patterns: email set off the beep generally, and emails from certain people really set it off. Soon, he could predict when the beeps would come. This gave him time to try an intervention to reduce the stress: a breathing exercise. With the increased self-awareness that his just-in-time beeps provided, Jonas began to experience fewer brain freezes. As a bonus, his self-tracking revealed that on days when he heeded these just-in-time triggers, he finished his workday with energy left over.


Now’s a Great Time to Get into Neurohacking


Self-tracking and self-experimentation — the core of neurohacking — are easier to do now than they have been at any other time in history. We have smartphones with apps that can log your data automatically. We have free spreadsheet tools to document our experiments. You can order many tests and interventions from the comfort of your own home. Even if you prefer pencil and paper for tracking, you can still find online communities in which to get tips and troubleshoot. Doctors are more open to self-tracking than they were a decade ago, when I first began the research for this book. That means that you can (and should!) share your findings with your doctor as you track yourself and run your self-experiments. You can provide data that can help them personalize their care for you.


CASE STUDY #3: CLEARING BRAIN FOG


In the late summer of 2014, Mark Drangsholt, a clinician-scientist and triathlete, gave a talk at a Quantified Self conference.8 He explained that he had complained to his doctor that he was suffering from brain fog — periods when he couldn’t remember words, forgot key information, and couldn’t concentrate. Because brain fog can have many causes and because Drangsholt seemed generally healthy, the doctor was unsure how to help.


Drangsholt decided to take matters into his own hands; he gathered genetic, blood, and cognitive test data from consumer companies. Armed with this array of data, he returned to his doctor. Together, they were able to pinpoint the likely cause of his bouts of brain fog: narrowing in small blood vessels in a key area of his brain. The doctor prescribed a statin that lowered his cholesterol levels; Drangsholt’s brain fog went away.


Would Drangsholt or his doctor say everyone with brain fog should take a statin? Almost certainly not. Drangsholt’s self-tracking, however, helped support a much more personalized form of medicine. Knowledge through self-experimentation is power; Drangsholt’s self-knowledge gave him the power to finally dispel his brain fog.


The Neurohacker’s Creed


There aren’t a lot of rules in neurohacking, but there are four principles of safe and effective neurohacking. I call them “The Neurohacker’s Creed”:




1.The neurohacker designs self-experiments. Neurohackers don’t assume that something will improve their mental performance just because someone said it would. They test their own mental performance before and after using it. This testing and evaluation process offers a controllable path toward self-understanding and self-improvement.


2.The neurohacker picks tests and interventions carefully. Neurohackers are curious but cautious. They pick the most valid and reliable tests they can, and they test themselves before they try an intervention. If two interventions promise comparable efficacy, neurohackers choose the intervention with the fewest side effects.


3.The neurohacker never assumes self-experiments will generalize.Neurohackers know that everyone’s brain is different, everyone’s lifestyle is different, and everyone’s goals are different. The most successful self-experiments will be highly individualized. Neurohackers can and do learn from each other or from large-scale studies, but they never assume that two people following the same protocol will get exactly the same result.


4.The neurohacker doesn’t have to work alone. Neurohackers design their self-experiments in concert with teachers, doctors, therapists, and other specialists. Neurohackers take radical ownership of their self-experiments, but they often work with a buddy — a co-adventurer who is also on their own neurohacking path. Neurohacking in pairs or groups keeps everyone accountable and turns self-science into a party!





Now that you’ve seen examples of neurohackers in action, you may be wondering where to start yourself. Also, you may be wondering what an upgrade really is — and what kind of physical evidence we have that they even occur. In the next chapter, you’ll find answers to these questions.


TAKEAWAYS




1.Neurohacking involves two activities: exploring your current mental abilities (that is, through self-tracking ) and testing different interventions in order to upgrade your mental abilities (that is, through self-experimentation ).


2.There are numerous online and in-person groups devoted to self-tracking, self-experimentation, and biohacking where new neurohackers can find community and ideas.


3.The neurohacker’s creed has four principles: (1) the neurohacker designs self-experiments; (2) the neurohacker picks tests and interventions carefully; (3) the neurohacker never assumes their self-experiments will generalize to others or even themselves in the future; (4) the neurohacker doesn’t have to work alone.












Chapter 3


The Evidence




Time Investment: 11 minutes


Goal: To understand how mental upgrades work and the evidence that they exist, and to start thinking about your own neurohacking goals





In this chapter, we’ll look at the evidence that the brain can change, and how. We’ll also look at how to measure change given the fact that our brains vary enormously.


Are Brains Actually Changeable?


When I first started my research, this question came up often. A version of this is the nature-nurture question: How much of your intelligence is your genetics and how much is from your environment — including the kinds of environments you create for yourself using neurohacking?


Alan Kaufman, inventor of some of the most widely used IQ tests and a clinical psychology professor at Yale University’s Child Study Center in the School of Medicine since 1997, has said, “Probably the notion of genetics contributing about 50 percent to IQ and environment contributing about 50 percent to IQ is as close as we are going to get within science to estimating the relative role of each in a person’s IQ.”1 To consider the effect of environment on the brain, Kaufman and colleagues compared the IQs of siblings who live together to those of siblings to who live apart. They found that siblings who were reared together but who were not biologically related to each other (that is, adopted siblings raised together) had fairly correlated IQs (a correlation of .28). As adults living apart, their IQs diverged: after they no longer shared an environment, their IQs’ correlation was a measly .04.2


These findings have limitations, of course. For one, these were observational studies, not lab experiments. In observational studies, scientists just record what happened, and notice that certain things tend to happen after other things happened — and if that kind of thing happens often enough, probably those two things are related and it wasn’t just chance. Only when you run a proper experiment can you make strong statements about cause and effect. In this case, of course, it would be unethical to run such an experiment. For another, IQ is a limited and highly imperfect proxy for mental performance. All of these criticisms aside, the correlation studies about IQ are worth at least some cautious optimism. They show that IQ is not just a puppet to genetics. It can and does change in response to its environment. Given the right environment, it stands to reason that it should be improvable. In other words, this is evidence in favor of neurohacking. But how exactly does the environment enact changes on the brain?


There are numerous mechanisms proposed for how the environment changes your body — including your brain. For instance, changes in the environment can affect how your genes are expressed (as studied in the field of epigenetics). Another way is through the microbiome — the ecosystem of microorganisms living in and on your body, which can affect everything from mood to energy levels. This can be altered by, for example, food and stress. The last — and most frequently mentioned way — is that our brains can physically change in response to experience.


Neuroplasticity


We won’t get too technical here, but it’s worth understanding the basic evidence underpinning the belief that we can change our own brains. Neuroplasticity is defined as the brain’s ability to form and reorganize connections in response to learning, to new experiences, or to injuries. Our brains change physically in response to negative things (like childhood adversity or stress) and to positive things (like learning opportunities).


As neurohackers, we harness the brain’s ability to change through learning. As we learn, our brains change in predictable ways. For example, in 2014, a Korean research team recruited three groups for a brain imaging study: college students with no archery experience, collegiate archers, and Olympic medalists in archery.3 When novices “mentally released the bowstring,” imaging showed widespread activity across their brains. In contrast, the collegiate archers made far more efficient use of their brain, engaging fewer regions; the Olympic archers’ brains engaged the fewest regions of all.


The connections between neurons are referred to as wiring. Neuroscientists use the phrases “neurons that fire together, wire together” and “neurons that fall out of sync lose their link” to explain why some neurons get connected to other neurons and why they disconnect. When you learn a new scale on the piano or remember an equation for the first time, you are literally making a set of new neuronal connections. The formation of new connections (wiring) between neurons is known as synaptogenesis.


When trying to learn new tasks, neighboring neurons often get recruited to help. If neurons near the ones principally involved in processing a learning task aren’t too busy with other responsibilities, they get roped into helping out with the learning task, too. As humans develop expertise in an area, not only does the communication between large-scale brain regions change, so does the real estate used to accomplish the learning task. Learning a musical instrument,4 juggling,5 memorizing the drivable layout of a city,6 cramming for standardized tests in law7 and medicine,8 and undergoing talk therapy9 have all been found to cause observable, physical changes in the brain. All this is to say that brain change is very possible.


Our Brains Rewire Themselves All the Time


Not only do we change in response to learning new tasks, we change in response to our environment and our life experiences more broadly. A professor from my department at MIT, Sebastian Seung, introduced me to the power of the “connectome” — the precise and unique wiring of different neurons connecting to each other in the brain. In a multi-hundred-person study, American and Taiwanese researchers found, on average, that each person’s brain was more than 12 percent different than it had been 100 days earlier.10 The brain’s ability to rewire itself is, at least in part, what allows us to learn and change, even as adults. All the more reason to make your own brain upgrades intentional; then you get to ensure that the rewiring is happening in ways that you want.


How Do We Measure Brain Change?


To answer this, you’ll need to understand how mental performance is measured. There are two ways: behaviorally and biologically.


TESTING MENTAL PERFORMANCE: BEHAVIOR TESTS


The behavioral tests I recommend using for your self-experiments are those that measure mental ability (not cultural knowledge) and can be repeated. Since our goal as neurohackers is to use tests to gauge our progress, we need tests that are valid even when repeated, so we can see differences in our performance over time. If every time you take a test you get more familiar with its questions, a higher score later doesn’t mean the same as a higher score earlier. We want to avoid that. Useful tests often involve visual puzzles or games. In this book, I will give you shortened versions of some of these tests. I’ve selected ones that you can take repeatedly so you can assess the effects of your self-experiments. We’ll talk about them more in Part II of this book.


There are tests I recommend against using. Many commonly used personality and intelligence tests, for example, are neither repeatable nor culturally unbiased. Thus, you can end up with a low score due to simply not knowing culturally specific vocabulary. For instance, here’s an old question from the SAT — a test that correlates highly with IQ tests and that used to be very culturally biased.




RUNNER: MARATHON


(A) envoy: embassy


(B) martyr: massacre


(C) oarsman: regatta


(D) horse: stable





In this case, the correct answer is C. (An oarsman is an athlete who rows a boat, and a regatta is a boat race.) These words might have been familiar to a certain upper-crust set, but not to very many outside that set. That question — and others like it — were later deleted from the test for being culturally biased.11 This is the kind of test we want to avoid.


TESTING MENTAL PERFORMANCE: BIOLOGICAL TESTS


Measuring physically observable changes in the brain — such as changes in the brain’s electrical activity — is probably the future of neurohacking. Cheap wearable brain imaging devices offer an exciting glimpse at where the field will go, giving you a chance to observe your brain’s functioning in real time. Brain imaging has also been used to diagnose ADHD; one FDA-approved application allows doctors to compare a pediatric patient’s brain waves to the brain waves of children definitively diagnosed with ADHD.12 However, most of the medical-grade biological mental performance assessments are either not yet advanced enough or not accessible enough to enable neurohacking at home. That mostly leaves us with the behavioral tests in the meantime.


Individuality, Personalization, and Choosing Your Neurohacking Goals Wisely


At this point you may be wondering: What does the end goal of neurohacking really look like — that is, what does an upgraded brain look like? The answer is that it will look different for each person. As a neurohacker, you’re in charge of your own upgrades. You get to make your own self-experiments, and you get to decide what counts as optimizing your mental performance. Just because you can change something about yourself doesn’t automatically mean that you should.


Neurodiversity is a buzzword you may be familiar with: it refers to the naturally occurring diversity of all our gloriously different individual human brains. Just as there is a gorgeous variety of human hair, skin, and eye colors, there is even greater variety in the brains behind those faces. Individual differences in mental performance can be significant: no two brains are identical, not even those of identical twins.


Recent imaging data has shown us that the wiring pattern of your brain is unique and identifiable,13 even over time — similar to fingerprints.14 Unlike their genetics, the brain wiring of identical twins is not identical. Researchers in the US and Taiwan found that identical twins’ brain wiring was only about 13 percent similar. For context, fraternal twins and siblings wiring overlapped by about 5 percent.15 A brain’s electrical patterns may be unique, too: when a group of study participants were faced with the same 500 images (including a slice of pizza, a boat, a picture of actor Anne Hathaway, and the word conundrum ), each of their brains’ responses was so different that the researchers were able to identify each participant with perfect accuracy.16


Neurodiversity is an idea that has sparked a social movement as well as a scientific movement. People whose thinking and behavior have been labeled “abnormal” have started to organize and advocate for acceptance of their mental traits. One of the largest such groups is composed of people diagnosed with autism spectrum disorder, but people labeled with ADHD, bipolar disorder, dyslexia, and many others are also advocating for acceptance rather than pathologizing of their differences.17


They argue that their brains are wired differently, but not always worse; under certain circumstances, they have advantages over so-called neurotypical people (those whom others might label “normal” or “healthy”). They also argue that some of the differences currently labeled as disorders may be explainable as variations that evolved to help humans adapt to different circumstances, just as, for example, different skin colors became prevalent in environments with different amounts of sunlight (dark skin provided humans with better protection against direct sunlight in areas close to the equator, but pale skin enabled better vitamin D absorption in northern areas).18 For instance, some people with ADHD hypothesize that they are descended from highly successful hunters (rather than gatherers). While many people with ADHD struggle when they have to juggle too many low-intensity (boring) details, their ability to hyperfocus in situations that others find overwhelming may have helped them when closing in on prey. This may explain, for instance, the relatively high number of people with ADHD who end up as ER physicians.19 Similarly, the ancestors of “night owls” or evening-type chronotypes — those whose natural inclination is to fall asleep and wake up later than people with morning chronotypes — may have been on the night watch, essential for alerting the rest of the tribe to threats. Interestingly, this group of people has scored higher in lab tests on multiple measures of mental performance when tested at their best time of day (evening) — higher even than other chronotypes when tested at their best times.20


So, as you go about your neurohacking journey, you may discover things about your mental performance that seem, at first, to be disadvantages. Before jumping to “correct” them, I urge you to consider what positive role they may be playing — possibly even secretly! It’s your mind and you should feel free to upgrade it as you wish, but personally, I hope you do not use neurohacking as a way to make yourself indiscriminately more similar to the people around you. This world has a lot of problems and opportunities, and your brain may very well be uniquely equipped to address one or more of them. I urge you to use neurohacking to make your brain a better version of itself — but still very much itself !


To understand how to actually upgrade your brain, you’ll need to learn how to run self-experiments. The next chapter has you covered.


TAKEAWAYS




1.Brain imaging evidence has shown that the human brain can be upgraded intentionally, even in adulthood. A person’s brain wiring changes significantly over time. Experts pin intelligence at roughly 50 percent environmental, 50 percent genetic. This is good news for us since neurohacking is about making intentional changes to your environment.


2.Individual differences are enduring characteristics that differ across people, such as their fingerprints and their brain patterns. Individual differences matter when it comes to the brain. They are one of the reasons that one-size-fits-all neurohacking interventions are unlikely to work; personalization is key.


3.Neurodiversity is part of human diversity. You can use neurohacking to make yourself more neurotypical or you can use it to strengthen what makes you unique. You could do both, depending on the time frame and on the particular self-experiment. It’s your brain, so it’s your upgrade.












Chapter 4


The Nuts and Bolts




Time Investment: 12 minutes


Goal: To learn the steps in a neurohacking self-experiment





I’ve messed up many neurohacking self-experiments. One time, I forgot to measure my mental performance before I started — it wasn’t until I reached the end of the experiment that I realized I had no baseline to compare against! Another time, I ran a self-experiment for so few sessions that I couldn’t tell whether my results were due to chance. Frankly, my blunders could fill another whole chapter. It won’t be this one, though. My goal here is to save you time by avoiding those same mistakes — so, let’s begin!


You’re about to get a framework for neurohacking self-experiments. You’ll even get a sample schedule at the end of the chapter. If you follow it, you’ll be far more likely to pick a good mental target to upgrade, choose a good design for your self-experiment, and ultimately, upgrade your mental performance more quickly.


Now, it may sound odd, but I want you to imagine a ladder …


The Four Steps of the Neurohacker’s Ladder


Imagine a ladder with four steps leaning against a wall. On the other side of the wall is an upgraded version of your brain. The trouble is, you’re on this side of the wall. You need to climb the ladder to get to the other side. You notice that each step has a word painted on it:




[image: image]Focus


[image: image]Selection


[image: image]Training


[image: image]Reflection





Taken together, Focus-Selection-Training-Reflection can be abbreviated as F-S-T-R. I pronounce them “faster.” I think of the four steps of the neurohacker’s ladder as encompassing the four key phases of a neurohacking self-experiment.


Before you start climbing, you’ll want to prep:




1.Get a lab notebook. In chapter 5, you’ll learn how to pick one.


2.Find a neurohacking buddy if possible. In chapter 5, you’ll learn who to pick and how to work together.


3.“Debug” yourself. In chapter 6, you’ll find potential bottlenecks in your health and lifestyle that could be holding back your mental performance.





Now, let’s climb that neurohacker’s ladder. We’ll start with the first rung, Focus.


F IS FOR FOCUS


The F in F-S-T-R is for “Focusing (your goals).” If you try to improve too many things at once, you’ll end up spending far more than 15 minutes a day. Spend those minutes wisely, otherwise you won’t run a very scientific self-experiment. Many pitfalls await the careless neurohacker. They include such gotchas as bias, practice effects, and carryover effects. Any of these technicalities can snag your ability to figure out whether an intervention truly worked for you. Here are steps to mitigate those risks:




1.Pick a mental target. To do this, you’ll want to assess which mental abilities are currently your strongest and which are your weakest. Part II of this book describes how to assess yourself across four domains of mental performance: executive function, emotional regulation, learning and memory, and creativity. Each has strong relevance to mental performance in daily life. There’s one problem: evaluating yourself — rather than using a performance-based measure — carries a strong risk of bias. Whether due to ego or wishful thinking, it can be easy to grade your mental performance in rosier terms than you probably deserve. Conversely, if you’re feeling depressed or are a particularly harsh self-critic, you might grade yourself unfairly low. There are a few ways around this problem, thankfully. One is that you’ll be using a variety of measures to assess yourself, some of which are less subjective and more performance-based. So, your likelihood of skewing everything with your own bias is at least somewhat managed.


2.Gather data on your baseline mental performance and your baseline quality of life. To have some basis of comparison, you will need to establish a baseline for your mental performance before doing any interventions. Remember our “gotchas” list of neurohacker pitfalls? Let’s deal with the risk of so-called practice effects. Unlike stepping on a weight scale where you can’t get a dramatically better number simply by testing multiple times, we tend to get better at cognitive tests the more times we take them. This is because we get more comfortable with the format, not because our underlying cognition has actually improved. To deal with practice effects, you have a few choices. One option is to take a cognitive test at the beginning of your experimental program and then wait long enough before taking a follow-up test that you’ve mostly forgotten the questions; many clinicians advocate for a six-month interval between tests.1 I recommend a different approach, one I first saw used by Yoni Donner, the Google researcher behind the online cognitive testing platform Quantified Mind.2 In this approach, you test yourself enough times that your answers stabilize. Complete the Focus phase within a week, taking each of the performance-based tests about five times.3 Save the second-highest score you achieve during the baseline period, since your highest score may have been a fluke. This second-highest score will be your baseline score to beat during your self-experiment period.





Another way to make sure that your interventions are actually working for you is to look for changes in your day-to-day life. You’ll assess your Life Satisfaction score and your Say to Do score in chapter 12. These two scores are intended to give a rough baseline of your current quality of life and productivity levels. If you compare your scores in these areas before and after your self-experiment, you’ll have “real world” metrics with which to assess your neurohacking efforts. Just because one thing happens before another thing doesn’t mean that one caused the other (that is, correlation doesn’t equal causation). However, if your Life Satisfaction and Say to Do metrics go up along with your mental performance improvement, it’s at least possible that your neurohacking helped improve all of them. Again, you’ll read more about this in chapter 12, “Life Scoring.”


S IS FOR SELECTION


The S in F-S-T-R is for “Selecting (an intervention).” During this phase, you will select a self-experiment, do your prep, set up your experiment, and order your tools. Here are the actions you’ll take as part of this stage:




1.Choose your intervention. Parts III and IV introduce you to different interventions you can use to improve your mental targets. Most studies assume you will test one intervention at a time. You could combine interventions, however. For instance, a large-scale, randomized controlled study of a few thousand older adults in Finland resulted in impressive cognitive gains by combining diet, exercise, computer-based cognitive training, and health monitoring.4 Note that if you choose a “kitchen sink” approach, as my friend and Stanford professor Irina Skylar-Scott likes to call it, you won’t know which of the interventions was most responsible for your improvements.5 Still, you can use a self-experiment to know whether that particular kitchen sink helped or hurt your cognition.


2.Choose or design your particular self-experiment protocol. Most of this work is done for you, since Part V lists self-experiment protocols organized by mental target. There is also information on the cost, complexity, and materials required, as well as instructions on how exactly to run each self-experiment. All of the protocols are designed to take roughly 15 minutes a day and to range in cost from free to under $500.





Let’s return to our “gotchas” list of neurohacker pitfalls. Our last risk is the so-called carryover effect. This occurs when there are lingering effects of a previous experiment on a current experiment, making it unclear which intervention deserves the credit for an improvement. You can handle this in a few ways. One way is to leave long gaps between interventions. This is called a “washout” period.6 By not using any interventions for a while, you “wash out” the effects of one intervention so that your system is “clean” before you try another intervention. The sample self-experiment calendar at the end of this chapter includes a washout period.


Most of the self-experiments in this book, however, are designed to help you compare the immediate effects of one intervention to those of another, rather than attempting to estimate the longer-term effects. Even if you had lingering effects from an intervention you did yesterday, the effects of an intervention you just finished are likely to be far stronger than those lingering effects. Most of these self-experiments answer the question “If I had just 15 minutes to give myself a quick mental pick-me-up, which intervention would work best for me?” They compare your test results after the intervention to those right before.


If you’re not interested in immediate effects, however, you need a different approach. For instance, one self-experiment evaluates whether a particular herbal supplement helps improve your memory. This particular herb, however, is known to take multiple weeks to kick in (see chapter 19, “A Pill a Day”). In this case, taking a daily test before and after consuming the herb would make no sense. Instead, the self-experiment calls for testing yourself before you start taking the herb and again a few weeks later, after the pill is expected to have taken effect. Furthermore, you can’t alternate with any other intervention for an experiment like this, because the carryover effects would be too hard to decipher.




1.Choose a randomization schedule. The simplest option here is to simply alternate which of two interventions you do each day. The downside of the alternation approach is that you may introduce what’s known as systematic bias. For instance, say you always ran intervention A (say, 10 minutes of exercise) on Mondays and Mondays are stressful for you. Furthermore, let’s say you always ran intervention B (say, 10 minutes of meditation) on Saturdays — a day that you typically do something fun. For reasons that had little to do with the actual efficacy of the interventions, you would likely end up finding that your mental performance was worse after intervention A (exercise) than intervention B (meditation). So, to avoid systematic bias, you can use a method that statisticians call “sampling without replacement.” In our example, you would use a special method of picking whether to exercise or meditate each day. The method ensures that you never know which intervention you’re going to use before you use it. You also end up using both interventions an equal number of times. This maintains suspense, which can be fun, but it does have downsides, which we’ll talk about in Part V.


2.Choose an experimental program length. To avoid getting fooled by randomness, you’ll need to run your interventions multiple times. Exactly how many times depends on how strong the intervention’s effects are and how easy it is to mistake chance effects for real changes. In general, I recommend testing each of the interventions in this book at least 15 to 30 times. If you did daily intervention sessions, you could run multiple self-experiments from the beginning to the end of each quarter of the year. You’ll learn more about this in Part V.


3.Buy or build your tools. To prepare for your exercise self-experiment, check the materials list to see what you need to buy or build.





T IS FOR TRAINING


The T in F-S-T-R is for “Train (your brain).” This is when you actually use the interventions and follow the protocols. Here are the actions you’ll take as part of this stage:




1.Follow the protocols for the length of time you’ve chosen. Use the randomization method you chose. Note your pre-and post-test results in your lab notebook each day.


2.Allow for a “washout period,” while still collecting data. As mentioned, this helps eliminate the problem of carryover effects. However, you still need to take all of the mental performance tests available for your mental target each day of the washout period to see how well you do without the intervention, just as you did during the baseline period. The purpose is to see whether you improved not just on the test you used during the training period, but also on the other tests of that mental ability that you practiced less. You’ll also reassess your life scores. Finally, you’ll take all four of the self-assessment surveys to see if your mental performance in other domains has changed since the beginning of the self-experiment.





R IS FOR REFLECT


The R in F-S-T-R is for “Reflect.” This is when you look back at the data you gathered in the baseline, intervention, and washout periods. Here are the actions you’ll take as part of this stage:




1.Graph your data. When you want a quick, general sense of whether a particular intervention is working for you, there’s a lot you can learn from plotting your data graphically. When you see the data graphed, it helps you decide which intervention is working better, so you can decide whether to keep using both, scrap one, or try something fresh for your next experiment. Analyzing your graphs visually rather than as calculations is my recommended approach. You’ll learn more about this in Part V.


2.Interpret your data. If you prefer to make a judgment based on numbers rather than graphs, you could start with a very simple approach. Simply pick the second-highest score you earned in each of your experimental periods — your baseline, intervention, and washout periods — and compare those three scores to each other. (You take the second highest, because the highest score is likely to have been a fluke.) A more conventional but more calculation-intensive way would be to compute some statistics. You could calculate the average and standard deviation and pick a confidence interval for your baseline scores. Then, do the same for the intervention period test scores and for the washout period test scores. Finally, compare the three means (with their confidence intervals) to each other. In self-experiments, it’s easy to get fooled by these kinds of numbers, however. You’ll read more in Part V about why pretty pictures are often better than statistics.


3.Decide what to do next. Based on your data, you’ll consider whether to stay focused on the same goal or pick a new one. You’ll decide whether to use the same or a different set of interventions for your next self-experiment.





A Sample Calendar for a Self-Experiment


Here’s a sample schedule for conducting a neurohacking self-experiment. It shows an example period during which you would self-track and try the interventions. The length is a trade-off between my impatience (wanting you to get results as soon as possible) and my desire for accuracy (wanting you to gather data for long enough that you’ve reduced the likelihood that you’re just seeing an effect due to chance). Some experiments can be done faster than the example I’ve given below, and some will take longer. The calendar should give you a sense of each of the phases, though: baseline, prep, intervention, washout, reflection. Note that you’ll see some terms you may not recognize yet (like “debug yourself”), but you’ll learn all about this — and get access to the surveys mentioned below — in chapters 6 through 12.


[image: image]


Phew! You just made it through one of the tougher but most important chapters in this book. You now know what’s involved in running self-experiments. You learned how to climb the Focus-Selection-Training-Reflection (FSTR) ladder to a world where there’s an upgraded version of your brain. I hope the example template above will help guide your path, but remember, this is just one example. Again, not every experiment will take 12 weeks — some can be done faster, and some take longer. Also, while you should certainly try to be careful, you won’t be able to control everything. Certainly, if you just ran a marathon, it might not be the best day to try to assess how an additional 10 minutes of exercise affects your mental performance. Use your judgment, record your observations as you go, and enjoy yourself. As in any new adventure, there will be parts where you feel uncertain or you lose drive. In the next chapter, we’ll discuss proven strategies you can use to keep up your motivation and stay organized even when the going gets grueling.


TAKEAWAYS




1.The four steps in the Neurohacker’s Ladder are: Focus-Selection-Training-Reflection (F-S-T-R).


2.Certain types of technical “gotchas” reduce the validity of self-experiments. Those include risks like different types of bias, practice effects, and carryover effects.


3.There are specific recommendations to address these issues, such as how to test your mental performance, how long to wait between experiments, and how long to run an entire self-experiment.


4.The sample self-experiment calendar in this chapter provides a timetable within which to follow the recommendations.
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