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In all chaos there is a cosmos, in all disorder a secret order.
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Introduction

Our Unconscious Logic


The mind has its own logic but does not often let others in on it.

—Bernard DeVoto



Walter had been acting strangely. When friends or family visited, he ignored them unless they spoke directly to him. Until they uttered a sound, it was as if they weren’t even there. While walking around his living room, Walter stepped right into his coffee table, then into the wall. He missed widely when reaching for a cup of coffee and knocked over a vase instead. At age fifty-five, Walter was having problems with his vision, yet, inexplicably, he said there was nothing wrong with his eyesight. But why, Walter’s family wondered, would he deny it? Why wouldn’t he seek out help? Confused, they pressed him to go see a neurologist. Walter reluctantly agreed. When he arrived, Walter had the following exchange with his doctor:

NEUROLOGIST: How are you?

WALTER: Fine.

NEUROLOGIST: Anything wrong with you?

WALTER: No. Everything’s perfect.

NEUROLOGIST: Anything wrong with your vision?

WALTER: No. Works fine.

NEUROLOGIST (showing a pen): Then can you tell me what this is?

WALTER: Doc, it’s so dark here; nobody can see anything.

With daylight streaming in through the window, the room was plenty bright. Nevertheless, the doctor humored him.

NEUROLOGIST: I put the light on. Can you now see what I have here?

WALTER: Look, I don’t want to play games with you.

NEUROLOGIST: Fair enough. But can you describe how I look?

WALTER: Sure. You are a small, fat chap.

The doctor, who was actually tall and thin, understood that Walter wasn’t simply denying that he was blind. He actually didn’t realize it. Was he delirious? Was it early Alzheimer’s? Perhaps he needed to speak with a psychiatrist.

The neurologist could infer that there was a connection between Walter’s loss of sight and his delusion that everything was fine. Behavioral tests, however, would not be able to identify that connection. He would have to peer inside Walter’s brain. A CT scan of his head revealed that Walter had suffered a massive stroke, causing damage to both sides of his occipital lobe, which processes vision. That explained the blindness. But the CT showed something else: damage to the left parietal lobe. Among its many functions, the parietal lobe helps interpret sensory signals, especially visual ones. It compiles the basic visual information sent from the occipital lobe and integrates it to help construct a streamlined picture of the world. The parietal lobe is involved in monitoring how the visual system is working. But what if that monitoring function were impaired?

Walter was diagnosed with Anton’s syndrome, a rare disorder in which blind people don’t realize they are blind. Patients with Anton’s syndrome tend to make excuses for their perceptual mistakes, such as “I’m not wearing my glasses” or “There’s a lot of glare from the sun.” As one theory goes, this happens because there is a disconnect between the visual system and the brain regions that monitor it. As a result, the brain never gets the message that there’s a problem with vision. That’s why Walter didn’t realize he was blind.

But this story goes deeper still. Not only did Walter fail to admit his blindness, but he came up with an alternative explanation for his symptoms (“It’s so dark here”). Walter’s brain was faced with a confusing situation. On the one hand, the brain was having trouble perceiving the world. On the other hand, because of the stroke, the brain didn’t know that the visual system had been destroyed. What could explain a loss of sight in a person with an intact visual system? It must be dark in here. Faced with contradicting pieces of information, the brain came up with a story to reconcile them. And it was a pretty good one. You might even say that given the circumstances it was perfectly logical.

Deep within our subconscious, there is a system that quietly processes everything we see, hear, feel, and remember. Our brains are constantly bombarded by innumerable sensations streaming in as we interact with our surroundings. Like a movie editor who collects and organizes all the footage and audio to create meaningful stories, the underlying logical system in the brain assembles all of our thoughts and perceptions into a sensible narrative, a narrative that becomes our life experience and sense of self. This book is about that underlying logic and how it creates our conscious experience, whether in those suffering from the weirdest neurological illnesses or during our simplest day-to-day feelings and decisions.

Our objective will be similar to that of other books in the popular science and psychology domain: Can we discover the underlying reasons for the way we think and act? However, we will take a different approach. Many books you might have encountered on the brain rely on behavioral research that, while enlightening in its own right, often doesn’t look inside the brain to tell us where that behavior comes from. Suppose I give you a machine hidden inside a black box and ask you to figure out how it works. The catch, however, is that I don’t let you see what’s inside. All the gears and pulleys and levers are concealed within the dark encasing. How would you assess what the machine does? Without the ability to examine the underlying mechanics, all you can do is try using the machine in various ways and look for patterns. From there, you can infer how the machine works, but there would still be an element of conjecture. This is a real-world problem in fields like engineering and software development. Consider a software engineer who tries to decipher how a program works without having access to the underlying code. In what is called black box testing, the software designer enters a variety of inputs (such as pushing a button) and records the outputs (seeing what happens) to make educated guesses about how the system works, all without any knowledge of its actual internal structure or mechanics.

That approach is used today to study the human brain. For instance, in a popularized 2010 study, researchers from Harvard, Yale, and MIT had eighty-six volunteer subjects participate in a mock financial negotiation: bargaining down the price of a car with the sticker price of $16,500. One by one, each subject would sit in a chair facing an experimenter who was playing the part of the car salesman. But there was a catch: half the participants were seated in hard, wooden chairs, and the other half were treated to plush, cushioned ones. The result? Those given the hard chairs were the harder bargainers. They were more forceful in their negotiations and bargained the salesman down to a price that was on average $347 lower than that of the comfy chair group. Apparently, the added comfort of the cushioned chairs led the other group to agree to a higher price. Magazines, books, and other commentaries cited the study as yet another breakthrough in the new science of the unconscious. Take, for example, this response from a 2012 article in Ode magazine:


This “hard chair effect” is part of a torrent of new research that is unlocking the mysteries of the human unconscious and showing how its enormous powers can be harnessed…Over the past decade, neuroscientists and cognitive psychologists have been gradually decoding this unconscious operating system and can now tap into it to induce everything from cleanliness to cleverness in unwitting subjects.



The study tells me that there’s an association between chair comfort and the force of negotiation, but it doesn’t explain the cause of that interaction. What has been “decoded” here? How does the sensation of hardness affect decision making? What system is at work? What model have we discovered that can be applied and connected to other phenomena?

This study is an instance of black box testing. Just like the software designer, the experimenters never gain access to the underlying “code.” They observe a trend of inputs and outputs, but the crucial workings of the machine that generate that trend remain hidden.

In this book, we will explore questions about human consciousness by cracking open the black box of the brain and peering at its inner workings. In the process, we’ll discover that underlying many of the most mysterious phenomena of human experience, and even the simplest day-to-day decisions, there are distinct neurological circuits, uniting seemingly disconnected facets of our life experience with a single explanation.

The structure of this book is in the form of questions. I have a lot of questions. I am a grown-up version of that kid in the backseat of a minivan who asks his parents a question and then, upon hearing the answer, incessantly responds with “but why?” until he drives them to near insanity. In college, this tendency led me to study the art of asking questions: philosophy. Philosophy teaches us to ask questions with precision, to cut through the surface of an issue until you reach the core principle that explains it in all its aspects. As my education moved on from philosophy to neuroscience, to medicine, and eventually to their overlap in medical neurology, I tried to apply that same rigor to a new set of questions: How does decision making work? How do mental illnesses affect the way we think? How do we interact with our brains, and how do they make us who we are?

Our questions will lead us to the mysteries of perception, habit, learning, memory, language, and the very existence of our selfhood and identity. We’ll touch on everything from alien abductions, detecting fake smiles, and the real story of schizophrenia to sleepwalking murderers, the brains of sports fans, and the secret of ticklishness. We’ll open the black box and, as best we can, use the findings of neuroscience to trace those behaviors to the underlying brain mechanics from which they emerge. With each question we answer, new ones will arise. Every question and answer will build on the previous one as we inch closer to understanding the central questions facing modern neuroscience.

In this book, we will follow the workings of two systems in the brain, the conscious and the unconscious, investigating how they work in parallel and, more important, how they interact in order to create our life experience and preserve our sense of self. My hope is that by the time you finish this book, you’ll see that there are discrete patterns in the way that unconscious mechanisms in the brain guide our behavior. There is an underlying neuro-logic that drives our experience of the world. You might think of it like a piece of software. Our challenge is to decipher that logical system, not only by observing its inputs and outputs, but also by seeking out the brain systems that generate it. Cracking the code of our internal software has far-reaching implica tions for neurological and psychiatric research, for the study of human relationships and interactions, and for our understanding of ourselves.

So, where do we begin? In briefly mentioning Walter (note that throughout this book, I have changed the names of people I mention in order to protect the identity and privacy of patients), I said that he failed to detect his blindness because of a broken connection between his visual hardware and the brain systems that were supposed to monitor that hardware. But there may be another explanation as well. Though blind to the external world, patients with Anton’s syndrome can still visualize things in their minds. They haven’t been blind their entire lives, so they can still imagine visual images. Many researchers believe this to be the second reason why people with Anton’s syndrome don’t feel that they’re blind: they mistake their own imagined visual images for actual eyesight. So, when Walter said that his neurologist was a “small, fat chap,” it might not have been a simple guess. Perhaps that’s how Walter imagined him.

Walter was able to visualize images in his mind because he wasn’t always blind, but what if he had been? If a person were born blind, would she have any concept of what it is like to see? How would she “visualize” objects or people in her mind? What do the blind “see” in their dreams?
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What Do the Blind See When They Dream?

On Perception, Dreams, and the Creation of the External World


What is a television apparatus to man, who has only to shut his eyes to see the most inaccessible regions of the seen and the never seen, who has only to imagine in order to pierce through walls and cause all the planetary Baghdads of his dreams to rise from the dust?

—Salvador Dalí



I’m on the phone with Amelia, a forty-four-year-old insurance agent who has been blind from birth, and I’m scraping the bottom of my mental thesaurus to find descriptive words that will have the same connotation for both of us.

“How do you…perceive things?” I ask.

“What do you mean? I just see them.”

“You see them?”

“Well, not visually, of course.”

“Right.” I need a more specific question. “Could you describe the color red?”

“Red is hot,” she says. “Red is like fire.”

“What about blue?”

“Blue is cold like the ocean.”

For most of us, vision is central to the way we navigate the world. It’s hard to grasp how members of the blind community are able to function so well without it. When you ask them how they do it, they often respond that the key is using their other senses to compensate for the deficit in vision. Research even confirms that blind individuals have much better hearing than sighted people do.

Most blind people remember what it’s like to see. They don’t have to construct a mental picture of the world from the ground up. They remember what people, and cars, and sidewalk curbs, and escalators look like. When they tragically go blind, they can build off of what they know.

Amelia never had that luxury. Due to a problem in fetal development, Amelia was born without either of her optic nerves, so she has never seen…anything. She has never experienced colors or seen her own reflection. She had to create her mental model of the world from scratch.

“How do you recognize people?” I ask Amelia.

“That depends,” she says. “If I’ve hugged them or felt them, I remember their features. Otherwise, I remember their voices, I guess. I just have a sense of people. I know who they are, who I like, who I don’t like.”

“Can you describe someone you dislike?”

“Ugh, this woman from work. I can’t stand her. She thinks she’s all that.”

“How do you know?” I ask.

“The way she dresses. Her big earrings and long fingernails. Her smelly perfume. Her voice.”

What I want to know is what happens in Amelia’s mind during the hours she spends unconsciously. Does she have dreams? If so, what are those like?

“I definitely dream,” she tells me. “I had a dream last night, quite a vivid one in fact.”

“Would you tell me about it?” I pry.

“It’s a little embarrassing, but I had a dream that I made love with a man on the beach. He was sexy! Tall, very handsome. He had gorgeous blond hair. The sand was getting everywhere and—”

“Wait, really?” I cut in before the dream becomes too graphic. “You saw him? I mean, did you actually see what he looked like?”

“I saw him,” she says. “Definitely. It was real vision. At least I think it was.”

During this conversation with Amelia, I couldn’t help but grapple with the question of how the dreaming mind and the waking mind compare. In both states, we have some level of consciousness. In both states, we perceive imagery and have experiences. Yet there’s something different about dreaming. Something special. But what? And whatever that thing is, is it special enough to lend sight to the blind?

Filling in the Gaps

Take a look at this image:
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Do you see the white triangle? A crisp white triangle appears to cover up the shapes in the background. Technically, though, there is no white triangle. You might have seen this illusion before. The Kanizsa Triangle, as it is known, is a classic illustration of the fact that human vision is not a simple window onto the world. It is an interpretation.

Before we can tackle the issue of whether the blind can see in their dreams, we need to know a little bit about seeing and a little bit about dreaming. Human vision is the brain’s highly processed representation of what’s out there. Why is that? Why couldn’t the visual system have been simpler, like a video camera displaying just what’s in front of us? It certainly adds intrigue that we can point out the hidden white arrow in the FedEx logo (between the E and the x), but the reason is more fundamental: our visual system is designed for survival.

From the moment that photons of light become electrochemical signals in the eye, this sensory raw material is passed through an assembly line of processing engines that systematically construct our vision of the world.

It all happens in the well-understood neurological circuit known as the visual pathway. It begins at the rear of the eye, at the retina, where light is translated into electrical signals that zip along the optic nerve through the brain. The signals proceed through the thalamus, the brain’s sensory switchboard. From there, the visual information is routed straight to the visual cortex, located in the back part of the brain known as the occipital lobe.


[image: ][image: ]


    (Credit 1.2)



To create its interpretation, the visual cortex divides the processing job into components, calculating things like distance, shape, color, size, and speed. An interruption in any of these processes could lead to striking visual distortions. In Riddoch syndrome, for example, patients lose the ability to perceive stationary objects and can only see things in motion. Neurologists first observed the condition in 1916, when a lieutenant colonel was shot in the head while advancing into battle during World War I. The bullet entered his right occipital lobe, destroying much of his visual cortex but sparing the region known as area MT, which is responsible for the perception of motion. The soldier was blind to most visual characteristics of objects, but he could perceive their movements. In his words, “The ‘moving things’ have no distinct shape, and the nearest approach to color that can be attributed to them is a shadowy grey.” You know the blur you see when a ball is thrown past you? Imagine if that’s all you could see.

On the flip side, isolated damage to area MT causes a selective loss of motion perception. Imagine standing at a street corner watching a car pass by. Instead of seeing it smoothly cruise along, you perceive sequential snapshots of the car in different places. First it’s on your left, then it’s on your right, but you never saw it move. That would make crossing the street a terrifying ordeal. It’s no wonder that motion is one of the first components of vision to be processed. When an object travels past you, the most prominent thing you see is its motion, while most of the details of its appearance seem glossed over by the brain. Perhaps the reason for this is evolutionary: if a wild beast is running at you, the most important thing to realize is not necessarily the color of its fur or the length of its tail but the fact that it’s running at you.

Our visual system doesn’t just display patterns of light. It constructs an interpretation based on billions of neuronal calculations. The brain anticipates what things will look like based on what we’ve seen in the past. It even uses environmental cues to fill in supposed gaps in a scene, as it does with the Kanizsa Triangle. The brain fills in the edges of the nonexistent shape, inferring their location from cues provided by the neighboring shapes. For another example, try reading this:


Dseitpe the fcat taht the ltetres in tehese wrdos are jmbuled, you are sitll albe to raed tehm. Bceasue the frsit and lsat ltertes are in the rghit palce, yuor bairn can use tohse ceus to fgirue out waht I’m syanig.



You might have seen paragraphs like this circulating the Internet, with claims that we read words “all at once” rather than using the individual letters. That’s actually not something that research has demonstrated. Rather, what’s interesting about our ability to read that paragraph is the way we infer the words from their context, both from the meaning of the sentence and from the fact that the first and last letters are in the correct places. Neuroimaging studies show that the brain processes not only the meaning of words we read but also the patterns of letters and the syntax of the sentences.

The brain often takes shortcuts when we read, skipping certain connector or filler words that aren’t crucial to the meaning of a sentence. It makes reading more efficient. At times, however, that anticipatory approach can backfire. For example, here’s a question: How many animals of each kind did Moses take on the ark? If you are like most people who were asked this question as part of a study, you would probably say the answer is “two.” With a more careful reading, however, it’s clear that the correct answer is “zero.” It was Noah, not Moses, who built an ark and invited the animals on board. People likely make the error because the question is a close match to one we would expect to hear about Noah. When we hear “How many animals of each kind,” we anticipate the end of the question and jump the gun on coming up with the answer.

Neurologists can see this process occurring in the brain using func tional magnetic resonance imaging (fMRI). The fMRI technique measures, in real time, the rate at which blood releases oxygen to brain tissue, providing what’s called the BOLD (blood oxygen level dependent) signal. The interpretation of the measurement is based on the principle that the neurons that extract the most oxygen are the ones that are most active, so the BOLD signal is a measure of neuronal activity. In a 2013 fMRI study, participants read 160 sentences, half of which were true. Of the other eighty sentences, half were clearly false, while the other half were meant to appear true but had subtle distortions, including the one about Moses and his supposed ark. While an fMRI machine monitored their brain activity, the participants read through the sentences and marked them as true or false.

The results showed that there wasn’t much difference in the subjects’ brain activity while they read the true and clearly false statements. But what happened when the subjects read the trick statements, like the one about Moses and the ark? Well, that depended on whether they noticed the distortion. For those who failed to detect it, and incorrectly thought the statements were true, the fMRI revealed an activation pattern similar to the one seen while reading the true or clearly false statements. However, for the participants who discovered the distortion and realized that Moses was too busy in Egypt to build a boat, the fMRI revealed that a radically different neurological system was at work. Many more regions of the brain were recruited to interpret the sentence, like the anterior cingulate cortex, involved in error detection, but most notably the prefrontal cortex, which is the center of many higher-level cognitive tasks including, interestingly enough, the power to overcome our tendency to rely on habit.

The brain tries to maximize the efficiency of our thinking by recognizing familiar patterns and anticipating them. Moses’s ark and other distorted sentences require the greatest concentration to interpret, because they introduce a conflict between their expected and their actual meaning. As the neuroimaging results imply, the only way to successfully identify the distortion is to use the higher cognitive powers granted by the prefrontal cortex to suppress our tendency to anticipate what’s coming and just focus on what’s actually there. The self-reflective capacity of consciousness can override the brain’s unconscious, automated processes, preventing them from filling in the gaps as they normally would.

When we look out into the world, two systems in the brain mold our perceptions. On the one hand, there is the unconscious system that recognizes patterns, anticipates based on those patterns, and deduces how the perceptual fragments fit together. On the other hand, there is the conscious system that accepts the calculations of the unconscious—questioning them when necessary—and formulates decisions based on the wealth of background knowledge to which it has access. Both systems have their uses. The fact that automated processes help us read words with jumbled letters is just a single instance of the myriad ways that the unconscious anticipates patterns, completing a picture using incomplete information. Yet, as the Moses example reveals, the conscious system is equally crucial in helping us decide when to trust the unconscious system’s prediction, especially when something in our environment is trying to trick us or outmaneuver us.

A group of psychologists and sports scientists published a 2013 study looking at the brain regions activated as experienced soccer players watch their opponents come at them. The experimenters recruited two groups of players: active professionals and recreational soccer players who competed occasionally. The researchers instructed the athletes to imagine that they were on defense in the midst of a competitive match. They would each watch video clips of offensive players dribbling toward them. The challenge? Determine whether an offensive player’s next move will be a normal crossover or a deceptive step-over. All the while, the experimenters used fMRI to watch the subjects’ brains at work.

As expected, the professional players were a lot better at reading their opponents. Yet the fMRI results showed that regardless of skill level, whenever players correctly detected the step-overs, they used their prefrontal cortices more than they did when detecting the straightforward crossovers. It was the same region of the brain that the subjects in the reading experiment used to identify the distortion in the sentence about Moses’s ark. The soccer players used the higher cognitive faculties of the prefrontal to override pattern recognition of a standard move and instead detect deception. In reading, in sports, and in other situations, it takes the discerning power of the prefrontal cortex to stop your unconscious from jumping to conclusions and possibly falling for a trick. Through conscious analysis, we can distinguish typical patterns from those that are manipulated or distorted.

What would happen to our perceptions if the prefrontal cortex were shut down? We would lose the ability to judge whether our experiences are typical or whether they diverge from the norm. That can occur in instances of brain damage. In 2010, a team of neurologists and psychologists recruited seventeen patients for a study using that same sentence with the Moses for Noah switcheroo (and other sentences with similar formats). The patients had all endured ruptures of a key blood vessel that feeds the prefrontal cortex, causing profound damage there, while the rest of their brains were spared. Just as predicted, the prefrontal lobe patients, compared with healthy controls, were much worse at detecting the distortions in each sentence.

The unconscious system in the brain pieces together fragments of our perceptions, anticipating patterns and filling in gaps when necessary, in order to devise a single, meaningful interpretation. It tells a story. The conscious system experiences that story but can also reflect on it and even question it. However, cases of isolated prefrontal lobe damage create a scenario in which most of the brain is working but the self-reflective capabilities of prefrontal cognition are lacking. In the absence of that supervision, the unconscious, gap-filling processes of the brain are unchecked as they anticipate and piece together our experience, possibly leading to nonsensical interpretations and bizarre stories. But brain damage isn’t the only way to bring about that scenario. It can also happen in perfectly healthy people, and it can happen often. It might even have happened to you last night.

The Stuff That Dreams Are Made Of

In his famous 1944 painting Dream Caused by the Flight of a Bee Around a Pomegranate, the Spanish artist Salvador Dalí depicted a vision he imagined his wife dreamed moments before awakening from a nap. In the painting, Dalí reveals some insight into the true nature of dreams. He illustrates their vividness, their emotional intensity, and their propensity for being peculiar or fantastical. This particular painting has inspired a diverse set of interpretations, a prominent one being that it depicts a scene of imminent rape, given the violent imagery and the possible use of the rifle as a phallic symbol. Others take a more straightforward approach, using the title of the painting as a guide.
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If you look carefully, you’ll notice that there is a second, small pomegranate toward the bottom of the painting, with a bee buzzing over it. Perhaps Dalí thought that the buzzing of a real bee around his wife’s sleeping figure somehow entered her unconscious and guided the narrative of her dream. Her mind translated a sudden fear of being stung into violent imagery, with the stinger represented by the sharp rifle tip pressing into her arm. But how could such a simple stimulus, a buzzing sound, engender such an elaborate mental mirage?

Dalí painted what most of us already suspected: though they can often be bizarre, dreams may incorporate elements of our daily life and connect them in novel, occasionally nonsensical, or even metaphoric ways to create a narrative. The sleeping brain is a master storyteller, and that power emerges from its unique environment. When we sleep, our eyes are shut, sounds are muted. Essentially closed off from external sensory noise, the mind begins to fill with imagery generated from within.

However, when we dream, we are not completely cut off from the outside. Certain stimuli, like a buzzing insect, can make their way into our nocturnal imagery. External sensations infiltrate our dreams all the time. One of the most powerful effects of this kind occurs when you spray a sleeping person with water. Over 40 percent of the time, that stimulus becomes directly integrated into the person’s dreams. Awakened subjects describe visions that incorporate things like a rainy day, being squirted by someone, or having to repair a leaky roof.

Still, most of what we dream is a quilt of our memories, thoughts, and emotions. Often our dreams are abstract reflections of things that occur to us in our daily lives, things we contemplate, worry about, and long for. Most dreams incorporate aspects that are familiar to the dreamer. In 2004, researchers in Belgium used positron emission tomography (PET scans, which track brain activity by following a radioactive tracer as it moves to active areas) to monitor the brain activity of subjects as they played a first-person shooter video game. The researchers noted the areas of the brain activated as the subjects moved through the streets of the virtual reality town. In the second part of the experiment, the research group had the participants go to sleep, but not before their scalps were outfitted with EEG (electroencephalogram) electrodes to monitor their brain waves overnight. The next morning, a comparison of the EEG recordings with the PET scans revealed that the same areas of the hippocampus that illuminated during the video game were again stirred as the subjects began to dream.

We know that vision is made possible by the visual pathway and that blindness can result from an interruption anywhere along that circuit. There’s also a dream pathway in the brain. Like vision, dreams allow for the perception of imagery, even though the eyes are closed and effectively blinded to the outside world. The fact that we are still able to perceive this imagery implies that the dream circuit must be separate from the visual one. If it’s true that the blind can see in their dreams, then the dream pathway must be the key. So, the obvious question is, what constitutes that circuit? How does the brain create our dreams?

As you enter REM sleep, while your eyes are shut, the dream system takes over the thalamus and the visual cortex. It controls your internal sensory switchboard, as well as your center of image processing, but it still has to get the images from somewhere.

Neurologists have discovered that, as we dream, the thalamus begins behaving differently: instead of responding to signals arriving from the eyes (of which there are none), the thalamus falls under the control of the brainstem, the central stalk that adjoins the brain to the spinal cord. A major function of the brainstem is to maintain REM sleep, when most dreaming occurs. Many neurologists believe that this link between the thalamus and the brainstem that occurs nightly during REM sleep is the basis of dream imagery.

By watching the brain waves that appear as we dream, neurologists have picked up on unique waves, called PGO (ponto-geniculo-occipital) waves. They have a recognizable shape and size. This same wave is seen in three locations in the brain as we dream: the pons (in the brainstem), the lateral geniculate nucleus (the visual part of the thalamus), and the occipital lobe (where the visual cortex lives). We can infer, therefore, that these regions are working together. Perhaps the brainstem, thalamus, and visual cortex form their own visual pathway, but the eyes are cut out of the process. The dream pathway is similar to the visual pathway except that the brainstem replaces the eyes as the source. The imagery is generated from within.

The renowned dream researcher John Allan Hobson, a psychiatrist at Harvard Medical School, has theorized that dreams occur due to random neuronal firings in the brainstem. From the brainstem, these haphazard signals go to the thalamus, which treats them as it would any visual signal. The thalamus is just a switchboard. It has no idea whether the signals it receives come from the eyes or the brainstem. It just routes them where they need to go: to the visual cortex.

Now imagine what the visual cortex has to deal with. It’s 2:00 a.m., and a barrage of signals has just arrived from the thalamus. What’s more, the signals are a mess of disorganization. After all, they were randomly generated by the brainstem. But the visual cortex doesn’t know that. It assumes that whatever information it receives from the thalamus must have come from the eyes. How does the cortex respond? Just as it would do if we were awake, the visual cortex tries to make sense of the information. Using our store of knowledge and memory, it attempts to connect disparate signal fragments into a single narrative, creating a unified visual spectacle that we experience as dreaming.

The brain does its best to tell a story. The unconscious system in the brain has a knack for finding patterns, anticipating what comes next, and using contextual clues to fill in the gaps when encountering an incomplete picture. These might all come into play as the unconscious stitches together our nightly visions from the tattered signals it receives. The resulting patchwork of thoughts, memories, fears, and wishes can come together as an engrossing, occasionally metaphoric narrative. Usually, however, our dreams are pretty weird.

As weird as dreams can be, we never seem to notice their outlandishness while we’re in them. Only when we wake up do we realize how bizarre the imagined scenario was. Why is that? In learning which parts of the brain are involved in dreaming, neuroscientists have also discovered which parts go dormant for the night. Most prominently, the prefrontal cortex, where higher-order decision making takes place, is utterly quiet. The prefrontal cortex, if you recall, is the region involved in discovering the Moses/Noah distortion and spotting deceptive soccer moves. It’s involved in self-reflective thinking.

When we dream, we don’t actively plan or strategize, nor do we reflect much on our thoughts. Those are abilities mediated by the prefrontal cortex, which is shut down during REM sleep. That’s why we can’t tell that we’re dreaming. It’s why dreams can get away with being so bizarre without our thinking, “Wait a minute…this doesn’t make any sense.” If you do happen to realize how weird the dream is, you’re likely in the process of waking, and your prefrontal cortex is starting to fire up.

The prefrontal’s inactivity may also be the explanation for why we don’t feel as if we can control our imagined avatar and make decisions while dreaming. The dream is like a movie that’s happening to us. We can’t choose our own adventure; at least we usually can’t. There is one major exception, known as lucid dreams, in which a person knows he is dreaming and can even willfully explore his imagined internal world.

How are lucid dreams possible? We just got finished saying that the prefrontal cortex is deactivated as we sleep, so how could someone actively control his dreams? In 2012, German sleep researchers asked that same question. They recruited some lucid dreamers to fall asleep in the company of their fMRI machine. As the participants entered REM sleep, the fMRI picked up an interesting pattern of activation. The BOLD signal, in addition to highlighting the regions normally active during dreams, appeared prominently in the prefrontal area. The prefrontal cortex was active. For reasons unknown, some people’s prefrontal cortices resist the nightly shutdown that the rest of us experience. Lucid dreamers have access to their capacities for self-reflection, self-control, and decision making, rendering each dream a thrilling exercise in virtual reality. What’s more, lucid dreaming is a skill that you can acquire with training and has been used successfully as a treatment for nightmares. With practice, you can just politely ask the ghosts and ax murderers to get lost.

Most dreams are not simple replays of our daily lives; that accounts for just about 1 to 2 percent of dreams. The rest of the time, our unhinged thoughts and visualizations come together in new, often creative ways. Through dreams, the unconscious system in the brain provides us with an alternative way of associating concepts, closed off from all the distractions of waking life. Ideas can dance freely through the mind.

Perhaps that’s why we think of great new ideas as we sleep. How often have you awoken from sleep only to frantically seek out a pen and paper to jot down a moment of inspiration? Studies demonstrate that if you give a math problem to two groups of people, one that tries to solve it right away and one that does so after sleeping through the night, the group that sleeps on it is much more likely to discover creative shortcuts.

What is it about the dreaming brain that makes our thoughts and experiences come together in unique ways? One explanation is that sleep protects us from external stimuli, preventing interference and allowing our imagination to flourish. Another possibility is that the prefrontal cortex is largely deactivated, so our more abstract, and even bizarre, thoughts can frolic without being subjected to our usual judgmental analytic rigor. There may be a third, more fundamental explanation for why dreams are so creative. Some neuroscientists theorize that during sleep the brain relaxes preformed synapses (the spaces between neurons through which they communicate), loosening connections between our memories and learned concepts. This is thought to enhance neuronal flexibility, allowing new pathways to form in the brain and fresh, creative ideas to burst forth. In fact, some studies show that the neurons that have worked together most extensively during the day are the most quiet as we sleep. The theory is that relaxing our synapses opens the door for dreaming. It creates the opportunity for novel connections between our thoughts to emerge, allowing the brain to spin its stories.

However they arise, our dreams are wildly different from our waking perceptions, and it’s because we have two fundamentally different systems at work in the brain. On the one hand, there is the active, conscious system that we use when we’re awake. On the other hand, there’s the passive, inner world of dreaming that takes over when the conscious system shuts down. Lucid dreaming would represent some sort of in-between state that recruits brain regions from both systems. Dreams tend to happen as we sleep and end when we wake up; we generally don’t dream and make conscious decisions simultaneously. When we awaken, we slip out of our internal fantasy as consciousness overtakes us. The conscious and unconscious systems take turns seizing and ceding control. However, as Dalí’s painting and lucid dreams imply, that boundary between dream and reality can be a tenuous one.

Down the Rabbit Hole

Marcy first went to see her doctor for a severe headache. For most of her life, she had suffered from headaches that seemed to last for ages. Her mom, dad, and sister had migraines, so it came as no surprise to her when her doctor gave her that diagnosis. Like many others with migraines, Marcy experienced an “aura” before each one. Most people describe the aura as a disturbance of perception in which they see spots or lights or zigzagging lines. The experience varies depending on the person, but Marcy’s auras were particularly memorable.

“I suddenly get a feeling that my hands are huge,” she began, “and I mean huge: ginormous; as though I am wearing triple boxing gloves—this lasts for a while, then I get a funny physical feeling while my hands are staying big that I am shrinking into a tiny, tiny, tiny little girl.”

Sometimes, she would feel as if she had suddenly grown into a giant: “I sort of feel as though I am on spongy platform shoes like we used to wear in the ’70s. It’s really weird; I am only five foot and it’s the most peculiar feeling to suddenly feel that you are tall.”

Marcy’s symptoms are curiously reminiscent of the famous scene from the first chapter of Lewis Carroll’s Alice in Wonderland, titled “Down the Rabbit-Hole.” After entering her fantastical realm, Alice comes upon a bottle labeled “DRINK ME”:


So Alice ventured to taste it, and finding it very nice, (it had, in fact, a sort of mixed flavour of cherry-tart, custard, pine-apple, roast turkey, toffee, and hot buttered toast,) she very soon finished it off. “What a curious feeling!” said Alice; “I must be shutting up like a telescope.” And so it was indeed: she was now only ten inches high, and her face brightened up at the thought that she was now the right size for going through the little door into that lovely garden.



Whatever ailment Marcy was suffering from, it apparently caused hallucinations much like those which Alice’s mysterious cocktail provoked. Marcy was diagnosed with the aptly named Alice in Wonderland syndrome, a neurological condition in which people perceive distortions of the size, position, movement, or color of objects in the environment.

First described in 1952, Alice in Wonderland syndrome can be caused by any number of things, like infections or seizures, but it usually happens in association with migraines. Though it isn’t common, Alice in Wonderland syndrome might have influenced the work of prominent artists who, at times, experienced the world as if looking at a circus mirror. For instance, Käthe Kollwitz, a twentieth-century German artist, became known for her drawings inspired by her political impressions of Germany during wartime. Yet at some point in her career, her style appeared to shift from the genre of realism to more abstract representations of people who appeared to have enlarged hands or faces.
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In her diary, Kollwitz lamented being stricken by the following symptoms: “Then there was a horrible state I fell into when objects would begin to grow smaller. It was bad enough when they grew larger, but when they grew smaller it was horrifying.”

Some scholars have speculated that Lewis Carroll himself had Alice in Wonderland syndrome, as he was known to have suffered from migraines. Perhaps he perceived visual metamorphoses similar to those of his most famous literary character.

Why does Alice in Wonderland syndrome happen? Preliminary research seems to indicate that the hallucinations arise from a blockage of visual processing. As we know, the visual cortex constructs our picture of the world by making a series of calculations: distance, size, orientation, shape. If parts of that processing pathway were skipped or blocked, that would lead to distortions in perception. A 2011 study of a boy with Alice in Wonderland syndrome used fMRI to monitor his brain activity while he tried to judge the size and orientation of pictures presented to him. For example, the experimenters showed him versions of the Ponzo illusion (below) and asked him to judge whether the two parallel lines were each the same size.
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This tricky task requires careful study of the image and, presumably, thorough processing in the visual cortex. The fMRI results revealed that compared with healthy control subjects, the boy had reduced activation of parts of his visual cortex. The theory is that this finding represents incomplete processing of visual signals and, depending on which stage of processing is missed, that might cause distortions of size, orientation, or anything else. While far from proven, this hypothesis is consistent with reports of patients with targeted damage to parts of the visual cortex who suddenly perceive objects around them as shrunken.

In some cases, Alice in Wonderland syndrome can be a component of a larger hallucinatory disorder. One that comes to mind is Lhermitte’s peduncular hallucinosis, a rare cause of vivid hallucinations that occur as a result of damage to the brainstem. People with peduncular hallucinosis can see anything from bright colors, to distortions of size (Alice in Wonderland syndrome can be a subtype of peduncular hallucinosis), to extremely convincing, cinematic hallucinations. It was first reported in 1922 by the neurologist Jean Lhermitte, who told the story of a woman who suffered a stroke in her brainstem and, as a result, began having hallucinations. Whenever it was dark, she would see a parade of brightly dressed little children. A rare disorder, peduncular hallucinosis has not been the subject of a large, controlled study. What we know about the disease comes from a series of individual reports, beginning with Lhermitte’s first patient and continuing to the present day.

In 2008, neurologists in Italy described a disturbing case of an eleven-year-old boy who developed striking hallucinations after recovering from a fever. One evening, after an afternoon of watching television, young Bernardo began hysterically crying. His parents ran into the room to find their son trembling in fear. He had just seen Voldemort, the villainous sorcerer from the Harry Potter stories. It might have been dark, but Bernardo insisted that the vision was real. He had not been dreaming.

The next night, Voldemort returned. Bernardo knew that this time he would have to defend himself. He looked down and saw a battle helmet and sword, ready to be brandished. Glaring through the metal eyeholes, Bernardo looked upon his adversary and, sword in hand, hallucinated an epic duel.

A complete neurological work-up revealed that young Bernardo had endured inflammation of his brainstem, which is why he had a fever. When the inflammation went away, so did Voldemort. It was a case of peduncular hallucinosis, but a temporary one. While the brainstem was inflamed, the hallucinations emerged. When the inflammation dissipated, the hallucinations went with it. From this and other reports of the syndrome, it appears that damage to the brainstem is the cause. Most cases of peduncular hallucinosis arise from brainstem injury, or sometimes from damage to the thalamus, and persist as long as that injury goes unrepaired.

Neurologists have noticed two other things that these patients have in common. First, people with peduncular hallucinosis also complain of particularly vivid dreams. Second, people tend to experience the hallucinations when it’s dark. When the lights come on, the visions disappear.

Why do the hallucinations surface in darkness? From what we know about the neuroscience of dreaming, it all begins in the brainstem, which contains the on/off switch of dreaming. As we enter REM sleep, tucked away under the blankets with only moonlight brightening our bedrooms, the brainstem initiates the dream pathway. The switch turns on. As morning arrives, and we wake up, the brainstem shuts down the dream pathway as our eyes open and light floods in.

Usually, the switch only turns on during REM sleep, but damage to the brainstem lowers its threshold for initiating dreams. Rather than during sleep, the brainstem prematurely flips the switch when it senses darkness. In peduncular hallucinosis, people dream while awake. Simply turning out the lights is enough to rouse the dream machine to fill the darkness with imagery of its own making.

But what if those lights were turned off forever, as they are for the blind? What would we see then?

A Vision for the Sightless

The neighbors were growing increasingly concerned about Mr. Weiler. An eighty-seven-year-old widower living alone, Mr. Weiler had lost his sight due to long-standing macular degeneration, a common cause of blindness in old age. His neighbors’ concern reached new heights when he reported that he had started seeing again…seeing things he didn’t expect. For the previous six weeks, he saw people in his house whom he didn’t recognize and who never spoke to him. The week before, a bear lumbered into his kitchen. Every so often, he saw cattle grazing in his living room. They would stare at him while quietly chewing at the grass that was apparently growing out of his carpet. Mr. Weiler also mentioned seeing a family of bluefish in his house, darting from wall to wall.

The neighbors worried that the kindly old gentleman was developing dementia. Mr. Weiler wasn’t particularly concerned, though. He recognized that the visions weren’t real, and they didn’t bother him much. A complete work-up by a neurologist showed that it wasn’t dementia after all. Mr. Weiler’s condition was consistent with a diagnosis of Charles Bonnet syndrome.

When we hear the term “hallucinations,” the first thing that comes to mind is a psychiatric or neurological disorder (or illicit drugs), but Mr. Weiler didn’t have anything wrong with his brain. Charles Bonnet (pronounced “bonney”) syndrome is a condition in which people experience rich visual hallucinations not because of a neurological problem but because of a visual one. It happens to people who are blind or partially blind. Hallucinatory episodes can last from a few seconds to most of the day and can occur on and off over a period of years. The content of the hallucinations varies but usually includes things like people, animals, buildings, and patterns of shapes. Many have tried to depict their hallucinations. The artist Cecil Riley, for example, would paint his vision of blue and green eyes surrounding him, glaring at him threateningly.

Here’s a sketch by another patient with macular degeneration and Charles Bonnet syndrome (not an artist) who described seeing an “elongated face with disproportionately large teeth and ears.”
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Charles Bonnet syndrome is seen in about 10 percent of people with visual problems, regardless of the underlying cause. Why does this happen? Could it be that the brain is filling in the gap in vision with hallucinations? As the Kanizsa Triangle teaches us, the brain fills in the gaps of what we see, and that which we perceive may not be the same as what’s actually in front of us. However, seeing an illusory white triangle is slightly different from seeing cattle grazing in your living room. When we look at optical illusions, we aren’t hallucinating. Our brains are extrapolating a scene by processing visual cues. Hallucinations, on the other hand, arise solely from our minds.

It’s no coincidence that the hallucinations of Charles Bonnet tend to happen to people who are blind. Visual impairment is the key. A research group in London was able to demonstrate the brain activity that occurs during Charles Bonnet hallucinations. They recruited six people with the diagnosis to tell them whenever a hallucination began and ended. All the while, the researchers recorded their brain activity. All the volunteers were visually impaired, so the fMRI revealed minimal activity in their visual cortices most of the time. However, as soon as one of them signaled that a hallucination had begun, the occipital lobe suddenly ignited with activity. When the hallucination ended, so did the illumination of the visual cortex on the screen.

The fMRI told a lot more about the hallucinations than just the time course. The BOLD signal revealed which visual processors were being utilized to create the visions.

In Charles Bonnet syndrome, the visual cortex activates without any input signal from the eyes. There are two theories as to why this happens. The first is that because of the absence of signals coming in from the damaged eyes, neurons of the visual cortex have nothing to do and begin behaving erratically. The theory is that these bored nerve cells occasionally release spontaneous electrical discharges. The visual cortex is freed from the constraints of being regulated by sensory input and starts generating its own signals—leading to the use of the term “release hallucinations” for the symptom of Charles Bonnet.

These release hallucinations can even be caused by a temporary visual disturbance. On September 3, 2004, a young woman was struck by lightning while mountain climbing in the Alps. After being thrown to the ground by the blast, she blacked out. When she awoke, she was blind. An air rescue team brought her to a hospital where a CT scan showed fluid accumulation around her occipital lobe, interfering with her visual processing. When night came, she began to hallucinate. First she saw an old lady perched on top of the radiator at the edge of the room. The lady started shrinking, getting thinner and thinner until she slid down and vanished through one of the radiator slots. Her visions popped up at random times. At one moment, she would see a cowboy on a horse galloping toward her, firing off his rifle. Later she would see two doctors attempting sexual intercourse in her room, then trying to draw her blood. But as the fluid was drained from the back of her brain and her vision recovered, the hallucinations stopped coming.

Even if the blindness is short-lived, it appears that the absence of visual input causes the brain to generate its own visions. The theory is that the underused visual cortex neurons begin firing for no reason. When these spontaneous discharges are detected, the brain mistakes them for meaningful visual signals because, after all, they are coming from the visual cortex. This is just like what happens in dreaming, only there the random signals originate in the brainstem, earlier in the dream pathway. Here, it is the visual circuitry itself that fills the gap left by patients’ blindness with dreamlike imagery. Within moments, the images spit out by the visual cortex reach consciousness and patients experience them as realistic hallucinations, as if seeing them with their own eyes.

There’s a second theory for why Charles Bonnet syndrome affects the blind. It involves brain plasticity, the vast, dynamic interconnectedness of our neuronal network. We tend to think of our five senses as being distinct from one another, but that isn’t the way the brain treats them. The brain can’t tell the difference between visual, auditory, and tactile signals except for the fact that they are transmitted by different pathways. As long as the circuits are hooked up correctly, the information will get to the right place. In the brain, it’s all just electrochemical signals; neurons have no idea what the signals they transmit and receive are for. The reason we experience five separate senses—seeing through our eyes and smelling through our nostrils—is that the chains of nerve cells are organized into discrete pathways.

Though each sensory conduit has its own route, there is some crossover between them. Think of these nerve pathways as major highways that intersect. They are isolated most of the time, but there are exit ramps that connect them. There have to be, right? After all, we experience all five senses at once, and they all fit together seamlessly. Picture yourself drinking a cup of coffee. Not only do you simultaneously smell and taste the French roast, but you feel the mug against your lips, see it as you tip it toward yourself, and hear the sound of your sips. Each sensation is perfectly coordinated with the rest, creating the sensory symphony that is your morning caffeine kick. Five completely separate systems couldn’t possibly create such a well-orchestrated experience consistently. Somewhere along the line, our senses










Luke Skywalker Lives in Your Temporal Lobe














A Corridor of Sound










[image: ][image: ]


    








The Dream Machine





[image: ][image: ]


    





[image: ][image: ]


    














OEBPS/fonts/GaramondClassicFS-BoldItalic.otf


OEBPS/fonts/GaramondClassicFS-Bold.otf


OEBPS/fonts/NeueSans-ThinItalic.otf


OEBPS/fonts/GaramondClassicFS-Regular.otf


OEBPS/fonts/GaramondClassicFS-Italic.otf


OEBPS/fonts/MuseoSans-100Italic.otf


OEBPS/fonts/MuseoSans-100.otf


OEBPS/fonts/MuseoSans-300Italic.otf


OEBPS/fonts/MuseoSans-300.otf


OEBPS/fonts/MuseoSans-700.otf


OEBPS/images/Ster_9780307908780_epub3_005_r1.jpg





OEBPS/images/Ster_9780307908780_epub3_004_r1.jpg





Ster_9780307908780_epub3_nav_r1.xhtml


Contents



		Cover


		Other Titles


		Title Page


		Copyright


		Dedication


		Epigraph


		Contents


		Introduction: Our Unconscious Logic


		1. What Do the Blind See When They Dream?: On Perception, Dreams, and the Creation of the External World

		Filling in the Gaps


		The Stuff That Dreams Are Made Of


		Down the Rabbit Hole


		A Vision for the Sightless


		Luke Skywalker Lives in Your Temporal Lobe


		A Corridor of Sound


		The Dream Machine







		2. Can Zombies Drive to Work?: On Habit, Self-Control, and the Possibility of Human Automatism

		Zombies Among Us


		Vision Without Seeing


		Mice in a Plus-Maze


		Focusing by Being Unfocused


		How to Identify a Fake Smile


		Why We Forget to Pick Up a Gallon of Milk


		Why Do We Eat When We’re Not Hungry?


		Executive Dysfunction


		Murder on Autopilot


		Two Systems for Multitasking







		3. Can Your Imagination Make You a Better Athlete?: On Motor Control, Learning, and the Power of Mental Simulation

		The Internal Simulator


		Flexing Mental Muscle


		PETTLEP


		Insights from Stroke


		How Do You Scratch a Phantom Itch?


		Neuronal Mirrors


		Why Is Yawning Contagious?


		Empathy, Pornography, and the Autism Spectrum


		Gut Feelings







		4. Can We Remember Things That Never Happened?: On Memory, Emotion, and the Egocentric Brain

		A Web of Snapshots


		The Brains of Rival Sports Fans


		Why Do We Remember Where We Were on 9/11?


		Brains in Midtown and Downtown


		Ignorance Is Bliss


		“It’s Not a Lie If You Believe It”


		Fairy Tales in the Confabulating Brain







		5. Why Do People Believe in Alien Abductions?: On Paranormal Experience, Narrative, and the Development of Strange Beliefs

		“I Was Abducted by Aliens!”


		Sleep Paralysis


		Afraid of Your Shadow?


		Conversations with God


		The Walking Dead


		Cheating on Your Wife—with Your Wife?


		Visions from the Brink


		Fighter Pilots and Heart Attack Victims


		Hostage Hallucinations


		Attack of the “Old Hag”







		6. Why Do Schizophrenics Hear Voices?: On Language, Hallucinations, and the Self/Nonself Distinction

		Whispers from the Microphone


		“He Can’t Speak If I Interrupt Him”


		“Someone Else Is Speaking Whenever I Speak”


		How Are People Similar to Electric Fish?


		System Failure


		Can the Deaf Hear Voices in Their Heads?


		A Disorder of Self-Monitoring


		Why Can’t You Tickle Yourself?


		Déjà Vu







		7. Can Someone Be Hypnotized to Commit Murder?: On Attention, Influence, and the Power of Subconscious Suggestion

		You Are Getting Very Sleepy


		The Cocktail Party Effect


		Overcoming the Stroop Effect


		Eat Popcorn, Drink Coca-Cola


		Invisible Faces


		Brand Names in the Brain


		When the Brain Makes Excuses


		“The Knife Went In”


		One Brain, Two Systems







		8. Why Can’t Split Personalities Share Prescription Glasses?: On Personality, Trauma, and the Defense of the Self

		Finding One Self


		A Brain Divided


		See No Evil


		The Fragmentation of the Mind


		The Hypnotist Within


		An Eye for an I


		NeuroLogic







		Appendix: Maps of the Brain


		Acknowledgments


		Notes


		Bibliography


		Index


		Illustration Credits


		About the Author









		iv


		v


		vii


		ix


		x


		xi


		xii


		xiii


		xiv


		xv


		xvi


		1


		2


		3


		4


		5


		6


		7


		8


		9


		10


		11


		12


		13


		14


		15


		16


		17


		18


		19


		20


		21


		22


		23


		24


		25


		26


		27


		28


		29


		30


		31


		32


		33


		34


		35


		36


		37


		38


		39


		40


		41


		42


		43


		44


		45


		46


		47


		48


		49


		50


		51


		52


		53


		54


		55


		56


		57


		58


		59


		60


		61


		62


		63


		64


		65


		66


		67


		68


		69


		70


		71


		72


		73


		74


		75


		76


		77


		78


		79


		80


		81


		82


		83


		84


		85


		86


		87


		88


		89


		90


		91


		92


		93


		94


		95


		96


		97


		98


		99


		100


		101


		102


		103


		104


		105


		106


		107


		108


		109


		110


		111


		112


		113


		114


		115


		116


		117


		118


		119


		120


		121


		122


		123


		124


		125


		126


		127


		128


		129


		130


		131


		132


		133


		134


		135


		136


		137


		138


		139


		140


		141


		142


		143


		144


		145


		146


		147


		148


		149


		150


		151


		152


		153


		154


		155


		156


		157


		158


		159


		160


		161


		162


		163


		164


		165


		166


		167


		168


		169


		170


		171


		172


		173


		174


		175


		176


		177


		178


		179


		180


		181


		182


		183


		184


		185


		186


		187


		188


		189


		190


		191


		192


		193


		194


		195


		196


		197


		198


		199


		200


		201


		202


		203


		204


		205


		206


		207


		208


		209


		210


		211


		212


		213


		214


		215


		216


		217


		218


		219


		220


		221


		222


		223


		224


		225


		226


		227


		228


		229


		230


		231


		232


		233


		234


		235


		236


		237


		238


		239


		240


		241


		242


		243


		244


		245


		246


		247


		248


		249


		250


		251


		252


		253


		254


		255


		256


		257


		258


		259


		260


		261


		262


		263


		264


		265


		266


		267


		268


		269


		270


		271


		272


		273


		274


		275


		276


		277


		278


		279


		280


		281


		282


		283


		284


		285


		286


		287


		288


		289


		290


		291


		292


		293


		294


		295


		296


		297


		298


		299









		
Cover



		
Cover



		
Title Page



		
Table of Contents



		
Start









OEBPS/images/Ster_9780307908780_epub3_003_r1.jpg





OEBPS/images/Ster_9780307908780_epub3_002_r1.jpg





OEBPS/images/Ster_9780307908780_epub3_tp_r1.jpg
Neurologic

The Brain’s Hidden Rationale Behind Our Irrational Behavior

Eliezer J. Sternberg

ZN1

IH\IM
Pantheon Books
New York






OEBPS/images/Ster_9780307908780_epub3_001_r1.jpg





OEBPS/fonts/NeueSans-SemiBoldItalic.otf


OEBPS/fonts/NeueSans-Thin.otf


OEBPS/fonts/NeueSans-NormalItalic.otf


OEBPS/fonts/NeueSans-SemiBold.otf


OEBPS/fonts/NeueSans-LightItalic.otf


OEBPS/fonts/NeueSans-Normal.otf


OEBPS/fonts/NeueSans-BoldItalic.otf


OEBPS/fonts/NeueSans-Light.otf


OEBPS/fonts/MuseoSans-700Italic.otf


OEBPS/fonts/NeueSans-Bold.otf


OEBPS/images/Ster_9780307908780_epub3_cvi_r1.jpg
NeurolLogic

The Brain's Hidden Rationale
Behind Our Irrational Behavior

“NeuroLogic is an eye-opener,

o
E I iezer J o an entertaining yet thought-provoking
investigation of how our brains work.”

Stern berg, M.D. —Leonard Mlodinow





OEBPS/next-reads-html/fonts/Shift-BoldItalic.otf


OEBPS/next-reads-html/fonts/Shift-Light.otf


OEBPS/next-reads-html/fonts/Fort-Book.otf


OEBPS/images/Ster_9780307908780_epub3_009_r1.jpg
W/W N(=
<

C \@O

<

¢ 0L

N

(e
M@% /ﬁ@





OEBPS/images/Ster_9780307908780_epub3_008_r1.jpg





OEBPS/images/Ster_9780307908780_epub3_007_r1.jpg





OEBPS/images/Ster_9780307908780_epub3_006_r1.jpg





