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            Introduction

            Meet Your Remembering Self

            
               . . .

            

            
               My ability to remember song lyrics from the eighties far exceeds my ability to remember why I walked into the kitchen.

               —Anonymous internet meme

            

         

         Take a moment to think about who you are right now.

         Think about your closest relationships, your job, your geographic location, your current life circumstances. What would you consider your most indelible life experiences—the ones that have made you who you are? What are your most deeply held beliefs? What choices, large and small, good and bad, have led you to this place, to this moment in time?

         These choices are routinely influenced, and sometimes completely determined, by memory. To paraphrase Nobel-winning psychologist Danny Kahneman, your “experiencing self” does the living, but your “remembering self”1 makes the choices. Sometimes these choices are small and mundane, such as what to eat for lunch or which brand of laundry detergent you grab from a crowded supermarket shelf. Other times, they are the driving force behind life-changing decisions, from what career to pursue and where to live to what causes you believe in, even how you raise your children and what sort of people you want around you. And further, memory shapes the way you feel about those choices. Kahneman and others have shown in many studies that the happiness and satisfaction you gain from the outcomes of your decisions do not come from what you experienced, but rather from what you remember. 4

         In short, your remembering self is constantly—and profoundly—shaping your present and your future, by influencing just about every decision you make. That’s not necessarily a bad thing, but it does mean we need to understand the remembering self, and the mechanisms of its far-reaching influence.

         Yet the pervasive involvement of memory in our thoughts, actions, emotions, and decisions often passes unnoticed, except for those moments when it fails us. I know this because, whenever I meet someone new and they discover I study memory for a living, the most common question I get is, “Why am I so forgetful?” I often ask myself the same question. Daily, I forget names, faces, conversations, even what I’m supposed to be doing at any given moment. We all wring our hands over those moments that we can’t remember, and as we get older, forgetting can be downright scary.

         Severe memory loss is undoubtedly debilitating, but our most typical complaints and worries around everyday forgetting are largely driven by deeply rooted misconceptions. Contrary to popular belief, the most important message to come from the science of memory is not that you can or even should remember more. The problem isn’t your memory, it’s that we have the wrong expectations for what memory is for in the first place.

         We are not supposed to remember everything from our past. The mechanisms of memory were not cobbled together to help us remember the name of that guy we met at that thing. To quote British psychologist Sir Frederic Bartlett, one of the most important figures in the history of memory research, “literal recall is extraordinarily unimportant.”2

         So instead of asking “Why do we forget?” we should really be asking, “Why do we remember?”

         My first step toward answering this question began on a windy fall afternoon in 1993. I was a twenty-two-year-old graduate student working on my PhD in clinical psychology at Northwestern University, and I had just designed my first research study on memory—although it wasn’t supposed to be about memory. I was doing research on clinical depression, and we designed the study to test a theory of how being in a sad mood affects attention. I walked into Cresap Laboratory with a song by Hüsker Du (whose band name 5is Norwegian for “Do you remember?”) blasting in my headphones to psych myself up as I prepared to collect electroencephalography (aka EEG) from my first subject. I found myself struggling to attach electrodes to the scalp of a college student with a head of thick curls. After thirty minutes of staring at the computer monitor, mesmerized by the waves of electrical activity emanating from her brain, it was time to remove the electrodes and clean up. Despite my best efforts, when she left the lab, her hair was spackled with a crust of thick conductive paste.

         The idea was to make otherwise emotionally healthy subjects feel sad and then observe whether being in a sad mood led their attention to be captured by negative words (such as trauma or misery) more than neutral words (such as banana or door). To get our volunteers into a sad mood, we had them listen to a selection of slowed-down classical music, including “Russia Under the Mongolian Yoke,”3 by Sergei Prokofiev, from the film Alexander Nevsky—a song so effective at inducing sadness it’s been used in a number of studies on clinical depression. While the music played in the background, we asked our volunteers to reflect on a past event or time in their lives when they were sad. We expected that the music would make it easier to remember a sad event, and that remembering a sad event would make people feel sad. We were correct. Worked every time.

         The rest of the experiment was a bust, but what stuck with me was that we were able to use people’s memories of the past to change how they felt and looked at things in the present. It wasn’t just that thinking about a painful event in their past made them sad; it seemed that being sad made it easier for them to remember other sad events. From that moment on, I became fascinated with how the structures of the brain that give rise to what we think of as “remembering” can profoundly affect how we think and feel in the present moment, and thus how we move into the future.

         Memories can be triggered in a lab by a mournful piece of classical music, but in the real world they often sneak up on us at the most unexpected times and from the most unlikely sources—a word, a face, a certain smell or taste. For me, it only takes two chords from “Born in the U.S.A.” to bring back a flood of memories about the people in junior high who regularly subjected me to all sorts of racist epithets. 6

         The sounds, smells, and sights we experience in the present can also transport us back to joyful times. A song by the indie rock band fIREHOSE always takes me back to my first date with my future wife, Nicole; the smell of jackfruit reminds me of a walk on the beach with my grandfather in Madras, India; and the sight of the brightly colored mural outside a small Berkeley pub called the Starry Plough will send me back to my college days, when I played a memorable show with my college rock band, Plug-In Drug. (Yes, I regret that band name.)

         Each of these remembered experiences and the feelings they elicit speak to one of the core principles that has underpinned much of my work, both as a clinical psychologist and a neuroscientist: Memory is much, much more than an archive of the past; it is the prism through which we see ourselves, others, and the world. It’s the connective tissue underlying what we say, think, and do. My own career choices were, no doubt, influenced by my experiences as a first-generation immigrant that left me with a lasting sense of “otherness.” So much so, I sometimes feel like an alien, probing human brains to try to figure out how and why people behave the way they do.

         To fully appreciate the weird and wonderful ways in which the human brain captures the past, we need to ask the deeper questions of why and how memory shapes our lives. The various mechanisms that contribute to memory have evolved to meet the challenges of survival. Our ancestors needed to prioritize information that could help them prepare for the future. They had to remember which berries were poisonous, which people were most likely to help or betray them, which place had a soft evening breeze or fresh drinking water, and which river was infested with crocodiles. These memories helped them stay alive for their next meal.

         Viewed through this lens, it is apparent that what we often see as the flaws of memory are also its features. We forget because we need to prioritize what is important so we can rapidly deploy that information when we need it. Our memories are malleable and sometimes inaccurate because our brains were designed to navigate a world that is constantly changing: A place that was once a prime foraging site might now be a barren wasteland. A person we once trusted might turn out to pose a threat. Human memory needed to be flexible and 7to adapt to context more than it needed to be static and photographically accurate.4

         This is therefore not a book about “how to remember everything.” Rather, in the chapters to come, I will take you into the depths of your memory processes so you can understand how your remembering self can influence your relationships, choices, and identity, as well as the social world you inhabit. When you recognize the vast reach of the remembering self, you can focus on remembering the things you want to hold on to and use your past to navigate the future.

         In part 1 of this book, I will introduce you to the fundamental mechanisms of memory, the principles behind why we forget, and how to remember the things that matter. But that is only the beginning of the journey. In part 2, we will dive progressively deeper into the hidden forces of memory that determine how we interpret the past and shape our perceptions of the present. Lastly, in part 3, we will explore how the malleable nature of memory allows us to adapt to a changing world and consider the larger implications of how our own memories are intertwined with those of others.

         Along the way, you will get to know people whose lives have been dramatically affected by the idiosyncrasies of memory: some who remember too much and others who can’t form new memories; people who are tormented by their memories of the past and those who have suffered greatly because of the memory errors of others. Their stories, and the more ordinary stories of people such as me, illustrate the (sometimes) invisible hand of memory that guides our lives.

         Memory is more than just who we were, it’s who we are and what we have the potential to become, as individuals and as a society. The story of why we remember is the story of humanity. And that story begins with the neural connections that seamlessly link our past to the present and our present to the future. 8
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            THE FUNDAMENTALS OF MEMORY
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            Where Is My Mind?

            why we remember some things and forget others.

            
               . . .

            

            
               Maybe the reason my memory is so bad is that I always do at least two things at once. It’s easier to forget something you only half did or quarter did.

               —Andy Warhol

            

         

         Over your lifetime, you will be exposed to far more information than any organism could possibly store. According to one estimate, the average American is exposed to thirty-four gigabytes (or 11.8 hours’ worth) of information a day.1 With a near-constant stream of images, words, and sounds coming at us through our smartphones, the internet, books, radio, television, email, and social media, not to mention the countless experiences we have as we move through the physical world, it’s not surprising we don’t remember everything. On the contrary, it’s amazing that we remember anything. To forget is to be human. Yet, forgetting is one of the most puzzling and frustrating aspects of the human experience.

         So it’s natural to ask, “Why do we remember some events and forget others?”

         Not long ago, Nicole and I celebrated the thirtieth anniversary of the year we met. To mark the occasion, we pulled out old family videos that had been gathering dust over the years and had them digitized. I was particularly fascinated by the footage of our daughter Mira’s birthday parties. As we watched the videos of Mira growing up, I expected them to trigger a flood of memories. Instead, I discovered that almost all of them seemed new to me. I was the one 12shooting the videos, yet I did not have the experience of recollecting these parties as individual events—except for one.

         For most of her early childhood, we organized Mira’s birthday parties at such places as the Sacramento Zoo, the local science museum, a gymnastics studio, or an indoor rock-climbing gym. These venues ensure that the kids can be entertained and contained, with a steady stream of food, sugary drinks, and activities provided during the two-hour reserved window. At these birthday parties, I would participate in the festivities, but for the most part I focused on documenting these precious moments so that Nicole and I could revisit them later.

         The year Mira turned eight, I decided to try something different. When I was a kid, my brother, Ravi, and I celebrated our birthdays at home. We had a lot of fun, and our parents didn’t need to spend a lot of money. So, that year I followed my do-it-yourself punk-rock ethos and organized Mira’s party at our house. Anyone who has ever hosted a children’s birthday party knows the number one goal is to keep the kids busy. Mira was always into art, so I found a shop in a nearby town that provided premade cat-shaped ceramics that the kids could paint with glaze and later have fired to take home. Between the craft activity and the SpongeBob SquarePants piñata I had hung up in the backyard, I figured I had it covered.

         I couldn’t have been more wrong. Roughly fifteen minutes into the activity, all the cats were painted. With hours left to fill before cake time, the children were getting restless, and I was beginning to panic. I herded the kids out to the backyard, where they lined up to take turns whacking a piñata that refused to burst. Eventually, I took matters into my own hands, got out a golf club from the garage, and bashed a hole in it. Candy went flying everywhere and the kids descended on that papier-mâché SpongeBob like a scene from The Walking Dead. I saw one kid launch herself like an Olympic gymnast across the yard to get to a Snickers Mini she’d spotted in the grass.

         It was still too early to bring out the cake, so I came up with the bright idea of having them play tug-of-war with an old rope I found in the garage. It had rained the day before, and the kids kept slipping and sliding around on the muddy grass. I remember looking around the backyard—some of the kids were chasing one another around in a sugar frenzy, one or two were complaining about rope burn, and 13a couple were taking turns beating the SpongeBob carcass to death with the golf club—and thinking how quickly an eight-year-old’s birthday party can go from painting ceramics to Lord of the Flies. It was not my finest moment, but it is one I remember in excruciating detail.

         Not all our experiences are of equal importance. Some are utterly unremarkable; others are moments we hope to treasure forever. Unfortunately, even priceless moments can sometimes slip through our fingers. At the time, I could have sworn I would vividly remember each of Mira’s parties, so why is it that this one stands out and the other birthday videos seem like reruns from a distant TV show?

         How can an experience that feels so memorable while we’re living it ultimately be reduced to little more than a vague fragment of what transpired?

         Although we tend to believe that we can and should remember anything we want, the reality is we are designed to forget, which is one of the most important lessons to be taken from the science of memory. As we will explore in this chapter, as long as we are mindful of how we remember and why we forget, we can make sure to create memories for our most important moments that will stick around.

         making the right connections

         The scientific study of memory as we know it today was pioneered in the late nineteenth century by German psychologist Hermann Ebbinghaus.2 A cautious and methodical researcher, Ebbinghaus concluded that, to understand memory, we must first be able to quantify it objectively. Rather than asking people subjective questions about events such as their kid’s birthday parties, Ebbinghaus developed a new approach to quantify learning and forgetting. And unlike modern psychologists, who have the luxury of enlisting college students to voluntarily participate in their studies, poor Ebbinghaus worked alone. Like a mad scientist in a Gothic horror novel, he subjected himself to mind-numbing experiments, in which he memorized thousands of meaningless three-letter words called trigrams, each consisting of a vowel sandwiched between two consonants. His idea was that he could measure memory by counting the number of 14trigrams—e.g., DAX, REN, VAB—he was able to successfully learn and retain.

         We should pause a moment to appreciate the painstaking work that went into Ebbinghaus’s studies. In his 1885 treatise, On Memory: A Contribution to Experimental Psychology, he writes that he could only memorize sixty-four trigrams in each forty-five-minute session because “toward the end of this time exhaustion, headache, and other symptoms were often felt.”3 In the end, his Herculean efforts bore fruit, as his experiments revealed some of the most fundamental aspects about the way we learn and forget. One of his most important achievements was to construct a forgetting curve, allowing him to graph, for the first time, how quickly we forget information. Ebbinghaus discovered that only twenty minutes after memorizing a list of trigrams, he had forgotten nearly half of them. One day later, he had forgotten about two-thirds of what he originally learned. Although there are some caveats to Ebbinghaus’s findings,4 his bottom line holds: Much of what you are experiencing right now will be lost in less than a day. Why?

         To answer this question, let’s begin by breaking down how a memory is formed in the first place. Every area of the human neocortex, the densely folded mass of gray tissue on the outside of the brain, consists of massive populations of neurons—86 billion, according to one estimate.5 To put this number into perspective, that’s more than ten times the human population of the earth. Neurons are the most basic working unit of the brain. These specialized cells are responsible for carrying messages to different areas of the brain about the sensory information we take in from the world. Everything we feel, see, hear, touch, and taste, every breath we take, every move we make (sorry, couldn’t help myself), happens because of communication between neurons. If you feel yourself falling in love, if you’re angry, or if you’re slightly hungry, that’s the outcome of neurons talking to one another. Neurons can also work in the background to handle important functions we’re not even aware of, such as keeping our hearts pumping. They even work while we’re sleeping, filling our heads with crazy dreams.

         Neuroscientists are still working out exactly how all these neurons work together, but the knowledge we have so far is enough to build 15computer models that capture some of the basic principles that govern brain function. In essence, neurons function like a democracy. Just as one person has only one vote to influence the outcome of an election, a single neuron plays only a small role in any kind of neural computation. In a democracy, we form political alliances to advance our individual agendas, and neurons form similar alliances to get things done in the brain. The Canadian neuroscientist Donald Hebb, whose work was influential to our understanding of how neurons contribute to learning, called these alliances cell assemblies.

         In neuroscience, as in politics, it’s all about having the right connections.

         To get a better sense of how this works, let’s consider what happens as a newborn baby is exposed to human speech. Before a language is learned, babies can hear differences between sounds, but they don’t know how to parse those sounds in a linguistically meaningful way. Fortunately, from the moment we are born, our brains get to work making sense of what we are hearing, trying to break up a continuous stream of sound waves into discrete syllables. What the baby ultimately perceives will depend on an election taking place in areas of the brain that process speech sounds. Perhaps the baby hears a sound, but there is some noise in the room, so it’s unclear whether that sound was bath or path. Somewhere in the brain’s speech centers a large coalition of neurons casts votes for the sound bath, a smaller coalition votes for path, and an even smaller minority votes for other candidates. Within less than half a second, the vote is tallied, and ultimately the baby picks up that it is time for a bath.

         Here’s where learning kicks in: In the aftermath of the election, the winning coalition works to strengthen its base. Neurons that only weakly supported the winning sound might need to be brought into the fold, and the ones that didn’t need to be purged. The connections between the neurons that supported bath are strengthened, and connections with neurons that voted for the wrong sound are weakened. But at other times, the baby might hear someone loudly say the word path. The connections between the neurons that supported path will be strengthened and become less connected from the neurons that voted for the wrong word. Through these postelection shake-ups, the parties become more polarized; neurons will become even more 16strongly affiliated with the assemblies they already supported and pull further away from the ones they were lukewarm about. That leads the elections to become more and more efficient, so that the outcome of an election becomes apparent early in the voting.

         Children’s brains, in particular, are constantly in flux, reorganizing to optimize their perception of the environment. During their first few years, babies make dramatic progress at learning how to differentiate syllables, so that a continuous stream of sound can become sensible speech through the constant reorganization of connections between neurons. But as those neurons settle into coalitions that differentiate between the sounds the baby is hearing, they are becoming less sensitive to sound differences that don’t exist in that language. It’s as if the neurons are choosing between a small number of candidates based on a few key issues.

         The baby’s ability to change connections in the neocortex in response to new experiences is called neural plasticity. The reduction in neural plasticity as we transition to adulthood is well-known, though the science has been a bit distorted by news articles and TV shows conveying a bleak message that our capability for plasticity slips away as we get older.6 This message has been exploited by companies selling products that purport to stave off the inevitable decline. It’s true that, past the age of twelve, the neural alliances formed around familiar sounds become more entrenched and it becomes harder to learn new kinds of syllables as quickly. This is why it can be more difficult to start learning Mandarin or Hindi in your forties than if you had been exposed to those languages as a child. Fortunately, adult brains still have plenty of plasticity without the need for any pills, powders, or supplements. The connections in your brain are constantly being reshaped with the goal of improving your perception, movement, and thinking as you gain more and more experiences. Moreover, as you go past simple perception (what we see, hear, touch, taste, and smell) and move into higher-order functions (e.g., judgment, evaluation, and problem-solving), the brain is remarkably plastic, and the neural elections are highly contested.

         So, suppose you’ve spent a week in Delhi learning Hindi, and you’d like to ask for water at a restaurant. You memorized that word only an hour ago, but now you can’t find it. Unfortunately, until you 17become more proficient, many Hindi words might sound alike to you. The cell assembly for the word you’re looking for (paani) is not yet strongly connected, and a lot of neurons have divided loyalties, torn between competing possibilities. This is the same challenge we face when trying to remember more complex experiences such as my daughter’s well-organized birthday party at the Sacramento Zoo. To get to what we want to remember, we must find our way to the right coalitions of neurons, but in many cases, there is an intense competition between the coalition that has the memory you’re looking for and coalitions representing other memories you don’t need at that moment. Sometimes, the competition isn’t so bad, but if you have a lot of coalitions representing similar memories, the battles can be intense, and there might not be any clear winner. In memory research, this competition between different memories is called interference, and interference is the culprit behind a lot of our everyday forgetting.7 The key to escaping interference is to form memories that can fight off the competition, and fortunately, we have the capability to make that happen.

         attention and intention

         Let’s imagine an everyday scenario. You come home from work, checking email on your phone as you put your key in the lock and open the front door. As you step inside, your exuberant, poorly trained, recently adopted rescue dog jumps all over you, leaving you wet with dog slobber. You hear loud music pumping from your daughter’s room and a horribly catchy eighties synthesizer-heavy pop nugget burrows into your brain. You wearily walk into the kitchen, where a rancid odor lets you know you forgot to take out the trash the night before. Then, a twinge of pain reminds you that you need to ice that ankle you sprained a few weeks ago.

         Now, without looking back, try to recall where you left those keys. If you remember leaving them in the lock, that’s great, but if you have trouble remembering that, you’re not alone. You were probably distracted by a lot of other stuff. When we face an onslaught of information, our memory for an event becomes cluttered.8 What’s worse, when we try to remember where we last put our keys, we are sifting 18through memories of all the previous places we put our keys, and all the various circumstances in which we did it, whether it was last night, last week, or last year. That’s a lot of interference. And that is why the things we lose track of so often—keys, phone, glasses, wallet, even our cars—are also the things we use frequently. Given all that competition, how do we ever manage to remember these things?

         Think of memory like a desk cluttered with crumpled-up scraps of paper. If you’d scribbled your online banking password on one of those scraps of paper, it will take a good deal of effort and luck to find it. This is not unlike the challenge of remembering. If we have experiences that are, more or less, the same—like the meaningless trigrams Ebbinghaus struggled to memorize—it becomes exponentially harder to find the right memory when we need it. But if your password is written on a hot-pink Post-it note, it will stand out among all the other notes on your desk and you can find it pretty easily. Memory works the same way. The experiences that are the most distinctive are the easiest to remember because they stand out relative to everything else.

         So how do we make memories that stand out in our cluttered minds? The answer: attention and intention. Attention is our brain’s way of prioritizing what we are seeing, hearing, and thinking about. At any given moment, we could be paying attention to a multitude of things going on around us. All too often, our attention is grabbed by what is in our environment. In the imagined scenario I described earlier, you might briefly have focused on your keys before your attention was captured by what you were confronted with after opening the door. Even if you pay attention to the most important thing to remember (i.e., those keys you’re going to need in an hour when you realize you’re running late to pick up your partner at the airport), that doesn’t necessarily help you make a distinctive memory that will overcome all the interference from everything else that captured your attention (the exuberant dog, the funky garbage smell in the kitchen, and the sound of Kajagoogoo emanating from your daughter’s bedroom).

         This is where intention comes in. To create a memory that you can locate later on, you need to use intention to guide your attention to lock on to something specific. The next time you put down an 19object you frequently lose track of, such as your keys, take a moment to focus on something that is unique to that specific time and place, such as the color of the countertop, or the stack of unopened mail next to the keys. With a little mindful intention, we can combat our brain’s natural inclination to tune out the things we do routinely and build more distinctive memories that have a fighting chance against all the interfering clamor.

         the central executive

         For the most part, as we go about our daily lives, we do a pretty good job of focusing on what’s relevant. For that, you can thank a part of the brain that sits just behind your forehead called the prefrontal cortex. The prefrontal cortex will come up many times in this book because it plays a starring role in many of our day-to-day memory successes and failures, and one of its many functions is to help us learn with intention.

         The prefrontal cortex takes up about a third of the real estate in the human brain, yet it has been misunderstood for much of the history of neuroscience. In the 1960s, neurosurgeons routinely removed the prefrontal cortex as a treatment for schizophrenia, depression, epilepsy, and any forms of antisocial behavior. This brutal procedure, known as a frontal lobotomy, was often performed by administering local anesthesia and sticking an icepick-like surgical instrument behind a patient’s eyeballs and basically wiggling it around to damage a large chunk of the prefrontal cortex. The whole procedure could be done in about ten minutes. After a successful lobotomy—and many were unsuccessful, causing serious complications and sometimes death—patients would walk and talk normally and did not seem to have amnesia, but they were calmer and more compliant, as if they had been “cured.” In fact, rather than treating any underlying mental illness, the frontal lobotomy left patients in a zombielike state, apathetic, docile, and devoid of motivation.

         Around the same time, a small but dedicated group of neuroscientists who were studying the prefrontal cortex (which is part of a larger region called the frontal lobes) began to appreciate the importance of this area of the brain. They could see that damage to 20the prefrontal cortex caused deficits in thinking and learning,9 but its function seemed mysterious. Papers from the 1960s through the 1980s stressed the enigmatic nature of this region with titles such as “The Riddle of Frontal Lobe Function in Man,” “The Problem of the Frontal Lobe,” and “The Frontal Lobes: Uncharted Provinces of the Brain.”

         The prefrontal cortex doesn’t quite get the credit it deserves when it comes to human memory. If you’ve read any books or popular press on memory, you’ve probably been introduced to the hippocampus. This seahorse-shaped area tucked away in the middle of your brain is regarded as the key area that determines whether you will remember or forget something. It is true this area of the brain plays an essential role in memory, one I’ll describe in the next chapter. But even though the hippocampus is the belle of the ball for most neuroscientists, the prefrontal cortex has a special place in my heart. It was my entry point into memory research, and it plays a key role in determining what is retained and what gets lost.

         The textbooks used to tell us that the prefrontal cortex and the hippocampus are two different kinds of memory systems in the brain. The prefrontal cortex was seen as a “working memory”10 system, temporarily keeping information online, like the RAM on our computers, whereas the hippocampus was believed to be a “long-term memory” system enabling us to store memories more or less permanently, like a hard drive. The working memory system was envisioned by some neuroscientists as a kind of sorting station that houses the information we take in until it’s either dumped or dispatched to the hippocampus to be packaged into a long-term memory. As we would soon learn, this view was overly simplistic and failed to capture the broad reach of the prefrontal cortex in all aspects of cognition.

         By the midnineties, researchers began to use brain imaging techniques to uncover how brain areas such as the prefrontal cortex contributed to working memory. One imaging technique, positron-emission tomography, or PET, identifies areas of high blood flow in the brain by injecting people with water containing a radioactive tracer while they lie in a scanner equipped with sensors that detect the radioactive emissions. Early research showed that blood flow in the brain was increased around areas that were working hard and 21needed a lot of glucose to keep them going. Scientists could use this information to map the brain by scanning people while they did tasks emphasizing different abilities, such as perception, language, and memory.

         Because it’s expensive and generally better to avoid injecting people with radioactive tracers, PET soon became supplanted by a technique called functional magnetic resonance imaging, or fMRI, in which researchers could measure magnetic field changes produced by blood flow (thanks to hemoglobin, the iron-containing molecule that becomes sensitive to magnetic fields when it is not carrying oxygen).

         In a typical fMRI study, a subject will lie in the bore of the magnet, on a flat bed in a tube with a magnetic field strength of 1.5 or 3 tesla (which is thirty thousand to sixty thousand times the strength of the earth’s magnetic field), the person’s head in a helmetlike coil that is used to scan the brain. The head coil has a mirror, angled so participants can look up and see a video screen, and they are given a box with buttons to push to respond during the experiment. Participants wear earplugs, because when the fMRI data is being collected, the scanner makes a loud, constant beeping sound. I know this sounds terribly unpleasant, but for me it’s not; if anything, I find it easy to fall asleep in there.

         To study working memory with fMRI,11 researchers might show a stream of numbers to the volunteer in the scanner, who has to keep the last number on the screen in mind. Each time a new number is shown, the volunteer has to decide if this number matches the last one shown. The test requires working memory because the volunteer has to keep in mind only the last number shown, then dump it in favor of the new number in anticipation of the next number. In variations of the test, experimenters had volunteers keep in mind the last two numbers, and so on. The more numbers people had to keep in mind, the more activity was apparent in the prefrontal cortex. This seemed like good evidence that the prefrontal cortex played a role in temporarily holding information.

         When I was in graduate school at Northwestern University, I was fascinated by this research, but it didn’t seem to connect with what I was seeing in the clinic at Evanston Hospital, where I trained in neuropsychology. Many of the patients coming in had been referred 22by their doctors, who suspected they had some form of brain damage. My job was to administer a series of cognitive tests to inform diagnosis and treatment. Some patients had problems with language (aphasia) or intentional movement (apraxia) or recognizing objects or faces (agnosia). Others had memory problems (amnesia), such as what happens in the early stages of Alzheimer’s disease, epilepsy, or conditions that cause a brief loss of oxygen to the brain. These syndromes were easy to spot. But then there were the people with damage to the prefrontal cortex.12

         Sometimes there was an obvious trauma, such as the prosecutor who had suffered a stroke, the construction worker who got hit in the head with a girder, or the bus driver who had surgery to remove a brain tumor. Or a patient could have something like multiple sclerosis, in which the immune system runs amok, attacking the integrity of neural connections in the prefrontal cortex, as well as elsewhere in the brain. The common complaint from every one of these patients was that they were having problems with memory. But when I tested them, they didn’t seem to have a memory deficit. Something else was going on. They could effortlessly hold a string of numbers in mind and recall them back to me, and they were fine on a task that emulated the electronic game Simon, in which they had to watch me tap a series of blocks and then tap the same blocks in the same order. In other words, these patients could keep information in working memory. They struggled, however, with tests that required them to focus in the face of distraction. For instance, we might ask them to keep in mind some numbers in the center of a screen while ignoring numbers that were flashed on the left or right side. In these instances, the patients tended to get distracted by the numbers on the sides and lost track of the ones in the center.

         The patients with frontal dysfunction also performed inconsistently on tests of long-term memory, in which we asked them to memorize a long list of words such as cinnamon and nutmeg. If we simply asked them to recall the words without giving them any additional cues, the patients could only remember a few words. But if we asked them whether a specific word was on the list, they could easily recognize whether it had been on the study list. These patients formed memories for those words,13 but could not find those memories without 23highly specific cues. One reason they had such difficulty retrieving these memories is that they did not use any kind of memorization strategy and instead focused on whatever grabbed their attention at the moment. In contrast, healthy individuals typically used strategies that would help them perform well on both the recall and recognition tests (e.g., focusing on many of the words being names of spices).

         After testing many patients, I found that people without a functioning prefrontal cortex could do fine when they were given clear instructions and no distractions, but they struggled when they had to spontaneously use memory strategies or follow through on a task when irrelevant things competed for their attention. These observations convinced me that, even though the prefrontal cortex doesn’t “do” memory, damage to the prefrontal cortex affects people’s memory in the real world.

         After completing my clinical training in 1999, I moved into full-time research with Dr. Mark D’Esposito at the University of Pennsylvania School of Medicine. Mark was pushing the envelope to develop newer and better fMRI techniques to study working memory. But unlike most other cognitive neuroscientists, he split his time between the lab and the clinic, where he was an attending behavioral neurologist. Mark was keenly aware of the disconnect between the way many neuroscientists talked about the prefrontal cortex and the problems he was seeing in patients with damage to it. One of his patients, a truck driver named Jim, was unable to work or even live independently after a stroke left him with extensive frontal damage. Jim’s wife explained he was having memory problems. He would forget entire scenes after watching a movie and would end up watching it again two or three times back-to-back. Or he would forget to brush his teeth or shave, whereas before the injury he was more fastidious. Beneath the memory issues, though, something else seemed to be going on. It wasn’t that he had forgotten how to perform these activities—he was fully capable of brushing his teeth—but left on his own, he just didn’t take the initiative to do it, or he would get distracted and move on to something else. Jim was not unlike the people I had tested at Evanston Hospital who did not use any kind of strategy to memorize words.

         A number of us who were working in Mark’s lab had been running 24fMRI studies of working memory, and our results consistently supported the idea that areas in the back of the brain had cell assemblies that seemed to store memories for specific kinds of information. One area might activate when someone was asked to keep a mental picture of a person’s face in mind, and another area might activate when someone was asked to keep a mental picture of a house in mind. Activity in the prefrontal cortex was not particularly sensitive to what someone was keeping in mind,14 or even whether the person had to do a working memory task at all. But the prefrontal cortex was intensely activated when a person had to use intention to stay on task,15 focus on distinctive information, resist distractions, or initiate some kind of mnemonic strategy.

         The studies we were doing on the prefrontal cortex bridged the gap between what was discussed in scientific papers and what we saw in the clinic. The textbook view—that the brain is composed of specialized memory systems, each matching up with a different kind of task—was missing the bigger picture. The prefrontal cortex is not uniquely specialized for any specific kind of memory. Instead, fMRI studies and observations of patients supported a different theory,16 in which the prefrontal cortex is the “central executive” of the brain.

         The best way to understand this theory is to think of the brain as a large company. In a major corporation, you have a bunch of specialized divisions: engineering, accounting, marketing, sales, and so forth. The job of the CEO—the chief executive officer—is not to be a specialist but to lead the company by coordinating activities across all these divisions so that everyone is working toward a common goal. Likewise, several regions all over the human brain have relatively specialized functions, and the job of the prefrontal cortex is to serve as a central executive, coordinating activity across these networks in the service of a mutual aim.

         After a frontal lobotomy or frontal damage from a stroke, specialized brain networks remain, but they are no longer working together in the service of an internal goal. Individuals with damage to the prefrontal cortex can appear perfectly normal if they are asked to do a specific memory task with clear instructions in a distraction-free environment. But without a prefrontal cortex, they are unable to use their intentions to learn on their own, nor are they able to effectively 25use what they remember to get things done in the real world. They might go to the supermarket to buy milk and get distracted by an elaborate display of potato chips. Or they might know about an upcoming doctor’s appointment but fail to use any strategies (such as setting a reminder on their phone) to make sure that they don’t forget it.

         the care and feeding of your prefrontal cortex

         I am fascinated with the prefrontal cortex partly because the memory struggles of patients with frontal damage are directly relevant to the kinds of memory issues that challenge many of us in daily life. Even in the absence of physical damage,17 many factors can affect the functioning of the prefrontal cortex, which can cause significant memory problems. For instance, many of the patients I tested at the neuropsychology clinic in Evanston were referred to us for evaluation for possible Alzheimer’s disease, but on further examination, they turned out to be clinically depressed. In older adults, depression can look a lot like the early stage of Alzheimer’s, as in the case of a recently retired schoolteacher I once tested. He had always prided himself on being sharp but was now having a hard time focusing and kept forgetting things. MRIs revealed no obvious brain damage, but his cognition was not much better than someone with damage to the prefrontal cortex. It didn’t occur to him or to his physician that these cognitive problems might be related to his having just gone through a divorce and his living alone for the first time in decades.

         The prefrontal cortex is one of the last areas of the brain to mature, continually fine-tuning its connections with the rest of the brain throughout adolescence. So even though children can learn fast, they’re not so great at focusing on what’s relevant because they’re easily distracted. This is even more of an issue for children with ADHD (attention deficit hyperactivity disorder), who struggle in school not due to a lack of comprehension but because they have difficulty paying attention in class, developing effective study habits, and using strategies to help them perform well on tests. Considerable evidence suggests that ADHD is associated with atypical activity in the prefrontal cortex.18 26

         The prefrontal cortex is also one of the first areas to decline as we transition into old age,19 and consequently we feel more forgetful. Fortunately, for most older adults the problem isn’t our ability to form memories, it’s that changes in our ability to focus our attention lead to changes in how we remember an event. For instance, you might have had the experience of failing to remember the name of someone you met at your cousin’s wedding, even though you can remember all sorts of other random information from the encounter—that he had freckles or was wearing a bright yellow bow tie or couldn’t stop talking about a recent trip to Nashville.

         This tendency to recall the inane at the expense of the important increases as we age.20 Numerous studies have shown that older adults are worse than younger adults at remembering things when they are required to pay attention and ignore distractions, but they can be as good as, or occasionally even better than, younger adults at remembering the distracting information. As we get older, we can still learn, but we have more trouble focusing on the details we want to take in, and we often end up learning things that might be irrelevant.

         Regardless of age, there is no shortage of factors that can make you feel as if your prefrontal cortex is fried. In the modern world, multitasking is probably the most common culprit.21 Our conversations, activities, and meetings are routinely interrupted by text messages and phone calls, and we often compound the problem by splitting our attention between multiple goals.22 Even neuroscientists aren’t immune to multitasking—nowadays, at virtually every academic talk, you’ll find scientists in the audience, myself included, with laptops out as they alternate between listening to the talk and responding to emails. Many people even pride themselves on their ability to multitask, but doing two things at once almost always has a cost.23 The prefrontal cortex helps us focus on what we need to do to achieve our goals, but that wonderful ability gets swamped if we rapidly shift back and forth between different goals. Indeed, cognitive neuroscientist Melina Uncapher of UC San Francisco and her colleagues have shown that “media multitasking”—toggling between different media streams such as text messages and email—impairs memory. Moreover, certain parts of the prefrontal cortex are thinned out, on average, in people who do heavy media multitasking. More 27research is necessary to understand whether frontal dysfunction is a cause or a consequence of multitasking, but either way, the message is the same. As my friend, occasional bandmate, and one of the world’s leading experts on the prefrontal cortex, MIT professor Earl Miller, likes to say, “There is no such thing as multitasking;24 you just end up alternating between doing different tasks badly.”

         Several health conditions can also compromise prefrontal function. Hypertension and diabetes, for instance, can cause damage to the white matter in the brain—the fiber pathways that enable areas in the brain to communicate with one another.25 My colleagues and I have found that age-related white-matter damage seems to isolate the prefrontal cortex from the rest of the brain—imagine that the CEO is locked alone in a room with no phone or internet access. Infections might also have similar effects through inflammatory processes that manifest in the brain. For instance, people infected with COVID-19 early in the pandemic suffered a loss in executive functions such as attention and memory,26 along with changes in brain structure in some parts of the prefrontal cortex. Changes in prefrontal function may account for the “brain fog” (otherwise known as long COVID) reported by those who have been infected for an extended period, as well as by those with other infection-related disorders such as chronic fatigue syndrome.

         The ways in which we neglect our mental and physical health can temporarily wipe out your prefrontal cortex.27 For instance, sleep deprivation can have devastating effects on the prefrontal cortex and memory. Alcohol also adversely affects the prefrontal cortex, and some research suggests that these effects can last for days after a drinking binge. As we’ll explore in later chapters, stress can also zap prefrontal function. If you stay up all night drinking and doom-scrolling internet news sites after a stressful week at work, don’t be surprised if you spend the weekend battling brain fog.

         Fortunately, we can do some things to improve the functioning of the prefrontal cortex,28 though they’re not necessarily the things you might think. Your brain is a part of your body, so anything you can do to care for your body is also good for your brain, and hence your memory. Sleep, exercise, and a healthy diet—all things that are good for your physical and mental health—are good for your prefrontal 28cortex as well. Aerobic exercise, such as running, increases the release of brain chemicals that promote plasticity, improves the vasculature that delivers energy and oxygen to the brain, and reduces inflammation and susceptibility to cerebrovascular disease and diabetes. In addition, exercise improves sleep and reduces stress, thereby mitigating two of the most significant factors that might otherwise sap our prefrontal resources. All these factors collectively can make a difference in maintaining memory functions during aging. One particularly impressive study that tracked memory performance in over twenty-nine thousand participants found that people whose lifestyle incorporated some of the factors described above were better at preserving their memory capabilities across a ten-year period.29

         mindful memories

         The selective nature of memory means our lives—the people we meet, the things we do, and the places we go—will inevitably be reduced to memories that capture only a small fraction of those experiences. Rather than fighting the selectivity of memory in a futile attempt to remember more, we can embrace that we are designed to forget and use intention to guide our attention so we can remember what matters.

         Most of us know what it’s like to struggle to remember the name of a person we’ve just met. It’s amazing we ever succeed at this because there’s nothing inherently meaningful about the connection between a name and a face. Strategies such as simply repeating the name can help a bit, but this approach is often insufficient because it fails to emphasize this connection. To succeed, you need to use intention to focus on the right information, so that the next time you see that face you’ll have a cue that becomes your lifeline to remembering that person’s name. For instance, if we met at a party, and you know your Greek mythology, you might link my name with Charon, the ferryman of the underworld who transports the souls of the dead across the River Styx. If you can find some aspect of my appearance that reminds you of Greece, mythology, and/or dead people, you’ll be set to pull up my name whenever you see my face again. The point of these strategies is to intentionally create meaningful connections 29that allow us to find our way back to the memories we want to hold on to.

         This brings me back to my daughter’s birthday videos. As video cameras became smaller and more portable, we used them to document Mira’s milestones. Unfortunately, those moments behind the camera came with a cost. During most of my daughter’s birthday parties, my focus was on filming. Consequently, I have blurrier memories of those important moments than if I had put the camera down and allowed my brain to do what it does so well.

         The problem isn’t necessarily with the technology,30 but rather that we are filtering our experiences through the lens of a camera. When we take a photo or video, we tend to focus on aspects of an experience that enhance our memory for visual details, at the expense of those that immerse us in the event, such as sounds, smells, thoughts, and feelings. Mindlessly documenting events can lead us to disengage from the cues we need to form the kinds of distinctive memories that help us rise above interference.

         Fortunately, taking pictures or video doesn’t always have an adverse effect on memory. The optimal approach is to balance the needs of the experiencing self and the remembering self. With some mindful intention, cameras can work to our advantage to help shape or even curate the memories we can revisit later on. When I travel, I don’t like to spend time incessantly taking staged portraits or photographing landscapes and tourist attractions because these activities detract from my experience. Instead, I like to take candid shots of people laughing, surprised, or engrossed, or of unusual highlights, such as an unintentionally humorous sign or gaudy statue. By documenting a few select, distinctive “moments,” I free my mind to directly experience the trip and pay attention to what’s happening around me. Looking back on these distinctive photos brings me back to the parts of the trip that I want to revisit, and conversely, many of the less enjoyable aspects of the trip, such as the crowds, lines, and traffic jams, are left in the blur.

         Life is short. The transient nature of memory can make life seem much shorter. We tend to think of memory as something that allows us to hold on to the past, when in fact the human brain was designed to be more than simply an archive of our experiences (we’ll learn 30how much more in later chapters). Forgetting isn’t a failure of memory; it’s a consequence of processes that allow our brains to prioritize information that helps us navigate and make sense of the world. We can play an active role in managing forgetting by making mindful choices in the present in order to curate a rich set of memories to take with us into the future.
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               You’ve got to always go back in time if you want to move forward.

               —Snoop Dogg

            

         

         The flip side to the frustration of forgetting is that we can occasionally be pleasantly surprised when a memory that seemed long gone suddenly pops into our head, transporting us back to a particular place and time. This is not a quirk of the brain. We often think about memory as a record of what happened, but the human brain has the remarkable capability to link up the “what” with where, when, and how. This explains why the experience of remembering is so often accompanied by an ephemeral sense of pastness that’s almost impossible to put into words. It’s also why, if we are in the right place at the right time, lost memories seem to find us—as has happened to me often throughout my life.

         My parents brought me to the United States when I was less than a year old. I have lived nearly my whole life in Northern California, but almost all my relatives live in India. When I was growing up, we traveled back there about every four years to visit my grandparents, aunts, uncles, and cousins. In my childhood and adolescence, I had many distinctive experiences during my visits to India, but upon returning to California, memories of those events would always fade, as if they were separated from me by the thousands of miles that stood between my home and my grandparents’ house. Although my first words were in Tamil, my parents’ native language, I can’t 32speak more than a few phrases anymore (much to the chagrin of my paternal grandmother). It sometimes seems as if all those memories are locked away in a hidden compartment, forever out of reach. But when I’m in India, those memories are right there.

         After a disorienting seventeen-hour flight, I emerge from the customs zone at Chennai International Airport into another world. From the moment I step outside the air-conditioned terminal, I experience a sensory assault. The air is thick with humidity, and the sweltering summer heat feels like a sauna—the sweat from my every pore does nothing to cool me off. I absorb the Technicolor brightness of the city, from the vibrant hues of the women’s saris in the bustling markets to the colorfully painted trucks on the roads. The constantly changing flood of odors can be nauseating (passing an open sewer) or intoxicating (the sweet scent of tropical flowers, the sea air at the beach, and the thick smoke from wood-burning fires used by vendors roasting peanuts). The next morning as the sun creeps over the horizon, I wake up jet-lagged to the din of tropical birds echoing across the neighborhood. When I am in Chennai, with this cacophony of sounds, colors, and smells all around me, I can grab on to memories from past visits that escape me back home.

         That sense of being in a particular time and place is called context, and it is critical for our day-to-day memory experiences. A great deal of everyday forgetting happens not because our memories have disappeared but because we can’t find our way back to them. In the right context, however, memories that have seemed long gone can suddenly resurface back to the forefront of our recall.

         Why is it that, in the right context, I can access dormant memories—including words and phrases in an otherwise foreign language—that seem unreachable to me back home? The answer lies in the way our brains lay down memories for events.

         mental time travel

         For a good chunk of the twentieth century, the study of memory was dominated by behaviorism, a school of thought centered on the premise that memory can be reduced to simple associations between “stimuli”1 (sounds, odors, or visual cues) and “responses” (the actions 33we make in response to those stimuli) observed by an experimenter. Most of the research on learning during the heyday of behaviorism was done with animals. Whether it was a rat making its way out of a maze, a pigeon learning to peck for a reward, or a human struggling to memorize a boring list of trigrams, the idea was the same: learning is a simple process of forming associations. Any attempt to get at how people understand and consciously recollect past events was seen as an unscientific and pointless exercise. For behaviorists, understanding memory meant discovering the right equations to quantify how quickly associations are learned and forgotten under various conditions. Reading research papers from this era is about as much fun as a trip to the dentist’s office (no offense to my dentist, who is actually very good).

         Against this bleak backdrop Endel Tulving, an Estonian-born professor of psychology at the University of Toronto, stepped into the picture. Tulving loved to speculate, not just about what happens in experiments but what goes on in people’s heads. In 1972, he broke with behaviorist theory in a groundbreaking chapter in which he dispensed with thinking of memory as a repository of simple associations and instead proposed that humans have two very different kinds of memory. He coined the term episodic memory to describe the kind of remembering that allows us to call back, and even reexperience, events from the past. Tulving proposed that episodic memory can be differentiated from semantic memory,2 our ability to recall facts or knowledge about the world, regardless of when and where that information was learned. Tulving’s key insight was that, to remember an event (episodic memory), we need to mentally return to a specific place and time; but to have knowledge (semantic memory), we need to be able to use what we previously learned across a range of contexts.

         By suggesting that memory is more than a gray lump of stimulus-response associations, Tulving completely eschewed the alluring simplicity of behaviorism. He later went so far as to call episodic memory a form of “mental time travel,” meaning that remembering puts us in a state of consciousness in which we feel as if we were transported to the past.3 As Tulving put it, a key characteristic of human consciousness is that we are “capable of mental time travel, 34roaming at will over what has happened as readily as over what might happen, independently of the physical laws that govern the universe.” When I first read this description, I thought Tulving had gone off the deep end—it didn’t sound very science-y to be talking about time travel and consciousness. But with only a little bit of introspection one realizes Tulving was onto something.

         Suppose I ask you to tell me some things you know about Paris. You might start off by saying that Paris is a city in France, home of the Eiffel Tower, and famous for its art museums and fancy restaurants. You would probably be 100 percent confident of those facts, even if you can’t recall where or when you first learned them. Now, suppose I ask whether you have ever been to Paris. If you have, in answering that question you might pull up information that draws you back into a specific experience: the aroma of roasting chestnuts wafting from a street vendor’s stall on the walk from your hotel to the metro; standing in line to take the elevator to the top of the Eiffel Tower on a chilly fall evening just before sunset; the view looking down on the city as daylight fades and the tower lights sparkle to life. It’s not a matter of strong or weak memories—you can confidently pull up facts about Paris (semantic memory) and vividly reexperience a trip to Paris (episodic memory), yet the two experiences are totally different.

         Initially, Tulving’s proposal was divisive in the world of psychology. But, over the next fifty years, scientists would amass a body of scientific evidence validating Tulving’s speculation that we have the ability to reboot our mind to the state it was in during a past event. Far more than simple recall, episodic memory connects us to those transient moments from the past that make us who we are in the present.

         humans 1, robots 0

         The distinction between episodic and semantic memory is key to what makes humans fast and intelligent learners. One source of evidence for this point, ironically, comes from studies about the kind of learning that is challenging for machines to accomplish. Many of the most sophisticated applications of artificial intelligence, or AI, ranging 35from smart assistants such as Alexa and Siri to self-driving cars, are based on “neural networks”—computer programs that mimic,4 in an abstract way, how learning happens in the brain. Each time a neural network is trained to learn a fact, connections between simulated neurons in the network are modified. As the neural network is trained to learn more and more facts, the simulated cell assemblies in the model are constantly rearranged, no longer voting for any particular fact that was learned, but instead representing an entire category of knowledge. So, for instance, you might teach it:

         “An eagle is a bird. It has feathers, wings, and a beak, and it flies.”

         “A crow is a bird. It has feathers, wings, and a beak, and it flies.”

         “A hawk is a bird. It has feathers, wings, and a beak, and it flies.”

         Eventually, the computer model becomes good at learning about new birds because it leverages what it already knows. If the network learns that a seagull is a bird, cell assemblies in the model can fill in the blanks and figure out that a seagull can fly. But what if you teach it something a little different?

         “A penguin is a bird. It has feathers, wings, and a beak, and it swims.”

         Now, the machine will have problems—the penguin fits all the characteristics of the bird except for one. A penguin is the exception to the rule that all birds fly, so when the computer learns the exception, it forgets what it previously learned about all the characteristics of birds. This problem is called catastrophic forgetting, and for machine learning, it’s as bad as it sounds. The solution is to make sure the machine learns excruciatingly slowly, so that it doesn’t immediately let go of the rule to learn the exception. This means it takes tons of training for neural networks to accomplish a task, making it difficult for them to adapt quickly to the complexity of the real world. Even today, the most sophisticated products of artificial intelligence must be trained on a massive amount of data to do anything interesting.

         Humans, like the neural network models I described, are great at extracting general knowledge from past experiences, so that we can make assumptions and inferences about future situations (“That looks like a bird, so I can expect it could fly away”). But, unlike machines, we don’t glitch every time we encounter variations in 36learning because we also have episodic memory. Episodic memory is not designed to capture the common elements of all our experiences; it stores and indexes every event differently, so you don’t get mixed up when you learn the exception to the rule.5

         Armed with episodic and semantic memory, we can quickly learn both the rule (most birds fly) and the exceptions (penguins are birds that swim). In the real world, this enables us to pick up the information we can usually rely upon, such as the optimal route on our daily commute to work, while being flexible enough to adapt to unusual circumstances, such as taking an alternative route when we remember that the road is temporarily closed due to construction.

         By pulling together information from neuroanatomy, studies of brain activity from neuroscience, studies of the effects of brain damage in humans, and computational models, scientists have generally reached the conclusion that the brain solves the problem of catastrophic forgetting by having systems that learn in different ways. The neocortex, the huge gray mass of brain tissue I described in chapter 1, works like a traditional neural network, enabling us to pick up facts, whether it’s knowledge about birds or the typical weather in June in Chennai. The hippocampus, that area tucked securely in the middle of the brain I also mentioned in the previous chapter, is responsible for the brain’s amazing ability to rapidly create new memories for events, so we can quickly learn the peculiar experiences that do not fit with our prior knowledge, such as a temperate and dry summer day in Chennai.

         memory codes

         The hippocampus may be the most intensely studied brain area in all of neuroscience. To many neuroscientists it’s synonymous with memory, in part because of a study by Brenda Milner, a pioneering neuropsychologist. In 1957, she published the paper that introduced the world to Patient H.M.—as he was known in scientific literature to protect his identity.6 We now know he was Henry Molaison, a young man who suffered from debilitating seizures that had plagued him for more than a decade, preventing him from holding down a job or living a normal life. 37

         In his late twenties, H.M. agreed to undergo a radical experimental surgery to treat his seizures by removing about five centimeters of tissue from the left and right hippocampus,7 along with the surrounding neocortical tissue in the temporal lobes. The surgery, performed by brain surgeon William Scoville, reduced the severity of H.M.’s epilepsy, but also caused him to become densely amnestic. H.M.’s memory disorder was so severe that you could start a conversation with him, then leave the room for less than a minute, and when you returned, he would have no memory that the conversation had taken place. Milner’s paper, which definitively linked the formation of new memories to the hippocampus, was a shot heard around the world, inspiring an entire generation of scientists to understand why and how this little area in the human brain enables us to bring the past back to life. The impact of her contribution to the science of memory was so profound that, a few years after Milner published her study of H.M., the legendary Russian neuropsychologist Alexander Luria sent her a note in which he wrote, “Memory was the sleeping beauty of the brain and now she is awake.”8

         After Milner’s landmark publication, the question in neuroscience was not whether the hippocampus is important for memory but how. Further studies revealed that H.M. and other people with dense amnesia (due to various causes, such as herpes encephalitis or Korsakoff’s syndrome) seemed to have equally severe problems with remembering recent events and learning new facts. This led some to conclude that the hippocampus must be an all-purpose memory device,9 and that, as far as the hippocampus goes, Tulving’s distinction between episodic and semantic memory was irrelevant.

         That conclusion was premature. Brenda Milner’s original publication made it clear that H.M. had damage to areas outside the hippocampus. When MRI scanning technology became available, it soon became apparent that was an understatement. Scoville had removed about a third of H.M.’s temporal lobes and along the way tore through a significant chunk of white matter that would normally enable many otherwise intact brain areas to communicate with one another. As a result, we couldn’t know what kind of memory functions were supported specifically by the hippocampus, as opposed to the many other brain areas that were affected by the 38surgery. To answer this question, we would need to study memory in people with damage that was much more specifically localized to the hippocampus.

         In 1997, Dr. Faraneh Vargha-Khadem,10 a neuropsychologist at University College London, did just that, and discovered that Endel Tulving was right to distinguish between semantic and episodic memory. Faraneh had been studying teenagers and young adults with developmental amnesia, a term she coined to describe people suffering from memory problems at a very young age. Tragically, this happens more commonly than you might think; causes can range from premature birth, diabetic hypoglycemia, near-drowning incidents, or lack of oxygen to the brain at birth when the umbilical cord gets wrapped around the infant’s neck. In all these cases, the hippocampus is the first region of the brain that is affected. In her groundbreaking 1997 report, Faraneh described three individuals, all of whom had experienced damage specifically to the hippocampus during childhood. Based on studies of H.M., one might expect that these children should have remained developmentally stunted, unable to gain the knowledge needed to navigate the world. In fact, though they had significant amnesia for events, they were able to acquire new semantic knowledge in school, though they probably learned more slowly than someone with an intact hippocampus.

         That same year, Faraneh invited a group of scientists, including Endel Tulving, to London to interact with one of the individuals described in her paper, a teenager named Jon who was diagnosed with developmental amnesia at the age of eleven. Despite his amnesia, Jon had an impressive command of historical knowledge, easily reciting such facts as “At the time of World War I, the British Empire occupied about a third of the planet’s landmass.” Later that day, the scientists took Jon out to lunch—but Endel Tulving stayed behind to construct a memory test that he sprang on Jon when he returned. Tulving’s questions revealed that Jon had almost no recollection of what had transpired at lunch, the route they took to the restaurant, or what he had seen along the way. The discrepancy between Jon’s semantic and episodic memory was so great, Tulving remarked, that “he does not resemble any other kind of patient who has ever been described.” 39

         Research on patients like Jon has shown unequivocally that episodic memory depends on the hippocampus. Since then, fMRI studies have filled in the picture, giving us a window into how the hippocampus works in the intact brain. Significant advances in this area came about with the introduction of a new fMRI technique that allowed us to peer into the brain while someone recalled a specific memory, like that trip to Paris. This technique allowed us to move beyond merely looking at how the brain lights up, and instead to read out signals from individual events, so we could understand what makes each of our memories unique.

         Here’s how it works: If you look at fMRI data in the hippocampus while someone is doing a memory experiment, at any given moment some pixels will appear a little darker and some will appear brighter. The patterns change a little bit from moment to moment, so a pixel might become brighter or dimmer. We used to think of these moment-to-moment changes as “noise”11 produced by weird issues with MRI scanning, but it’s now clear that some of this variation is meaningful. In 2009, I was having lunch with my friend Ken Norman, currently chair of the Department of Psychology at Princeton, who convinced me to look more closely at these patterns of brain activity in our memory studies. I began to wonder, What if every time we call up a memory for a particular event, a unique pattern of brain activity corresponds to that event? What if each pattern of light and dark pixels was like a QR code you might scan with your phone, with each unique configuration acting as a pointer to a particular memory? If so, we could use MRI scanning to read out “memory codes”12 that tell us how memories are sorted in different brain areas.

         For instance, if I were to lie down in the MRI scanner and recall seeing my brother, Ravi, playing with his dog at a recent family picnic in the park, then recalled seeing him a few years ago, walking his dog on a grimy sidewalk in his San Francisco neighborhood, perhaps we would discover similar memory codes for each of those experiences. In our studies, this is exactly what we saw in areas of the neocortex that seemed to store the general facts about who (Ravi) and what (his dog, Ziggy) were in the event.13 In the hippocampus, however, the memory codes for those two events looked totally different. On the other hand, when we looked at the hippocampus while a person 40recalled two different pieces of information from the same event—such as seeing Ravi at the park versus seeing my wife, Nicole, at the same family picnic—the memory codes in the hippocampus were similar.

         These findings helped to unlock the mystery of how the hippocampus helps us perform mental time travel. The cell assemblies that allow us to remember particular parts of an event—Ravi’s face, the taste of the sandwiches at the picnic, the sound of his dog barking in the background—are in separate areas of the brain that normally do not talk to one another. The only thing these cell assemblies have in common is that they were active around the same time. The hippocampus, however, has connections to many of these areas, and its job is to store links to the different cell assemblies that come to life at a given moment. Later on, if I revisited that park, my hippocampus would help reactivate all those cell assemblies, enabling me to reexperience seeing Ravi. The hippocampus enables us to “index” memories for different events according to when and where they happened,14 not according to what happened.

         The way the hippocampus forms memories has an interesting side benefit. Because the hippocampus organizes memories according to the context,15 recalling something from one event makes it easier to retrieve other events that happened around the same time or place, painting a fuller picture. Recalling the moment we cut a watermelon at the picnic would lead us to pull up the sequence of events that followed, such as playing Frisbee and volleyball a few minutes later. The hippocampus carries us back and forth in time, and we don’t even need a wonky DeLorean to do it.

         here and now

         What makes episodic memory such a powerful force is that it’s not just for accessing the past. Part of our fundamental perception of reality is our ability in the present to orient ourselves in time and space, and we often have to recall the recent past to do so. Think of a time you woke up in the middle of the night in an unfamiliar bed and your first thought was “Where am I?” To help you answer this question, the hippocampus gets to work pulling up the right 41memory code; maybe you recall that, a few hours ago, you checked into a hotel, and with that information the moment of disorientation quickly passes. Pulling up a memory of the recent past helps to ground you in the here and now. According to one prominent theory,16 episodic memory emerged in evolution from the more basic ability to learn where we are in the world. That ability turns out to be crucial for survival, as I learned from a fortuitous collaboration with a young graduate student named Peter Cook.

         I first met Peter at a memory conference. After several students presented research on how humans learn lists of words, Peter took the stage and played a series of short videos of his experiments on learning in California sea lions. His research captured my imagination—it had never occurred to me that one could even study memory in sea lions. Immediately after his talk, I introduced myself and talked Peter into inviting me and my family to visit his lab at the University of California, Santa Cruz. Mira, who was five, got to meet a sea lion up close, and she even helped out with data collection. Peter ran one of his memory tests while we were there, and Mira got to pull the levers that opened the doors and to press the buttons that played the sounds to cue the sea lions during each trial.

         During our visit, I learned that Peter was studying the effects of domoic acid on the hippocampus. This marine biotoxin, which is produced during harmful algal blooms called red tides, works its way up the food chain as the algae are eaten by clams, mussels, and other shellfish, which are then eaten by crabs and fish, which are in turn consumed in large quantities by sea lions, who become exposed to high concentrations of domoic acid. Humans who ingest this toxin can get “amnesic shellfish poisoning,” characterized by vomiting, nausea, confusion, and memory loss, and the same appeared to be true of sea lions exposed to domoic acid. Peter had the unique opportunity to put these sea lions in an MRI scanner, and he found that animals with domoic acid poisoning had significant damage to the hippocampus.

         After this visit, Peter and I agreed to collaborate on what would become one of the most interesting brain-imaging projects of my career. I helped Peter develop new memory tests for the sea lions.17 In one of these tests, the sea lions had to remember the locations 42of fish that Peter had put into specific hiding places. Another test required them to keep track of what they had done recently in order to efficiently collect fish that were placed in different buckets. The sea lions with domoic acid poisoning performed terribly on these tests. We could predict how badly they would perform just by looking at the degree of damage to the hippocampus. Our research helped to explain why these poor animals were washing up onshore. Without a functioning hippocampus, they grew disoriented. Lost, and unable to recall their foraging sites, they became malnourished and ultimately stranded onshore.

         When I saw Peter’s results, it occurred to me that we often rely on episodic memory to orient ourselves in ways we don’t even realize. Remember being in the hotel? Now, imagine waking up and having no context for what day it is or where you are, disoriented with nothing to anchor you in space and time. This is the tragic reality experienced by the millions of people suffering from Alzheimer’s disease. The hippocampus is one of the first areas of the brain ravaged by Alzheimer’s, and this is probably why patients in the early stages frequently get lost and lose track of the passage of time. A friend who is a caregiver for a parent with Alzheimer’s shared with me how painful it was to see the look of fear on her mother’s face when she became unmoored from her sense of when and where she was in the world. I imagine it must be terrifying, like treading water in the open ocean.

         the time machine

         Although the hippocampus enables us to mentally travel back to a place and time, I want to be clear that the brain has no direct way of perceiving our location or the exact time on a clock. It’s not as if our memories have a time stamp or GPS coordinates telling us exactly when and where something happened.18 Rather, the hippocampus seems to track time by capturing changes in the world around us. We move around from place to place over the course of a day. Those places, ranging from small, enclosed rooms to the open sky of the outdoors, each have distinct sights, sounds, and smells, giving 43us a sense of “where” we are. Moreover, the environment around us is constantly changing.19 Day turns into night, satiety progresses into hunger, elation can transition to fatigue.

         All these external factors, along with the motivations, thoughts, and feelings that characterize our internal world, come together to form the unique context that envelops our experience at any given time. When we access a particular episodic memory, we can pull up a bit of that past mental state, too, giving us the feeling of being back in that time and place. Changes in context over time, in turn, drive changes in our brain activity patterns that we experience as the passage of time. Two events that occurred close together in time—such as making coffee and eating breakfast—are going to have more contextual elements in common than events that occurred further apart in time, such as eating breakfast versus making dinner.

         Context is such an integral component of episodic memories that it can have powerful effects on what we can remember. Being in a particular place, as when I am surrounded by the sights and sounds of my grandparents’ homes in India, can bring back memories that otherwise elude us. Smells and tastes are another great cue. This was depicted quite effectively at the end of the Pixar film Ratatouille when a spoonful of the humble French stew transports a curmudgeonly food critic back to his childhood, when his mother had prepared a similar dish.

         Music is yet another powerful cue for episodic memories. This is why a song you haven’t heard since you were seventeen can transport you back to the high school dance where you had your first kiss. My UC Davis colleague Petr Janata has done studies cataloging the music people listened to during different time periods and finds that songs are exceptionally effective at eliciting mental time travel.20 Others have found that music can elicit recollections of past events in those with Alzheimer’s disease.21 I saw this firsthand when my paternal grandfather, a filmmaker in South India, succumbed to dementia. Toward the end of his life, his memory had deteriorated and he sometimes had trouble recognizing me, but he could still sing the songs he had composed for his films, and these songs helped him pull up otherwise inaccessible memories from this period of his life. 44

         Our emotions also contribute to context,22 which means that our feelings in the present affect what we can recall from the past. When we get angry, it’s easy to pull up all those memories that give us more reasons to be annoyed, and it’s harder to access the memories that don’t. For example, you might have no trouble recalling positive memories about a romantic partner when things are going well, but it might be harder when you are arguing about whose turn it is to walk the dog or wash the dishes.
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