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    Part 1
  


  


  
    Mind
  


  


  


  


  
    Chapter 1
  


  


  
    The intention behind the event
  


  


  
    Questions of the spirit world are usually considered to be scientifically unapproachable. We humans are somehow, for reasons unknown, aware of ourselves and of the world around us. We perceive soul and consciousness and awareness in each other. Ghosts, spirits, protecting angels, gods—most people claim to have sensed at one time or another the presence or warmth or intent of these disembodied minds. Science is now widely accepted to be a useful tool for studying the physical domain, but the spiritual domain is almost universally assumed to be outside the limits of physicality, of science, of any mechanistic understanding.
  


  


  
    Of all branches of science, neuroscience is the only one that has seriously challenged the dualistic view that the universe is divisible into matter and spirit. For at least a century neuroscientists have suspected that the machinery of the brain is somehow physically responsible for consciousness—for the soul itself. To understand how the brain results in the mind would rank among the great achievements of science. Darwin’s theory of natural selection answered the question of how we got here. Einstein’s special and general theories of relativity described the structure of space and time. Would it be possible to uncover the biological basis of the spirit world?
  


  


  
    It is my belief that neuroscience has already effectively answered this question, and has done so mainly in the last twenty years with the advent of what is called social neuroscience. Not all neuroscientists are entirely aware of the tiger whose tail they have grabbed. There are still many conflicting views of the brain basis of consciousness and, as of yet, little work on the brain basis of spiritual beliefs. Yet in synthesizing the literature, one can see a relatively simple theory that has already emerged from the work of many people. Special-purpose machinery in the human brain, that evolved over millions of years to make us socially intelligent animals, results in our perception of other people’s minds, in our perception of our own consciousness, and in the perceptual illusion that disembodied minds fill up the spaces around us. The general structure of the theory is in place, it is conceptually sound, it seems increasingly likely to be correct, but the neuroscientific details are far from known. The purpose of my book is to describe to the public my own understanding of this remarkable, burgeoning scientific advance—nothing less than the mechanistic understanding of the spirit world.
  


  


  
    Before I go any further I need to address a particular point. I know that in writing this book I will be accused by some people of trying to kill the spiritual world. People who are suspicious of science or openly hostile to it commonly argue that it kills mystery and reduces beauty to gears and numbers. But science does exactly the opposite. Good science doesn’t “explain away” in the sense of dismissing. To come to some deeper understanding of the natural world is a type of homage and makes the universe immeasurably more interesting, compelling, and yes, even quite beautiful to contemplate. My goal here is not to denigrate the human experience of gods and spirits. Quite the opposite. Most science, unable to make head or tail of human spirituality, has ignored or dismissed it. I propose to pay it the ultimate respect of a scientist: taking this crucial piece of human nature seriously and examining it scientifically.
  


  


  
    A second point that I would like to make at the outset concerns the audience for this book. The book is not a scientific report. It is not meant to propose a theory in full technical detail to my colleagues. It is written for the most general, nonscientific audience. The examples that I give throughout are not the contrived or complicated examples of experimental protocol. They are anecdotes from everyday life. In the first half of the book I lay out fundamental principles of perception, illusion, awareness, and consciousness. The second half of the book focuses more on the underlying brain science, and the writing necessarily becomes more technical and detailed but hopefully still clear to a nonscientific audience.
  


  


  
    If you are a neuroscientist or psychologist who wants to get right to the heart of the story, I urge you to read Chapter 4 (Explaining consciousness) and Chapter 7 (The machinery for the perception of mind). Together they present the essential concepts. If you would like to have the concepts placed in a larger perspective, then I urge you to read the entire book. It is, after all, short. I told the story as succinctly as I could.
  


  


  
    My interest in human consciousness comes from two directions. I am a neuroscientist and also a novelist. The novelist in me believes it is possible to give the general public a complete account of human consciousness, as far as it can be understood at the moment, without unduly complicated terminology, medical lists of brain nuclei, or equations. It should be possible to get right to business in plain English.
  


  


  
    
  


  Two modes of perception


  


  
    In fifth grade some friends of mine played a joke on me.
  


  


  
    Just as I sat down at my school desk, the drawer slid open an inch. The explanation was obviously gravity acting on a loose slider mechanism. I pushed it closed and turned to my assignment, but a moment later the drawer pulled open again. That was odd. It was clearly broken. I would need to ask the teacher to look at it. Then I noticed a quivering blur in the corner of my eye. Glancing down, I saw a pale, cadaverous human hand emerging from the corner of the drawer.
  


  


  
    A decidedly impolite word escaped my lips, and the entire class turned to stare at me. The teacher was shocked. I began to realize the truth only when I heard suppressed giggles behind me. Two of my ever-helpful friends, it turned out, were playing with a length of fishing line and a rubber hand left over from Halloween.
  


  


  
    The experience is indelibly impressed in my memory. In the span of ten seconds my mind went through several distinct phases. First I perceived the movement to be a result of physical, mechanical forces. Nothing threatening. Then I had the sudden, spine-tingling perception that the movement was the result of intentionality. Zombie intentionality (if that is not an oxymoron). Finally I realized the true source of the intentionality, which turned out to be much more malevolent than any zombie.
  


  


  
    I out myself as a nerd—but even at that time, in fifth grade, and despite the casual cruelty of classroom humor, I was mostly astounded by a sudden scientific realization. The brain evidently came equipped with two totally different, complementary modes for explaining events in the world. The first mode was to find the physical cause of an event. Gravity, vibration, loose bolts, whatever. The second mode was to attribute intention to the event. Here were two fundamentally different styles of explanation. What struck me was the suddenness of the change from one to the other, as if a switch in my brain had turned to a new setting, from “that thing is inanimate” to “that thing is moving by choice.” A different circuit seemed to have turned on. I think everybody has had a similar if not quite so dramatic experience—the sudden, spine-tingling realization that something you thought was inanimate is actually alive, sentient, and acting under its own volition.
  


  


  
    That realization about a special mode of perception turns out to be essentially correct. The brain does contain special-purpose machinery whose job is to attribute volition, intentions, agendas, goals, emotions, and other mentalistic events.
  


  


  
    The ability to construct models of other minds is probably present in many species of animal, and probably varies with social complexity. Primates of all kinds have enormously complex social structures and therefore well-developed circuits for understanding other brains. Marine mammals have complex social interactions. Cat and dog species also depend on social interaction, although arguably the social structure in a lion pride is less rich and less gigantically complex than the social structure in monkey or human society. Even rats, mice, and many species of birds have social structures that may require some limited degree of perception of each other’s minds. The perception of intentionality need not be limited to within-species interactions. An antelope must look at a lion and perceive at a glance whether the cat is hunting or just passing by.
  


  


  
    Humans are particular experts. Our circuitry for social perception is so well developed that we find it second nature to guess at the inner goals and emotions of others. The skill is so natural that some readers may wonder why I am bothering to point out the obvious. Of course we intuit each other’s mental experiences.
  


  


  
    The importance of these brain circuits comes into rather horrible focus in cases when the circuits fail. In at least some cases of autism, the social circuits do not function correctly. Autistic people and people with Asperger’s syndrome, a less severe form of autism, have a notoriously difficult time intuiting the mental states of other people. They can try to figure out what someone is thinking and feeling by using propositional logic and sheer cleverness—and many autistic people are extremely intelligent. But the specialized hardware that is tuned to social perception is weakened in these people’s brains, and therefore they lack the immediate intuition into other minds that comes so easily to the rest of us. Cases like these help to make the point that our talent for reading other people’s minds is not a function of general intelligence, but instead depends on highly specialized hardware in our brains that we normally take for granted.
  


  


  
    This book explores three basic propositions. First, when we perceive intentions, emotions, mind, soul, in another person, it is the specialized social hardware in the brain that is responsible for constructing those perceptions. Second, when we sense presences and spirits, ghosts and gods, it is the same hardware again, creating perceptions of mind and intent to explain the events around us. Third, when we perceive the same things in ourselves—our own consciousness, our own soul—again, it is the same specialized social hardware constructing those perceptions. This last proposition is perhaps the most difficult to nail down. How can awareness itself be explained as the processing of information in the brain? It turns out, however, that even this long-sought philosophical—one might say alchemical—understanding of mind falls into place rather neatly when considering the brain hardware that is tuned to social perception.
  


  


  
    The goal of any branch of science is to explain a large range of phenomena in terms of a simple, unifying mechanism. The central thesis of this book is that the experience of self, soul, consciousness, spirit, ghost, god, everything that populates the spiritual world, is a perception of mind and is created by the social machinery of the brain.
  


  


  


  


  
    Chapter 2
  


  


  
    Perceiving the minds of other people
  


  


  
    Perception is a term commonly used, casually meant, whose meaning is so murky and deep that one is tempted to avoid stepping into the tar pit. But in we must go. The connecting thread that runs through every chapter of this book is the perception of mind. The following three chapters unpack that phrase and lay out the case for how the perception of mind might account for human consciousness and for human spiritualism.
  


  


  
    Instead of beginning with the perception of mind, I will start with a brief account of visual perception because the details are better understood and the concepts are similar. The step from visual perception to social perception will be easy. Throughout the book I will often compare the two.
  


  


  
    The key to understanding perception is appreciating the distinction between it and reality. We do not perceive the world as it is. The brain constructs a simulated world for us, a fake world, a world of enhanced borders and contrasts, a colorized world, a world populated by invented attributes. We experience a banquet of need-to-know information.
  


  


  
    Imagine that you are looking at a red apple on a green tree. (Philosophers of consciousness have a fondness for colors, so I will use the same example.) The underlying brain circuits for color perception have been mapped out in a fair amount of detail from the eye to the cerebral cortex. One of the most remarkable properties of color is that it is an invented attribute computed inside your head. Color is not actually out there. The apple is not actually red. To people who study color perception, this statement is old news. Fashion designers are also well aware of the subjective nature of color. To others, however, the truth about color is bizarre.
  


  


  
    The light that reflects off of the apple has a certain mixture of wavelengths, but there is no simple relationship between wavelength and perceptual redness. The same set of wavelengths might look green to you in a different context, or gray, or blue. Your brain samples the wavelengths coming from the apple, samples the wavelengths coming from the rest of the visual scene, and compares them. The apple looks red in comparison to the leaves of the tree, the sky, the grass. In a flaming red tree with a salmon-pink sky and purple grass—if the entire visual world around you were topsy-turvy in its colors—an apple with the same wavelengths reflecting from it might look sickly yellow.
  


  


  
    Wavelength is the real stuff out there in the world, a physical property of light. Color is a construction of the brain. Yet you perceive the redness as though it were a genuine property of the apple. The color looks like it is in physical space, painted onto the skin of that fruit. Your visual brain has created a model, and the model welds together the information of redness, apple, and “out there at that location.”
  


  


  
    Why would your perceptual system trick you, creating an essentially false construct? The reason is simply put. The purpose of perception is not to provide you with an accurate picture of the world. The purpose is to be useful to you. Whatever is advantageous—that is what the brain computes. To know the exact mixture of wavelengths bouncing off the apple—that is not useful. It changes with every passing cloud that alters the ambient light. But to know how the apple is different from the surround—that is useful. Color is useful but neither accurate nor real.
  


  


  
    I want to emphasize three general points about perception.
  


  


  
    First, it is a process of constructing a model in your brain of an object in the real world.
  


  


  
    Second, the model in your brain is typically not faithful to the actual object. It is simplified. It is altered. Some attributes of the model (such as the location of the object or the size of the object) may be closely related to the real world, and some (such as color) may be largely invented.
  


  


  
    Third, the attributes don’t feel like inventions in your mind. They feel like real properties that are spatially bound to the object. You do not perceive them as inner theories but as objective reality.
  


  


  
    The uncanny truth is that you do not experience the real world at all. You experience a simulated universe populated by models of objects. Even the experiences we think of as quintessential reality—the solidity of a tabletop, the hard feel of it against a palm, the sound as we rap on it—are examples of perception, reconstruction, a bundle of information inside the brain. You can deduce properties of the real thing and know them intellectually—chemical properties, scientific properties—but you cannot experience the world as it actually is. The very definition of experience is to construct a simplified model that is a proxy for the real thing.
  


  


  
    The science of perception is almost like transcendental philosophy.
  


  


  
    Social perception has come under study more recently than visual perception and is less well understood. The same general principles, however, seem to apply. The brain constructs simplified models of other people’s minds. The models are built by an interaction between the sensory information that flows in from the outside and an active perceptual and cognitive manipulation. We perceive these mind-models as though they were real things arrayed around us, located inside this and that person.
  


  


  
    
  


  Social perception


  


  
    Recently I had an unpleasant encounter with an angry man on the street. I am a little embarrassed to write about it, but here goes. He was counting change in his hand for the parking meter while hurrying toward his car to avoid the parking police. At the same time, he was talking on his cell phone. Actually, he was yelling into his cell phone about some kind of investment. He wasn’t watching where he was going, and walked right into me. His change flew out of his hand and scattered all over the sidewalk. He took the cell phone away from his ear and pretty much let loose at me, screaming, his face going red in fury, spit flying out of his mouth, his fist clenched as if he were about to punch me. I didn’t say anything. I thought it was better not to argue, and too risky to help him pick up his change, so I walked away. Angry people always put me on edge, but as I sat in my office later that day, I tried to extract something useful out of the ridiculous encounter. I thought about it in the context of social perception.
  


  


  
    During that encounter I seemed to perceive his anger directly and instantaneously, as if it were a tangible thing, as if it were a heat pulsing out of him at me. Now that is social perception. Just as I perceive color as a real thing, physically bound to an object, I perceived anger as a real thing physically emanating from that man. My social machinery had constructed a perceptual model that included a mental attribute bound to an object at a location in space. This was no clever deduction. It was no theory about the state of his mind. It was a perception.
  


  


  
    It is easy to overlook social perception. It is so immediate, so ubiquitous, that we tend to take it for granted. It has a subterranean quality that does not invite scientific scrutiny. Social cognition, on the other hand, is more obvious. We humans expend a great deal of energy cleverly theorizing about the inside of each other’s minds. Indeed the term “theory of mind” is often used interchangeably with social cognition.
  


  


  
    A typical way to test theory of mind in the laboratory is to tell someone a story like the following:
  


  


  
    Sally and Anne are in the kitchen. Sally puts a sandwich in the refrigerator and then leaves the kitchen. While she is gone, Anne moves the sandwich to the freezer. When Sally comes back into the kitchen, where will she look to find the sandwich?
  


  


  
    Most adults, once they get past the arbitrary weirdness of the story (why is Anne a deceitful creep? . . .), realize that Sally will look in the refrigerator. That is where she put the sandwich. As far as she knows, it is still there. In reading this story, we are able to construct Sally’s mental perspective. That is to say, we develop a “theory” of Sally’s mind. (This clever experiment was developed by Wimmer and Perner in the 1980s. Sometimes it is known as the “Sally-Anne” task because for some reason those two particular characters have become traditional.)
  


  


  
    Most three-year-old children lack this cognitive ability. To the child, the sandwich is in the freezer and therefore that is where Sally should look for it. The child is unable to construct Sally’s mental perspective. He or she has no theory of Sally’s mind.
  


  


  
    Theory of mind is cognitive and complicated. It requires an advanced intelligence keeping track of other brains—of the knowledge those other brains have gained. A debate has raged for decades over whether non-human animals have the capacity for theory of mind. Adult chimpanzees arguably have the capability to some degree, but monkeys (who are much less smart than chimpanzees) probably do not. Cats and dogs almost certainly do not. Social cognition is a difficult skill.
  


  


  
    The scientific literature on social intelligence is dominated by—in fact is almost uniformly about—social cognition. To me, this emphasis on cognition seems unnecessary and limiting. Social intelligence almost certainly spans the entire range from perception through cognition to motor control. Our social needs have no doubt shaped every aspect of brain function from input to output.
  


  


  
    In my previous book on brain function, The Intelligent Movement Machine, I wrote about social motor control. At its most basic, social interaction is about sending and receiving signals. Some of the most universal social signals are clearly inborn. A smile, a laugh, a scowl, puffing out the chest and standing up straight, cringing down, these actions serve as universally understood social signals. The psychologist Ekman first noted that humans have universal facial expressions that convey emotion. For example, no matter the culture of origin, everyone understands and can make a happy face or a fearful face. Even people who are blind from birth automatically and correctly use these basic social signals. We seem to be born with pre-wired motor machinery that deploys highly specific social signals. Our social capacity is therefore not just a matter of cognition. It is not just a matter of cleverly deducing the inner thoughts of other people. It has a major extension into the motor system that probably deserves more study than it gets.
  


  


  
    Just as social intelligence has an extension into the motor domain, and a large presence in the cognitive domain, it certainly also extends into the perceptual domain. Social perception is ubiquitous, if sometimes overlooked. It is more basic, more direct than social cognition. It is more of a feeling about someone else’s state of mind than a cleverly contrived theory. Adults, children, chimps, monkeys, probably dogs and cats, probably mice and rats, probably birds, have varying degrees of social perception. A social perception, like a visual perception, is a model in which attributes are assigned to an object and assigned a location in space. That model, that bundle of information, is a proxy for the real thing. We experience the model rather than the reality.
  


  


  
    In the presence of other people you might sense, “She is angry, he is happy, that one hates me, that one has a crush on me, this other one doesn’t even know I exist,” as though these mental states were pulsing inside of the people around you. Sometimes this type of perception is called a “sixth sense” as if we have a special radar, a hidden sensory organ that picks up the mental energy emanating from other minds. We don’t actually have any such sensory organ. Indeed we don’t directly experience other people’s mind states. Our social experience is as much a simulation as our experience of the physical world. We live immersed in self-created models of minds crowding around us.
  


  


  
    The central contention of this book is that these mind-models, simplifications constructed by the perceptual machinery in the brain, assigned to this and that location in the space around us as if they were holographic projections, are spirit. Ectoplasm is the product of perception, so to speak. The contents of these mental simulations provide us with the intuitive human understanding of soul.
  


  


  


  


  
    Chapter 3
  


  


  
    Social Illusions
  


  


  
    In Diagram 3-1, the upper line looks longer than the lower line, even though they are objectively the same length. This effect is the well-known Muller-Lyer illusion. The illusion looks so utterly real that you need to measure it with a ruler, or cover up this or that part of the image, to convince yourself that it isn’t true.
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    Which horizontal line is longer? They are the same length. This is the well-known Muller-Lyer illusion.
  


  


  
    Diagram 3-1
  


  


  
    There are of course many different examples of visual illusions involving shape, color, size, movement, and other aspects of visual perception. The Muller-Lyer illusion is only one especially simple example. The fundamental lesson to be learned from a visual illusion is this: the brain actively constructs a model of reality. That model is not always precisely metrically accurate. Correct or not, however, that model defines your experience of the world.
  


  


  
    Your machinery for social perception can also construct illusory or incorrect models of other minds. These illusory models are so compelling that it is hard to disbelieve them. They appear just as real as a visual illusion. Social illusions have not been studied systematically; in fact they have been relatively ignored. But they are just as fascinating as visual illusions, sometimes much more surreal, and they are informative about social perception. The purpose of the present chapter is to provide a diversity of examples, taken from everyday life, showing just how much our culture is immersed in social illusion. We live in a medium of social illusion. We swim in perceived consciousness.
  


  


  
    
  


  The unitary soul


  


  
    The idea that the human soul is unitary is culturally ubiquitous and also very old. For example, Descartes suggested it in the 1600s and was thereby led to one of the most famous mistakes in neuroscience. In examining human brains on autopsy, Descartes found that nearly every structure in the brain was paired—one on the right side and one on the left. Since there was only one soul, these doubled brain structures couldn’t possibly contain it. He could find only one structure that was unitary, the pineal body, a small brain region about the size and shape of a pea deep inside the brain and near the center. He concluded that the pineal body must be the physical casing in which the soul resides. It turns out that the pineal body is a gland that secretes the hormone melatonin, and, as far as anyone knows, has nothing to do with the soul.
  


  


  
    The belief in a unitary soul is just as culturally prevalent now as it was four hundred years ago. I am reminded of a scene in a Harry Potter movie. Dementors (evil creatures) are sucking the soul out of Mr. Black’s mouth as he lies helpless on the ground. His soul is depicted as a blob of light about the size of a marble rising slowly up out of his open lips. (A phosphorescent version of Descartes’ pineal body?) I think that depiction is at least metaphorically close to how we perceive intentionality in others—a kind of unified point source of mental energy.
  


  


  
    Why do we have such a pronounced tendency to perceive a single, unified agent in people? The brain, after all, functions more as a miscellaneous compilation of routines and subroutines, reflexes and habits, decisions and prejudices, some closely related to each other, some distantly related, some in conflict with each other, all operating at the same time. (Some of this complexity is described in Chapter 4.) The brain does not really function as a single intentional agent. Yet the common view that we have of each other makes sense from the point of view of social perception. The purpose of perception is not to supply a scientifically accurate model of reality, but a useful model. The machinery for social perception, whether it is applied to other people or to ourselves, appears to use a simplifying trick, an efficiency. It is easier and faster to model a mind as a single intentional agent. Your perception of the people around you, and to some extent your perception of yourself, seems to be a little like a Newtonian view of the solar system. Planets can be approximated as point masses. People can be approximated as point agents. The approximation works well enough. We all do it.
  


  


  
    
  


  Ventriloquism


  


  
    When my son turned three I decided to learn ventriloquism in order to entertain him. So far I’m mediocre, but he’s too young to know that. He’s happy with the added company. He talks to his stuffed animals and they talk back to him while wagging their heads up and down. Oddly, they can only talk when I’m around.
  


  


  
    Ventriloquism depends partly on a sensory illusion called “visual capture.” If you hear a sound and see something move at the same time, you tend to perceive the sound as emanating from the moving object. It is not a sure-fire illusion, but works pretty well. It is the reason why, at a movie theatre, you perceive the spoken words as coming from the lips of the characters on screen, and the bang as coming from the exploding car on screen. The sounds are coming from speakers placed around the theatre, but because of the phenomenon of visual capture, you misperceive the sound source.
  


  


  
    The visual capture illusion is also sometimes called the ventriloquist illusion. But as I studied ventriloquism and watched videos of professionals (Jeff Dun-ham is my favorite), I realized that the label is not correct. The ventriloquism illusion goes far beyond the visual capture illusion. Nobody is really astonished by the visual capture illusion. You wouldn’t pay to see a pencil waved back and forth in time to a click, thereby producing the illusion that the pencil was clicking. How boring would that be? In fact, when you watch a ventriloquist on TV, the sound comes out of the TV speaker in any case, whether the man is speaking or the dummy. The visual capture illusion is equally present in both cases. Yet you are not impressed when the man’s lips move in synchrony with the words. You are impressed with the dummy. You pay to see a dummy come to life. You pay to see a social illusion. Not only do you perceive the sound to be coming from the dummy’s mouth, but your social machinery constructs a model of the dummy’s mind and you perceive that mind to be located inside the dummy.
  


  


  
    The trick depends on giving the dummy a unique personality. That is why the dummy always has a different tone of voice from the ventriloquist, a different agenda, a different set of emotions and goals. That is why the dummy often ends up arguing with the ventriloquist. All of these methods are used to trick your social machinery into assigning a separate agency, intentionality, personality, and set of emotions to the dummy. You perceive it to have a spark of life. A soul. Cognitively, you know it does not. But perceptually, you fall for the illusion. You feel consciousness emanating from a piece of hinged wood. The illusion is so potent, and yet so ridiculous, that the contrast is entertaining. Ventriloquism is a particularly obvious example of a social perceptual illusion.
  


  


  
    
  


  Feeling the stare of another person


  


  
    Everyone is familiar with the feeling of being stared at. (Gary Larson the cartoonist proposed a new medical condition called anatidaephobia, the feeling that “somewhere, somehow, a duck is watching you.”) Sometimes people describe it as a sixth sense, or a prickle, or a heat as if a beam were coming out of the other person’s eyes. Some people claim that they can sense the difference between a friendly and an unfriendly stare. Sometimes people even claim that it works through closed doors and walls. Yet when the phenomenon is studied systematically, it disappears. Put Joe in a chair and tell him to turn around when he feels someone staring at the back of his head. Remove all subtle sensory cues like creaking, quiet breathing, and shadows. Joe will turn around the same amount whether someone is staring at him or not. The feeling evidently doesn’t emanate from someone’s eyes behind you; it doesn’t require anyone to be behind you; it has more to do with a model of someone’s gaze that is constructed in your brain. (These experiments were done by Titchener in the early 1900s.)
  


  


  
    Scientists, in a typical gesture of superiority, have dismissed the phenomenon as psychic pseudoscience. Claptrap and silliness. There is no beam of energy coming out of people’s eyes that can be sensed. It’s all in your imagination. But I think the arrogance misses a crucial and extremely interesting phenomenon. It is social perception in action. Your perceptual machinery gathers information. Perhaps you theorize that someone must be looking at you because there is a window behind you; eventually someone is going to look in that window, and it has been long enough. Or perhaps you hear a quiet sound or detect a shadow. Based on this range of information, some sensory and some cognitive, your perceptual machinery constructs a percept. If the sensory cues are subtle enough, you may be entirely unaware of them and yet still become aware of the percept that is constructed by your social machinery. The percept is of an intentional agent that is aware of you and looking at you. Perhaps the percept includes the feeling that the agent is angry. Like any social perception, the computed properties, bundled together, constitute a model of another mind.
  


  


  
    The reason why the perception has such a potent quality of reality is precisely because it is a perception and not an abstract belief. We don’t think there is someone staring at us. We don’t pretend or imagine it. We feel, we perceive someone staring at us. The illusion is so compelling that it is hard to dismiss. We believe what we perceive. In the same way, when you look at the visual illusion diagrammed at the start of the chapter, you don’t theorize that one line is longer than the other; it is not cognition, imagination, or abstract belief; you perceive it.
  


  


  
    I think that scientists sometimes go wrong in analyzing phenomena such as the feeling of being stared at. Traditionally scientists try to debunk a false belief—essentially trying to expose people for making an intellectual error. A better approach here I think is to recognize the presence of a scientifically interesting perceptual illusion.
  


  


  
    
  


  Perceiving awareness in another person


  


  
    The previous example, the feeling of being stared at, highlights the importance of eyes in estimating another person’s attention. Humans are good at detecting the direction of another person’s gaze, and we extract psychological insight from that geometric information. The task is not trivial. We glance at someone’s eyes—nothing more than small black dots in white ovals that move a little this way or that—and we instantly compute a vector and know what those eyes are gazing at. The computations depend on special-purpose circuitry that has been discovered in the visual systems of monkeys and humans. (More on that circuitry in Chapter 7.) We have perceptual machinery built to compute, in effect, “Bill is looking directly at me and therefore probably sees me,” or “Mary sees Paul,” or “John doesn’t see the tree and might ski into it.” We are built to compute other people’s knowledge of the environment around them. The direction of gaze is only the beginning of this talent. We automatically, seemingly effortlessly, construct a model of someone else’s mind, and the model includes an elaborate roster of the items within the scope of that person’s awareness. We perceive awareness in other people.
  


  


  
    It is worth pausing to consider just how remarkable that concept is. When I perceive another person, I am not merely constructing a model of his personality, his emotion, his interests, his goals. I am not merely modeling the characteristics that are specific to him. I am also modeling the world as seen by him. I am modeling what objects, in the space around us, he is attending to, what objects interest him, what objects are salient to him and which are hidden from his view. My social perceptual machinery automatically constructs an entire world populated by objects and people that, by presumption, is the world as seen by him. A model of another person’s mind, therefore, is gigantically complex.
  


  


  
    When I am riding in the passenger seat of a car, I find myself attuned to the driver’s awareness. I can’t seem to help it. Somehow by his body language, or direction of gaze, or the rate of his babbling, the driver gives cues about whether he is aware of the stop sign, the pothole, the pedestrian. It is nerve wracking when he doesn’t seem to be aware of major obstacles. This experience is a familiar example of how we can build up in our minds a model of the specific items that are in or not in another person’s awareness.
  


  


  
    Another example is the common impression that someone is unaware of your presence. The lovelorn teenager Bill sits in class gazing wistfully at Susan. His brain constructs a model of Susan’s brain, and in that model, she is unaware of his presence. Sigh. Bill knows—he feels—her total lack of awareness of him. For all his certainty, however, he might be wrong. He is certain only because, like all of us, he has trouble distinguishing a perception from reality. How often have you been surprised to find out that someone was aware of you all along, when you were certain the person had no concept of your existence?
  


  


  
    On the flip side of the same example, have you ever felt that someone was much too aware of you? (Do I have food in my teeth? Is a twig stuck in my hair? Why is this person so hyper-aware of me?) You feel the awareness like a beam of energy. Of course it might turn out that he is reading the subway map on the wall right above your head. Your perceptual model, for all that it feels vivid, does not necessarily match the reality.
  


  


  
    When I watch a movie alone, my attention is focused entirely on the events in the movie. But when I watch a movie with a friend, the experience is suddenly different. Some part of my brain is dedicated to modeling my friend’s mind, essentially constructing a perceptual model of how she perceives the movie. Does she like this part? Is that part boring? Are the characters compelling from her point of view? My social perceptual machinery is actively constructing not just a model of her mind, but a model of how her mind models her environment.
  


  


  
    
  


  The souls of dolls


  


  
    A friend of mine told me a story about her childhood. She had a favorite stuffed animal that she carried everywhere, talked to, and slept with. It was her companion. It had a personality and a soul to her. She went on vacation with her mother, and somehow Dipstick was left behind in the hotel. Her Dipstick was gone. (It is a heartbreaking story.) Her mother bought another animal of exactly the same make, but it was no good. It wasn’t the same. It was inert—it lacked the soul of the original. The social circuits in her brain had constructed a model of the mind, the awareness, the emotion, the personality of her friend Dipstick. Her perceptual machinery, however, was unable to attach that model of Dipstick’s soul to the new purchase. Even though the model was technically inside her brain, it could not be updated. The model was assigned to the old stuffed animal and could not be reassigned to a new one.
  


  


  
    I had a similar experience when I was about eight, but the tragedy had a different outcome. I had an action figure that I had made out of pipe cleaners. Its name was Mubbiton. For a while my childish world revolved around Mubbiton. I imbued him with a swashbuckling, egotistical, but all-the-same endearing personality. Unfortunately, he was accidentally thrown into the garbage disposal. I was quite down for a while. I tried making a new Mubbiton that looked similar to the first one, but it had no soul. It wasn’t the same creature. Then, already the budding brain scientist, I had an idea. I decided that Mubbiton, before he died, had invented a machine for storing his brain waves. The machine had to do with an old clock that I had disassembled and some pieces of dried spaghetti. Anyway, using the machine, I successfully transplanted the old Mubbiton’s brain waves into the new body. And presto, my friend was back. He was surprised to find himself in a new body, but overall delighted that his pipe cleaners were fresh and not so rusty. I continued to play with that darn toy for another three years before he was accidentally thrown out again. I wasn’t quite interested enough to resurrect him a second time.
  


  


  
    The point of this story is that my action figure had a soul, a mind, an intentionality, all perceptually real to me, and yet all parts of a model constructed in my brain, in my social circuits. Since his soul was in me, it survived the death of his body. With a bit of fantasy and cognitive finesse, I was able to get the model in my brain to update itself and attach the soul to a new body. If only the same thing could work on a person. (Maybe I can patent that spaghetti-clock thing.)
  


  


  
    We adults are not off the hook. We have similar foibles. A favorite car, a favorite ceramic dog sitting on the mantel shelf, a favorite jacket, how many mindless objects have we imbued with soul? When I threw out my old computer I actually apologized to it. I felt bad for it. These are all examples of the same thing. The circuits for social perception get a little exuberant and start creating models, assigning minds to this and that, and pretty soon the entire world around us is filled up with perceived consciousness and intentionality.
  


  


  
    
  


  Pets


  


  
    Here I intend to tread carefully. I have no desire to insult pet owners, or to compare the souls of pets to the souls of stuffed animals. Pets actually do have inner works. A pet owner’s social circuits fire up and create a model of the pet’s mind, a nuanced interaction of emotions, desires, and intents. There is no reason to suspect that the model is completely wrong. A cat probably does want food and probably does seek scratching behind the ears.
  


  


  
    The cat probably also has a model of the owner. The cat has its own brain circuitry for social perception, computing the state of the owner, reconstructing whether the owner is in an angry state and likely to yell, or in a friendly state likely to cuddle. In the cat’s perception, presumably you have a soul, or a spark of intentionality that differentiates you from non-intentional objects, and your soul is emotional, simple, and probably somewhat catlike. In your perception, the cat has a soul that is a bit humanlike. Neither model (neither the cat’s model of you nor your model of the cat) is accurate; but neither is entirely false. They are both useful.
  


  


  
    People who own fish, or turtles, or geraniums also have a certain tendency to construct human-like models of their beloved dependants’ minds. I am not absolutely certain about the mental sophistication of fish or turtles, but I am fairly sure that geraniums lack brains. (I don’t remember a section on plants in Core Neuroanatomy.) Yet the behavior of these people is easily understood. They are treating their pets like dolls, imbuing them with personality and emotion, with soul, where the soul is entirely a model constructed inside the mind of the owner. Most people realize that these mental states are, in fact, constructions. But some people become convinced that the cactus in the living room has feelings. They are certain of it because their perceptual machinery has over-enthusiastically created that model, and it is hard to disbelieve your own perception. These people feel the presence of the cactus’ mind. It sounds silly, but it is actually a natural side-product of the way the human brain is built to model other brains. The person experiences a perceptual illusion.
  


  


  
    I wonder if people who have strong animistic beliefs also have particularly well-developed neuronal circuitry for social perception? Maybe they have social circuitry that is so potent and so continuously active that everything around them is tossed in as grist and is sent out the other side with a mind and a soul stamped onto it. That is an easily testable hypothesis. One could put people in an MRI brain scanner and measure the activity in the social brain areas. People with a pronounced belief in animism should have more activity there.
  


  


  
    The flip side of the hypothesis is that autistic people, with weakened circuitry for social perception, should be particularly resistant to animistic beliefs. If you are on the autistic spectrum, the idea of sensing intentionality in a cactus may seem rather remote to you.
  


  


  
    
  


  Celebrity personalities


  


  
    I recently got into a “discussion” with a colleague about Sarah Palin. I should have known better. There is no celebrity more prone to start arguments. The point I want to make here has nothing to do with the pros or cons of Sarah Palin and I won’t even go into my own political opinion about her. My point instead has to do with people’s perceptions of her personality. What astonishes me is that people are absolutely certain they know her personality. They feel it. Some people sense an admirable personality, and other people who are just as certain of themselves sense a hideous personality. Right away this phenomenon suggests a social perceptual illusion. The intense feeling of reality gives it away. The personality that people feel in Sarah Palin is not a deduction; not a theory; not a reasoned argument; not cognition; not imagination; it is perception.
  


  


  
    It is of course influenced by cognition, and is a good example of the porous border between cognition and perception. Political reasons and arguments shape what people want to believe. Rapidly these arguments turn into a social perception (she feels honest; she feels crafty; she feels warm; she feels brutal) and the perception is relatively resistant to change. People are willing to look at both sides of a theory. It is possible to reason this way or that way about a deduction. But how can you look on two sides of a perception? It is what it is. When you look at a red apple, and someone tells you it is blue, you’re right and they’re wrong. That is the power of perception.
  


  


  
    The information we receive on celebrities is highly scripted, and the scripting is often done by two sides, a pro side and an anti side, leaving the public without any reliable or impartial data. We read a bit here and there, see some interviews and watch some moments on YouTube, and our social circuits go into action and create a model, a soul, a consciousness, a personality for that man or woman. Given the poor quality of the source material, that model is highly unlikely to be correct. Yet we feel as though it were real, as though the personality were radiating out of the TV screen directly into our minds.
  


  


  
    Maybe here is where charisma lies. Charisma is like being a good ventriloquist, only instead of convincing the audience that a puppet is alive and has a personality, your task is to convince the audience that you yourself are intensely alive and have a compelling personality. Your task is to move from the realm of the cognitive to the realm of the perceptual; not to convince people that they understand your arguments, but to convince millions of people who have never met you that they now directly perceive your consciousness—your mental and emotional energy—as if it is radiating out of you through the TV and they are personally receiving it.
  


  


  
    
  


  Spirits of the weather


  


  
    Imagine a lightning bolt hits the ground a few feet away from you in your back yard. In the modern world you are likely to accept it as a meteorological phenomenon. Scary, but physically explainable. Due to moisture and wind, an electric charge accumulates in a cloud. As a result, a glowing plasma of electrons streams down to the ground, super heating the air directly along its path. The superheated air produces a clap of sound.
  


  


  
    In Chapter 1, I noted that the human brain is equipped with two different built-in methods to explain the world. The first method is to find the physical cause of an event. The second is to find an intention behind the event. Many people will see intentionality in the lightning strike. Maybe a malevolent spirit was trying to kill you. More optimistically, a protective spirit might have nudged the lightning aside a few feet to save you. Or maybe it was a warning. A spirit wants you to re-think some aspect of your life or it will kill you next time.
  


  


  
    In a prescientific culture, in which there is no physical explanation for lightning and certainly no physical way to predict it, the only available explanation is an intentional one. A storm or a flood might also be an act of an angry agent. If a tree falls and crushes your hut, maybe a spirit was angry at your family. If a steady rain waters the crops, maybe a spirit is expressing generosity. Anything like the weather or an earthquake or a volcano, that is physically unpredictable, and therefore not easily explained by simple rules of cause and effect, lends itself to an intentional explanation. From a modern scientific perspective we view these beliefs as superstitious and primitive. But to dismiss them misses a deep truth. These spirit explanations are social perceptions. They are the same kinds of perceptions that we experience every day and that the human brain is built to compute. Given a gesture, a motion, an action that has no obvious external cause, the brain computes a possible inner cause—an intention.
  


  


  
    Let me be clear. I am not suggesting that the people of ancient Troy sat down to think and said, “I don’t know physically why the Scamander River flooded and killed a bunch of people. One possible but unlikely explanation is that the river is under the control of, or is itself, an intentional agent that was expressing anger. Lacking any better explanatory theory, we had better appease the agent by burning ox hair. But if a scientist comes along and explains the phenomenon differently, we’ll accept the newer theory.” I am not suggesting such a cognitive process of deductive and inductive inference (although some cognition may be involved). When viewed from the perspective of logical inference, the whole proposition seems ridiculous and feeds our false sense of modern-day superiority. I am suggesting that the perceptual machinery in the human brain automatically constructs models about the mental states and intentions that underlie events. We are built to do it. We do it all the time. We can’t help it. It is our heritage as social animals. Lacking any other competing explanation, and sometimes even in the face of competing explanations, those models of intentionality prevail. As a result the Trojans wouldn’t have theorized about a river spirit. They would have perceived the presence of the spirit and its anger, and felt that it was real.
  


  


  
    
  


  Ghosts


  


  
    There is currently an extensive industry for the exorcism of ghosts. Within a few seconds I was able to find eight sites on the Internet advertising exorcist services. If someone feels the presence of a spirit haunting his house, he can hire one of these many professionals. Rationalists may scoff at this superstitious belief; but the rationalists have failed to realize that it is not just a belief. It is a creeping feeling that another mind is present. It is a perception. It is the social machinery in the brain constructing a model of a mind. What is the ghost but a model of a human mind, complete with emotions and perhaps even an agenda, constructed inside the brain of the person who lives in the house? The model is constructed by putting together information: a creaking here, a blurry shadow there, noticing a drawer open when it should be closed, the cognitive expectation of a ghost. The result is a potent feeling of mind, even though there is no corresponding body for the perceived mind to inhabit. In a sense, from the perspective of the person who lives in the house and calls the exorcist, the ghost is as real as the soul of any living, breathing neighbor down the street, because it is constructed out of the same stuff. In both cases, the perceived soul is a model constructed by the social circuitry in the brain.
  


  


  
    My aunt once told me that when she wakes up in the middle of the night and looks at the digital clock, if the numbers are symmetric (for example 11:11, or 12:21), it means that one of her dead relatives is in the room. Here is her reasoning, as far as I understand it. The symmetric number display is so unlikely that, to her, it eliminates a purely physical or coincidental explanation. Therefore she resorts to an intentional explanation. A spirit or intentional agent must have woken her up at that moment with the goal of communicating its presence to her. At those times, she actually feels the ghost in the room with her. Sometimes it has a friendly feel (Grandma Margaret) and sometimes it has a dreadful, angry feel (Great Aunt Beth complaining about her bunions).
  


  


  
    As long as we are on the subject of hauntings—my sister Lisa told me a bizarre ghost story. Her pet rat died of old age one day. Later that night when Lisa was in bed, she heard the rat rustling about his cage in the dark and chewing seeds. The sound evoked in her a full-blown percept, a physical certainty that her rat’s spirit was haunting its erstwhile cage. She could feel it to be true. Yet at the same time she did not believe in ghosts of any kind, human or rodent, and hoped that a rational explanation would present itself in the morning. (It did. Some mice had gotten into the cage to eat the left-over food.)
  


  


  
    In a sense, the world as we perceive it truly is divisible into the physical world and the spirit world. Both worlds are constructs in the mind. Both are populated by models: models of objects, models of apples, models of chairs, models of people, models of dogs and cats and computers and rats and coffee cups. We experience the models, not the real things. But one class of model, computed by one set of brain circuits, is based on physical objects that obey simple cause and effect, whereas the other class of model, computed by social brain circuits, includes intentionality, awareness, agenda, emotion, and other mental properties. The duality of the human world—mind and brain, soul and clay—is directly traceable to a basic truth of the natural environment. The world contains both simple objects and other brains. We are therefore equipped with computational machinery to model both kinds of items. The duality of the experiential world reflects the duality of the natural environment to which the brain is adapted.
  


  


  
    
  


  God


  


  
    Atheistic scientists tend to take a hostile view of God. Among those in the public eye at the moment are Richard Dawkins, who published the extremely well-written book The God Delusion, and Bill Maher, who made the insightful comic movie Religulous. Their view, and the view of many atheists, is that God is an anachronistic and benighted belief, a silly fable, both ignorant and dangerous. My view, the view expressed in this book, is utterly different. Here I am suggesting that a belief in God is a natural extension of the way the human brain is wired.
  


  


  
    What is God but the perception of intentionality on a global scale? It is the perception of a single, unified mind behind every otherwise inexplicable event.
  


  


  
    Indeed, calling God a belief is a misnomer. It is more than a belief; it is more than a theory; it is more than imagination; it is a perception. That is precisely why it feels real to people. It is one of the reasons why atheists and religious people talk at cross purposes. To the religious, God is not really about theories and deductions, reasons for and reasons against. It is not really a cognitive proposition. To those who have the perception, the pervasive universal consciousness feels like external reality. One experiences the love and the anger and the awareness of God. Is God real? In the view described here, God is as real as the color red, also a perceptual construct of the brain.
  


  


  
    The difference between the monotheistic Christian god and a ghost who bangs a drawer shut is only one of scale. The ubergod controls more, does more, decides more. They both fall into the same category—they are perceptions of mind. When unaccountable events occur—babies are born, people die unexpectedly, planes crash, someone survives an accident that ought to have killed him, a lucky number wins the lottery—these events are grist for the social machinery in the brain. Because the events are unlikely or unpredictable, they do not lend themselves to a physical mode of explanation. Instead they inspire social perception—the perception of a mind that must have intended those events.
  


  


  
    A standard and, I think, unnecessarily dismissive scientific explanation is that God is a faulty deduction, an incorrect theory, or the result of wishful imagination. Perhaps so for some people, but I personally doubt that a god that was purely imagined would have so many people fervently convinced, or would have so much cultural universality. The absolute certainty expressed by worshippers suggests to me that underlying the imagination and the speculation and the theorizing and the desire is a genuine percept. I don’t suppose that all monotheistic people have had this perceptual experience, but enough of them have had it to form a critical mass at the core of the religion. Such people at certain moments perceive the presence of God as a tangible emotional and mental warmth—as a consciousness that is physically present.
  


  


  
    Consider the following list of perceived minds. Perceiving—sometimes misperceiving—the intentions of another person. Perceiving a soul in a favorite stuffed animal. Mourning the death of a favorite glass knickknack that used to sit on the mantle shelf. Feeling that a tree has a spirit. Feeling that a ghost is in the room behind you, watching you. The Greek gods who were in control of lightning and the sea and the wind and the fortunes of war. A monotheistic god who orchestrates the world. Obviously not everybody has all of these experiences, and yet they are all examples of the same ubiquitous process. They are perceptions of mind. My central scientific point is that you never do experience another person’s mind. You experience a model that your brain constructs. The spirit world, from God on down, is the product of the machinery for social perception.
  


  


  
    A philosopher might say that if we live in an experiential world made up entirely of simulation, of simulated objects and simulated actions, of simulated minds and simulated intentions, then within the only universe that matters, the universe of our own personal experience, the universe that we walk through and live in and interact with, the soul exists, minds exist, spirits exist, ghosts exist, God exists, as real or unreal as anything else, as real as a table, as real as the color of the sky. Perception supplies our reality. This point of view belongs to the general approach called solipsism. The mind creates the world that we experience. Can a belief in God ever be consistent with science? Arguably I am proposing a way in which the science of the mind can breathe some solipsistic existence into God. God is not imaginary, not a theory, not a wishful fantasy, but a part of the perceptual world. As a scientist, however, I would also like to know about the universe beyond the simulated world of perception. The spirit world, by its very nature, by its dependence on social perceptual construct, is a creation of the brain. It is perceptual illusion.
  


  


  


  


  
    Chapter 4
  


  


  
    Explaining consciousness
  


  


  
    The previous chapters describe in some detail how we humans perceive the world around us as though it were painted with mental attributes. A specialized system in the brain for social perception does that painting. We perceive the properties of mind in other people, in animals, sometimes in inanimate objects, and even in empty space. A central point of this book is that we perceive our own minds using the same neuronal machinery and essentially the same processes that we use to perceive other minds. Consciousness is social perception applied inwardly. At first glance this proposal sounds straightforward. It is easy to let it pass as obvious, nod once or twice, and read on. But consider how strange the proposition really is.
  


  


  
    A common view of consciousness is that I know I’m conscious because I feel it inside me. It is a direct experience of my own mind. A corollary to this view is that consciousness is by nature a private phenomenon. I can know my own mind only, and I am forced to guess about other people’s minds. I can never really know for certain if you are conscious or what your thoughts may be, though I can suspect based on your behavior.
  


  


  
    This view may have led Turing to his famous test for computer consciousness. How will we know whether a computer has achieved consciousness? The same way that we judge each other’s consciousness. If we talk to that computer and cannot figure out from the conversation whether it is a real conscious human or a machine, then the machine has for all practical purposes achieved consciousness. The Turing test therefore acknowledges a fundamental assumption of human consciousness—that it is private, that I can directly experience only my own consciousness, and that I must rely on observation and deduction to understand any other consciousness.
  


  


  
    I am proposing that this common, seemingly indisputable assumption about human consciousness is wrong. There is no fundamental difference between my perception of someone else’s mind and my perception of my own mind. I do not directly experience my own mind. I perceive it through the same intermediary, the machinery for social perception, that I use to perceive anyone else’s consciousness. That neuronal machinery is able to collect more data on my own brain and therefore construct a better quality of model for it, but fundamentally my perception of my own mind is in the same class of phenomenon as my perception of someone else’s mind. They are both models. They are both proxies for the real thing. They are both useful and also profoundly inaccurate. I do not actually know my own mind, any more than I know anyone else’s mind—I know only the model that my social machinery has constructed of it.
  


  


  
    Some of the most intriguing evidence in support of this formulation of consciousness comes from damage to the brain. I will discuss this evidence in greater detail in the second half of the book, especially in Chapter 7. To summarize briefly here, there is a brain region thought to be particularly involved in social perception—in reconstructing the contents of another person’s mind. Yet when this brain region becomes damaged, such as by stroke, a strange set of symptoms develops that at first glance seems to have nothing to do with social perception. When this brain region is damaged on the right side of the brain, where it has its largest presence, the person loses conscious awareness of everything to the left side of his body. When that brain area is damaged on the left side of the brain, the right side seems to be able to take over pretty well, and the awareness deficit is not apparent. When that brain area is damaged on both sides of the brain. . . . I am not sure that condition has been studied thoroughly. By hypothesis, the patient becomes a zombie, bereft of conscious awareness, at least until some compensatory re-wiring of the brain occurs. The strange overlap between the brain areas involved in social perception and the brain areas that, when damaged, lead to a loss of awareness—a seeming riddle of clinical neuroscience—is actually easily explainable by the principle that consciousness is a specific, self-application of social perception.
  


  


  
    Each of the following sections in this chapter addresses the same underlying principle—the essential equivalence between social perception and consciousness—but from a different perspective. Through that means I can draw a more complete picture of the concept.
  


  


  
    
  


  Only a brain system expert at perceiving mind would understand the concept of consciousness and therefore would be able to answer questions about consciousness


  


  
    Imagine the following Kafkaesque situation. A large room is divided into a hundred cubicles. In each cubicle a person is sitting with a telephone. Each person speaks a different language.
  


  


  
    You are standing outside the building, in contact with it through your cell phone.
  


  


  
    “Is anyone in there?” you say.
  


  


  
    “Yes,” the phone says. “I’m here.”
  


  


  
    “What’s it like in there?” you say. “Is it light? Is it dark? Is it comfortable?”
  


  


  
    Because you are speaking English, only one person inside the building answers. The answers that you get are limited, filtered through the perspective of the particular speaker. If you ask enough questions, you may build up a detailed account of the inside of the building, but of course that account will not be complete and may even be flat-out wrong in some ways. It will be the inside of the building as seen by the English speaker.
  


  


  
    This building with its one English speaker is analogous to the human mind. Imagine that you ask a person, “Are you conscious? Are you aware? Do you have intentionality?” I am suggesting that there is only one set of brain circuits that evolved to compute these concepts of consciousness, awareness, and intentionality. They are the circuits that model the same states in others, the circuits for social perception and social cognition. By default, therefore, this is the only brain system that understands the question and that can report being conscious.
  


  


  
    The brain system proceeds to give you a limited account from its own perspective, within the bounds of its own processing capacity. It has access to some information but not all information in the brain. Some of what it reports is accurate and some is invented. It perceives the brain (in which it is embedded) in the same way that it is built to perceive all things: as an intentional agent, a unified entity moving through life, observing and deciding, choosing to act. Whatever action is performed by the brain, this system constructs an intentional explanation for the action. That intentional explanation is sometimes correct—the system is an expert at finding explanations—but sometimes that explanation is mistaken. No matter. It can’t tell the difference. The report it gives you, the running narrative, is an incomplete, approximate, and sometimes flat-out wrong interpretation of the functioning of that brain. But it is the only stream-of-consciousness narrative you are going to get, because you are talking to the only brain system that understands your questions.
  


  


  
    
  


  Awareness is a social computation


  


  
    Recall the discussion in Chapter 3 about perceiving someone else’s awareness. When you perceive another person, you do not merely construct a model of his personality, his emotions, his interests, his goals. You also model the world as seen by him. You model his awareness of this and that object. The social machinery computes, in effect, “Brain X is aware of thing Y.” This computation is fundamentally in the social domain. By “social” of course I don’t mean cocktail parties. I mean any interaction with another person—I mean reconstructing the mind-state of the other person.
  


  


  
    In a fight I need to know, “John is aware of the stick on the ground; he might pick it up and use it against me.” In a different context I need to know, “John is aware of the delicious aroma of my sandwich and any moment he’s going to come over and ask for half of it.” If I try to explain something complicated to John, I need to detect whether he is aware of my meaning or has missed it. These examples are rather specific. The general point is that when reconstructing the mind-state of another person, it is necessary to analyze whether the person is aware or unaware of potentially anything within the world of objects and ideas.
  


  


  
    When you ask yourself, “Am I consciously aware of the taste of this string bean, the sight of the blue sky, the texture of that bare tree; am I aware of myself; am I aware of being aware?” I suggest that you are querying the machinery whose specialty is to decide, “Is brain X aware of thing Y?” In this view, the same circuitry, the same type of computations, come into play whether you are perceiving someone else’s awareness of Y or perceiving your own awareness of Y. The primary difference is that in one perceptual model, the property of awareness has been assigned to a location in someone else’s head, bound to a model of someone else’s mind, whereas in the other perceptual model the property of awareness has been assigned to a location inside your own head, bound to a model of your own mind.
  


  


  
    
  


  The perceived location of the mind


  


  
    In the mid 1900s, Critchley surveyed people’s notions of the location of the self. He asked people where their souls or minds were located. Some pointed to their chests, some to their stomachs, most to their heads. The most common perceived location was right between the eyes. As in all perception, when we perceive our minds, we don’t merely perceive a set of free-floating properties—thoughts and emotions and awareness. We also perceive those properties to be attached to a physical location. When you look at a tree and ask yourself, “Am I aware of it?” the answer, according to the circuitry in your brain that computes such things, is not merely “yes” but “yes and the awareness is located inside me.”
  


  


  
    To be clear, I don’t mean simply that people think it reasonable, or deduce, or intellectually conclude that the mind must be inside the body. Where it reasonably ought to be, and where it feels like it is, are two different propositions. What I mean here is that regardless of reason, most people feel consciousness to be inside their heads.
  


  


  
    The question of where the soul is located, however, becomes complicated in the case of out-of-body experiences. Under some conditions, especially near sleep, close to death, or in light anesthesia, the brain’s model of the self becomes unhinged a little and begins to assign non-standard locations. A patient may report the sensation of standing beside the bed, or floating near the ceiling looking down on his own body.
  


  


  
    This out-of-body illusion can be reliably induced. In one recent experiment by a group of scientists in Geneva, Blanke and colleagues electrically stimulated the surface of people’s brains. The reasons were medical—to map out the brain prior to surgery. In some cases, when electrical stimulation was applied to a region of the cerebral cortex called the temporal-parietal junction (TPJ), an out-of-body experience was induced. People felt that their minds were floating outside their bodies. The stimulation was interfering with the machinery that normally assigns a location to the self. It was inducing a mismatch between the actual location of the body and the perceived location of the self. Even if the brain is intact and not being artificially electrically stimulated, it is possible to produce an out-of-body experience by tricking the perceptual system with an ingenious set of video cameras and display screens, as shown by the scientist Ehrsson.
  


  


  
    How can we make sense of the out-of-body experience? How can your brain be in one location, cranking data, actively processing information, while at the same time you experience that processing as if it were located somewhere else entirely? The answer to the riddle is that we don’t directly experience our own minds. We experience them by proxy, through a perceptual model—and the model, computed and constructed by the brain, can sometimes be wrong. The key realization here is that the process of perception applies not only to the outside world, but also to the inner world. We perceive our own thoughts, our own cognition, our own emotions, with all the gnarly implications of the term “perception.” We construct a perceptual model of our own minds, the model includes a spatial location assigned to it, and the model is as simplified, and as subject to error, as any other perceptual model.
  


  


  
    We talk about the inner me, the inner self, our private experience, and we contrast that with the world that we perceive outside of us. We think of these worlds as being fundamentally different in nature. Wasn’t that Descartes’ point when he famously said, “I think, therefore I am”? He didn’t trust his perceptions of the outside world, but he thought he could trust his access to his own mind. What I am suggesting is that this distinction is an artificial one. Inner self or outer world, it is all perception. The difference lies mainly in the spatial coordinates assigned to the perceptual model. In some cases, attributes are assigned to locations inside our bodies. In other cases, attributes are painted onto people or animals or objects in the world around us.
  


  


  
    The central philosophical question of consciousness is often put this way: Why does thinking feel like anything at all? When I solve a math problem in my head, why don’t I merely process the information without feeling it? Why does it come with the added property that it feels like something to me? First consider the interesting format of the question—the analogy between thinking and body sensation. Why feel? The similarity, I am suggesting, is that in both cases your perceptual machinery creates a model as a proxy for the real thing, in both cases the model has a location assigned to it, and in both cases that location is referenced to the body. You perceive your own thoughts to be inside your own head, just as (to be prosaic about it) you perceive a stomach ache to be inside your own gut. In both cases the perceptual model is assigned a location inside the personal boundaries of the body. Hence the natural tendency to label the perception of one’s own thinking as a type of feeling. Both belong to the category of perceiving the internal environment.
  


  


  
    
  


  Confabulation


  


  
    If you are thoughtful or observant, you probably long ago noticed that some of your behavior is shaped by unknown processes outside your awareness. Maybe you accidentally poured orange juice in your coffee—picked up the carton and did it without even noticing until it was too late. Or maybe someone asked you an innocent question and you found yourself snarling back, surprised at your own anger and unsure where the emotion came from. If you are human at all, then some time in the past you acted in a way that you couldn’t entirely explain. But these rare moments are only the tip of the iceberg. They are the obvious cases in which your behavior was so nonsensical, so surprising to you, that you couldn’t invent an easy explanation, and so you were forced to recognize that something unconscious in your brain caused it to happen. But less obvious cases occur constantly. You may act in a way that seems quite natural—you think your conscious mind has decided to act this or that way, and you think you know the reason—but the real reason might not be consciously known to you.
  


  


  
    Psychologists call it confabulation, and there are many experimental examples of it. The most telling examples come from the famous split-brain experiments of the 1960s. Although conducted nearly fifty years ago, these experiments are just as remarkable and revealing today as they were then. In those experiments, one half of a person’s cerebral cortex was surgically disconnected from the other half. The reason was to prevent the spread of epilepsy from one side of the brain to the other. Medically, the experiments were an astonishing success. People who used to have frequent Grand Mal seizures would instead suffer only occasional, brief, Petite Mal seizures. They were almost cured. As a side benefit, the surgery allowed scientists to study the two halves of the brain separately. (These days epilepsy is better controlled by drugs.)
  


  


  
    The split-brain experiments are especially interesting because of a peculiar feature of the human brain. In most people, the left side of the brain is capable of speaking fluently, whereas the right side has very little if any speech ability. This asymmetry between the two hemispheres varies somewhat from person to person, but the pattern holds for most people. It is one of the more remarkable properties of the human brain, though the value of it, if there is any, is still debated.
  


  


  
    The neuroscientist Roger Sperry, who pioneered the study of split-brain people, realized that when he spoke to these patients and they spoke back, he was talking only to the left hemisphere. It was the only hemisphere that could talk back. When he spoke to the patients after their surgery, the left hemisphere didn’t seem to notice anything unusual. It knew that it had undergone an operation, but it didn’t feel any differently afterward. It didn’t report that it missed the right side in any manner.
  


  


  
    The right hemisphere still functioned. It still computed, decided, and acted. It was mainly responsible for controlling the left side of the body. The two sides of the body had to function like dance partners making expert and practiced moves together without any direct thought-connection. Why didn’t the left hemisphere notice that it had been split off from direct contact with its other half, that it was now sitting side by side with a separate intelligence making independent decisions? The left hemisphere’s delusion that it was in conscious control of the entire body was the most bizarre symptom of the surgery.
  


  


  
    To trace down the reason, Sperry and his colleagues did experiments to put the two hemispheres at odds with each other. For example, suppose a picture of a shoe is flashed on the left side of a projection screen. The patient, looking at the screen, would see this picture with the right (non-speaking) hemisphere of the brain. At the same time, a picture of a kite is flashed on the right side of the screen. The kite would be seen by the patient’s left (speaking) hemisphere.
  


  


  
    If you ask the person, “What did you see?” his left, speaking hemisphere might answer: “A kite.”
  


  


  
    If you tell the person, “Point with your left hand and show me what you saw,” now the person might point to the shoe on his foot. Why? Because although the non-speaking hemisphere cannot verbalize its answer, it can understand language well enough to follow simple instructions, and it controls the left hand.
  


  


  
    Now you ask the person, “Why did you point to your shoe?” The speaking hemisphere might say, “I was pointing to the shoelace, which is a little like the string on a kite.”
  


  


  
    The answer is confident. The left hemisphere asserts it as if it were a simple truth and not a wild fabrication invented after the fact. The experimenter and the right hemisphere of the patient both know the real reason, but the left hemisphere has made up its own reason and is content with it. The reason why the left hemisphere thinks it is in control of the entire body is evidently because, whatever action the body performs, the left hemisphere makes up a plausible reason to account for the action. It thinks it chose to perform that action. One presumes the right hemisphere is doing the same thing on its side, confabulating explanations for the body’s actions, but because the right hemisphere doesn’t speak, it can’t easily explain its thoughts to the experimenter.
  


  


  
    Experiments of this type reveal the incredible extent of confabulation. Our comfortable, stream-of-consciousness explanation of our actions is not particularly accurate. It is partly an invention. The machinery for social perception is wired to confabulate about other people, to take in someone else’s behavior and construct and update a useful if simplified model about that person’s intentions. That machinery is simply doing to ourselves what it normally does to others.
  


  


  
    When we say we are conscious, aware, self-aware, in conscious control of our actions, have a stream-of-consciousness understanding of ourselves, what we really mean, apparently, is this: there is a system in the brain whose job is to construct models of intentionality of other people or of ourselves; and right or wrong, confabulated or not, the self-model, continuously updated, continuously refined, supplies the contents of our conscious minds.
  


  


  
    In this sense consciousness—a soul on a trajectory through waking life—is a perceptual illusion. It is a perceptual model that is at best a simplification and sometimes plain wrong.
  


  


  
    
  


  Consciousness as decision-making


  


  
    No matter how you study consciousness, whether you are casually introspecting, spinning philosophies, or trying to study it in a laboratory, inevitably the process comes down to asking a general, underlying type of question: is person X aware of thing Y? Whether you are introspecting (“Am I aware of the coolness of the breeze? Was I aware of it a moment before I focused my attention on it? Am I aware of myself at this moment? How about now?”), whether a scientist is asking you a question verbally (“Are you aware of the red dot briefly flashed on the computer screen?”) or whether you are performing in an experiment in which your responses are non-verbal (you press a button whenever you are consciously aware of a tone presented over a pair of headphones), all of these cases involve signal detection. They involve a yes-no decision. A great deal is now known about decision-making and how it is implemented in the brain, and some of that knowledge can be transferred directly to the topic of conscious awareness.
  


  


  
    A common method of studying decision-making comes from experiments originally on the monkey brain, performed by many researchers including New-some, Shadlen, Glimcher, and other colleagues. In the typical experiment, a monkey decides whether a shimmering cloud of dots on a computer screen is drifting more to the right or to the left. In some versions of the experiment the monkey presses a button on the right or the left to answer the question; in other versions he glances to the right or the left while his eye movement is tracked by a video system. In either case, if he gets the right answer, he is rewarded with a drop of apple juice. (Monkeys love apple juice.) The decision—right or left—appears to be made in the following manner. One region of the brain reconstructs the visual motion. That region of the brain generates signals that correspond to the proposition “it’s moving to the right” or “it’s moving to the left.” The signals, however, are weak and inconsistent, because the cloud of dots that the monkey is looking at is shimmering in a way that obscures the direction of motion. The signals are received by a different brain area called an integrator. The integrator sums up the signals over time. If a particular signal, indicating a particular direction, is reliable enough to push the integrator and cause it to cross a threshold, then the decision is made.
  


  


  
    The power of this formulation of decision-making is that it is easily generalized from the extremely specific case of a monkey making a visual decision to any type of decision-making. Something in the brain generates a signal; the signal is received by an integrator; and depending on the consistency of the signal over time, the integrator is pushed to threshold, triggering a response.
  


  


  
    Applying this model of decision-making to the domain of conscious awareness results in the following hypothesis: some region of the brain generates a signal that, in the context of the experiment, represents the piece of information: “I have conscious awareness of thing Y.” That signal is sent to an integrator. If the signal is reliable enough to cause the integrator to cross a threshold, then the person reports that, yes, conscious awareness of thing Y is present. Everything that is known about decision-making suggests that conscious awareness depends on a signal that is explicitly generated somewhere in the brain and that feeds into a decision-making integrator somewhere else in the brain.
  


  


  
    Here I would like to make a subtle but important distinction between detecting thing Y and detecting conscious awareness of thing Y. When a person reports being consciously aware of a visual stimulus, the task is one of signal detection. The signal to detect, however, is not the visual stimulus; it is the special signal of conscious awareness of the visual stimulus. Suppose you ask a person to press a button every time he detects a visual stimulus flashed on a screen. The person can perform that task while zoning out, or wandering in thought to the point that the button-press response has become automatic and the person lacks conscious awareness of the visual presentations. Very often a person becomes better at the task when conscious awareness has fled somewhere else in this fashion. In testing for conscious awareness of thing Y, the decision the person must make is not whether information about thing Y is present in the brain and actionable, but whether the special property of conscious awareness has been attached to thing Y.
  


  


  
    This formulation begs the question: what system in the brain generates the signal of conscious awareness and attaches it to object Y? Why would a brain explicitly compute such information? We already know that the brain generates the signal of awareness and assigns it to models of other people’s minds. The human brain comes already equipped with machinery that computes the presence of awareness. It is a natural extension for the same machinery to compute that same awareness signal and use it when constructing a model of one’s own mind.
  


  


  
    It is probably incorrect to think of the social machinery as computing in isolation the single proposition, “I am aware of thing Y.” Instead that proposition is presumably part of a larger bundle of linked information, a model of yourself that includes a set of mental attributes assigned to a location in space. In this way when you ask yourself whether you are consciously aware of thing Y, you have access to a set of related information including, for example, that you are an intentional agent, that you are standing or sitting in a particular position in the room, that you have a particular emotional state, that you are consciously aware of a variety of other objects in addition to thing Y, and that your awareness, your subjective self, is located inside your head. All of this information is generated and linked such that there is probably no such thing as accessing one part of the model in isolation of the other parts. Perhaps it is for this reason that consciousness is so difficult to define precisely. It may be a large, miscellaneous set of linked information of which awareness of specific items is only one part.
  


  


  
    
  


  Multiple personalities and bistable perception


  


  
    In vision there is a wonderful phenomenon called bistable perception. A popular example is the Necker cube. It is an ambiguous drawing, a simple line drawing of a cube. One moment it looks as if it is oriented one way, and the next moment it seems to switch and orient itself another way. The reason for the switching is that your visual system constructs two different perceptual models, both of them consistent with the raw data, and the two perceptual models compete with each other. Sometimes one gains ascendancy, suppressing the other; sometimes the competition reverses and the other gains ascendancy. Subtle cues, such as variations in line thickness, or the act of thinking about the cube one way, can bias the competition and cause one perceptual model to win out; but after a while, the other model temporarily wins the competition and the perception switches back. Bistable perception (or multistable perception in the case of three or more ways to see the same object) is relatively well understood at least in its general outlines; it is a neural competition between alternative perceptual models.
  


  


  
    If the social machinery of the brain constructs a perceptual model of the self, and if this perceptual model is consciousness, then a very strange prediction ensues. Under some circumstances, it aught to be possible for the social machinery to construct two or more competing models of the self. These models should exhibit the classical properties of multistable perception: in competing with each other, they should alternate. At times one model should be ascendant, and at times another model should win the competition. The sudden switching from one state to another might occur randomly or might be triggered by subtle cues that bias the system. This bizarre prediction follows from the theory that consciousness is perception—social perception—applied to oneself. The prediction rather closely resembles the clinical descriptions of multiple personality disorder (also called dissociative identity disorder).
  


  


  
    White Eve was the gentle, timid wife. Black Eve was uninhibited and emotionally unstable. Jane was the sensible one. All three personalities existed in the mind of one woman, and at any moment one or another one was in control. The more-or-less true story of The Three Faces of Eve (the film was released in 1957) caused a surge of public interest in the multiple personality disorder. The syndrome is so bizarre and so difficult to confirm objectively that it is still somewhat controversial. Do some patients fake it? Are the symptoms implanted in their imaginations accidentally by the suggestions of a careless therapist?
  


  


  
    In certain ways the multiple personality disorder is only an exaggeration of the normal. We all act differently in different contexts. For example, most of us have a work persona and a relaxed-among-friends persona. (For some people these contrasts are rather striking.) What makes the multiple personality syndrome so strange and so alarming is not so much that there is more than one way of behaving, but that consciousness itself is partitioned among them. White Eve, for example, knew nothing about Black Eve. She was not conscious of anything Black Eve thought or did.
  


  


  
    I am arguably venturing onto shaky ground here, since the disorder is controversial. It is easy to dismiss the sensational claims as pseudoscience. But I think it is possible to understand how such a thing could in principle exist more or less as it is described. Normally the social machinery builds perceptual models of other people’s minds. A model of a mind contains a vast, linked set of information on personality, on goals, on intentions, on agendas. It also contains information on the contents of the person’s awareness. The nature of the model is that it is internally linked—it is “associative”—meaning that when one part of it is accessed, the rest comes too. The model is the means by which we understand the other person’s mind. The social machinery also builds a perceptual model of the self. What is to stop it from building more than one perceptual model of the self, each with its own personality, each with its own information on the contents of conscious awareness? When you are asked whether you are consciously aware of A or B or C, if you have multiple self models, your answer will depend on which self model is searched. How such a disorder—having one’s social machinery create more than one self model—could possibly develop in the first place is a separate question of the life history of the patient. Nobody knows the answer to that question. But once we understand consciousness to be a perceptual model, it follows that the machinery could in principle support multiple competing models that alternate due to the process of multistable perception.
  


  


  
    
  


  Boxes and arrows


  


  
    I drew a diagram to try to get across the main point.
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    Diagram 4-1
  


  


  
    Biology is messy, and a simple diagram is never truly accurate. As I explain the various parts of this diagram, the scientist in me will point out caveats and problems. But do not take this self-criticism as a lack of faith in the hypothesis. It is simply the knee-jerk habit of a scientist. I have chosen to leave in these criticisms, because I think the underlying ideas survive them and come out stronger as a result. Despite all the caveats, this simple diagram captures the basic idea.
  


  


  
    Diagram 4-1 shows a crude drawing of different brain systems depicted as boxes. The boxes are connected by arrows indicating the flow of information. This method of diagramming the brain as a set of boxes with arrows is a traditional method, but obviously leaves a great deal to be desired. Probably a better depiction of a brain area would be a cloudy collection of hundreds of millions of dots, each dot representing a nerve cell (a neuron). Instead of arrows connecting brain areas, thin lines would connect the neurons. If brain area A is densely connected to brain area B, that relationship would be depicted in the ideal diagram as a large number of spidery lines connecting the neurons of cluster A to the neurons of cluster B. Such a diagram would be much closer to the real architecture of the brain. However, since that level of detail and complexity is prohibitive in a diagram, and since the purpose of a diagram is to show underlying concepts by simplifying the details, the boxes and arrows will do. I hope you will be patient with the explanation below. If it sounds complicated and full of too many box this and box that, just look back at the diagram and the words should become clear.
  


  


  
    The diagram includes boxes for two different types of perception: visual perception and social perception. Of course there are many other types of perception, but the diagram gets across the basic idea that different pieces of machinery in the brain compute different aspects of perception. The diagram also contains two overlapping boxes to represent cognition. The reason why these boxes are overlapping is that the neuronal machinery for cognition seems to be multipurpose. Some of the same machinery almost certainly comes into play for visual cognition as for social cognition.
  


  


  
    The separation of functions into four boxes is clearly a simplification. Moreover, the diagram leaves out most of the brain. It lacks boxes for touch, hearing, and smell, for controlling hand movement, for processing language, for reward and emotion, for memory. But despite all these simplifications, it gets across some preliminary, first-order ideas.
  


  


  
    Social perception (box 1) receives information from visual perception (box 2). This flow of information is necessary. Much of our perception of another person’s mind comes directly from vision, from watching someone’s face and body language. Visual information must therefore flow into social perception.
  


  


  
    There is a second, equally important reason why the box for social perception needs information from visual perception. One of the functions of social perception is to reconstruct which objects are and are not in the awareness of another person. Is Fred aware of the apple on the table? Is he aware of me? Is he aware of the cat creeping up behind him? To construct a proper model of Fred’s mental condition requires linking it with models of apples, cats—any and all items of which Fred might or might not be aware. The box for social perception therefore needs to be informed of all other perception. Social perception requires a massive convergence of information from many sources.
  


  


  
    When we query this brain, asking if it is consciously aware of X, the answer comes from boxes 1 and 3: social perception and social cognition. Those are the only two boxes that are equipped to understand the query. They are experts at making that decision; they do it all the time; it is what they are wired for. They make this decision with respect to other people and can also make it with respect to the brain in which they are embedded. They construct a self-model of the brain. The model is a fusion of goals, agendas, intentionality, items within awareness. This self-model is maintained and continuously updated, continuously adjusted. When you ask the brain, “Are you aware of yourself?” box 1 and box 3 consult the self-model and make a decision: “Yes, I am aware of myself.” I would guess that the model is mainly in box 1, in the province of perception, and the decision integrator is mainly in box 3, in the province of cognition, but that both depend on the mutual exchange of information.
  


  


  
    Consider a different brain system, the one that normally computes the muscles to pick up a coffee cup. The task is extremely difficult, much more so than people generally realize. (Most of my scientific publications are on this topic of movement control, so I have had to learn about the complexity of the task.) The fine adjustments on dozens of muscles, the exact timing of muscle contractions, are all under the radar so to speak. Most people are not even aware of how many muscles they have in their hands, let alone which muscles are contracting at any one time. Some of the information on motor control probably leaks back to boxes 1 and 3, reaching perceptual consciousness, but the elaborate computations contained within the motor machinery are removed from conscious awareness. The control system is an expert at its task, but has no capacity for answering questions about awareness or consciousness. You cannot even ask it the question. It would be like asking your microwave whether pigs fly. It doesn’t compute that type of proposition.
  


  


  
    Consider the case of color perception, which belongs in box 2. As I described in Chapter 2, color is an invention of the brain. Based on a comparison across the entire visual scene, the visual circuits assign colors to different locations. Red here, green there. People report that they are not conscious of making those computations. They are conscious of the result, the color that is assigned to this or that object, the output of the color system, but not of the elaborate comparisons and decisions that are required to assign the colors. Why? Because the machinery that computes color is not built to process questions about consciousness or awareness. It cannot compute those propositions. It is built to take in a great variety of visual information and, on that basis, assign colors to objects. That is the limit of its capacity. If you ask the color-computing machinery, “Are you aware?” it does not answer. It does not even receive the question. Only its output, the color information that is sent from box 2 and received by box 1 and box 3, can enter any conscious report, because only box 1 and box 3 process and answer questions about consciousness.
  


  


  
    
  


  Visual awareness


  


  
    Much of the modern work on consciousness has focused on box 2 (visual perception). Francis Crick (one of the discoverers of the DNA double helix) and Christof Koch have written extensively about visual consciousness. Why is it interesting to study consciousness by investigating a part of the brain whose computations are totally opaque to consciousness? Only the output of box 2 reaches consciousness, not the computations within it. The reason why these studies are interesting is that some visual signals reach consciousness and others do not. In the hypothesis of Christof Koch, visual information is compressed or summarized in packets of information that are communicated to a central processor. Conscious experience somehow results when those packets of information arrive at the central processor. I agree with that general description. Here I suggest that this nexus, this key processor that is receiving summary packets of information, that results in conscious experience, is specifically the circuitry for social intelligence. It is the brain’s expert at computing the property of awareness.
  


  


  
    Some visual information reaches this circuitry and some does not. One of the most striking examples in which visual information is blocked from reaching consciousness is called “change blindness.” Suppose I show you a picture of a beach scene. You look at it for a moment, and then I take it away and give you a second picture. I ask you, “Is anything different?” You might stare for a moment and conclude, “No, it’s identical to the last one.” I put the two pictures side by side to show you, and you still might not be able to see any differences. Finally I point to one of the differences: perhaps a beach chair is moved to the left in one picture. The change is obvious once it is pointed out. You missed it initially only because you happened to be attending to other features in the scene. Images outside your focus of attention usually do not reach consciousness.
  


  


  
    This example of visual attention makes sense in the context of Diagram 4-1. If box 2 produces a weak output because it is processing an unattended object, then the output signal has relatively little effect on boxes 1 and 3. The signal strength is too low to be detected in the background clutter of other signals. Boxes 1 and 3, failing to receive the signal, cannot incorporate it into any model of mind. In constructing a self model, boxes 1 and 3 must build a roster of items that are, according to the model, within your awareness. If a particular visual signal coming from box 2 is too weak to impact boxes 1 and 3, then the signal cannot be incorporated into that list. When boxes 1 and 3 are queried about what items are in your awareness, they will fail to report that visual signal. In this specific way, the visual signal fails to penetrate consciousness. But if box 2 produces a strong output (perhaps it is processing a colorful bird that is directly in the focus of attention), then boxes 1 and 3 receive that stronger signal. When queried about what items are within your awareness, boxes 1 and 3 will be able to report on that stronger visual signal. In this way, a strong visual signal from box 2 penetrates consciousness.
  


  


  
    Another commonly studied example of visual awareness is called binocular rivalry. In this phenomenon, two different visual images are presented, one to each eye. Due to an apparent competition between the signals within the brain, people report being consciously aware of one or the other item, but not both. Awareness switches somewhat unpredictably, every few seconds, from the image in one eye to the image in the other eye. In the present formulation, the explanation is that a strong competition between the two signals occurs within the visual system; the competition causes one signal to rise and the other to fall; the dominant signal is strong enough to impact the circuitry for social perception; the weaker signal cannot. In this view, binocular rivalry is not itself a part of visual consciousness. Instead it represents a filtering mechanism through which information must pass before it can arrive at the machinery responsible for conscious awareness.
  


  


  
    For this general type of reason, some of the work on consciousness has focused on exactly how signals in visual areas of the brain are boosted to be stronger. Visual attention is one way of boosting signals. The synchronized activity of many neurons can boost a signal. The pulsing activity of groups of neurons may boost signals. Reverberation of signals going up and down from perceptual brain areas to cognitive brain areas and back again may boost signals. All of these mechanisms have been examined as a way of boosting the signal coming out of box 2. Boxes 1 and 3 are bombarded by a background of many signals; but if the signal from box 2 is loud enough or consistent enough compared to the background noise, then boxes 1 and 3 will receive it, and the brain will report being conscious of it.
  


  


  
    
  


  Consciousness as a central nexus


  


  
    The machine for social perception depends on connectivity with the four corners of the brain, so to speak. It requires a gigantic convergence of information. It also requires some control over other systems in the brain. It is a central monitoring, observing, controlling entity. There are at least three reasons why the social circuitry requires such widespread connectivity.
  


  


  
    First, to reconstruct John’s mind state, I must rely on a variety of sensory cues. His facial expressions, his body language, the sound of his voice—information from a range of sources must flow into the machinery for social perception such that I can read the cues and reconstruct the happenings inside his head.
  


  


  
    Second, to reconstruct John’s mind state I must reconstruct the world as he experiences it. I must compute, “John is aware of A, John is aware of B,” and so on. A and B might be objects on the ground, they might be odors or sounds, they might be abstract ideas. To successfully construct a model of John’s mind, my social machinery must have access to information on the whole world of objects and ideas.
  


  


  
    Third, part of understanding another person is the process of mirroring, a process I will describe in greater detail in Chapter 8. If John is happy, not only does my social machinery infer the emotional state in the abstract, but it contacts and activates my own happiness mechanism, perhaps to provide a richer, a truer model of John’s mind-state. If John is about to throw a baseball, not only does the social machinery in my brain reconstruct the action, recognizing it for what it is, but that machinery contacts and activates my own arm control system, prompting me to imagine throwing the ball—again perhaps to provide a richer, truer model of John’s actions. The social machinery, therefore, not only takes in information from far-flung sources, but also sends out orders, controlling and manipulating the circuits and subroutines of the brain.
  


  


  
    Think how much more complicated, in a recursive, loop-the-loop way, the system becomes when the process of social perception is turned inward. I construct a model of my own mind. Only information that flows to my social circuitry can be incorporated into the self model, and therefore only that information can be a part of my conscious self report. Ask me if I am consciously aware of the stick on the ground, and the social circuitry searches my self model in order to answer the question. Ask me if I am aware of being aware of the stick and, well, yes, that information is now present too. Ask me if I am aware of being aware of being aware of. . . . I don’t know how many iterations are possible, but there is some naturally built-in recursion to the process.
  


  


  
    When my social machinery constructs hypotheses about my own mind state, it uses mirroring to consult other brain circuits, imposing its inferences on the rest of the brain, altering the very thing it is perceiving. Suppose my self model, my self image, my self understanding computed by my social circuitry, includes the hypothesis that I am happy right now; to enhance that hypothesis, to enrich the details, it contacts and activates my happiness mechanism. This is the same process of mirroring that the mechanism uses to model happiness in anyone’s mind, whether my own or someone else’s. In this case, if I wasn’t actually happy—if the hypothesis was wrong—the mirroring process might actually make me become so as a side product; if I was already happy, perhaps I become more so. My self model and my self become intertwined in complicated ways. Perceiving my own mind changes the thing being perceived.
  


  


  
    To update the Turing test: how will we know when a computer has achieved consciousness? When it has algorithms to model the contents of another person’s mind. When those algorithms are so complete that the model contains a reconstruction of the world as seen by the other person—of the contents of the other person’s awareness. When the algorithms can be used to create a model of the computer itself.
  


  


  
    The same analysis can apply to any information processing system. A mosquito has a brain, albeit a small one. Is a mosquito conscious? Probably not. No known machinery for social perception in a mosquito. How about a fish? Again, probably not. How about a dog? Almost certainly. Dogs have a capacity for complex social perception. How about a space alien that lands on Earth? Too bad for the alien, we’d have to run a few psychological tests and then dissect him to study his capacity for social perception.
  


  


  
    
  


  Consciousness is a process, not a thing


  


  
    Where does this discussion leave us? We have gained a great deal of ground on consciousness. We have hemmed it into certain brain circuits (to be discussed in greater detail in the second half of the book) and linked it to the process of social perception. Consciousness is described here not so much as a thing inside us, but as a process of building a perceptual model and then searching that model in order to answer questions about it. The explanation is directed more at how people report that they are conscious, rather than at what consciousness is.
  


  


  
    I am reminded a bit of my son’s third birthday. He woke up, ran to the living room, and excitedly tore open his presents. Halfway through he stopped, looked at the various cars and Dr. Seuss books, and said in astonishment and dismay, “But where’s my birthday go? Where’s my birthday?” He evidently thought that a birthday was a thing he was going to receive, rather than a day-long process. In a similar way we are used to thinking of consciousness as a thing floating inside of us rather than as a process. But it seems to fit the characteristics of a process better.
  


  


  


  


  
    Chapter 5
  


  


  
    Qualia
  


  


  
    Eventually everyone who writes about human consciousness must face the perennial question: how do we explain qualia?
  


  


  
    To start with, what are qualia (singular: quale)? In brief, “qualia” is the name given in philosophy to the inner, private experiences attached to perception. The most commonly discussed example is color. When you look at red, you experience a “redness” quale and when you look at blue you experience a different, “blueness” quale. One of the conundrums of philosophy is that your private experience of “redness” might be different from mine. There is no way for me to directly compare my qualia to yours. Qualia are, by definition, private experiences that can never be measured and never compared. For this reason, most scientists and philosophers believe that the very concept of qualia is resistant to science—that it cannot be explained in a mechanical or reductionist way. However, it may be possible to resolve the issue of qualia in a simple, logical fashion, which I will get to at the end of this chapter.
  


  


  
    I see two main ways to incorporate qualia into a general brain-based theory of consciousness. Of the two speculations, I find the first intriguing, but the second more compelling.
  


  


  
    
  


  Speculation 1: Qualia are ubiquitous


  


  
    Let us suppose without explanation and without proof that all information processing comes with private qualia. It comes with conscious experience. In Speculation 1, when a flight computer calculates the correct flap angle for an airplane, it experiences a quale of making that calculation. When a microwave computes the time to turn itself off, it experiences a quale of “turn off now.” These experiences are not easily recognizable as mind. After all, these simple devices don’t have any sense of self, because they are not built to compute the boundary between themselves and the rest of the world. They can’t report that they have experiences, because they are not built to report anything. They can’t talk to you because they don’t have any language circuits. But in Speculation 1, they do have a rudimentary consciousness. They are aware of something, if not very much. This view has been championed by the philosopher Chalmers.
  


  


  
    Now consider a human brain. We want to know whether any part of Betsy’s brain is conscious. In Speculation 1, her eyeball is conscious. Why? Because it contains a network of neurons layered onto its inner wall, making elaborate computations about the visual world. If it has computations, then it has qualia. It can’t report on its experiences. It can’t talk. It can’t understand questions. It doesn’t know about itself. But it has some rudimentary conscious experience.
  


  


  
    Her spinal cord is conscious in the same way. It is computing, sending information up and down between the brain and the rest of the body, filtering that information, controlling reflexes. It has quite a lot of computations to contribute to its conscious experience. But again, it will never answer any questions about consciousness. If you ask it, it won’t compute the question and won’t give you an answer.
  


  


  
    Only the most complex circuits in her brain, the ones that are built to compute abstract concepts, can report on their qualia. In this speculation, every part of her brain is conscious, different parts are conscious of different qualia, but only one part reports on its consciousness.
  


  


  
    This speculation disposes of the question of qualia neatly and simply. Of course Betsy reports having qualia. Why? Because certain brain circuits are able to report on the question, and all brain circuits experience qualia. (One feels a satisfied quale here. On casual inspection the logic feels sound.)
  


  


  
    However, this speculation does have certain nagging problems. The biggest problem is that it doesn’t actually explain anything. It doesn’t explain why any circuits in the brain have qualia. It merely asserts that they do. It is like when a child says, “Hey Dad, how does that bird stay up in the air when it flies?” and Dad, somewhat deficient in his knowledge of aerodynamics, says, “Well, Son, all birds do that when they fly.” Thanks, Pop. That sure clears it up.
  


  


  
    In particular, Speculation 1 does not explain how brains are able to physically report being conscious. Even if we accept the speculation that all information processing comes with awareness, like a heat emanating from it, or like an aura around it, how does the machine find out about the aura? In the end, speech is controlled by neuronal machinery. Neurons activate the muscles of the tongue and mouth. Therefore, in order for us to report being conscious, the aura of consciousness can’t simply hang out in the ether, secreted by our information processing. It must have a direct physical impact on the machine itself. Speculation 1 does not explain how.
  


  


  
    
  


  Speculation 2: Awareness is a type of modeling clay


  


  
    What is awareness? It is tempting to take it as a primitive, irreducible concept. We all know what it is intuitively. But when everyone has an intuitive notion of what X means, that’s a tip-off that X must be an idiosyncratic property specially built into our brains. It wouldn’t seem obvious if we didn’t have the special-purpose circuitry for it. In Speculation 2, awareness, and the need of our brains to compute it, is a consequence of our social construction.
  


  


  
    Imagine two people, John and Betsy. In front of them is a cup of coffee. When John looks at the coffee, the visual input sets off a cascade of neural processes. Signals travel through his brain. The circuits involved are many and diverse, some overlapping, some distinct from each other. The complexity is so great that visual scientists are still unable to map it out in its entirety. Some of that flow of information may result in action: salivation, dilation of pupils, leaning forward, smiling.
  


  


  
    Betsy computes the direction of John’s gaze and calculates that he is looking at the coffee. Based on that and other information, her perceptual machinery constructs a model of John. The model is a simplification, a proxy for the real thing, nowhere near the complexity of John’s actual brain processes. In the model, John is aware of the coffee. (Betsy, of course, also models her own brain, and that model also has attached to it the property of “awareness of coffee cup.”)
  


  


  
    Here “awareness” is like “redness.” It is a construct of Betsy’s brain. “Redness” is a fabrication, a proxy for a complex pattern of wavelengths and contrasts across the visual field. “Awareness” is a fabrication, a simplification, a proxy for a cascade of neural processes that are far too complex and too hidden to be modeled with any accuracy or detail. Both “redness” and “awareness” are used to model the real world in a simplified and useful way.
  


  


  
    In this perspective, “awareness” is part of the kit used to model brains.
  


  


  
    A sculptor might use clay and wood and wax when fashioning a model of a person. The wax, for example, might be a proxy for human flesh. The brain system for modeling other brains has “awareness,” “intentionality,” and other mentalistic properties in its kit. These properties are proxies for much more complicated events.
  


  


  
    If Speculation 2 is correct, then “awareness” cannot exist without the special-purpose circuitry to compute it. Flight computers and microwaves are not aware of anything. Eyeballs are not aware. Spinal cords are not aware. If Betsy is aware of X, that does not mean simply that Betsy’s brain contains information on X. Indeed her brain contains a great deal of information of which she is unaware. Instead, it means that her brain contains specialized circuitry for social perception; that circuitry has constructed a model of her own mind; and that model contains the proposition “Betsy is aware of X.” If you ask her, “Are you aware of X?” then her machinery for social cognition examines the perceptual model of her mind and decides whether or not it includes the requested information.
  


  


  
    The study of consciousness, whether you are casually asking yourself about your own consciousness or performing formal experiments in a laboratory, comes down to signal detection. You decide whether or not there is a detectable amount of the “awareness” signal being generated by the brain circuits that normally compute it.
  


  


  
    
  


  Aura or information?


  


  
    Speculation 1 is one example of a general way to think about conscious awareness. In that general approach, awareness is caused by information processing. Not only does your mind contain information (there is a sandwich, there is a person, this object is red, that object is cold), but you are also aware of the information, in the sense that you have a subjective feeling that comes along with, or radiates from, or surrounds, the information. How the awareness is generated by the information is not known. This way of thinking distinguishes the information in your mind from the feeling of being aware of it. The information belongs to the concrete world of signals passing through a computer-like machine; the awareness belongs to the spirit world of subjective experience.
  


  


  
    Speculation 2 is an example of an entirely different general approach, in which awareness is itself a part of the information present in your mind. Just as your mind might contain the information “X is red,” or “X is tall,” so it can also contain the information “I am aware of X.”
  


  


  
    Logically speaking, the second approach must be correct. In the first approach, you can be as marvelously aware as you like, but if awareness itself is not information, then you would never be able to report on it. It would just hang out in never-never land doing nothing. The fact that you can look inside yourself, detect the presence of subjective experiences, and report that you have them, implies that the subjectiveness itself, the experienceness, is information to which your mind has access. When we talk about our own awareness we are by necessity talking only about awareness that is codable and accessible information that can flow through the system and result in speech.
  


  


  
    One of the underlying assumptions in brain science is that information in the mind is computed by neurons. If we are to have a brain-based model of the mind, we will need to hypothesize that just as neurons compute redness and brightness, cold, and 2+2=4, they must also compute the properties of awareness, intent, desire, goal, experience, feeling, consciousness. It turns out that there are areas of the brain that may specialize in computing exactly this type of information.
  


  


  


  


  
    Part 2
  


  


  
    Brain
  


  


  


  


  
    Chapter 6
  


  


  
    The basics of the brain
  


  


  
    In every chapter so far, I referred to the “circuitry for social perception.” Just as the circuitry for visual perception computes models of objects, complete with color, shape, and location in space—models that stand in for the reality around us—so the circuitry for social perception computes models of the brains around us, complete with intentionality, agenda, emotion, and awareness. The significance of this circuitry, in terms of the study of human consciousness, is that it is built to understand the concept of consciousness. When the brain is asked about its own awareness, its own intentionality, its own conscious experience, the circuitry for social perception is equipped to process those questions and compute the answers. Other circuits in the brain cannot even process the questions and therefore do not answer.
  


  


  
    But where are these circuits for social perception located in the brain? How do they make their computations?
  


  


  
    Very little of the brain is understood. What is known may fill shelves and hard-drives, but for all that, most of the brain is still a mystery. In the case of color perception, for example, the basic neural structures have been identified. The exact circuit diagram is not known—nobody can build a working model on a computer yet—but the essential pieces, from the light detectors in the eye to the color-sensitive neurons in visual cortex, have been mapped. There is no similar map for social perception. It is much less well understood, but is a hot current topic, perhaps the fastest-growing area of study in neuroscience.
  


  


  
    The present chapter provides a brief tutorial on the basics of the brain. Much of the tutorial is on the monkey brain, and specifically on the monkey visual system, since this is where the research on social neuroscience began.
  


  


  
    I teach a class at Princeton University on the fundamentals of neuroscience. The class is meant for students of all backgrounds. Some are intent on a career in neuroscience and come to the class with a sophisticated knowledge. Some are aspiring artists who want to know more about the perception of color and light, and come to the class with almost no neuroscientific knowledge. Some are politicians in the making who are curious about how brains react to other brains. My goal in the lectures is always to present the information clearly and accurately, so that students of all backgrounds can gain something. I will try to apply the same approach here. I will use as little technical jargon as possible. The goal of the chapter is to emphasize basic concepts, not details.
  


  


  
    
  


  Neurons make decisions


  


  
    The brain, like any other part of the body, is made of a great variety of cell types. Neurons are the main cells that process information. The human brain contains about one hundred billion neurons. (Ten years ago that number was a hazy abstraction. Now we all understand it as the number of dollars it takes to bail out a bank.)
  


  


  
    Each neuron has a cell body, sometimes just large enough to be seen with the naked eye as a speck. Extending from the cell body are long thin strands called axons and dendrites, the wires by which neurons communicate to each other. Some of these strands are microscopically short. Some are extremely long. For example, one type of neuron has its cell body in your back, just beside your spine. The cell has one long strand that extends to your foot and another strand that extends up to your brain. When you bang your toe, a signal is generated at the foot end of the strand and travels up to your brain along a single unbroken cellular wire. (In a giraffe, this type of cell is correspondingly gigantic.)
  


  


  
    Scientists can measure the activity of individual neurons in the brain. This is usually done by inserting a very fine wire that is coated in a plastic insulation. Only a small bit of metal (about twenty microns) is exposed at the tip of the wire. The back end of the wire sticks out of the brain and plugs into an amplifier. If there are any electrical signals in the brain near the tip of the probe, the signals will be measured and amplified, and you will hear them over a loudspeaker as crackles and pops. The method is used, for example, in people undergoing brain surgery when the surgeon wants to map out the brain before removing anything. The person’s head is stabilized in a special holder, the scalp and skull are opened under local anesthetic, and the electrode is inserted into the brain. Even though the person is wide awake, the electrode doesn’t hurt going into the brain—in fact the person can’t feel it at all—because there are no pain or touch receptors in the brain itself. The same general method is also used in animal experiments.
  


  


  
    When you do this type of experiment, you can pick up signals that come from individual neurons. These signals are brief pulses of electrical and chemical activity, usually generated in a neuron’s cell body, that are fired down the axon at a speed that can be as fast as 200 meters per second. The signals reach other neurons and other parts of the brain in a matter of milliseconds.
  


  


  
    Suppose that neuron 1 sends a signal to neuron 2. The signal travels down the long axon of neuron 1. At the last step, however, the neurons are separated by a small gap called a synapse. (The synapse is so small that it can be seen only with an electron microscope. It is about 20 nanometers wide.) The signal, reaching the end of neuron 1, triggers a puff of chemical that crosses the synapse and affects neuron 2. This chemical is called a neurotransmitter. There are dozens of different kinds of neurotransmitters in the brain, but they all serve this basic function of diffusing across the synapse from one neuron to another.
  


  


  
    If all neurons were connected in a simple way, then one signal in one neuron would soon spread, activating every other neuron in the brain in a mass spasm of signal something like an epileptic fit. Neurons are designed, however, to be extremely choosey about whether to send a signal or withhold a signal.
  


  


  
    The job of each neuron, in a sense, is to make a decision. Each neuron might receive chemical signals from thousands of other neurons around the brain. Some of the incoming signals are positive: they say, in effect, “Yes, generate your own signal.” Some are negative: they indicate, “No, don’t generate your own signal.” If the incoming signals are predominantly positive ones, then “yes” has it, and the neuron fires off its own signal. If the incoming signals are predominantly negative, then “no” has it, and the neuron withholds sending its own signal. The neuron essentially adds together its incoming signals as if they were yes and no votes, and based on the tally it decides what to do.
  


  


  
    A neuron can make this decision hundreds of times a second, firing off signals at a high rate like a machine gun if its inputs are consistently positive, or sending signals at a low rate, perhaps one signal every few seconds, if its positive and negative inputs are fluctuating around a balance point.
  


  


  
    There you have the essential story of the brain. Each neuron decides moment-by-moment whether to send an output signal by adding together its input signals. Complex computations are performed by neurons linked together into elaborate circuits. Most neuroscientists accept the hypothesis that the whole range of human thought, emotion, perception, memory, and action emerges from the interaction of these absurdly simple neuronal elements. (It is possible that other elements, such as glia cells, also play a role in information processing, but the role of these non-neuronal elements is not fully understood.)
  


  


  
    
  


  Divide and conquer in the visual system: Object, motion, space, action


  


  
    The human brain is organized very roughly into an outer shell called the cerebral cortex and a central, subcortical mass. Both are dense with neurons. The space between them is filled with fibers, cables connecting the subcortical brain to the cortex and connecting one part of the cortex with another. The subcortical brain was once thought to be more “primitive,” performing simple operations, whereas the cortex was thought to perform advanced or complex operations. That traditional view is still alive and kicking, even among neuroscientists. However, the cortex and the subcortical brain interact constantly in a dance that is largely not understood.
  


  


  
    Most sensory information—vision, touch, hearing, taste—arrives at the subcortical brain first, where it is processed to some degree and then passed up to the cortex. Information is also passed down from the cortex to the subcortex, but the purpose of this backflow is not well understood (a frequent refrain).
  


  


  
    The organization of the visual system is sketched in Diagram 6-1.
  


  


  
    Light enters the eye and is focused by a lens onto the back of the eyeball, on the retina. The light stimulates receptor cells in the retina, producing neuronal signals. These signals pass through a rich network of millions of neurons all within the retina, a circuit that computes some initial properties of wavelength and contrast. After this preprocessing, the retina sends its information via a bundle of nerve fibers to the brain. This cable, the optic nerve, connects mainly to a specific subcortical station.
  


  


  
    The main subcortical station for vision goes by the long jawbreaker name of the Dorsal Lateral Geniculate Nucleus. Although it has an impressive name, nobody knows what it does. It must be doing something. It can’t be just a relay station—like the place where you plug two extension cords together. It has a high density of neurons that must be computing something, but the exact functions are still unknown. This subcortical station sends its output signals to a specific area of the cortex at the back of the brain, the primary visual cortex.
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    Some parts of the visual system in the human brain. In this drawing, the brain has been split from front to back and the cut surface is shown.
  


  


  
    Diagram 6-1
  


  


  
    Diagram 6-2 shows a drawing of the side view of a monkey brain. Much of what is known about the visual system was first discovered in the monkey brain and turns out to be similar in the human brain. What you see is the cerebral cortex, the wrinkly shell of cells around the outside of the brain. The primary visual cortex, or V1 as it is often called, is at the back of the brain (the left side of the drawing). This view of the brain is difficult to study because so much of the surface of the cortex is hidden inside the folds and wrinkles.
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    This computer rendition of a monkey brain comes from the work of Van Essen and his colleagues. The front of the brain is at the right. The primary visual cortex is shown in black. Area STP, a possible site for the basics of social perception, is also shown in black.
  


  


  
    Diagram 6-2
  


  


  
    Diagram 6-3 shows the same cortex, but this time, using a computer graphics method, the wrinkled cortex has been stretched and flattened so that you can see everything including the cortex inside the folds.
  


  


  
    In addition to the primary visual cortex at the back of the brain, fifteen visual areas are shown, their borders outlined. Neuroscientists are not certain exactly how many visual areas a monkey has—whether some should be lumped together or further split apart—but this drawing gets across the basic organization. Each one of these visual areas processes the entire visual scene in some distinct manner. Together, they accomplish the job of seeing. This map of the visual cortex cost about fifty years, hundreds of laboratories, millions of scientist-hours. It is one of the great achievements of neuroscience. A similar map is now being constructed for the human brain.
  


  


  [image: 006]


  
    The computer graphics method of flattening the wrinkled cortex also comes from the work of Van Essen and his colleagues.This diagram shows fifteen possible cortical areas in the visual system of monkeys.
  


  


  
    Diagram 6-3
  


  


  
    At first sight, the mosaic of visual areas looks confusing, but some order can be made of it by applying two basic principles. These two principles were worked out by the scientists Ungerleider and Mishkin in 1982, and have formed the backbone of visual neuroscience ever since.
  


  


  
    
  


  Hierarchy


  


  
    The first principle is hierarchy. Primary visual cortex, or V1, is the first cortical area to receive visual signals. V1 processes those signals to some degree, and sends its output to V2. V2 processes the signals further, and sends its output to V3. And so on. Information about the visual scene cascades from the back of the brain forward, through ranks of visual areas, step by step becoming more highly processed.
  


  


  
    For example, neurons in V1, at the beginning of the process, have simple properties. These neurons become active in reaction to spots and short line segments, as if they were monitoring pixels and fragments of the visual world. An active neuron in V1, firing off signals at a high rate, might be shouting out, so to speak, “There’s a vertical line segment projected onto a particular part of the retina!” or something else of that specificity.
  


  


  
    Neurons in TE, at the very end of the process, have much more complex properties. They fire off signals in reaction to whole images like hands and faces, as if they were recognizing actual objects in the world. An active neuron in TE might be effectively shouting out to the rest of the brain, “There’s a human face in view!”
  


  


  
    Somewhere in the stages between V1 and TE, in the step-by-step circuitry, the complexity is built up. Once again, nobody knows how the circuitry computes these visual properties, but there are some increasingly sophisticated computer models, artificial circuit diagrams that may be drawing close to an answer.
  


  


  
    The hierarchy is not absolute. Nothing in the brain is simple. The highest stages of processing, such as TE, send signals back to previous stages, and the backflow is at least as strong as the forward flow of information. The exact reason for the backflow of information is not understood, although there are many reasonable guesses.
  


  


  
    
  


  Processing streams


  


  
    The second principle of organization is a division of the visual cortex into what are called processing streams. Originally Ungerleider and Mishkin proposed two processing streams, but now it looks as though there may be more. Recently, on the basis of a computer model of the monkey visual system, my students and I proposed that there are at least four streams, and therefore I will proceed in my description as though four is the correct number. Not everyone agrees on this particular number, but the general idea is the same in any case. The idea of processing streams is that vision is accomplished by a divide-and-conquer method. The overall task of vision is broken down into components including: 1. determining the shape and color of objects; 2. tracking the motion of objects; 3. pinpointing the spatial location of objects; and 4. using vision to guide action, such as in hand-eye coordination.
  


  


  
    Not all of the visual cortex is divided in this way. The initial stages in the hierarchy—V1, V2, and V3—process all aspects of vision. They seem to be performing basic preprocessing useful for any visual task. It is the higher stages of visual processing that are divided into separate categories of information.
  


  


  
    The stream at the bottom of the brain in Diagram 6-3 contains the cryptically named brain areas V4, TEO, and TE. These areas mainly process the shape and color of objects.
  


  


  
    The second stream from the bottom contains the brain areas MT, MST, and STP. These areas emphasize the motion of objects.
  


  


  
    The third stream contains the brain areas V3A, DP, and 7A. These areas seem to emphasize the spatial locations of objects.
  


  


  
    The stream at the top of the brain mainly coordinates vision and action. For example, it helps to guide eye movements when you are scanning a visual scene, and it helps to guide arm movements when you are reaching toward an object. It contains the brain areas V6, V6A, and IP.
  


  


  
    The crazy names for these areas emerged for historical reasons as a result of the work of many different labs with different naming preferences. In fact, most of these areas have more than one name. It has been said that neuroscientists would rather borrow each other’s toothbrushes than each other’s acronyms.
  


  


  
    The idea of separate processing streams, dedicated to different tasks in vision, is actually a terrible simplification and a convenient fiction. It helps neuroscientists keep track of the visual system, but the real brain is much more complex. For example, area MT is in the motion processing stream, and yet its neurons also carry some signals related to color. Area 7A is in the spatial-location stream, and yet its neurons also carry signals related to the motion of objects. The action stream carries a mixture of every kind of signal, including information about object shape, motion, and location. The mixing and swapping of information among the four streams is considerable.
  


  


  
    When the idea of separate visual streams was first proposed, scientists were faced with a puzzle. If the motion of objects is computed separately from the shape of objects, then how does the brain bind the right shape to the right motion? How does it know that the person is running to the left and the baseball is flying to the right, instead of vice versa? The “binding problem” occupied many minds. But it is now understood that motion and shape are not computed separately. The visual streams overlap and exchange so much information that the binding problem no longer seems like such a big deal.
  


  


  
    There is no sharp cutoff at the end of the visual system. Once information is processed in the highest levels of the visual cortex, of course it does not stop there. It is sent on, distributed to a range of brain structures related to memory, to decision making, to emotion, to muscle control. For example, area IP sends signals into the motor system. It contacts the brain structures that control eye and limb movement. Some of the structures beyond the visual system will come up again in later chapters, but for now we have enough background to proceed.
  


  


  


  


  
    Chapter 7
  


  


  
    The machinery for the perception of mind
  


  


  
    One approach in searching for the social circuitry in the brain is to start at the eye and work inward through the visual system. Much of what we perceive about other people, much of the raw data we use to reconstruct another person’s mind, comes through vision. We see someone’s face and read the facial expression. We see the eyes and deduce what that person is looking at and thinking about. We see the gestures and movement of limbs, the body language that reveals so much about the person’s inner state. All of these computations depend on vision. Therefore we should expect the visual system to flow into the circuitry for social perception. We might also expect the circuitry for social perception to have a back and forth, an inflow and outflow with the circuitry for language, since the conscious mind is obviously capable of understanding language and expressing itself verbally. What structures in the brain lie between vision and language, and are also expert at computing mental states? Areas TE and STP (see Diagram 6-3) are prime candidates.
  


  


  
    Social neuroscience began in the 1960s, when Gross and his colleagues studied neurons in area TE of monkeys. (Charlie Gross was my graduate advisor and is my longtime mentor and friend. I cut my teeth scientifically in the lab where social neuroscience began.) Area TE lies at the pinnacle, the highest hierarchical level, in the visual stream that processes object shape and color. Gross and colleagues discovered two especially interesting types of neurons: hand neurons and face neurons.
  


  


  
    A hand neuron fires off signals when the monkey looks at a hand or a picture of a hand. If the monkey looks at a picture of a leg or of an alligator, or if he closes his eyes, that neuron withholds signals. When the monkey opens his eyes and looks at a hand, the neuron begins to deliver signals again. The signals are sent on to other parts of the brain, in a sense telling the rest of the brain, “There’s a hand in view!”
  


  


  
    If the monkey looks at an obvious picture of a hand, then the hand neuron fires off signals at a high rate, shouting, “It’s a hand!” as often as fifty times a second. If the picture is ambiguous, the hand neuron fluctuates in its decision. It shouts out its signal less often. If the monkey is looking at a block of wood instead of a hand, the hand neuron shouts out its signal perhaps once every two or three seconds, hundreds of times less frequently than with an actual hand.
  


  


  
    Face neurons are similarly choosey. They become active when the monkey looks at a face, whether a monkey face, a human face, a profile, a frontal view, an actual person in front of the monkey, a photograph, or a line drawing. A face neuron might become more active in some of those conditions than others—a real face usually drives a bigger response than a mere drawing—but the preference for faces is consistent. Other, non-face images will generally cause only a weak response in the cell.
  


  


  
    Hands and faces appear to be special. There are no banana cells, or bird cells, or tree cells. No other category of object has its own dedicated class of neurons, at least that anyone has found thus far in monkeys. A generic machinery seems to be sufficient for processing and recognizing the vast majority of visual images, whereas hands and faces are evidently so important that they require their own, dedicated population of neurons. (The scientist Kanwisher and her colleagues found the corresponding region in the human brain that emphasizes faces.)
  


  


  
    It is easy to understand why faces require a specialized machinery. Not only are faces extremely important for social communication, but they are also extremely similar to each other. One face is almost identical to the next. Suppose you had a hundred heads of lettuce in front of you, laid out on the ground. Would you be able to recognize them individually so that, at a glance, within a fraction of a second, you would know without doubt that you were looking at Lot 56, #3, the lettuce head, instead of any of the other ninety-nine? If you think heads of lettuce are much too similar for any chance of success, consider just how different they really are in size, shape, rottenness, the exact pattern of the outer leaves—there is more visual variety in a hundred heads of lettuce than in a hundred faces. But we can recognize faces, even thousands of them, with so little effort that we take the skill for granted. We almost certainly owe our astonishing ability to the presence of a dedicated population of face cells whose job it is to perform this task.
  


  


  
    It is less obvious why monkeys and humans need hand cells. One possibility is that hand cells have a similar social importance. We certainly look at each other’s hands in order to judge each other’s gestures and intentions. It may also be that we primates spend so much time manipulating objects, looking at our own hands, that our visual systems have become hand experts simply through overexposure.
  


  


  
    
  


  Biological motion


  


  
    After discovering hand and face cells, Gross and colleagues began to study an area of the cortex next to TE that they named STP. (The name stands for the Superior Temporal Polysensory area, referring to its location in the brain and its properties. It is shown on Diagram 6-3.) Here, they found a bewildering range of cells. Some were face cells, just as in TE. Some were sensitive to motion, especially to the motion of an object looming at the monkey, invading its personal space. Some cells were sensitive to touch on the monkey’s fur, or to sounds nearby in the room. STP was definitely not exclusively visual.
  


  


  
    Among the strange cells they found in STP, one type of neuron became active when the monkey looked at a person walking. The cells were sensitive to “biological motion.” They were prowl cells. A person wheeled past on a cart was no good; nor was a person walking in a baggy gown. A specific biological motion of limbs triggered this type of neuron. Other biological motion cells seemed to be sensitive to other kinds of limb movements.
  


  


  
    Our ability to recognize biological motion is another example of an overlooked skill. We are so good at it, and it comes so automatically, that we take it for granted. But we are good at it because, like monkeys, we have an elaborate brain mechanism dedicated to the task. The importance of biological motion was demonstrated particularly beautifully by Johansson. He fixed small lights on the limbs and bodies of dancers, put the dancers in a dark room, and filmed them walking, running, dancing, riding bicycles, and so on. He then showed the films to other people. The result was sensational. There is something about the biological prowl of human limbs that we instantly recognize. On the basis of a few points of light wiggling around a screen, any normal person can say, “That’s easy, that’s a person running,” or, “That’s a person riding a bicycle,” or even, “That’s two people dancing, swirling around each other.” But if the film is played upside down, the response is likely to be, “That’s a bunch of lights jiggling randomly.” Our detectors for biological motion are evidently so expert that a few points of light, moving in the right way, evokes in our minds an instantaneous perception of a body. The gestures, the intent, the meaning of the movements all appear obvious.
  


  


  
    One can guess that this machinery evolved early and is probably shared by a great range of species. For example, an antelope sees a lion. By the exact prowl of the lion’s limb, by its body language, the antelope can sense whether the lion is hunting or just passing by. Even in this simple example, the antelope is computing something about the inner state of the lion in order to predict its behavior. Perceiving biological motion is fundamentally about constructing a perceptual model of another intentional agent.
  


  


  
    Another socially relevant type of neuron in area STP, the gaze neuron, was discovered by Perrett and his colleagues. (Perrett is known to give scientific lectures while wearing neon hair and a superhero outfit.) Gaze cells are sensitive to the direction of someone else’s gaze. If you show a picture of a pair of eyes to a monkey, the gaze neurons will become active depending on whether those eyes are looking to the right or left. Some gaze neurons signal one direction of gaze, some signal another direction. Monitoring someone else’s gaze is at the heart of social perception. It allows us to guess at whether someone is listening to us, noticing us, attending to that other person or that passing car, aware of this or that object. If the eyes are the windows to the soul, then a neuronal machine for monitoring gaze direction goes a long way toward computing a model of someone else’s soul.
  


  


  
    Some of the other properties of STP, less thoroughly studied, may also play into the same story of social perception. For example, many neurons in STP respond to an object looming in toward the body, invading the monkey’s personal space. Nothing works so well to activate these cells as a person looming toward the monkey’s face.
  


  


  
    Personal space plays a large role in the social behavior of monkeys and humans. In the 1950s, Hediger, a naturalist and zoo curator, studied personal space by observing the behavior of a range of animal species. In the 1960s, Hall extended the work to human interaction. Hall observed that humans are exquisitely sensitive to interpersonal spacing. We maintain a margin of safety around us (the size of a comfortable margin of safety varies from culture to culture) and we judge other people’s mood and aggression partly by how they respect or violate that margin of safety. The looming-sensitive neurons discovered in STP could plausibly be part of the underlying mechanism for assessing personal space.
  


  


  
    The brain’s special sensitivity to objects looming into personal space may seem like an esoteric topic—I suppose it is—but I have a special interest in it, having published half a dozen technical reports on it. The brain contains several areas, cortical and subcortical, that seem to play a role in detecting looming stimuli and in controlling defensive behavior such as ducking and flinching. Some of these areas are probably part of basic, essential reflex loops meant to protect the body. I have always thought, however, that the looming-sensitive neurons in STP must play a special role in social interaction. They seem to be especially sensitive to the movement and location of people and animals rather than of inanimate objects.
  


  


  
    Faces, gestures, limb movements, the direction of someone else’s gaze, the looming of nearby bodies—all of these form the raw material for social perception. At some point in the evolution of the brain, the streams for analyzing object motion, object shape, and object location must have fused at the highest level and formed area STP, a specialist in social signals. The particular neuron types that have been discovered so far are presumably only the most obvious, the most easily demonstrated in a monkey. The presumption is that STP must be chock-full of neurons that process the subtleties of social perception.
  


  


  
    
  


  Social perception and social cognition


  


  
    Monkeys and humans are both experts at social perception, and both have the brain area STP that seems to perform some of the necessary computations. (In humans, the cortical area is sometimes called STS. I will call it STP for consistency.) Humans, however, are much better than monkeys at social cognition. Does STP perform social cognition in humans?
  


  


  
    I described social cognition in Chapter 2. A particularly clear example of social cognition is the theory-of-mind task. In that task, you are told a story and asked a question. Sally puts a sandwich in the refrigerator; when she’s not looking, Anne hides it in the freezer; where will Sally look for her sandwich? To answer the question, you must use some basic social cognition. You must analyze the events from Sally’s point of view. As far as she knows, the sandwich is still in the refrigerator, and therefore that is where she will look. Solving this task requires some theorizing about the inside of Sally’s mind.
  


  


  
    When a person is placed in a brain scanner and asked to solve the theory-of-mind task, area STP and some surrounding cortical areas show an elevated activity. In humans, therefore, STP is not solely involved in basic social perception, but is also involved in more complex tasks of social cognition. A possible network of areas involved in social perception and cognition is currently being explored. This network includes STP, a nearby cortical area called TPJ, an area in the front of the brain called the medial prefrontal cortex, and several subcortical structures. Whether these areas are exclusively dedicated to social cognition, or serve a range of other functions, is not yet clear.
  


  


  
    Are these areas, that are involved in social intelligence, also important in creating our own conscious awareness? The following sections describe several hints that this efficiency of function may be the case. The social circuitry—the mechanism that constructs models of other people’s minds, of other people’s awareness and intentions—may indeed double as the circuitry that constructs our own personal perceptions of awareness and intent. This circuitry may lie at the heart of human consciousness.
  


  


  
    
  


  Conscious and non-conscious vision


  


  
    Of all the visual signals that flow through the enormously complex cortical visual system, we are consciously aware of some signals and not others. We are generally conscious of object shape, object motion, and object location. But we are peculiarly unaware of the processing in the action stream. If someone throws a rock at you, for example, you duck reflexively long before you are aware of the rock.
  


  


  
    The view that the action stream is nonconscious, whereas the other visual streams feed into consciousness, was first suggested by Goodale in the 1990s. He studied people who had damage to the visual cortex caused by strokes, carbon monoxide poisoning, or other accidents. (Part of the study of the brain, unfortunately, is a somewhat grim search for people with disabilities.) One patient had no conscious awareness of the shape of objects. She could not report whether an object was a square, a circle, or an oblong, even when it was directly in front of her and she was looking at it. But when asked to reach out and pick up the object, her hand correctly shaped to grasp the object. Her action stream “knew” about the object’s shape, and used that knowledge to put her fingers in the right positions as her hand approached the object, but that information was not available for conscious report.
  


  


  
    The pattern of results found by Goodale suggests that the action stream can function independently of consciousness. Any consciousness circuitry, if such a thing exists, receives signals flowing out of the lower streams but evidently not as much out of the action stream. This finding could be said to be the first clue, the initial hint that the social regions of the brain may be important in conscious awareness. Area STP is unique in the lower streams in that it receives and combines signals from all of them. It stands at an apex in the processing of object location, object motion, and object shape, receiving the types of visual signals that normally reach our consciousness.
  


  


  
    
  


  Spatial Neglect


  


  
    One of the strangest syndromes that occurs with brain damage in humans is called spatial neglect. Neglect usually occurs with damage to the right side of the brain, often caused by a stroke. For weeks after the stroke, sometimes much longer, the patient has no awareness of the left side of space. The loss of awareness is profound and complete. A patient will deny the existence of anything to his left. He will even deny the presence of empty space to his left. He can see objects on his left in a mechanical sense - he might flinch when an object is about to hit him from that direction - but he will deny any conscious awareness of it. He may draw a clock with the numbers crushed into the right side of the dial. He may eat everything on the right side of his plate and leave the rest untouched. He might even shave the right side of his face and think he’s done. The patient typically does not acknowledge any peculiarity in his behavior. This lack of insight is not surprising, given the symptoms. Awareness of his mistake is impossible because all awareness of the left side of space is gone.
  


  


  
    Although neglect has been studied for more than half a century, the exact location of the damage in the brain that causes neglect is not yet absolutely certain. One reason for the uncertainty is that strokes tend to damage large, messy areas of the brain. Even if a patient with spatial neglect is scanned in an MRI, and the damaged area is mapped precisely, it is never clear where in that large dead region lies the critical tissue related to neglect. A second reason why neglect is difficult to pinpoint is that the syndrome itself may come in several varieties tied to different brain areas.
  


  


  
    Yet careful, modern studies of neglect (the work of neuroscientist Vallar and his colleagues comes to mind), comparing the damaged brain areas in many people and attempting to find the smallest region of overlap, have honed in on a region of the brain that may be an epicenter of neglect: Area TPJ on the right side of the brain. (In Figure 6-3 of the monkey brain, the corresponding area may lie roughly in the angle between 7A and STP. Area TPJ has not been extensively studied in monkeys.) In the human brain, according to the scientists Saxe and Kanwisher, TPJ especially on the right side of the brain is consistently active when people engage in social cognition—in reconstructing the contents of other people’s minds.
  


  


  
    Is TPJ involved in an awareness of space and of the objects arrayed around the body, as suggested by the experiments on spatial neglect? Or is TPJ involved in perceiving the mind-states of other people, as suggested by the experiments on social perception and cognition? For that matter, recalling Blanke’s experiments that I mentioned in Chapter 4, why does electrical stimulation of TPJ disrupt your self-model, sometimes resulting in the misperception that your own conscious mind is hovering in a place outside your body? The bizarre disconnect between these seemingly unrelated symptoms and functions has led to a certain amount of controversy. Scientists love a good fight. One possible resolution to the fight is that the functions are deeply connected. The same machine in your brain that constructs a perceptual model of other people’s minds, of the contents of other people’s awareness, may be necessary to compute a perceptual model of your own mind including the contents of your own awareness.
  


  


  
    Spatial neglect is often described as a problem of paying attention to the left side of space. Yet I have described it here as a loss of awareness of the left side of space. What is the relationship between awareness and attention? A great deal is now known about visual attention, about the neuronal machinery that underlies it. A beautifully simple framework called “biased competition” was worked out by a group of scientists led by the neuroscientist Desimone. (Desimone is my big brother, scientifically speaking—he grew up in the same Princeton lab that I did, but ten years earlier.) In this framework, visual signals are in constant competition in the visual system. Suppose I am scanning a crowd for a friend. Should I concentrate first on the face in front of me or the one to my right? The visual stimuli compete within my visual cortex, each one struggling to gain the upper hand and quash the processing of other stimuli. This competition is biased by a range of incoming signals. If I choose to look to my right, that motor plan may provide a bias, causing the visual stimuli on my right to win the competition. If an object suddenly lunges at me, the salience of the stimulus will bias the competition in its favor and cause that signal to win. If I choose to look for a face with a red cap, that choice will bias the competition toward some visual stimuli and against others. Essentially, when I attend to a particular visual stimulus, one visual signal has won the competition and is processed to the partial exclusion of other signals that have lost the competition.
  


  


  
    In this framework for understanding visual attention, there really is no “attention area” of the brain, no area that when damaged would cause a loss of attentional control. It is therefore not really correct to think of spatial neglect as a loss of the attention center for the left side of space. However, if cortical areas for social perception compute the property of awareness and attach that property to specific items, computing in effect “I am aware of X, I am aware of Y,” then this awareness signal presumably serves as a powerful biasing signal in the attentional competition. Damage the machinery for assigning awareness to anything on the left side of space, and you tilt the attentional competition hugely against the left side of space. Stimuli on the left side of space lose the competition and are minimally processed. In this view, the primary deficit in spatial neglect is a loss of awareness, a property computed by the social machinery; a consequence is a loss of attention.
  


  


  
    
  


  Language


  


  
    Any circuitry in the brain that gives rise to consciousness must be closely related to the circuitry for language. Many computations in the brain are opaque to consciousness, but language is relatively available to consciousness. Moreover, whatever in the brain is conscious, it can understand when spoken to, and it can report on itself through language. Therefore we might look for a brain area that combines expertise at social perception with a close connection to language structures.
  


  


  
    The answer again is STP and TPJ. In humans, these areas in the left hemisphere of the brain lie directly beside the large cortical area involved in language comprehension. Language is an outgrowth of social interaction, a refinement of sending and receiving hints about mental states. The close proximity between the circuitry for social perception and for language therefore makes some engineering sense. Structures that need to interact are placed next to each other. In one speculation, through millions of years of human evolution, the social perceptual region on the left side of the brain expanded and part of it turned into the language comprehension area.
  


  


  
    
  


  The automaton


  


  
    What would happen if all areas that underlie social perception were completely destroyed on both sides of the brain? Presuming the patient still retained the ability to speak and understand language, what functions would remain? (No such patients have been reported, and I sincerely hope none ever are.)
  


  


  
    Doctor: “What is your name?”
  


  


  
    Patient: “Bill.”
  


  


  
    Doctor: “Are you conscious?”
  


  


  
    Patient: “I’m sitting in a chair.”
  


  


  
    Doctor: “Being conscious means that you are aware. Are you aware of sitting in the chair?”
  


  


  
    Patient: “I’m sitting in it.”
  


  


  
    Doctor: “Am I aware of you?”
  


  


  
    Patient: “You’re sitting in another chair.”
  


  


  
    Doctor: “Aren’t I looking directly at you?”
  


  


  
    Patient: “The black dots in the white circles are called eyes.” (Because of the damage to STP, Bill has lost the ability to detect the direction of someone’s gaze.)
  


  


  
    Doctor: “Some things are conscious and some things are not. Is the chair aware of you?”
  


  


  
    Patient: “The chair is under me.”
  


  


  
    Doctor: “Do you know what awareness means?” Patient: “It’s in Webster’s dictionary.”
  


  


  
    Doctor: “But surely you experience qualia. Does the color red feel different to you than green?”
  


  


  
    Patient: “That shirt is red. That plant is green.”
  


  


  
    Is Bill conscious or not? Most people would probably perceive him as conscious, because we are constructed to perceive consciousness in objects that act and talk. If some people have such over-sensitive perceptual machinery that they perceive consciousness in a house-plant, then most of us would probably perceive consciousness in Bill, who is considerably more mentally lively than a plant. But Bill would be unable to perceive consciousness in himself or in others, or even to understand the concept of consciousness, because his perceptual machinery that constructs that model is gone.
  


  


  
    Is Bill an automaton? Philosophy has adopted the idea of an automaton, a hypothetical thing that looks and acts like a person but lacks an inner consciousness. If you meet an automaton, you may require a little time, a conversation or a careful study, before you realize that its soul is empty. Perhaps it is so cleverly put together that you never discover it lacks consciousness. When we try to imagine an automaton, what it might be like, what properties it may have and may lack, we tend to focus on features like biological motion (an automaton should move stiffly and mechanically), the direction of gaze (an automaton should have trouble shifting its gaze in a fluid fashion), and facial expressions (an automaton should have a stiff, unemotional face). These are the features we normally use to construct a model of someone else’s mind. Area STP is filled with cells that detect biological motion, gaze, and facial expression. Therefore, when we try to imagine an automaton, we tend to imagine something that lacks those features. It is not surprising or coincidental that the same deficiencies are typical of Hollywood robots. The Terminator moves stiffly instead of biologically, shifts its gaze in a mechanical manner that often includes turning the entire head, and has an immobile face. These properties are of course meant to connote a machine that lacks a normal human soul.
  


  


  
    In Bill’s case, perhaps the loss of his social machinery causes some impairment in biological motion, in eye contact, or in facial nuance. Perhaps he does seem a bit stiff or robotic. Perhaps not. But whether he seems to us like an automaton misses the point. Bill has a much deeper problem. He is unable to perceive consciousness in himself or in others. I am not certain that he is really an automaton in the traditional sense. If you could surgically excise consciousness from a person, the person would probably act more like Bill (unable to understand the concept of awareness) than like the traditional, hypothetical automaton (stiff, robotic and unemotional).
  


  


  
    Autism is considered to be at least partly a disability of the normal social machinery. Does that mean that autistic people have no consciousness? I think the answer is clear. Autistic people are conscious. Autism is not all-or-nothing. Probably nobody, not even the most severely autistic patient, is totally lacking social perception. Few people if any would measure up to the pure case of Bill, the hypothetical patient described above. (Occasionally people who know me claim that I’m somewhere on the autistic spectrum, which may or may not be a valid observation. In any case, I think I’m conscious.)
  


  


  
    For my own money, on the evidence so far, I would guess that STP and TPJ are critical players in building perceptual models of other minds, part of the circuitry that perceives awareness, intentionality, and consciousness in others and in ourselves, part of the brain system that has the expertise to report being conscious when asked. Losing these brain areas would probably cause a major impairment in all of those functions. But I think STP and TPJ are likely to work in tandem with far-flung areas around the brain. My guess is that the consciousness circuitry does not have a hard border, but grades off in a fuzzy manner at the edges.
  


  


  
    
  


  A ray gun to the soul


  


  
    Leave it to a scientist to do something monumentally stupid like shooting his own soul with a disruptor ray to prove a point. I am in the process of setting up an experiment that resembles a look-mom-no-hands moment. In a nutshell, I intend to map the parts of my own brain most responsible for perceiving other people’s awareness. I will do this by lying in an MRI scanner while performing tasks related to social perception. Once the relevant, active brain areas are pinpointed, I intend to disrupt them using an electromagnetic device. The device (called a Transcranial Magnetic Stimulator) passes a signal through the skull and disrupts the function of the brain tissue just under the bone. The disruption is generally accepted to be temporary—otherwise I wouldn’t do the experiment. (In my particular case, however, if I accidentally destroyed my circuitry for social intelligence probably nobody would notice the difference anyway.) Will I experience an awareness lapse? Will I fade back in and realize that I was gone for a moment? The experiment is about personal experience and self-report. It depends on testimonial rather than on any direct measurement. It is therefore probably not publishable in a scientific journal. But I still think the results will be interesting.
  


  


  


  


  
    Chapter 8
  


  


  
    Mirror neurons
  


  


  
    When somebody near you smiles, you tend to smile. When somebody else yawns, you tend to yawn. When somebody leans back and crosses his hands behind his head, after a while three or four people around the room begin doing the same thing, largely unaware that they are imitating. Even when you do not overtly imitate someone else’s gesture, a part of your motor circuitry is probably rehearsing the act. Our motor systems mirror almost everything that we watch other people do. One of the most influential recent hypotheses about social perception is that we understand other people’s behavior by imitating it, though the imitation is usually a mental one and not an explicit, physical mimicry.
  


  


  
    This idea that people use imitation to understand each other was first proposed about fifty years ago by Liberman to explain how we understand speech. Human speech is fast and sometimes not enunciated very clearly. For example, the sounds of “b” and “d” are similar, yet to us they seem categorically different. How are we able to distinguish the sounds so effectively? Liberman proposed that we sub-vocally imitate. My neuronal machinery for speaking takes a try at a “b,” producing the right muscle output subtly and under my breath, and I decide whether the result matches the sound I heard. Everyone is aware of using this type of imitation from time to time in order to understand blurry speech. Liberman proposed that we do it unconsciously, all the time, and that it plays a fundamental role in our ability to correctly perceive speech sounds.
  


  


  
    This proposal, that we use imitation to understand each other, gained little traction for about thirty years. Then in the early 1990s, a new type of neuron was described in the motor cortex that seemed to confirm Liberman’s general idea.
  


  


  
    Rizzolatti and his colleagues in Italy were studying the monkey motor cortex, trying to understand the control of movement. They found a population of neurons that helped to control grasp. This region of motor cortex in the monkey brain is shown in Diagram 8-1 as the right-most shaded area.
  


  


  
    It is easy to understand how a neuron might control a muscle. When the neuron becomes active, it sends signals to a particular muscle, and that muscle contracts.
  


  


  
    It is also easy to understand how a neuron might control a dozen muscles. When that neuron becomes active, it sends signals to a dozen other neurons. Each of those in turn sends signals to a specific muscle.
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    Diagram 8-1
  


  


  
    The grasp neurons described by Rizzolatti, however, seemed to operate at an even higher level of complexity. The grasp neurons were like generals sending commands to entire circuits of neurons, which in turn controlled muscles of the hand. When a grasp neuron became active, the monkey would reach out and pick something up. Different grasp neurons corresponded to different kinds of grasp. When one type of grasp neuron became active, the monkey might pick up a peanut carefully between forefinger and thumb in a precision grip. When a different type of grasp neuron became active, the monkey might pick up the peanut in a fist with all five fingers. A library of complicated, coordinated grasps was apparently stored in this particular area of the motor cortex, triggered by the activity of one or another set of neurons. Neurons of this type are sometimes called command cells—cells that command a fully coordinated, complicated piece of behavior.
  


  


  
    The grasp cells, by themselves, were already an important discovery. Then Rizzolatti and his colleagues noticed a strange new property while they were studying a grasp neuron in a monkey. At some point during the experiment, the human experimenter picked up a small piece of food to place it within reach of the monkey. As the experimenter grasped the food, and as the monkey watched the experimenter, the monkey’s own grasp neuron became active. The neuron was just as active watching someone else grasp as it was when the monkey himself grasped. In essence, the neuron was shouting out the signal, “A grasp is occurring!”
  


  


  
    One way to interpret this neuron is that it was a motor control neuron, normally involved in controlling grasp. When the monkey saw somebody else make a grasping movement, the monkey mentally imitated the same act, and this neuron participated in the mental mimicry.
  


  


  
    Rizzolatti and his colleagues named this type of neuron a “mirror neuron”—a neuron that responds whether a specific action is performed by the monkey or observed by the monkey. Some mirror neurons represent a precision grip, some represent a whole-hand grip, some represent the act of tearing a piece of paper in half, and so on. A wide range of actions related to the hands have corresponding mirror neurons in this particular region of the monkey motor cortex. Mirror neurons were then discovered in a second region of the monkey brain, also shown in Diagram 8-1. These two mirror neuron areas are directly connected to each other, sending signals back and forth, forming a larger system for mirror neurons.
  


  


  
    After the discovery in monkeys, mirror neurons were found in the human brain. Strictly speaking, nobody has studied the individual mirror neurons in the human brain, although technically the experiment is possible. It would require inserting an electrode into the human motor cortex and measuring the activity of individual neurons. If a person were about to undergo brain surgery in that area of the cortex, and electrodes were going to be used for medical reasons, then the experiment would be ethical. However, it seems that relatively few brain surgeries involve the motor cortex. Instead, the less precise but much pleasanter method of brain scanning has been used. Volunteers are placed in a brain scanner, and general regions of brain activity are measured noninvasively through the skull. Roughly the same area of cortex becomes active whether the participant grasps a peanut or watches a video of someone else grasping a peanut. The mirror neuron system exists in humans just as it does in monkeys.
  


  


  
    Mirror neurons have become one of the hottest industries in current neuroscience. But what exactly is the contribution? What insight have we gained by the discovery of mirror neurons? The debated question used to be: do people constantly mentally mimic the actions (particularly speech) of other people? Lacking any way to spy into the mind, and therefore lacking any evidence, the consensus answer used to be: probably not. When Rizzolatti discovered mirror neurons, he found himself spying in on the brain’s act of mental, sub-threshold, subtle imitation. Mental imitation exists. It is now generally accepted that our motor systems rev up, mentally rehearsing pretty much every action that we watch another person performing. Mental imitation is the norm, not the exception, for monkeys and humans.
  


  


  
    The idea of mental imitation is now being pushed beyond the simple case of grasping a peanut or ripping a piece of paper. Here are a few examples.
  


  


  
    You watch someone accidentally walk into a tree. What do you do? You grimace, squint, suck in your breath, duck your head, and put your hand up to your face. You produce the defensive actions that you expect the other person to produce.
  


  


  
    You see someone smiling—a real, genuine, warm smile. Not only do you tend to smile, but you actually feel a little bit happier. You are imitating not only the motor act, but the emotional state that you perceive in the other person.
  


  


  
    You watch a public speech. The speaker drops his notes and makes a horrible mess of the delivery. You do more than merely note the errors. You actually feel a tinge of embarrassment. You are experiencing the emotional state that seems appropriate for the speaker.
  


  


  
    You watch your favorite boxer punch out an opponent on TV. You find yourself making small but emphatic boxing motions and grunts.
  


  


  
    You watch someone eating a hamburger—you feel hungry. The sight of the hamburger itself probably contributes, but the sight of someone greedily devouring it adds to your own craving.
  


  


  
    You have a conversation with an outgoing, friendly person—for the rest of the day you feel jazzed and have a glow of sociability about you.
  


  


  
    Mirror neurons in a small spot in the motor cortex are just the beginning. They hardly scratch the surface. When you watch another person, vast tracts of your brain are set in action, recreating the mental state of that person. It is as if you are putting yourself in the place of the other person, revving up your motor circuits, your emotional circuits, your decision circuits, not strongly enough to force you to imitate in lock step with the other person, but enough to give you a flavor of the other person’s mind—and to subtly bias you toward behaving in a similar way. In mental imitation, your brain is mirroring other brains.
  


  


  
    The idea that Brain A understands Brain B by mirroring the state of Brain B has been hailed as a fundamental breakthrough. Some theoreticians have said, in effect, problem solved. I can figure out your emotional state because I mimic it. I can understand your gestures because I imagine making the same gestures. Logically, however, this explanation can’t possibly be the whole story. Before Brain A can mirror the state of Brain B, it needs to know what state to mirror. We are left with the same question: how does Brain A know the state of Brain B? Brain A needs a mechanism that generates hypotheses about the state of Brain B.
  


  


  
    Here is how I envision the process. Let’s say you’re happy. I observe you; my visual system processes the image; my area TE and STP (and probably some other brain structures that I will come to in the next chapter) compute properties of your face; my machinery for social perception hypothesizes that you are happy. That machinery then pings my own happiness mechanism. It may be that sending the hypothesis to my happiness mechanism is a way to enhance the hypothesis, to generate a rich set of details, to better capture the associations and implications of happiness. In this way I gain a more nuanced model of the state of your mind. My core machinery for social perception generates the hypothesis; the rest of my brain enhances the hypothesis.
  


  


  
    As another example, suppose I watch John reach out and pick up a penny from the table top. My visual system processes the input, and my biological-motion neurons in area STP become active. But does STP have a complete model of this biological action? Maybe it has computed the general trajectory and purpose of the act, but how can it check the details? STP sends its model, its reconstruction of John’s action, to the motor circuitry. STP says, in effect, “Motor circuitry, since you’re an expert at movement control, run this initial hypothesis through your machinery and send me back the result. How would you do it, if you had to perform this action?” The mirror neurons run the simulation, compute some of the motoric details, and send information back. Now STP has available to it a much more finely nuanced, computationally complete description of John’s act. Not only does STP know that John is reaching out to pick up a penny, but the particular shape of his hand is explainable. The particular way he flattens his fingers, slides the penny to the edge of the table, and pinches it between finger and thumb as it slides off the edge, all of these nuances become available. By recruiting the expertise of motor circuitry, STP gains computational power, and I gain a perceptual model of John’s behavior that is all the more detailed and accurate. The mirroring, the use of my motor system to mentally imitate, is a tool that is used to help enrich and refine my understanding of John’s action.
  


  


  
    Like a spider at the center of a web, the core circuitry for social perception (perhaps mainly STP, perhaps including other brain areas) generates hypotheses and sends pings to the rest of the brain—to the motor brain, to the memory brain, to the emotional brain, to the vocal brain—receives feedback, asks whether this or that computed property makes sense, receives confirmation, asks for further details, probes for consistency, tests for resonance, and in this way builds a rich model of the other person’s mental state. We use the idiosyncrasies of our own brains to construct a model of another mind.
  


  


  
    If this is the correct general description of how the brain constructs a model of another mind, then perhaps it explains why we tend to perceive other people through the filter of our own selves. We judge other people to have the same motivations and foibles. A trustworthy person tends to trust others because, in building models of other people’s minds, he relies on the quirks of his own mind. An untrustworthy person tends to suspect that everyone is cheating him. A happy person assumes that other people are happy. A person with a grotesque sense of humor assumes, annoyingly, that everyone else shares the same sense of humor. The same mechanism might explain why angry people, in their religious moments, when their perceptual machinery constructs a model of God’s mind, tend to perceive God to be a force of furious punishment, and generous people perceive God to be a source of generosity and love. Certainly the Hellenic Greeks saw their gods as mirrors of their own human foibles, appetites, and decencies. In the mirror hypothesis, the minds that we perceive around us are constructed out of the raw materials of our own brains.
  


  


  


  


  
    Chapter 9
  


  


  
    Down the rabbit hole: Emotion in the depths of the brain
  


  


  
    Imagine that somebody with dubious intentions has implanted half a dozen electrodes into your brain. By passing electric current down one or another electrode the evildoer can manipulate your emotions, making you furious, or sad, or hungry, or sexually aroused, or frightened, switching from one emotion to another instantaneously with the press of a button. Technically this Frankensteinian experiment is possible, although it would not pass a modern ethics review. The owner of the button box could control you remotely.
  


  


  
    At the base of the brain lies a small nucleus, dense with neurons, called the hypothalamus. The emotions are on tap in the hypothalamus. The emotional content of the hypothalamus was discovered in the 1950s in rats, and experiments over subsequent decades and in many labs revealed an entire repertoire of emotional states. The hypothalamus is a primitive structure in the strict evolutionary sense; it is shared by so many branches of the mammalian tree that it probably was present in an ancestral animal. Rats, cats, dogs, monkeys, people—we all share a similar neuronal architecture that supports our emotions and therefore we probably have similar emotional experiences.
  


  


  
    For example, stimulation in one part of the hypothalamus causes a rat to eat, as if the animal is experiencing hunger. As long as the stimulating current is left on, for minutes at a time, the animal stuffs its face with the nearest food. As soon as the stimulating current stops, the animal spits out the food, drops the pellet it is holding, and shows every sign of being full. Turn the current back on, and the eating starts again. This nucleus was a target of great interest in the 1960s, when scientists tried to identify it in humans and destroy it as a way to reduce the hunger drive and treat obesity. The experiments were of limited success. The ethics of so-called psychosurgery, mucking with the brain to change a person’s behavior, are dubious to say the least, and this type of manipulation is no longer legal.
  


  


  
    Stimulation of another location in the hypothalamus, just beside the hunger nucleus, causes the animal to mate with anything nearby that looks alive. This experiment has been tried in a range of animals including mice, rats, and monkeys, with similar results. Sexual arousal is controlled by this specific location in the hypothalamus.
  


  


  
    Stimulation of a third location in the hypothalamus with an electrode causes an animal to go into a rage—a pure killing rage—shrieking and biting. This stimulation-evoked rage is termed “sham rage,” but there is nothing sham about it, other than the strange fact that it starts and stops instantaneously with the stimulating current. In theory, if you had an electrode in your own rage nucleus and could turn it on and off at will, you might be able to use it strategically on the football gridiron, or in a boxing ring, as a technologically advanced form of doping.
  


  


  
    Another location makes the animal act in a nurturing way, like a mother taking care of babies.
  


  


  
    Another location produces a paralyzing fear.
  


  


  
    I am a little hesitant to admit it, but in my own lab we have confirmed the presence of the sex nucleus in humans by placing a volunteer (me) in an MRI brain scanner. We showed the volunteer some pictures of scantily clad women, and were able to find a focused spot of activity about 2 millimeters wide in the expected sex nucleus of the hypothalamus. We are in the process of mapping out the emotion nuclei in humans, and so far the nucleus for sexual arousal has the strongest signal and is the easiest to map.
  


  


  
    Each one of these emotion nuclei is a mass of thousands of neurons and is about 2 millimeters wide. The emotion nuclei are packed together in the hypothalamus like peas in a sack. If they were strictly separate from each other, we would probably be emotionally simpler creatures. But as with any adjacent parts of the brain, there is some blurring at the boundaries and probably cross-wiring among the emotional nuclei. I often wonder if this crosstalk is a type of synesthesia or bleeding of one sense into another. Perhaps some of our stranger and darker emotional mixing comes from faulty wiring among these nuclei due to their tight packing. Why else would some people find eating to be sexually arousing? What is the adaptive value of such a strange connection? My speculation is that it has no adaptive value at all, and is a consequence of a wiring error between the nearby hunger and sex nuclei.
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    The emotional rabbit hole. A highly simplified diagram of one hemisphere showing the cerebral cortex projecting to the amygdala, which in turn projects to the emotion nuclei of the hypothalamus.
  


  


  
    

  


  
    Diagram 9-1
  


  


  
    Each emotion nucleus sends signals widely around the brain and body. It is presumably this wide-ranging connectivity that creates the emotional state. For example, the hunger nucleus sends output that ultimately affects the gut, the salivary glands, and the cerebral cortex, coordinating the state of hunger. The cerebral cortex in turn sends signals to the hypothalamus, but not directly. It does so to a great extent through a conduit, a little relay, a subcortical brain area about the size of an acorn, called the amygdala (which means “almond” in Latin, a nicely descriptive name).
  


  


  
    
  


  The amygdala


  


  
    There is one amygdala on each side of the brain. This nucleus acts like a switchboard communicating between the vast mantle of the cerebral cortex and the ancient drives of the hypothalamus. The amygdala links thoughts and pictures and words, represented in the cortex, to their emotional content represented in the hypothalamus.
  


  


  
    For example, a smoker knows his cigarettes are killing him; he is trying to quit; but he looks at the pack sitting on the table and in his gut he wants them. His amygdala connects up the sight of the cigarettes, coded in cortex, with the part of his hypothalamus that wants.
  


  


  
    Someone looks at a juicy hamburger and suddenly feels hungry. The image of the hamburger is processed in his visual cortex, as I described in Chapter 6. Ultimately the visual cortex sends that information to the amygdala, which pings the hunger nucleus in the hypothalamus.
  


  


  
    A vegetarian might have the opposite reaction. She might feel repulsed by the hamburger. Due to her training, her upbringing, her recent habits, she has learned a different set of connections through her amygdala, linking the sight of a hamburger to the disgust nucleus in the hypothalamus.
  


  


  
    If someone knows in his heart of hearts that the New Testament is right and good, that feeling is a result of his amygdala connecting the thought in the cortex to an emotion in the hypothalamus. It does not require him to erect an intellectual argument; it is an inner conviction.
  


  


  
    Among the more disturbing properties of the amygdala is the way it links faces with emotions. Scientists such as Phelps and her colleagues, and Wheeler and Fiske, have put volunteers in a brain scanner, shown them pictures of faces, and measured the activity in the amygdala. Mom’s face—channeled from the face neurons in cortex, through the amygdala, to the hypothalamus—leads to a warm and positive feeling. So far so good. But subtle racism is also channeled at least partly through the amygdala. It appears that everyone has learned some degree of unconscious racism toward faces of specific colors and features. This racism is difficult to eliminate because it is not an intellectual belief; it is not a proposition that people can examine rationally; it is a link, forged mainly during your upbringing, that connects the sight of a face to a tinge of negative emotion.
  


  


  
    Advertisers bow to the amygdala, although they may not know it by name. The image of an attractive, scantily clad woman prods the sex nucleus in the hypothalamus. Photograph her holding a beer, and show the picture to a man a few times, and soon his amygdala learns a new link. When he thinks about beer, or sees a beer, he feels just a little bit sexy. The connection from his cortex (which processes the image and the thought of beer) to his hypothalamus sex nucleus is burned straight through his amygdala. That slight sexy tinge of feeling he has in reaction to beer has nothing to do with rational thought. He may not even remember seeing the ad. No matter; it still has its effect.
  


  


  
    We tend to think that our convictions are absolute. We look inside of ourselves, examine the tendrils in the amygdala that have grown up organically as a result of our particular training history, and we think that we have found access to universal truth.
  


  


  
    For example, a fundamentalist might hold in his cortex for a moment the thought of homosexuality. A link in his amygdala activates the anger and disgust and dread centers in his hypothalamus. These centers send output widely around the brain and body, the heart, the gut, the skin, and his cortical mechanisms for perception receive that emotional signal. He says, “Homosexuality is wrong. I know it, I am convinced of it, because I feel it in my heart, in my gut. I sense it to be true.” But what he feels is not a universal truth. His brain has no access to a repository of celestial truths. He is experiencing the consequence of a learned connection in his amygdala. Although he may invent rationalizations after the fact, intellectual reasons to support his moral conviction, the reasons are peripheral. At the center of his belief is a perception that homosexuality is wrong and disgusting. He perceives the emotional consequence of his amygdala tapping his hypothalamus.
  


  


  
    Someone else, with a different training history and therefore a different set of connections through the amygdala, arrives at quite the opposite moral conviction and is convinced of the principle of equal rights.
  


  


  
    My point here is not whether one or the other conviction is more constructive (my sympathies are decidedly with the egalitarian point of view), but that neither side represents a fundamental moral truth of the universe. There are no fundamental moral truths of the universe. Morality is not defined outside of us; it is a physiological construct of the brain.
  


  


  
    The brain basis of morality is an emerging area of study. Scientists such as Green and Cohen have begun to pioneer the topic. At its core is the realization that when we plumb inwardly for moral truth, we follow a specific process of firing up thought X and assessing its emotional tinge. We may say to ourselves, “On deep reflection, I realize that X is wrong,” or, “X is right.” But the inner reflection does not reveal anything about a moral framework of the universe. Instead, the inner reflection is a way of assessing our own quirky, culturally and personally learned emotional associations.
  


  


  
    The trainability of the amygdala was originally studied in rats. For example, as Ledoux showed, it is possible to train a rat to fear a red light by shocking the rat’s foot every time the light turns on. If the rat’s amygdala is then damaged, the link disappears and the rat no longer fears the light. Therefore the link between perceiving a red light and experiencing fear runs through the amygdala. If your foot were shocked every time a light turned on, your amygdala would learn the same connection. To some extent you train up your amygdala in this way, through life’s various metaphorical foot shocks and reward pellets.
  


  


  
    The most useful property of the amygdala, however, is not that it can be trained by reward and punishment, but that it can learn through socialization. We believe what the people around us believe. We believe what we are taught. Above all, we believe what we see others believing . This tendency for beliefs to spread by social imitation is the topic of the final chapter.
  


  


  


  


  
    Chapter 10
  


  


  
    Memes and the brain
  


  


  
    From gods and spirits, perhaps not surprisingly, this book has come to the general topic of human culture. My goal in this final chapter is to explore briefly how brain mechanisms for social perception might influence culture itself, the spread of culture from person to person, the development of religion and politics and moral certainties. Some of these topics I have touched on already. The belief in God, or what I prefer to call the perception of God, was discussed in Chapter 3. Cultural habits may spread from person to person through the mechanism of mirror neurons, discussed in Chapter 8. The neuroanatomy of personal morals, involving the amygdala and the hypothalamus, was discussed in the Chapter 9. In all of these cases I was concerned with what is rather than with what should be. The media pundits have thoroughly covered should and shouldn’t. The purpose of this book is not to propose what people should believe, whether people should be religious or not, conservative or liberal, or how human society should cure its ills, but to describe as clearly as I can, from the point of view of neuroscience, what people are, what the soul itself is made out of, how the social construction of the human brain leads to a complex culture. I will try to stick to that same perspective in this final chapter. I certainly have my own moral and political opinions on all these subjects, but perhaps they are more appropriate to a different type of book.
  


  


  
    Let me begin by briefly summarizing some of the main points of the book so far.
  


  


  
    We are social animals. The natural environment is cluttered not only with objects but with animals. To handle this fact of our environment, we have brain mechanisms that are specialists at constructing working models of other brains.
  


  


  
    These models are simplifications. It would be prohibitively difficult to model the full complexity of someone else’s brain, and perhaps even impossible from an information-theoretic point of view. The models are necessarily simplified and sometimes in error. But they are useful. These models give us our perception of other minds and also of our own minds, of their awareness and intentionality.
  


  


  
    Gods, ghosts, souls, consciousness—everything in the spirit world is a perceptual model of a mind and is a creation of the social perceptual machinery.
  


  


  
    A central brain structure in this system is area STP, discovered in monkeys and studied further in humans. STP computes at least some of the essential information for modeling other minds. Other brain structures including area TPJ in humans are probably also directly involved but are less well understood.
  


  


  
    One of the primary, simplest, most powerful methods used by the social brain to refine or enhance its modeling of other brains is imitation. For example, to better model someone else’s emotional state, you recreate a pale version of those emotions in your own circuitry. In essence, you project a hypothesis about the other person’s mind state onto your own brain, and then assess the details and dynamics.
  


  


  
    This method of mental imitation has secondary consequences. It increases the likelihood that you will overtly imitate the other person. You are priming your brain to feel and act as the other person does. This tendency for people to imitate each other is an added adaptive value. The machine for understanding other brains also serves as a machine for social learning and cultural cohesion. It is this emergent property of the social machinery that leads directly to human culture.
  


  


  
    
  


  Memes


  


  
    It was once believed that humans and animals learn by overt training. A carrot and a stick, reward and punishment, are necessary to teach lessons. That general hypothesis went by the name of behaviorism. Behaviorism essentially denied that humans or animals could learn by observation. But everything described in this book so far suggests otherwise. By our nature, by the social construction of the human brain, we excel at learning by observation and imitation. Beliefs and behaviors spread through the culture, replicating from person to person, as a direct result of the neuronal machinery used for computing models of other brains.
  


  


  
    Richard Dawkins coined the term “meme” in his book The Selfish Gene. A meme is a bit of culture, a thought or a behavior that spreads from one person to another, thereby replicating. Because memes can replicate, they can undergo Darwinian evolution. They compete with each other for the limited attention of humans. The memes that are most compelling to the human mind, that integrate best with existing culture, that are best able to spread from person to person, will out-compete the weaker memes. In this way culture shapes itself as if it were a Petri dish of evolving microbes. The idea of Darwinism on a social level certainly didn’t begin with Dawkins, but he gave it the clearest formal explanation and also a cool name. (The name itself has turned out to be a successful meme; it has entered the popular culture and is in widespread use.) All of the discussion in the previous chapters on social perception takes us unexpectedly to an understanding of memes, of why they spread so readily through human culture and what the underlying brain mechanisms may be.
  


  


  
    
  


  Emotion enhances imitation


  


  
    Learning always works best when it is paired with emotion. When the hypothalamus becomes active and generates an emotion, one of its primary functions is to trigger signals that ultimately spread widely around the brain and announce, in effect, “Whatever you are doing now, learn it, because it has emotional consequences.” Whether the emotion is negative or positive, learning is fast in the presence of it. Don’t we all know it? A dry textbook chapter is almost impossible to remember. An exciting novel, with the constantly shifting emotions that it evokes, is easy to remember. At the extreme is something called a flashbulb memory. You hear momentous news—either a terrible disaster or a sudden windfall—and forever after you remember exactly where you were standing and what you were doing. The surge of emotion ramps up your learning mechanisms and burns the memory into your brain. I was sitting on the bottom step of the stairs tying my sneakers when I heard about the space shuttle Challenger exploding. That was more than twenty years ago and I still remember it.
  


  


  
    The meme that spreads best, that takes hold best in each new person, that lingers longest before fading, is the meme that has an attached emotion.
  


  


  
    For example, as a child, I saw someone take a bite of salami and make a horrible disgust face. I think the process must have gone something like this. I didn’t merely notice that she disliked salami. My social perception went into action and mirrored her disgust. My cortex contacted my amygdala, which contacted my hypothalamus, firing up the emotion of disgust. Because I had the thought, image, and smell of salami and the disgust emotion all at the same time, I learned the link. My amygdala learned the connection that had been temporarily activated. After that, I couldn’t eat salami for years. Never mind the actual taste—in my mind salami was tagged with the quality of disgustingness. I had learned by vicarious experience. This example is an extreme case of one-trial learning, although I think it is also a common case. Learning by observation, whether extreme or subtle, is widespread. It is the main vehicle for becoming culturally indoctrinated.
  


  


  
    Consider the example of politics. We like to think that our political beliefs are informed by reasons and data. Alas, the reasons and the data are usually rationalizations after the fact. Most people come to believe the politics in which they are immersed. They tend to believe what they see the people around them believing. The statistics show that politics is mainly culturally transmitted. The reason why it transmits so well, and is learned so thoroughly, is because politics is not merely a set of ideas. It is a set of ideas linked to powerful emotions.
  


  


  
    Preference in music is also culturally transmitted. We develop strong likes and dislikes attached to this or that genre in music. Where do we get these preferences? Statistically speaking, from the people around us. We tend to like what we see our friends liking. We like what we see the mass of the world liking. We dislike a genre of music if we see enough of our friends grimacing or gagging at it. Not always, of course. We are not helpless imitators. We are not mental clones of each other. But the tendency to imitate is strong.
  


  


  
    Morals, convictions, preferences, disgusts, acceptance of certain practices, rejection of others, these links in the amygdala, these pairings of things and emotions, all spread from person to person, from parent to child, from teacher to pupil, from TV to viewer, from blog to reader, from friend to friend, from stranger to casual observer.
  


  


  
    The memes that I am talking about have a specific structure, like a protein molecule. At one end they have a concept, or an image, or a way of behaving; at the other end they have an emotion; and in between is a connecting strand.
  


  


  
    In a sense I am taking an eye-dropper of memes—things that swim around and replicate in the cloudy suspension of human culture—and I am squirting it onto a slide under a microscope. Examined closely from the point of view of neuroscience and psychology, the memes that are potent, that succeed best in spreading, tend to have the distinctive internal structure of a thought or perception or action plan residing in the cerebral cortex, an emotion residing in the hypothalamus, and a connecting strand through the amygdala.
  


  


  
    Memes should not be thought of as exactly analogous to genes. The evolution of memes is much more complex and much more difficult to define precisely. It is difficult to tell where one meme ends and the next one begins. How exactly does one subdivide cultural beliefs into units? To some extent the same difficulty exists with genes—the dividing line between genes can be poorly defined—but the confusion is less, and genes at least come in definite atomistic units, the base pairs of the DNA molecule. For these reasons, genetic evolution is easier to understand and to describe mathematically. Furthermore, gene mutations are thought to be essentially random, accumulating through generations at a steady rate, whereas the process by which memes mutate is not well defined. Indeed intelligent design is actually present in the case of meme evolution. A person can sit down, think hard, intelligently design a meme, and then send it out into the culture. The mixture of accident, random variation, intelligent design, and perhaps sometimes not-so-intelligent design, gives the process of meme evolution a confusing complexity. Yet even though the ground rules are modified and greatly diversified in the case of memes, the fundamental principles of Darwinian evolution are still present. Memes that are better at replicating, at spreading from person to person, outcompete the weaker memes. The hypothesis of cultural evolution by meme is almost certainly valid in principle.
  


  


  
    The ideas discussed in this book provide a psychological and neuroscientific basis for the idea of meme evolution. The root cause is social perception. The method is imitation. The consequence is the spread of memes from person to person.
  


  


  
    
  


  Religion


  


  
    In previous chapters I discussed the spirit world including God, soul, ghosts, and angels, and suggested that these things are perceptions of mind. Yet for all the discussion of gods and ghosts I have not talked much about religion. Religion is a cultural phenomenon that is much larger than a belief in a soul or a deity. In this final section I would like to add a few brief speculations about religion as a cultural phenomenon.
  


  


  
    I grew up as an atheist believing in the brain rather than the immortal soul. Like almost all people taken by a particular belief system, I harbored contempt and fear toward competing belief systems. I was hostile to religion just as the religious are often hostile toward each other and toward scientific atheism. We are all humans alike, I guess. It has taken me many years to grow away from that harsh position, and I think my opinions are still in the process of changing.
  


  


  
    What I find most surprising is that I lost my negativity toward religion by insisting that I take an intellectually rigorous and scientific perspective. Religion is something complex and marvelous that people do. As a naturalist, I should be delighted to think about it and study it. I don’t mean studying it for the purpose of reducing it and dismissing it. I mean studying it with a certain degree of respect, as one might study the incredible complexity of whale society, or the richness of the chemistry inside a cell. To gain some scientific understanding of religion does not explain it away or trivialize it. The analytical perspective hopefully can open a sliver of a window on who we are and how we got to be so, well, human.
  


  


  
    I know that atheism is not palatable to many people. Some share my point of view and some do not. The ideas described below, however, stand whether or not one believes in a god. Through these ideas I attempt to come to an understanding of human religion from the point of view of social imitation and memes. It seems to me that both believers and atheistic scientists should find the speculations sensible. Whether you inhabit religion from the inside, or view it from a cultural distance, surely it is clear in either case that religion is something that changes through time, that the parts of religion that work well tend to spread, and that the parts that work poorly tend to die out.
  


  


  
    Why do the religious believe so strongly in the importance of preaching to the masses and proselytizing people? Because this belief is intrinsically good at propagating itself. Religions that don’t include this conviction don’t spread. They are out-competed. This belief is, biologically speaking, the replication drive.
  


  


  
    Why do so many people believe that religious doctrine is sacred and must never be changed? Because this belief is intrinsically good at protecting itself from change. Religions that include this belief are good at maintaining themselves. This is why all religions are protective of their doctrines. They are conservative. If they weren’t, they’d die out.
  


  


  
    Why do religions promote community? Because religions that help the community offer benefits to people, and benefits help to gain recruits and keep followers.
  


  


  
    Belief after belief, each component of a religion is ultimately present for one historical reason; the religion was better able to spread and survive because of it. Darwinian evolution selected for those traits.
  


  


  
    Each new person who enters into a religion, whether from the outside or born into it, contains a unique understanding of the religion. These variations among people are inevitable. Of these millions of variant beliefs, across millions of people, some are better able to spread to new recruits than others, and the more successful variants become dominant. As a result, over years, over millennia, a religion becomes honed, shifting, changing, until it is well adapted to survive. A religion is good at spreading, at protecting itself, and at fending off other religions, at cozying up to the quirks of human psychology, at tapping human emotion, because any variant of the religion that is weak in those respects is soon out-competed and dies off. New religious flavors, new interpretations, new splinter groups are constantly being formed, remain for a while, and fade away or take over, as they are worse or better at their own spread and survival.
  


  


  
    A religion can be thought of as an organized bundle of convictions, replicating from person to person in competition with other religions. It is a life form that grows in the Petri dish of human culture. This idea that religions are meme structures, and that the evolutionary pressure on them pushes them toward their own benefit and not ours, was proposed by Dawkins (The Selfish Gene) and elaborated by other philosophers of memes including Blackmore (The Meme Machine) and Lynch (Thought Contagion).
  


  


  
    This situation with religion is arguably an example of a Nash equilibrium, an equilibrium between two interacting entities that have goals that are not quite identical. In this case the two entities are the religion itself and the people who comprise it. Religion can never be truly 100% in the service of the people, because the evolutionary pressure on religion is ultimately to promote itself.
  


  


  
    One could even plausibly argue that conservative and liberal religions, or conservative and liberal groups within a religion, represent two distinct but stable mathematical solutions to the Nash equilibrium problem. A conservative religion is more stick than carrot. It has settled on a relatively draconian punishment attitude toward deviance from the core beliefs, thereby protecting itself from dilution. As a down-side, the draconian attitude risks making the religion alienating and unwelcoming, thereby impeding its spread to new recruits. In compromising among the various factors, it has found an equilibrium that places relatively more emphasis on protecting the ideology and relatively less emphasis on the needs of the constituents. It emphasizes both, but one more than the other.
  


  


  
    A liberal religion is more carrot than stick. It has settled on a relatively lenient attitude toward variants of the core beliefs, thereby allowing itself to be welcoming to a greater diversity of people. It is better at pulling in recruits. As a down-side, the liberal religion risks dilution of its core beliefs and therefore its own extinction. It has found an equilibrium that places relatively more emphasis on furthering the needs of the constituents and relatively less emphasis on protecting the ideology.
  


  


  
    These two strategies, or efficacious compromises, could be understood as distinct, stable solutions to the Nash equilibrium. Just as a guitar string can vibrate at different stable frequencies, so the religious culture might vibrate in different equilibrium states—conservative and liberal. (Conservative and liberal politics, at least in the United States, seem to be mainly carried over from conservative and liberal religious beliefs.)
  


  


  
    As an atheist, I guess I am supposed to be anti-religious. Some commentators favor the complete eradication of religion, any religion, all of them, whatever the particular story of creation, or the particular name given to a deity or deities, or the particular set of rituals involved. The most common argument for exterminating religion is that it promotes brutality and intolerance. In startling contradiction, one of the most common arguments for spreading religion is that it promotes moral behavior. I find this question extremely interesting. Should we, as a rational scientific society in the information age, work to eliminate superstition and religion, or work to spread it further? Let the culture wars rage.
  


  


  
    To be honest, I am not sure that religiosity is statistically correlated with brutality or decency. I tend to think that people are brutal and decent, selfish and incredibly generous, whatever level of religiosity they may practice. Yes, wars have been fought in the name of religion, but the Soviet Union also did a good job of violent mayhem with an atheistic premise. I remain utterly unconvinced by either argument. I am a scientist and to me the controlled experiments have never been done and the data do not support either contention. As far as I can tell, religion neither causes nor prevents violence, though it tends to come along for the ride either way, and may tend to intensify the emotions. There certainly are examples of religious splinter groups that advocate violence and those that advocate peace.
  


  


  
    My main problem with the view that a rational society should eliminate religion, however, has nothing to do with the dangers or merits of religions. I simply think that eradicating religion is not possible. It is a fallacy that ignores the specs of the human machine. We are not rational entities. Religion, like all culture, grows on the social machinery in our brains. To function socially, we must understand each other’s minds; therefore we are built to mirror each other’s mind states; therefore beliefs and customs spread by imitation from person to person; therefore a cultural competition among beliefs emerges; therefore belief systems evolve to be especially good at promoting themselves. Therefore religion. For that matter, therefore politics. Therefore entertainment. Therefore business. Therefore all of human culture. If religion is profoundly irrational, so is the rest of human culture. Culture is by nature a complicated, bizarre, irrational, fantastic, addictive pleasure, sometimes brutal, sometimes incredibly generous. People being who we are, masters of inconsistency, we are able to be irrational and at the same time intellectually aware of it. We can study the human mind from a scientific point of view and come to a logical understanding of its intrinsically bizarre illogic. To me, that contradiction is one of the most marvelous properties that we humans possess.
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