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			Introduction

			In summer 2009, during a talk at the Ideas Festival in Bristol, England, physicist Freeman Dyson articulated a vision for the future. Responding to the recent bookThe Age of Wonder, in which Richard Holmes describes how the first Romantic Age was centered on chemistry and poetry, Dyson pointed out that today a new “Age of Wonder” has arrived that is dominated by computational biology. Its leaders include genomics researcher Craig Venter, medical engineer Dean Kamen, computer scientists Larry Page and Sergey Brin, and software architect and mathematician Charles Simonyi. The nexus for this intellectual activity, he observed, is online at Edge.org.

			Dyson envisions an age of biology where “a new generation of artists, writing genomes as fluently as Blake and Byron wrote verses, might create an abundance of new flowers and fruit and trees and birds to enrich the ecology of our planet. Most of these artists would be amateurs, but they would be in close touch with science, like the poets of the earlier Age of Wonder. The new Age of Wonder might bring together wealthy entrepreneurs like Venter and Kamen ... and a worldwide community of gardeners and farmers and breeders, working together to make the planet beautiful as well as fertile, hospitable to hummingbirds as well as to humans.”

			Indeed, Dyson was present at the August 2007 Edge meeting “Life: What a Concept,” where he and genomics researchers Craig Venter and George Church, biologist Robert Shapiro, exo-biologist and astronomer Dimitar Sasselov, and quantum physicist Seth Lloyd presented their new, and in more than a few cases, startling research, and/or ideas in the biological sciences. “The meeting,” according toSuedduetsche Zeitung, the largest national German newspaper, “was one of those memorable events that people in years to come will see as a crucial moment in history. After all, it’s where the dawning of the age of biology was officially announced.”

			So, what isEdge.org?

			First, Edge is people.

			As the late artist James Lee Byars and I once wrote: “To accomplish the extraordinary, you must seek extraordinary people.” At the center of everyEdgepublication and event are remarkable people and remarkable minds.Edge, at its core, consists of the scientists, artists, philosophers, technologists, and entrepreneurs who are at the center of today’s intellectual, technological, and scientific landscape.

			Second, Edge is events. Through its special lectures, Master Classes, and annual dinners in California, London, Paris, and New York,Edge gathers together the “third-culture” scientific intellectuals and technology pioneers who are exploring the themes of the post-industrial age. In this regard, commenting about the 2008EdgeMaster Class “A Short Course in Behavioral Economics,” science historian George Dyson wrote:

			Retreating to the luxury of Sonoma to discuss economic theory in mid-2008 conveys images of fiddling while Rome burns. Do the architects of Microsoft, Amazon, Google, PayPal, and Facebook have anything to teach the behavioral economists—and anything to learn? So what? What’s new? As it turns out, all kinds of things are new. Entirely new economic structures and pathways have come into existence in the past few years.

			It was a remarkable gathering of outstanding minds. These are the people that are rewriting our global culture.

			Third, Edge.org is a conversation.

			Edgeis different from the Algonquin Roundtable or Bloomsbury Group, but it offers the same quality of intellectual adventure. Closer resemblances are the early 17th-century Invisible College, a precursor to the Royal Society. Its members consisted of scientists such as Robert Boyle, John Wallis, and Robert Hooke. The Society’s common theme was to acquire knowledge through experimental investigation. Another inspiration is the Lunar Society of Birmingham, an informal club of the leading cultural figures of the new industrial age—James Watt, Erasmus Darwin, Josiah Wedgwood, Joseph Priestley, and Benjamin Franklin.

			The online Edge.org salon is a living document of millions of words that charts the Edge conversation over the past fifteen years wherever it goes. It is available, gratis, to the general public.

			Edge.orgwas launched in 1996 as the online version of the Reality Club, an informal gathering of intellectuals that met from 1981–1996 in Chinese restaurants, artist lofts, the board rooms of Rockefeller University and the New York Academy of Sciences, and investment banking firms, ballrooms, museums, living rooms, and elsewhere. Though the venue is now in cyberspace, the spirit of the Reality Club lives on in the lively back-and-forth conversations on the hot-button ideas driving the discussion today.

			In the words of the novelist Ian McEwan, Edge.org is “open-minded, free ranging,intellectually playful ... an unadorned pleasurein curiosity, a collective expression of wonder at the living and inanimate world ... an ongoing andthrilling colloquium.”

			In this, the first volume of The Best of Edge Series, we focus on ideas about “Mind.” We are pleased to present eighteen pieces, original works from the online pages of Edge.org, which consist of edited interviews, commissioned essays, and transcribed talks, many of which are accompanied online with streaming video. While there’s no doubt about the value of online presentations, the role of books, whether bound and printed or presented electronically, is still an invaluable way to present important ideas. Thus, we are pleased to be able to offer this series of books to the public.

			For this first volume, cutting-edge theoretical psychologists, cognitive scientists, neuroscientists, neurobiologists, linguists, behavioral geneticists, and moral psychologists explore new ways of thinking about “Mind.”

			In “Organs of Computation” (1997), Harvard psychologist Steven Pinker argues that “most of the assumptions about the mind that underlie current discussions are many decades out-of-date.” He presents his idea that the basic understanding that the human mind is a remarkably complex processor of information, an “organ of extreme perfection and complication,” to use Darwin’s phrase, has not made it into the mainstream of intellectual life.

			In “Philosophy in the Flesh” (1999), Berkeley cognitive scientist George Lakoff makes the point that “we are neural beings. Our brains take their input from the rest of our bodies. What our bodies are like and how they function in the world thus structures the very concepts we can use to think. We cannot think just anything—only what our embodied brains permit.”

			New York University neuroscientist Joseph Ledoux, in “Parallel Memories” (1997), argues for putting “emotion back into the brain and integrate it with cognitive systems. We shouldn’t study emotion or cognition in isolation, but should study both as aspects of the mind in its brain.”

			Our minds evolved not as survival machines, but as courtship machines, says University of New Mexico psychologist Geoffrey Miller in “Sexual Selection and the Mind” (1998). He makes the point that “evolution is driven not just by natural selection for survival, but by an equally important process that Darwin called sexual selection through mate choice.” He proposes that the human mind’s most impressive, baffling abilities are courtship tools, evolved to attract and entertain sexual partners. By switching from a survival-centered view of evolution to a courtship-centered view, he attempts to show how we can understand the mysteries of mind.

			Open University Emeritus Professor and neurobiologist Steven Rose is obsessed with the relationship between mind and brain. In “Rescuing Memory” (1999), he outlines his approach to understanding this relationship which has been to look for ways in which we can locate changes in behavior, thought, or action, which can be mapped in some way onto changes in physiology and biochemistry, and changes in structure in the brain, that is in processes that you can study biologically. For most of his life, the search has been focused on how we should understand learning and memory.

			“During the last two decades,” says evolutionary theorist Frank Sulloway in “How Is Personality Formed?” (1998), “I have experienced a major shift in my career interests. I started out as a historian of science and was primarily interested in historical questions about people’s intellectual lives. In trying to understand the sources of creative achievement in science, I gradually became interested in problems of human development and especially in how Darwinian theory can help us to understand the development of personality. I now consider myself a psychologist, in addition to being an historian.”

			University of California at San Diego neuroscientist V. S. Ramachandran’s widely cited essay “Mirror Neurons and Imitation Learning as the Driving Force Behind ‘the Great Leap Forward’ in Human Evolution” (2000) concerns “the discovery of mirror neurons in the frontal lobes of monkeys, and their potential relevance to human brain evolution—which I speculate on in this essay—is the single most important ‘unreported’ (or at least, unpublicized) story of the decade. I predict that mirror neurons will do for psychology what DNA did for biology: they will provide a unifying framework and help explain a host of mental abilities that have hitherto remained mysterious and inaccessible to experiments.”

			Theoretical psychologist Nicholas Humphrey, Emeritus Professor, London School of Economics, writes in his essay “A Self Worth Having” (2003) that “what I’m now thinking—though it certainly needs further work—is basically that the point of there being a phenomenally rich subjective present is that it provides a new domain for selfhood. Gottlob Frege, the great logician of the early 20th century, made the obvious but crucial observation that a first-person subject has to be the subject of something. In which case we can ask, what kind of something is up to doing the job? What kind of thing is of sufficient metaphysical weight to supply the experiential substrate of a self—or, at any rate, a self worth having? And the answer I’d now suggest is: nothing less than phenomenal experience—phenomenal experience with its intrinsic depth and richness, with its qualities of seeming to be more than any physical thing could be.”

			Stanford psychologist Philip Zimbardo, in “You Can’t Be a Sweet Cucumber in a Vinegar Barrel” (2005), argues that “when you put that set of horrendous work conditions and external factors together, it creates an evil barrel. You could put virtually anybody in it and you’re going to get this kind of evil behavior. The Pentagon and the military say that the Abu Ghraib scandal is the result of a few bad apples in an otherwise good barrel. That’s the dispositional analysis. The social psychologist in me, and the consensus among many of my colleagues in experimental social psychology, says that’s the wrong analysis. It’s not the bad apples, it’s the bad barrels that corrupt good people. Understanding the abuses at this Iraqi prison starts with an analysis of both the situational and systematic forces operating on those soldiers working the night shift in that ‘little shop of horrors.’ ”

			In V. S. Ramachandran’s second essay “The Neurology of Self-Awareness” (2007), he writes, “What is the self? How does the activity of neurons give rise to the sense of being a conscious human being? Even this most ancient of philosophical problems, I believe, will yield to the methods of empirical science. It now seems increasingly likely that the self is not a holistic property of the entire brain; it arises from the activity of specific sets of interlinked brain circuits. But we need to know which circuits are critically involved and what their functions might be. It is the ‘turning inward’ aspect of the self—its recursiveness—that gives it its peculiar paradoxical quality.”

			“Eudaemonia: The Good Life” (2004) is University of Pennsylvania psychologist Martin Seligman’s term for a “third form of happiness.” This is meaning, which is “again knowing what your highest strengths are and deploying those in the service of something you believe is larger than you are. There’s no shortcut to that. That’s what life is about. There will likely be a pharmacology of pleasure, and there may be a pharmacology of positive emotion generally, but it’s unlikely there’ll be an interesting pharmacology of flow. And it’s impossible that there’ll be a pharmacology of meaning.”

			Collège de France experimental cognitive psychologist Stanislas Dehaene’s “What Are Numbers, Really? A Cerebral Basis for Number Sense” (1997) presents research that number is very much like color. “Because we live in a world full of discrete and movable objects,” he writes, “it is very useful for us to be able to extract number. This can help us to track predators or to select the best foraging grounds, to mention only very obvious examples. This is why evolution has endowed our brains and those of many animal species with simple numerical mechanisms. In animals, these mechanisms are very limited, as we shall see below: they are approximate, their representation becomes coarser for increasingly large numbers, and they involve only the simplest arithmetic operations (addition and subtraction). We, humans, have also had the remarkable good fortune to develop abilities for language and for symbolic notation. This has enabled us to develop exact mental representations for large numbers, as well as algorithms for precise calculations.”

			In “The Assortative Mating Theory” (2005) Cambridge psychologist Simon Baron-Cohen says that his thesis “with regard to sex differences is quite moderate, in that I do not discount environmental factors; I’m just saying, don’t forget about biology. To me that sounds very moderate. But for some people in the field of gender studies, even that is too extreme. They want it to be all environment and no biology. You can understand that politically that was an important position in the 1960s, in an effort to try to change society. But is it a true description, scientifically, of what goes on? It’s time to distinguish politics and science, and just look at the evidence.”

			Stanford biologist Robert Sapolsky, in “Toxo: The Parasite that Is Manipulating Human Behavior” (2009), notes that “the parasite my lab is beginning to focus on is one in the world of mammals, where parasites are changing mammalian behavior. It’s got to do with this parasite, this protozoan called Toxoplasma. If you’re ever pregnant, if you’re ever around anyone who’s pregnant, you know you immediately get skittish about cat feces, cat bedding, cat everything, because it could carry Toxo. And you do not want to get Toxoplasma into a fetal nervous system. It’s a disaster.”

			“We’ve known for a long time that human children are the best learning machines in the universe, says Berkeley psychologist Alison Gopnik in “Amazing Babies” (2009), “but it has always been like the mystery of the humming birds. We know that they fly, but we don’t know how they can possibly do it. We could say that babies learn, but we didn’t know how.”

			Stanislas Dehaene presents the results of his recent research in “Signatures of Consciousness” (2009). Over the last twelve years, “my research team has been using all the brain research tools at its disposal, from functional MRI to electro- and magneto-encephalography and even electrodes inserted deep in the human brain, to shed light on the brain mechanisms of consciousness. I am now happy to report that we have acquired a good working hypothesis. In experiment after experiment, we have seen the same signatures of consciousness: physiological markers that all, simultaneously, show a massive change when a person reports becoming aware of a piece of information (say a word, a digit, or a sound).”

			In “How Can Educated People Continue to Be Radical Environmentalists?” (1998), the late psychologist and behavioral geneticist David Lykken, formerly Emeritus Professor at the University of Minnesota, writes that “were it not for ideological prejudice any rational person looking at the evidence would agree that human aptitudes, personality traits, many interests and personal idiosyncrasies, even some social attitudes, owe from 30 to 70 percent of their variation across people to the genetic differences between people. The ideological barrier seems to involve the conviction that accepting these facts means accepting biological determinism, Social Darwinism, racism, and other evils.” He draws on his famous study of 4,000 twins for comparisons between genetic and environmental effects on human psychology. “A better formula than Nature versus Nurture would be Nature via Nurture,” he claims in support of his argument that the “genetic influences are strong and most of us develop along a path determined mainly by our personal genetic steersmen.”

			University of Virginia psychologist Jonathan Haidt explains in “Moral Psychology and the Misunderstanding of Religion” (2007) that “it might seem obvious to you that contractual societies are good, modern, creative, and free, whereas beehive societies reek of feudalism, fascism, and patriarchy. And, as a secular liberal I agree that contractual societies such as those of Western Europe offer the best hope for living peacefully together in our increasingly diverse modern nations (although it remains to be seen if Europe can solve its current diversity problems). I just want to make one point, however, that should give contractualists pause: surveys have long shown that religious believers in the United States are happier, healthier, longer-lived, and more generous to charity and to each other than are secular people.”

			John Brockman

			Editor and Publisher

			Edge.org
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			Organs of Computation

			Steven Pinker

			Johnstone Family Professor, Department of Psychology, Harvard University; Author, The Language Instinct, The Blank Slate, and The Stuff of Thought

			EDGE: How does one even begin to explain something as complicated as the human mind?

			STEVEN PINKER: I think the key to understanding the mind is to try to “reverse engineer” it—to figure out what natural selection designed it to accomplish in the environment in which we evolved. In my book How the Mind Works, I present the mind as a system of “organs of computation” that allowed our ancestors to understand and outsmart objects, animals, plants, and each other.

			EDGE: How is that approach different from what intellectuals currently believe?

			PINKER: Most of the assumptions about the mind that underlie current discussions are many decades out of date. Take the hydraulic model of Freud, in which psychic pressure builds up in the mind and can burst out unless it’s channeled into appropriate pathways. That’s just false. The mind doesn’t work by fluid under pressure or by flows of energy; it works by information. Or, look at the commentaries on human affairs by pundits and social critics. They say we’re “conditioned” to do this, or “brainwashed” to do that, or “socialized” to believe such and such. Where do these ideas come from? From the behaviorism of the 1920s, from bad cold war movies from the 1950s, from folklore about the effects of family upbringing that behavior genetics has shown to be false. The basic understanding that the human mind is a remarkably complex processor of information, an “organ of extreme perfection and complication,” to use Darwin’s phrase, has not made it into the mainstream of intellectual life.

			EDGE: What makes you say that the mind is such a complex system?

			PINKER: What should impress us about the mind is not its rare extraordinary feats, like the accomplishments of Mozart or Shakespeare or Einstein, but the everyday feats we take for granted. Seeing in color. Recognizing your mother’s face. Lifting a milk carton and gripping it just tight enough that it doesn’t drop but not so tight that you crush it, while rocking it back and forth to gauge how much milk is in the bottom just from the tugs on your fingertips. Reasoning about the world—what will and won’t happen when you open the refrigerator door. All of these things sound mundane and boring, but they shouldn’t be. We can’t, for example, program a robot to do any of them! I would pay a lot for a robot that would put away the dishes or run simple errands, but I can’t, because all of the little problems that you’d need to solve to build a robot to do that, like recognizing objects, reasoning about the world, and controlling hands and feet, are unsolved engineering problems. They’re much harder than putting a man on the moon or sequencing the human genome. But a four-year-old solves them every time she runs across the room to carry out an instruction from her mother.

			I see the mind as an exquisitely engineered device—not literally engineered, of course, but designed by the mimic of engineering that we see in nature, natural selection. That’s what “engineered” animals’ bodies to accomplish improbable feats, like flying and swimming and running, and it is surely what “engineered” the mind to accomplish its improbable feats.

			EDGE: What does that approach actually buy you in studying how the mind works?

			PINKER: It tells you what research in psychology should be: a kind of reverse engineering. When you rummage through an antique store and come across a contraption built of many finely meshing parts, you assume that it was put together for a purpose, and that if you only understood that purpose, you’d have insight as to why it has the parts arranged the way they are. That’s true for the mind as well, though it wasn’t designed by a designer but by natural selection. With that insight you can look at the quirks of the mind and ask how they might have made sense as solutions to some problem our ancestors faced in negotiating the world. That can give you an insight into what the different parts of the mind are doing.

			Even the seemingly irrational parts of the mind, like strong passions—jealousy, revenge, infatuation, pride—might very well be good solutions to problems our ancestors faced in dealing with one another. For example, why do people do crazy things like chase down an ex-lover and kill the lover? How could you win someone back by killing them? It seems like a bug in our mental software. But several economists have proposed an alternative. If our mind is put together so that under some circumstances we are compelled to carry out a threat regardless of the costs to us, the threat is made credible. When a person threatens a lover, explicitly or implicitly, by communicating, “If you ever leave me I’ll chase you down,” the lover could call his bluff if she didn’t have signs that he was crazy enough to carry it out even though it was pointless. And so the problem of building a credible deterrent into creatures that interact with one another leads to irrational behavior as a rational solution. “Rational,” that is, with respect to the “goal” of our genes to maximize the number of copies of themselves. It isn’t “rational,” of course, with respect to the goal of whole humans and societies to maximize happiness and fairness.

			Another example is the strange notion of happiness. What is the psychological state called “happiness” for? It can’t be that natural selection designed us to feel good all the time out of sheer goodwill. Presumably our brain circuits for happiness motivate us to accomplish things that enhance biological fitness. With that simple insight one can make some sense of some of the puzzles of happiness that wise men and women have noted for thousands of years. For example, directly pursuing happiness is often a recipe for unhappiness, because our sense of happiness is always calibrated with respect to other people. There is a Yiddish expression: When does a hunchback rejoice? When he sees one with a bigger hump.

			Perhaps we can make sense of this by putting ourselves in the shoes of the fictitious engineer behind natural selection. What should the circuit for happiness be doing? Presumably it would be assessing how well you’re doing in your current struggle in life—whether you should change your life and try to achieve something different, or whether you should be content with what you’ve achieved so far, for example, when you are well-fed, comfortable, with a mate, in a situation likely to result in children, and so on. But how could a brain be designed in advance to assess that? There’s no absolute standard for well-being. A Paleolithic hunter-gatherer should not have fretted that he had no running shoes or central heating or penicillin. How can a brain know whether there is something worth striving for? Well, it can look around and see how well-off other people are. If they can achieve something, maybe so can you. Other people anchor your well-being scale and tell you what you can reasonably hope to achieve.

			Unfortunately, it gives rise to a feature of happiness that makes many people unhappy—namely, you’re happy when you do a bit better than everyone around you and you’re unhappy when you’re doing worse. If you look in your paycheck envelope and you discover you got a 5 percent raise you’d be thrilled, but if you discover that all your coworkers got a 10 percent raise you’d be devastated.

			Another paradox of happiness is that losses are felt more keenly than gains. As Jimmy Connors said, “I hate to lose more than I like to win.” You are just a little happy if your salary goes up, but you’re really miserable if your salary goes down by the same amount. That too might be a feature of the mechanism designed to attain the attainable and no more. When we backslide, we keenly feel it because what we once had is a good estimate of what we can attain. But when we improve we have no grounds for knowing that we are as well-off as we can hope to be. The evolutionary psychologist Donald Campbell called it “the happiness treadmill.” No matter how much you gain in fame, wealth, and so on, you end up at the same level of happiness you began with—though to go down a level is awful. Perhaps it’s because natural selection has programmed our reach to exceed our grasp, but by just a little bit.

			EDGE: How do you differ from other people who have written about the mind, like Dan Dennett, John Searle, Noam Chomsky, Gerald Edelman, or Francis Crick?

			PINKER: For starters, I place myself among those who think that you can’t understand the mind only by looking directly at the brain. Neurons, neurotransmitters, and other hardware features are widely conserved across the animal kingdom, but species have very different cognitive and emotional lives. The difference comes from the ways in which hundreds of millions of neurons are wired together to process information. I see the brain as a kind of computer—not like any commercial computer made of silicon, obviously, but as a device that achieves intelligence for some of the same reasons that a computer achieves intelligence—namely, processing of information. That places me with Dennett and Chomsky (though the three of us disagree about much else), and in disagreement with people like Searle, who denies that the brain can be understood as an information processor and insists it can only be understood in terms of physiology. Edelman and Crick would not state their views in terms as extreme as Searle’s but they, too, are not entirely sympathetic to the computational theory of mind.

			Like Dennett and Searle, but unlike Chomsky, I believe that natural selection is the key to explaining the structure of the mind—that reverse engineering in the light of natural selection is the key to answering why our thoughts and feelings are structured as they are.

			I also believe that the mind is not made of Spam—it has a complex, heterogeneous structure. It is composed of mental organs that are specialized to do different things, like seeing, controlling hands and feet, reasoning, language, social interaction, and social emotions. Just as the body is divided into physical organs, the mind is divided into mental organs. That puts me in agreement with Chomsky and against many neural network modelers, who hope that a single kind of neural network, if suitably trained, can accomplish every mental feat that we do. For similar reasons I disagree with the dominant position in modern intellectual life—that our thoughts are socially constructed by how we were socialized as children, by media images, by role models, and by conditioning.

			EDGE: But haven’t there been objections to the computer metaphor of the mind?

			PINKER: Some critics think it is an example of our mindless incorporating the latest technology into our theories. The objection goes: When telephone switchboards first came into existence, people thought the mind was a switchboard; before that, when fancy water-powered mechanical toys were the rage, people said the mind was a hydraulic machine, and so on. Of course there’s a danger in taking metaphors too literally, but when you’re careful, mechanical metaphors really do increase our understanding. The heart and blood vessels really can be better understood by thinking about pumps and pipes, and the switchboard metaphor offers a clearer understanding of the nerves and spinal cord than the models that came before it.

			And I think the theory of computation, and in some cases real computers, do offer principles that are essential to understanding how the mind works. The idea is not that the mind is like a commercial computer; it’s that minds and computers work by some of the same principles. When engineers first came to understand flight as they designed airplanes, it provided insight as to how birds fly, because principles of aerodynamics, like the shape of an airfoil or the interplay of lift and drag, are applicable both to planes and to birds. That doesn’t mean that the airplane is a good model of the birds. Birds don’t have propellers and headphone jacks and beverage service, for example. But by understanding the laws that allow any device to fly, one can understand how natural devices fly. The human mind is unlike a computer in countless ways, but the trick behind computation is the trick behind thought—representing states of the world; that is, recording information, and manipulating the information according to rules that mimic relations of truth and statistical probability that hold in the world.

			EDGE: Haven’t there also been political objections to the biological approach you are taking?

			PINKER: Many people lump together the idea that the mind has a complex innate structure with the idea that differences between people have to be innate. But the ideas are completely different. Every normal person on the planet could be innately equipped with an enormous catalog of mental machinery, and all the differences between people—what makes John different from Bill—could come from differences in experience, of upbringing, or of random things that happened to them when they were growing up. To believe that there’s a rich innate structure common to every member of the species is different from saying the differences between people, or differences between groups, come from differences in innate structure. Here’s an example: Look at number of legs—it’s an innate property of the human species that we have two legs as opposed to six like insects, or eight like spiders, or four like cats—so having two legs is innate. But if you now look at why some people have one leg, and some people have no legs, it’s completely due to the environment—they lost a leg in an accident, or from a disease. So the two questions have to be distinguished. And what’s true of legs is also true of the mind.

			EDGE: As you know, I have been increasingly interested in the growing presence of the Internet and its effects on intellectual life. Do you think that what we know about the mind has any implications for how quickly computer technology will change our world?

			PINKER: Computer technology will never change the world as long as it ignores how the mind works. Why did people instantly start to use fax machines, and continue to use them even though electronic mail makes much more sense? There are millions of people who print out text from their computer onto a piece of paper, feed the paper into a fax machine, forcing the guy at the other end to take the paper out, read it, and crumple it up—or worse, scan it into his computer so that it becomes a file of bytes all over again. This is utterly ridiculous from a technological point of view, but people do it. They do it because the mind evolved to deal with physical objects, and it still likes to conceptualize entities that are owned and transferred among people as physical objects that you can lift and store in a box. Until computer systems, e-mail, video cameras, VCRs, and so on are designed to take advantage of the way the mind conceptualizes reality—namely, as physical objects existing at a location and impinged upon by forces—people are going to be baffled by their machines, and the promise of the computer revolution will not be fulfilled.

			Part of the problem may be that our best technology comes from Japan and the manuals were written in Japanese and then translated, but I have a hunch that in Japan they have as much trouble programming the VCR as we do here. It’s not just the instructions, but the design of the machines themselves, that’s the problem. The machines were designed by engineers who aren’t used to thinking about how the human mind works. They’re used to designing machinery that is elegant by their own standards, and they don’t think about how the user is going to conceptualize the machine as another object in the world and deal with it as we’ve been dealing with objects for hundreds of thousands of years.

			EDGE: Let me turn the question around. What is the significance of the Internet and today’s communications revolution for the evolution of the mind?

			PINKER: Probably not much. You’ve got to distinguish two senses of the word “evolution.” The sense used by me, Dawkins, Gould, and other evolutionary biologists refers to the changes in our biological makeup that led us to be the kind of organism we are today. The sense used by most other people refers to continuous improvement or progress. A popular idea is that our biological evolution took us to a certain stage, and our cultural evolution is going to take over—where evolution in both cases is defined as “progress.” I would like us to move away from that idea, because the processes that selected the genes that built our brains are different from the processes that propelled the rise and fall of empires and the march of technology.

			In terms of strict biological evolution, it’s impossible to know where, if anywhere, our species is going. Natural selection generally takes hundreds of thousands of years to do anything interesting, and we don’t know what our situation will be like in 10,000 or even 1,000 years. Also, selection adapts an organism to a niche, usually a local environment, and the human species moves all over the place and lurches from lifestyle to lifestyle with dizzying speed on the evolutionary timetable. Revolutions in human life like the agricultural, industrial, and information revolutions occur so quickly that no one can predict what change they will have on our makeup, or even whether there will be a change.

			The Internet does create a kind of supra-human intelligence, in which everyone on the planet can exchange information rapidly, a bit like the way different parts of a single brain can exchange information. This is not a new process; it’s been happening since we evolved language. Even nonindustrial hunter-gatherer tribes pool information by the use of language. That has given them remarkable local technologies—ways of trapping animals, using poisons, chemically treating plant foods to remove the bitter toxins, and so on. That is also a collective intelligence that comes from accumulating discoveries over generations, and pooling them among a group of people living at one time. Everything that’s happened since, such as writing, the printing press, and now the Internet, are ways of magnifying something that our species already knew how to do, which is to pool expertise by communication. Language was the real innovation in our biological evolution; everything since has just made our words travel farther or last longer.
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			Philosophy in the Flesh

			George Lakoff

			Cognitive Scientist and Linguist, Richard and Rhoda Goldman Distinguished Professor of Cognitive Science and Linguistics, University of California, Berkeley; Author, Don’t Think of an Elephant and The Political Mind

			EDGE: What is a body?

			GEORGE LAKOFF: That’s an interesting question. Pierre Bourdieu has pointed out that our bodies and what we do with them differ significantly from culture to culture. Frenchmen do not walk like Americans do. Women’s bodies are different than men’s bodies. The Chinese body is not like the Polish body. And our understanding of what the body is has changed drastically over time, as postmodernists have often observed.

			But nonetheless, our bodies do share a lot. We have two eyes, two ears, two arms, two legs, blood that circulates, lungs used to breathe, skin, internal organs, and on and on. The common conventionalized aspects of our conceptual systems tend to be structured by what our bodies have in common, which is a lot.

			EDGE: But we go from being a machine to an information system, and eventually those orifices may not be part of the conversation.

			LAKOFF: When you start to study the brain and body scientifically, you inevitably wind up using metaphors. Metaphors for the mind, as you say, have evolved over time—from machines to switchboards to computers. There’s no avoiding metaphor in science. In our lab, we use the neural circuitry metaphor ubiquitous throughout neuroscience. If you’re studying neural computation, that metaphor is necessary. In the day-to-day research on the details of neural computation, the biological brain moves into the background while the neural circuitry introduced by the metaphor is what one works with. But no matter how ubiquitous a metaphor may be, it is important to keep track of what it hides and what it introduces. If you don’t, the body does disappear. We’re careful about our metaphors, as most scientists should be.

			EDGE: There were no information-processing metaphors thirty-five to forty years ago—and so is the body real, or is it invented?

			LAKOFF: There’s a difference between the body and our conceptualization of it. The body is the same as it was thirty-five years ago; the conception of the body is very different. We have metaphors for the body we didn’t have then, with relatively advanced science built on those metaphors. In this respect, the contemporary body and brain, conceptualized in terms of neural circuitry and other information-processing metaphors, were “invented.” Such inventions are crucial to science. Our emerging understanding of the embodiment of mind would not be possible without them.

			EDGE: How does this approach depart from your early work?

			LAKOFF: My really early work was done between 1963 and 1975, when I was pursuing the theory of generative semantics. During that period, I was attempting to unify Chomsky’s transformational grammar with formal logic. I had helped work out a lot of the early details of Chomsky’s theory of grammar. Noam claimed then—and still does, so far as I can tell—that syntax is independent of meaning, context, background knowledge, memory, cognitive processing, communicative intent, and every aspect of the body.

			In working through the details of his early theory, I found quite a few cases where semantics, context, and other such factors entered into rules governing the syntactic occurrences of phrases and morphemes. I came up with the beginnings of an alternative theory in 1963 and, along with wonderful collaborators like Haj Ross and Jim McCawley, developed it through the sixties. Back in 1963, semantics meant logic—deductive logic and model theory—and our group developed a theory of generative semantics that united formal logic and transformational grammar. In that theory, semantics (in the form of logic) was taken as prior to syntax on the basis of evidence that semantic and pragmatic considerations entered into generalizations governing syntactic structure. Chomsky has since adopted many of our innovations, though he fought them viciously in the 1960s and 1970s.

			In 1975, I became acquainted with certain basic results from the various cognitive sciences pointing toward an embodied theory of mind—the neurophysiology of color vision, prototypes and basic-level categories, Talmy’s work on spatial relations concepts, and Fillmore’s frame semantics. These results convinced me that the entire thrust of research in generative linguistics and formal logic was hopeless. I set about, along with Len Talmy, Ron Langacker, and Gilles Fauconnier, to form a new linguistics—one compatible with research in cognitive science and neuroscience. It is called Cognitive Linguistics, and it’s a thriving scientific enterprise. In 1978, I discovered that metaphor was not a minor kind of trope used in poetry, but rather a fundamental mechanism of mind. In 1979, Mark Johnson visited in the Berkeley Philosophy Department and we began working out the details and their implications for philosophy. We’ve been collaborating for twenty years. Mark is now Chair of Philosophy at Oregon.

			EDGE: Distinguish cognitive science from philosophy.

			LAKOFF: That is a deep and important question, and central to the enterprise of Philosophy in the Flesh. The reason that the question doesn’t have a simple answer is that there are two forms of cognitive science, one fashioned on the assumptions of Anglo-American philosophy and one (so far as we can tell) independent of specific philosophical assumptions that determine the results of the inquiry.

			Early cognitive science, what we call “first-generation” cognitive science (or “disembodied cognitive science”), was designed to fit a formalist version of Anglo-American philosophy. That is, it had philosophical assumptions that determined important parts of the content of the scientific “results.” Back in the late 1950s, Hilary Putnam (a noted and very gifted philosopher) formulated a philosophical position called “functionalism.” (Incidentally, he has since renounced that position.) It was an a priori philosophical position, not based on any evidence whatever.

			The proposal was this: The mind can be studied in terms of its cognitive functions—that is, in terms of the operations it performs—independently of the brain and body. The operations performed by the mind can be adequately modeled by the manipulation of meaningless formal symbols, as in a computer program. This philosophical program fit paradigms that existed at the time in a number of disciplines.

			In formal philosophy: the idea that reason could be adequately characterized using symbolic logic, which utilizes the manipulation of meaningless formal symbols.

			In generative linguistics: the idea that the grammar of a language can be adequately characterized in terms of rules that manipulate meaningless formal symbols.

			In artificial intelligence: the idea that intelligence in general consists in computer programs that manipulate meaningless formal symbols.

			In information-processing psychology: the idea that the mind is an information-processing device, where information processing is taken as the manipulation of meaningless formal symbols, as in a computer program.

			All of these fields had developed out of formal philosophy. These four fields converged in the 1970s to form first-generation cognitive science. It had a view of mind as the disembodied manipulation of meaningless formal symbols.

			EDGE: How does this fit into empirical science?

			LAKOFF: This view was not empirically based, having arisen from an a priori philosophy. Nonetheless it got the field started. What was good about it was that it was precise. What was disastrous about it was that it had a hidden philosophical worldview that masqueraded as a scientific result. And if you accepted that philosophical position, all results inconsistent with that philosophy could only be seen as nonsense. To researchers trained in that tradition, cognitive science was the study of mind within that a priori philosophical position. The first generation of cognitive scientists was trained to think that way, and many textbooks still portray cognitive science in that way. Thus, first-generation cognitive science is not distinct from philosophy; it comes with an a priori philosophical worldview that places substantive constraints on what a “mind” can be. Here are some of those constraints:

			Concepts must be literal. If reasoning is to be characterized in terms of traditional formal logic, there can be no such thing as a metaphorical concept and no such thing as metaphorical thought.

			Concepts and reasoning with concepts must be distinct from mental imagery, since imagery uses the mechanisms of vision and cannot be characterized as being the manipulation of meaningless formal symbols.

			Concepts and reasoning must be independent of the sensory-motor system, since the sensory-motor system, being embodied, cannot be a form of disembodied abstract symbol manipulation.

			Language, too—if it was to fit the symbol-manipulation paradigm—had to be literal, independent of imagery, and independent of the sensory-motor system.

			From this perspective, the brain could only be a means to implement abstract “mind”—wetware on which the “programs of the mind” happened to be implementable. Mind on this view does not arise from and is not shaped by the brain. Mind is a disembodied abstraction that our brains happen to be able to implement. These were not empirical results, but rather followed from philosophical assumptions.

			In the mid–1970s, cognitive science was finally given a name and outfitted with a society and a journal. The people who formed the field accepted the symbol-manipulation paradigm. I was originally one of them (on the basis of my early work on generative semantics) and gave one of the invited inaugural lectures at the first meeting of the Cognitive Science Society. But just around the time that the field officially was recognized and organized around the symbol-manipulation paradigm, empirical results started coming in calling the paradigm itself into question.

			This startling collection of results pointed toward the idea that mind was not disembodied—not characterizable in terms of the manipulation of meaningless symbols independent of the brain and body; that is, independent of the sensory-motor system and our functioning in the world. Mind instead is embodied, not in the trivial sense of being implementable in a brain, but in the crucial sense that conceptual structure and the mechanisms of reason arise ultimately and are shaped by the sensory-motor system of the brain and body.

			EDGE: Can you prove it?

			LAKOFF: There is a huge body of work supporting this view. Here are some of the basic results that have interested me the most: The structure of the system of color categories is shaped by the neurophysiology of color vision, by our color cones and neural circuitry for color. Colors and color categories are not “out there” in the world but are interactional, a nontrivial product of wavelength reflectances of objects and lighting conditions on the one hand, and our color cones and neural circuitry on the other. Color concepts and color-based inferences are thus structured by our bodies and brains.

			Basic-level categories are structured in terms of gestalt perception, mental imagery, and motor schemas. In this way the body and the sensory-motor system of the brain enters centrally into our conceptual systems.

			Spatial relations concepts in languages around the world (for example, in, through, around in English, sini in Mixtec, mux in Cora, and so on) are composed of the same primitive “image schemas”—that is, schematic mental images. These, in turn, appear to arise from the structure of visual and motor systems. This forms the basis of an explanation of how we can fit language and reasoning to vision and movement.

			Aspectual concepts (which characterize the structure of events) appear to arise from neural structures for motor control.

			Categories make use of prototypes of many sorts to reason about the categories as a whole. Those prototypes are characterized partly in terms of sensory-motor information.

			The conceptual and inferential system for reasoning about bodily movements can be performed by neural models that can model both motor control and inference. Abstract concepts are largely metaphorical, based on metaphors that make use of our sensory-motor capacities to perform abstract inferences. Thus, abstract reason, on a large scale, appears to arise from the body.

			These are the results most striking to me. They require us to recognize the role of the body and brain in human reason and language. They thus run contrary to any notion of a disembodied mind. It was for such reasons that I abandoned my earlier work on generative semantics and started studying how mind and language are embodied. They are among the results that have led to a second generation of cognitive science, the cognitive science of the embodied mind.

			EDGE: Let’s get back to my question about the difference between cognitive science and philosophy.

			LAKOFF: OK. Cognitive science is the empirical study of the mind, unfettered by a priori philosophical assumptions. First-generation cognitive science, which posed a disembodied mind, was carrying out a philosophical program. Second-generation cognitive science, which is working out the nature of the mind as it really is—embodied!—had to overcome the built-in philosophy of earlier cognitive science.

			EDGE: Does “second-generation cognitive science” presuppose a philosophy?

			LAKOFF: We have argued that it does not, that it simply presupposes commitments to take empirical research seriously, seek the widest generalizations, and look for convergent evidence from many sources. That is just what science is committed to. The results about the embodied mind did not begin from, and do not presuppose, any particular philosophical theory of mind. Indeed, it has required separating out the old philosophy from the science.

			EDGE: Where does this leave philosophy?

			LAKOFF: In a position to start over from an empirically responsible position. Young philosophers should be thrilled. Philosophy is anything but dead. It has to be rethought taking the empirical results about the embodied mind into account
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