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Preface: The Edge Question




Introduction by Brian Eno




Chris Anderson:


  


Seeing Through a Carbon Lens
 

The biggest thing I’ve changed my mind about is climate change…. I was a climate skeptic and now I’m a carbon zealot. I seem to annoy traditional environmentalists just as much, but I like to think that I’ve moved from behind to in front




Brian Goodwin:


  


Pan-Sentience
 
I have changed my mind about the general validity of the mechanical worldview that underlies the modern scientific understanding of natural processes.




Sam Harris:


  


Optimizing Our Design
 

Like many people, I once…imagined there were real boundaries between the natural and the artificial, between one species and another, and thought that with the advent of genetic engineering we would be tinkering with life at our peril. I now believe that this romantic view of nature is a stultifying and dangerous mythology.




Rebecca Goldstein:



  


The Popperian Sound Bite
 

It long seemed to me that Popper’s falsifiability test was basically right and enormously useful. But then I started to read Popper’s work carefully…and to look to scientific practice to see whether his theory survives the test of falsifiability…. And I’ve changed my mind.




Roger C. Schank:


  


Specialized Intelligences
 

When reporters interviewed me in the 1970s and ’80s about the possibilities for Artificial Intelligence I would always say that we would have machines as smart as we are within my lifetime…. I no longer believe that will happen.





Daniel C. Dennett:



  


What Could a Neuron “Want”?
 

I’ve changed my mind about how to handle the homunculus temptation: the almost irresistible urge to install a “little man in the brain” to be the Boss, the Central Meaner, the Enjoyer of pleasures, and the Sufferer of pains.




Susan Blackmore:



  


“Where Are You, Sue?”
 
Perhaps there were no paranormal phenomena at all. As far as I can remember, this scary thought took some time to sink in.




Nicholas Humphrey:


  


Solving the Hard Problem
 
Just suppose that the Cartesian theater of consciousness, about which modern philosophers are generally so skeptical, is in fact a biological reality.




Barry C. Smith:


  


Neuroscience and Philosophy
 
I have changed my mind about the relevance of neuroscience to philosophers’ questions, and vice versa.




Jesse Bering:



  


Wiggle Room
 
I stopped believing in God long ago, but he still casts a long shadow.




Martin Rees:


  


We Are Custodians of a Posthuman Future
 
We need to keep our minds open, or at least ajar, to the possibility that humans themselves could change drastically within a few centuries.




Janna Levin:



  


Finite and Edgeless
 
I won’t claim I “believe” the universe is finite, just that I recognize that a finite universe is a realistic possibility for our cosmos.




Joseph Ledoux:



  


Reconsolidating Memory
 
Like many scientists in the field of memory, I used to think that a memory is something stored in the brain and accessed when used.




Nicholas Carr:



  


The Internet and the Centralization of Power
 
In recent years, we have seen clear signs that while the Net may be a decentralized communications system, its technical and commercial workings actually promote the centralization of power and control.





Douglas Rushkoff:



  


Cyberspace Has Become Just Another Place to Do Business
 
I thought the Internet would change people.




Marcelo Gleiser:



  


To Unify or Not to Unify?
 
I started to doubt unification, finding it to be the scientific equivalent of a monotheistic formulation of reality, a search for God revealed in equations.




Freeman Dyson:



  


Demolishing Myths
 
I changed my mind about an important historical question: Did the nuclear bombings of Hiroshima and Nagasaki bring World War II to an end?




Roger Highfield:



  


Unfettered by Facts
 
I have come to question the key assumption behind this Edge survey: “When facts change your mind, that’s science.” This idea that science is an objective fact-driven pursuit is laudable, seductive, and—alas—a mirage.




Daniel Engber:



  


Animal Sacrifice
 
Rank-and-file biologists are rarely asked to consider the key ethical questions around which [animal-research] policies are based.




Ray Kurzweil:



  


Where Are They?
 
I’ve come to reject the common SETI (search for extraterrestrial intelligence) wisdom that there must be millions of technology-capable civilizations within our “light sphere” (the region of the universe accessible to us by electromagnetic communication).




Rudy Rucker:



  


Might Robots See God?
 
I…came to believe that we can in fact create humanlike computer programs.




Ed Regis:



  


Seeing Ahead
 
I used to think you could predict the future.




Nick Bostrom:



  


Everything
 
Since I started my life knowing virtually nothing, I have changed my mind about virtually everything.




Gino Segre:



  


The Universe’s Escape Velocity
 
The discovery of dark energy has radically changed our view of the universe.





Arnold Trehub:



  


What We Learn in the Living Realm of Biology
 
I have never questioned the conventional view that a good grounding in the physical sciences is needed for a deep understanding of the biological sciences. It did not occur to me that the opposite view might also be true.




Mark Pagel:


  


We Differ Genetically More Than We Thought
 
The genetic differences among us reveal a species with a propensity to form small and relatively isolated groups on which natural selection has often acted strongly to promote genetic adaptations to particular environments.





Piet Hut:


  

The Limits to Analogy
 
I used to pride myself on the fact that I could explain almost anything to anyone, on a simple enough level, using analogies.




Howard Gardner:


  


Wrestling with Piaget
 
I have come to realize that the bulk of my scholarly career has been a critique of the principal claims that Piaget put forth.




Donald Hoffman:


  


Non-Veridical Perception
 
I now think that perception is useful because it is not veridical.




Irene Pepperberg:


  


The Virtue of Fishing Expeditions
 
I’ve begun to rethink the way we teach students to engage in scientific research.




Robert Provine:


  


Gone Fishing
 
Hypothesis testing is a powerful means of rejecting error—of trimming the dead limbs from the scientific tree—but it does not generate hypotheses or signify which are worthy of test.




Charles Seife:


  


Science and Democracy
 
I used to think that a modern, democratic society had to be a scientific society.




Timothy Taylor:


  


The Trouble with Relativism
 
Where once I would have striven to see Incan child sacrifice “in their terms,” I am increasingly committed to seeing it in ours.





Leon Lederman:


  


Political Science
 
I am driven to the ultimately wise advice of my Columbia mentor, I. I. Rabi, who…urged his students to run for public office and get elected…. Then, we thought the old man was bonkers. But today…




Dan Sperber:


  


The Paleolithic Mind
 
I now understood that we can…draw fundamental insights about our present minds through reflecting on the environmental problems and opportunities that have exerted selective pressure on our Paleolithic ancestors.




Thomas Metzinger:


  


There Are No Moral Facts
 
Are there forms of subjective experience which, in a strictly normative sense, are better than others?




Marc D. Hauser:


  


Adaptation and Human Thought
 
In recent years I have made less use of Darwin’s adaptive logic.




Todd E. Feinberg:


  


The Soul
 
I have come to believe that an individual consciousness represents an entity so personal and ontologically unique that it qualifies as something we might as well call a soul.




Keith Devlin:


  


Mathematical Objects Exist Only Because We Do
 
I now see mathematics as…the creation of the (collective) human mind.




Daniel Everett:


  


Where Does Grammar Come From?
 
I believed at one time that culture and language were largely independent. Yet there is a growing body of research that suggests the opposite: Deep reflexes from culture are to be found in grammar.




Gary Marcus:


  


Nothing Emerges from Scratch
 
I was wrong to accept the idea that language is separate from the rest of the human mind.




David Dalrymple:


  


The Overloading of Bob
 
I used to believe that computers were on the right track, but now I think the right thing to do is to move forward from our 1950s models to a ground-up, fundamentally distributed computing architecture.





Max Tegmark:


   


The Bird’s-Eye View and the Frog’s-Eye View
 
Although understanding the detailed nature of human consciousness is a fascinating challenge in its own right, it is not necessary for a fundamental theory of physics, which need “only” derive the consensus view from its equations.




Robert Sapolsky:


  


Looking at Minds
 
The most interesting and important things in the life sciences are not going to be explained with sheer reductionism.




Tor Nørretranders:


  


What Is Constant in you Is Not Material
 
I have changed my mind about my body. I used to think of it as a kind of hardware on which my mental and behavioral software was running. Now I think of my body primarily as software.




Helen Fisher:


  


The Four-Year Itch
 
Humans have probably inherited a tendency to love and love again in order to create more genetic variety in the young.




Steve Nadis:



  


Shifting from forward into Reverse
 
When you’re trying to put together a theory of broad sweep, it may be difficult, if not impossible, to keep an open mind; you may be well beyond that stage, having long since cast your lot with a particular line of reasoning.




Paul Steinhardt:


  


A Universe That Is Random and Unpredictable
 
What created the structure of the universe? Most cosmologists would say the answer is “inflation,” and until recently I would have been among them.




Rodney Brooks:


  


We Need New Metaphors
 
I originally gleefully embraced the computational metaphor.




William H. Calvin:


  


Greenland Changed My Mind
 
Fifty years ago, when I first heard about global warming, almost everyone thought that serious climate problems were several centuries in the future.





J. Craig Venter:


  


In Denial
 
We are conducting a dangerous experiment with our planet. One we need to stop.




Laurence C. Smith:


  


Faster than We Thought
 
Apparently, the climate system can move even faster than we thought…. The direst IPCC scenario predictions for the end of this century—ten-to twenty-four-inch-higher global sea levels, for example—may be prudish.




Lee M. Silver:


  


Irrationality and Human Nature
 
I used to agree with Crick’s psychosocial prognosis—that modern education would inevitably give rise to a populace that rejected the idea of a supernatural soul. But on this point, I have changed my mind.




Lee Smolin:


  


About Time
 
I first embraced the view that quantum reality is timeless…. But somehow the more this view was worked out in detail, the less I was convinced.




Stephon Alexander:


  


Local or Nonlocal?
 

After years of wrestling with some of the outstanding problems in the fields of elementary particle physics and cosmology, I have been forced to change my mind on this predisposition silently passed on to me by my physics predecessors: that the laws of physics are for the most part local.




A. Garrett Lisi:


  


We are Inefficient Inference Engines
 
Even though I strive to achieve an impartial assessment of probabilities for the purpose of making predictions, I cannot consider my assessments to be unbiased. In fact, I no longer think humans are naturally inclined to work this way.




John Baez:


  


The String-Loop War
 
I eventually decided to quit working on quantum gravity.




Lawrence Krauss:


  


A Dark Future
 
Within a year after the observation of an accelerating universe, even though the data was not yet definitive, I and pretty well everyone else in the community who had previously thought there was enough dark matter to result in a flat universe and that the energy of empty space must be precisely zero had completely changed our minds.





Stephen M. Kosslyn:


  


The Environment Sets up the Brain
 
I used to believe that we could understand psychology at different levels of analysis, and events at any one of the levels could be studied independently of events at the other levels.




Ernst Pöppel:


  


The Wittgenstein Straitjacket
 
A sentence of Ludwig Wittgenstein’s from his Tractatus Logico-Philosophicus (5.6) was like a dogma for me: “Die Grenzen meiner Sprache bedeuten die Grenzen meiner Welt.” (“The limits of my language signify the limits of my world”—my translation.) Now I react to this sentence with an emphatic “No!”




Scott D. Sampson:


  


The Coup de Grâce from Space
 
Ever since the Alvarezes proposed the asteroid (or “impact winter”) hypothesis, many if not most dinosaur paleontologists have argued for an alternative scenario to account for the K-T extinction. I was among the ranks of doubters.




Peter Schwartz:


  


The Greater Risk
 
In the last few years I have changed my mind about nuclear power.




Kevin Kelly:


  


The Collaborative Community
 
Much of what I believed about human nature, and the nature of knowledge, has been upended by the Wikipedia.




Alan Kay:


  


Non-Story Thinking
 
The world was not as it seemed—or as most adults thought and claimed!




Diane F. Halpern:


  


Establishing Cognitive Sex Differences
 
I never doubted that heritability plays a role in cognitive development—but, like many others, I believed that once the potential to develop an ability exceeded some threshold value, heritability was of little importance. Now I am less sure about any single answer.




Stephen H. Schneider:


  


What Responsible Scientists Must Do When the Facts Change
 
Those who update their conclusions explicitly as facts evolve are much more likely to be a credible source than those who stick to old stories for political consistency.





Xeni Jardin:


  


Noise on the Blog
 
I changed my mind about online community this year.




Sherry Turkle:


  


The Robot in the Wings
 
In studying reactions to advanced robots—robots that look you in the eye, remember your name, and track your motions—I found more and more people who were considering such robots as friends, confidants, and (as they imagined technical improvements) even as lovers.




Daniel Gilbert:


  


Happy with What You’ve Got
 
I changed my mind about the benefit of being able to change my mind.




Daniel Kahneman:


  


What Constitutes Life Satisfaction?
 
Conditions that make people satisfied with their life do not necessarily make them happy.




Stewart Brand:


  


Good Old Stuff Sucks
 
Sticking with the fine old whatevers is like wearing 100 percent cotton in the mountains; it’s just stupid.




Oliver Morton:


  


Against Human Spaceflight
 
A world with a spartan hundred-billion-dollar moon base but no ability to measure spectra and light curves from Earth-like planets around distant stars is not the world for me.




Judith Rich Harris:


  


The Generalization Assumption
 
I now believe that generalization is the exception, not the rule. Careful research has shown that babies arrive in the world with a bias against generalizing.




Terrence Sejnowski:


  


Spike Timing in Cortical Neurons
 
I have changed my mind about cortical neurons and now think they are far more capable than we ever imagined.




Jonathan Haidt:


  


Hanging Out with the Boys
 
I’d have gladly voted to ban fraternities, ROTC, and most sports teams from my university. But not anymore.





Patrick Bateson:


  


Standing Up for Atheism
 
For many years, what had been good enough for Darwin was good enough for me. I, too, described myself as an agnostic.




Alan Alda:


  


Without a God
 
I guess in a world uncomfortable with uncertainty, an unbeliever must be an atheist, and possibly an infidel.




Steven Pinker:


  


Have Humans Stopped Evolving?
 
I’ve had to question the overall assumption that human evolution pretty much stopped by the time of the agricultural revolution.




Nicholas A. Christakis:


  


Evolution in Real Time
 
I thought our genes were historically immutable and that it was not possible to imagine a conversation between culture and genetics. I thought we as a species evolved over time frames far too long to be influenced by human actions. I now think this is wrong.




Paul Davies:


  


Laws as Emergent with the Universe
 
For most of my career, I believed that the bedrock of physical reality lay with the laws of physics—magnificent, immutable, transcendent, universal, infinitely precise mathematical relationships that rule the universe with as sure a hand as that of any god…. About three years ago, however, it dawned on me that such laws are an extraordinary and unjustified idealization.




Leo M. Chalupa:


  


Constancy of the Persona
 
I am still of the opinion that brain plasticity is a real phenomenon, one that deserves further study and one that could be utilized to better human welfare. But my careful reading of this literature has tempered my initial enthusiasm.




Scott Atran:


  


Friendship and Faith
 
I try to know what it is like to be someone very different from me in order to better understand what it means to be human. But it is only in the last few years that my thinking has deeply changed on what drives major differences between animal and human behavior, such as willingness to kill and die for a cause.





Marco Iacoboni:



  


The Marginal Role of Science
 
Some time ago, I thought rational, enlightened thinking would eventually eradicate irrational thinking and supernatural beliefs…. I was wrong, way wrong.




Richard Wrangham:


  


Hominoid Cuisine
 
Like people since even before Darwin, I used to think human origins were explained by meat-eating. But…I now think cooking was the major advance that made us human.




Sean Carroll:


  


How Not to Overthrow the System
 
There is…an unhealthy brand of skepticism proceeding from ignorance rather than expertise, which insists that any consensus must flow from a reluctance to face up to the truth rather than an appreciation of the evidence.




Linda Stone:


  


Pay Attention!
 
I’ve changed my mind about how much attention to pay to my breathing patterns and how important it is to remember to breathe when I’m using a computer, PDA, or cell phone.




Stanislas Dehaene


  


The Brain’s Equation
 
There would never be a single “Schrödinger equation for the brain.”…Well, I wouldn’t claim that anyone has achieved that yet, but I have changed my mind about the possibility that such a law might exist.




Mary Catherine Bateson:


  


Making and Changing Minds
 
We do not so much change our mind about facts, although we necessarily correct and rearrange them in changing contexts. But we do change our minds about the significance of those facts.




Carolyn Porco:


  


The Practice of Science Finds Itself Imperiled
 
I’ve changed my mind about the manner in which our future on this planet might evolve.





Aubrey De Grey:


  


Science and Technology: Joined at the Hip?
 
The longer I work at the interface between science and technology, the more [I realize] that most scientists are rather poor at the type of thinking that identifies efficient new ways to get things done and, likewise, that most technologists are not terribly good at identifying efficient ways to find things out.




Helena Cronin:


  


“More Dumbbells but More Nobels”
 
I used to think that…patterns of sex differences resulted mainly from average differences between men and women in innate talents, tastes, and temperaments.




Frank Wilczek:


  


Against Debunking
 
For many years, like some of my colleagues and some recent bestselling authors, I thought that active, aggressive debunking [of religious faith] might be in order. I’ve changed my mind.




Philip Campbell:


  


Self-Improvement
 
I’ve changed my mind about the use of enhancement drugs by healthy people.




Daniel Goleman:


  


The Inexplicable Monks
 
One of my most basic assumptions about the relationship between mental effort and brain function has begun to crumble.




David M. Buss:


  


The Sexual Strategies of Women
 
I have never thought that female sexual psychology was simple, but I’ve changed my mind about the magnitude of its complexity.




Robert Shapiro:


  


Smothering Science with Silence
 
I used to view the scientific literature as a collective human effort to build an enduring and expanding structure of knowledge.




Brian Eno:


  


From Revolutionary to Evolutionary
 
I no longer wanted to see radical change dictated from the top—even if that top claimed to be the bottom, the “voice of the people.”





Paul Ewald:


  


Received Wisdom
 
If an explanation has been widely and broadly accepted and convincing evidence still cannot be mustered, then it is quite reasonable to expect that the experts are barking up the wrong, albeit cherished, tree.




Anton Zeilinger:


  


Quantum Technology
 
The scientific community discovered that the fundamental phenomena of quantum physics had become relevant for more and more novel ways of transmitting and processing information.




Seth Lloyd:


  


What My Students Taught Me
 
I used to take a dim view of technology…. What a fool I was!




Adam Bly:


  


Science’s Best Friend
 
We have reached the point in physics and cosmology, neuroscience, and genetics at least where technology is quintessential to advancement.




Pz Myers:


  


The Polestar
 
I always change my mind about everything, and I never change my mind about anything.




Esther Dyson:


  


Controlling Your Own Data
 
For a long time, I thought people would start effectively protecting their own privacy online, using tools and services the market would provide.




Jaron Lanier:


  


VR Therapy?
 
The earliest research on post-traumatic stress disorder treatment in virtual reality seemed awfully shaky to me, and I was not very encouraging to younger researchers who were interested in it.




Austin Dacey:


  


The Power of Reasons
 
Not only are values a part of nature, we couldn’t avoid them if we tried.




Simon Baron-Cohen:


  


We Are Not All the Same
 
Whereas it’s a wonderfully cozy, warm, feel-good idea, I have changed my mind about equality.




David Sloan Wilson:


  


Heeding the Butterfly Effect
 
I didn’t get the complexity revolution until I read James Gleick’s Chaos: Making a New Science, which I regard as one of the best books ever written about science for a general audience.





Neil Gershenfeld:


  


Programming Nature
 
I’ve long considered myself as working at the boundary between physical science and computer science; I now believe that that boundary is a historical accident and does not really exist.




Paul Saffo:


  


Prediction Engines
 
I now believe that in the not too distant future, the best forecasters will be not people but machines.




Alison Gopnik:


  


Making the Imaginary Real
 
I thought that kids’ pretend play and grown-up fiction must be a sort of spandrel—a side effect of some other more functional ability.




Jordan Pollack:


  


A Nightmare We Need to Wake Up From
 
I’ve changed my mind about electronic mail.




George Johnson:


  


Electricity in the Raw
 
I used to think that the most fascinating thing about physics was theory and that the best was still to come. But as physics has grown vanishingly abstract, I’ve been drawn in the opposite direction, to the great experiments of the past.




Geoffrey Miller:


  


Out Among the People
 
There are local experts about almost all aspects of human nature, and the human sciences should find their way by asking them for directions.




Steve Connor:


  


Bleak
 
I now believe that however bad the twentieth century was—and it brought us the horrors of the Holocaust and nuclear proliferation—the new century will be far worse.




Roger Bingham:


  


Changing My Religion
 
Our universal evolutionary heritage is not a bundle of instincts but a self-adapting system responsive to environmental stimuli, constantly analyzing bioenergetic costs and benefits, creating a customized database of experiences and outcomes, and generating minds that are unique by design.




Richard Dawkins:


  


The Handicap Principle
 
I have changed my mind, as it happens, about a highly paradoxical theory of prestige in my own field, evolutionary biology.





Gregory Benford:


  


A Law of Laws
 
I once thought that the laws of our universe were unquestionable, in that there was no way for science to address the question. Now I’m not so sure.




Lera Boroditsky:


  


Operation Perceptual Freedom
 
I had set out to show that language didn’t affect perception, but I found exactly the opposite.




George B. Dyson:


  


The Russian Colonization of North America
 
Russian America was a social and technological experiment that worked, until political compromises brought the experiment to a halt.




Jamshed Bharucha:



  


Stretching Your Mind
 
What changed my mind was the overwhelming evidence of biases in favor of perpetuating prior worldviews.




Denis Dutton:


  


Sexual Selection: A Revived Teleology
 
Darwin’s theory of sexual selection has disquieted and irritated many otherwise sympathetic evolutionary theorists because, I suspect, it allows purposes and intentions back into evolution through an unlocked side door.




Linda S. Gottfredson


  


Human Innovation Fueled Human Evolution
 
My attempt to explain the evolution of high human intelligence has led me to question an “obvious truth”—namely, that human evolution ceased when man took control of his environment. I now suspect that precisely the opposite occurred.




Clay Shirky:


  


The Doctrine of Joint Belief
 
Saying that the mental lives of a Francis Collins or a Freeman Dyson prove that religion and science are compatible is like saying that the sex lives of Bill Clinton or Ted Haggard prove that marriage and adultery are compatible.




Randolph M. Nesse:


  


Universities and the Pursuit of Truth
 
I used to believe that you could find out what is true by finding the smartest people and finding out what they think. However, the most brilliant people keep turning out to be wrong.





David Gelernter:


  


Big Ideas Need Time to Soak in
 
What I’ve changed my mind about is the U.S. public’s attitude toward technology. I now understand that the public is cautious but not reactionary.




Mark Henderson:


  


Consultations Properly Run
 
I used to take the view that public consultations about science policy were pointless.




Tim O’reilly:


  


The Social Graph as the Next Big Thing
 
I was skeptical of the term “social software.”




David Goodhart:


  


The Specialness of Citizenship
 
Many antinational liberals make a sort of category error; belief in the moral equality of all humans does not mean that we have the same obligations to all humans.




Nassim Nicholas Taleb:


  


The Fallacy of Probability
 
It is only in very rare circumstances that probability (by itself) is a guide to decision making.




Bart Kosko:


  


The Sample Mean
 
I have changed my mind about using the sample mean as the best way to combine measurements into a single predictive value.




W. Daniel Hillis:


  


Do It Yourself
 
As a child, I was told that hot water freezes faster than cold water. This was easy to refute in principle, so I did not believe it.
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PREFACE


The Edge Question






In 1991, I suggested the idea of a third culture, which “consists of those scientists and other thinkers in the empirical world who, through their work and expository writing, are taking the place of the traditional intellectual in rendering visible the deeper meanings of our lives, redefining who and what we are.” By 1997, the growth of the Internet had allowed implementation of a home for the third culture on the Web, on a site named Edge (www.edge.org).


Edge is a celebration of the ideas of the third culture, an exhibition of this new community of intellectuals in action. They present their work, their ideas, and comment about the work and ideas of third culture thinkers. They do so with the understanding that they are to be challenged. What emerges is rigorous discussion concerning crucial issues of the digital age in a highly charged atmosphere where “thinking smart” prevails over the anesthesiology of wisdom.


The ideas presented on Edge are speculative; they represent the frontiers in such areas as evolutionary biology, genetics, computer science, neurophysiology, psychology, and physics. Some of the fundamental questions posed are: Where did the universe come from? Where did life come from? Where did the mind come from? Emerging out of the third culture is a new natural philosophy, new ways of understanding physical systems, new ways of thinking that call into question many of our basic assumptions of who we are, of what it means to be human.


An annual feature of Edge is The World Question Center, which was introduced in 1971 as a conceptual art project by my friend and collaborator, the late artist James Lee Byars. His plan was to gather the hundred most brilliant minds in the world together in a room, lock them in, and “have them ask each other the questions they were asking themselves.” The result was to be a synthesis of all thought. Between idea and execution, however, are many pitfalls. Byars identified his hundred most brilliant minds, called each of them, and asked them what questions they were asking themselves. The result: Seventy people hung up on him.


But by 1997, the Internet and e-mail had allowed for a serious implementation of Byars’s grand design, and this resulted in our launching Edge. For each of the anniversary editions of Edge, I have used the interrogative myself and asked contributors for their responses to a question that comes to me, or to one of my correspondents, in the middle of the night.




The 2008 Edge Question:


When thinking changes your mind, that’s philosophy. When God changes your mind, that’s faith. When facts change your mind, that’s science.


What have you changed your mind about? Why?


Science is based on evidence. What happens when the data change? How have scientific findings or arguments changed your mind?


John Brockman
 Publisher & Editor, Edge
















INTRODUCTION


Brian Eno






There is now an almost total disconnection between the validity of a story and its media success. If it’s a good enough—or convenient enough—story, it will echo eternally around the media universe. We lack any publicly accepted way of saying “This is demonstrably wrong,” and as a result there is almost no disincentive to unconstrained spinning, trafficking in poor information, and downright lying. The result is a diminishing accountability at almost every level of public discourse and a burgeoning industry of professional Swiftboaters.


There used to be a regular program on BBC radio during the 1980s. It was only five minutes long, but in that five minutes the makers sought to examine a modern myth to see whether it held up to scrutiny. During those Reagan/Thatcher years, a popular way of attacking the conspicuously successful (and inconveniently socialistic) Swedish social system was to knowingly point out that they had the world’s highest suicide rate—as though the price of all that official altruism was widespread cultural despondency. Actually it turned out that Sweden didn’t have an especially high suicide rate—the country was ranked somewhere in the thirties, below France, Spain, Japan, Belgium, Austria, Switzerland, Denmark, and Germany, and just one place above the United States—but it was too good a story to drop, and to this day you’ll still hear it.


I suppose it doesn’t really matter if people continue to think the Swedes are killing themselves at record-breaking rates, or if people believe that The Da Vinci Code is a true story (as I was confidently assured by a New York policeman), or if they think that Eskimos have four hundred words for snow, but it really does matter if they believe that Saddam Hussein was responsible for 9/11, or that global warming is an anticapitalist plot, or that Senator Kerry was a coward during his Vietnam service. These things matter because they have direct real-world consequences, and in a media-soaked universe they point out the Achilles’ heel of democracy. Democracy was intended to flourish by engaging the intelligence of the wider population—on the assumption that people might, on average, be able to assess what is in their best interests. But if the information upon which they make their assessments is of poor quality, how can that work?


This question is more urgent as we blunder from one global crisis to another on the basis of bad or spun information. We need to be confident of the data we’re using and to know when we lack trustworthy data. And we need to act upon reliable data rather than sidelining it if it doesn’t sit comfortably with the agenda to which we’ve already committed. We need, in short, a way of arriving at positions based more on knowledge and reason than on ideology, political convenience, or the needs of business. And we need, in particular, to move on from unproductive positions—to know and admit when we’re wrong.


We have one great example of a sort of cultural conversation where this is the case, and that is science. Whatever its shortcomings and perversions (and many of these essays draw attention to them), science is nonetheless committed to an explicit system of validation. Scientific statements are made in accessible (though not always easy) language and propose hypotheses that must be testable—that is, subject to a comparison with current evidence and logic. Among other things, this means that people will sometimes have to admit that an idea they have cherished and nurtured is, in fact, wrong. This act of pragmatic humility is the very underpinning of science and one of the prime reasons for its successes. It allows us to move from ideas that are clearly untrue toward ones that are, at least for now, serviceable. At a certain point, we all had to agree that the world could usefully be regarded as round.


Science is an extraordinary intellectual invention, a construction designed to neutralize the universal human tendency to see what we expected to see and overlook what we didn’t expect. It is designed in many ways to subtract data—to create experiments sufficiently insulated from externalities that we can trace a clear connection from a cause to an effect. It seeks to cancel out prejudices, environmental contingencies, group-think, tradition, pride, hierarchy, dogma—to subtract them all and to see what this or that corner of the world looks like without their effects.


But then there is the brain itself—a brilliant machine but with a few occasionally troublesome work-arounds. These work-arounds enable us to form complex ideas from insubstantial data—to “jump to conclusions” or “make intuitive leaps.” They allow us to recognize familiar patterns when we see only parts of them. They allow us to make deductions about meaning from context. All these valuable talents carry with them a downside: A familiar but wrong conclusion is more likely to be reached than an unfamiliar one.


Most of us, in our daily lives, arrive at our feelings about things through a vast and usually unexamined hotchpotch of received opinion, prejudice, cultural consensus, personal experience, reason, and observation. We would generally be hard-pressed to trace the source of those feelings in any rigorous way: Why, for instance, would I call myself a liberal pragmatist rather than, say, a neoconservative or a Trotskyite? I’d like to think it’s because I carefully evaluated the various philosophical choices. But I know that I’m not free of prejudice (those neocons dress so badly!) and that I probably arrived at my current position as much through my particular unexamined hotchpotch as through reason. If we don’t know the sources of the attitudes we hold, we can avoid taking responsibility for them and leave ourselves plenty of ways of saying we weren’t really wrong—or that the thing that has turned out to be wrong wasn’t what we meant anyway.


Most of the contributors to this volume are scientists or writers about science and are thus people who accept a special kind of responsibility for their ideas and present them as the results of accessible rational processes—in such a way that the ideas can be both understood and reexamined. It sounds straightforward, but many of the writers here are at pains to point out that the process is not as transparent as this description would suggest. We aren’t without investments in our ideas—and for academics, ideas are rarely just academic.


The conceit of science is that we should be satisfied when our ideas are shown to be wrong, for we’ve moved on from a delusion and our picture of the world is therefore less wrong. Of course, it doesn’t feel like this at the time; far from knowing more, we feel like we suddenly know a lot less. A bit of the world we thought we’d secured is wild and mysterious again. This is a difficult feeling to live with; it’s much more comforting to cling to a familiar idea even when it runs against the tide of evidence than to have no idea at all.


If you’ve spent a long time thinking yourself into a certain intellectual position, you are naturally resistant to letting it go: A lot of work went into it. If it “felt right” to you for whatever complex mesh of personal reasons makes an idea “feel right,” then to abandon it isn’t just a question of rationality but also a question of self-esteem. For if that feeling was wrong, how many others might be? How much of the rest of your intellectual world are you going to have to pick apart? And if everyone has watched you thinking your way there and seen you building your city around it, there might also be the simple issue of losing face.


For this reason, these essays exhibit a kind of intellectual honesty often lacking in much of human discourse. They give me real hope for the human race. The humility it takes to admit that you’re wrong and the fortitude it takes to endure the chilly interval of uncertainty until the next step—finding a better idea—are manifest again and again. And there’s courage, too, when evidence leads you away from the comfortable consensus into thoughts that might be highly incendiary and politically sensitive—thoughts you might not even like very much yourself.


If we are ever going to achieve a rational approach to organizing our affairs, we have to dignify the process of admitting to being wrong. It doesn’t help matters at all if the media, or your friends, accuse you of “flip-flopping” when you change your mind. Changing our minds is our hope for the future.
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Seeing Through a Carbon Lens






Aside from whether Apple matters (whoops!), the biggest thing I’ve changed my mind about is climate change. There was no one thing that convinced me to flip from “wait and see” to “the time for debate is over.” Instead, there were three things, which combined for me in early 2006. There was, of course, the scientific evidence, which kept getting more persuasive. There was also economics, and the recognition that moving to alternative, sustainable energy was going to be cheaper over the long run as oil got more expensive. And finally there was geopolitics, with ample evidence of how top-down oil riches destabilized a region and then the world. No one reason was enough to win me over to total energy regime change, but together they seemed win-win-win.


Now I see the entire energy and environmental picture through a carbon lens. It’s very clarifying. Put CO2 above everything else, and suddenly you can make reasonable economic calculations about risks and benefits, without getting caught up in the knotty politics of full-spectrum environmentalism. I was a climate skeptic and now I’m a carbon zealot. I seem to annoy traditional environmentalists just as much, but I like to think that I’ve moved from behind to in front.
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Pan-Sentience





I have changed my mind about the general validity of the mechanical worldview that underlies the modern scientific understanding of natural processes. Trained in biology and mathematics, I have used the scientific approach to explain natural phenomena during most of my career. The basic assumption is that whatever properties and behaviors have emerged naturally during cosmic evolution can all be understood in terms of the motions and interactions of inanimate entities—elementary particles, atoms, molecules, membranes and organelles, cells, organs, organisms, and so on.


Modeling natural processes on the basis of these assumptions has provided explanations for myriad natural phenomena, ranging from planetary motion and electromagnetic phenomena to the properties and behavior of nerve cells and the dynamic patterns that emerge in ant colonies or flocks of birds. There appeared to be no limit to the power of this explanatory procedure, which enchanted me and kept me busy throughout most of my career in biology.


However, I have now come to the conclusion that this method of explaining natural phenomena has serious limitations, and that these come from the basic assumptions on which it is based. The crunch came for me with the “explanation” of qualitative experience in humans and other organisms. By this I mean the experience of pain or pleasure or well-being, or any other of the qualities that are very familiar to us.


These are described as “subjective”—that is, experienced by a living organism—because they cannot be isolated from the subject experiencing them and measured quantitatively. What is often suggested as an explanation of this is evolutionary complexity: When an organism has a nervous system of sufficient complexity, subjective experience and feelings can arise. This implies that something totally new and qualitatively different can emerge from the interaction of “dead,” unfeeling components such as cell membranes, molecules, and electrical currents.


But this implies getting something from nothing, which violates what I have learned about emergent properties: There is always a precursor property for any phenomenon, and you cannot just introduce a new dimension into the phase space of your model to explain the result. Qualities are different from quantities and cannot be reduced to them.


So what is the precursor of the subjective experience that evolves in organisms? There must be some property of neurons or membranes or charged ions producing the electrical activity associated with the experience of feeling that emerges in the organism.


One possibility is to acknowledge that the world isn’t what modern science assumes it to be—mechanical and “dead”—but that everything has some basic properties relating to experience or feeling. Philosophers and scientists have been down this route before and call this view pan-sentience or panpsychism: the idea that the world is impregnated with some form of feeling in every one of its constituents. This makes it possible for complex organized beings, such as organisms, to develop feelings and for qualities to be as real as quantities.


Pan-sentience shifts science into radically new territory. Science can now be about qualities as well as quantities, helping us to recover quality of life, to heal our relationship to the natural world, and to undo the damage we are causing to the Earth’s ability to continue its evolution along with us. It could help us to recover our place as participants in a world that is ours not to control but to contribute to creatively, along with all the other diverse members of our living, feeling planetary society.
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Optimizing Our Design





Like many people, I once trusted in the wisdom of nature. I imagined there were real boundaries between the natural and the artificial, between one species and another, and thought that with the advent of genetic engineering we would be tinkering with life at our peril. I now believe that this romantic view of nature is a stultifying and dangerous mythology.


Every hundred million years or so, an asteroid or comet the size of a mountain smashes into the Earth, killing nearly everything that lives. If ever we needed proof of nature’s indifference to the welfare of complex organisms such as ourselves, there it is. The history of life on this planet has been one of merciless destruction and blind, lurching renewal.


The fossil record suggests that individual species survive, on average, between one million and ten million years. The concept of a “species” is misleading, however, and it tempts us to think that we, as Homo sapiens, have arrived at some well-defined position in the natural order. The term “species” merely designates a population of organisms that can interbreed and produce fertile offspring; it cannot be aptly applied to the boundaries between species (to what are often called “intermediate” or “transitional” forms). There was, for instance, no first member of the human species, and there are no canonical members now. Life is a continuous flux. Our nonhuman ancestors bred, generation after generation, and incrementally begat what we now deem to be the species Homo sapiens—ourselves. There is nothing about our ancestral line or our current biology that dictates how we will evolve in the future. Nothing in the natural order demands that our descendants resemble us in any particular way. Very likely, they will not resemble us. We will almost certainly transform ourselves, likely beyond recognition, in the generations to come.


Will this be a good thing? The question presupposes that we have a viable alternative. But what is the alternative to our taking charge of our biological destiny? Might we be better off just leaving things to the wisdom of nature? I once believed this. But we know that nature has no concern for individuals or for species. Those that survive do so despite her indifference. While the process of natural selection has sculpted our genome to its present state, it has not acted to maximize human happiness, nor has it necessarily conferred any advantage upon us beyond the ability to raise the next generation to child-bearing age. In fact, there may be nothing about human life after the age of forty (the average lifespan until the twentieth century) that has been selected by evolution at all. And with a few exceptions (e.g., the gene for lactose tolerance), we probably haven’t adapted to our environment much since the Pleistocene.


But our environment and our needs—to say nothing of our desires—have changed radically in the meantime. We are in many respects ill-suited to the task of building a global civilization. This is not a surprise. From the point of view of evolution, much of human culture, along with its cognitive and emotional underpinnings, must be epiphenomenal. Nature cannot “see” most of what we are doing, or hope to do, and has done nothing to prepare us for many of the challenges we now face.


These concerns cannot be waved aside with adages like “If it ain’t broke, don’t fix it.” There are innumerable perspectives from which our current state of functioning can be aptly described as broke. Speaking personally, it seems to me that everything I do picks out some point on a spectrum of disability: I was always decent at math, for instance, but this is simply to say that I am like a great mathematician who has been gored in the head by a bull; if Tiger Woods awoke from surgery to find that he now possessed (or was possessed by) my golf swing, rest assured that a crushing lawsuit for medical malpractice would be in the offing.


Considering humanity as a whole, there is nothing about natural selection that suggests our optimal design. We are probably not even optimized for the Paleolithic, much less for life in the twenty-first century. And yet we are now acquiring the tools that will enable us to attempt our own optimization. Many people think this project is fraught with risk. But is it riskier than doing nothing? There may be current threats to civilization that we cannot even perceive, much less resolve, at our current level of intelligence. Could any rational strategy be more dangerous than following the whims of nature? This is not to say that our growing capacity to meddle with the human genome couldn’t present some moments of Faustian overreach. But our fears on this front must be tempered by a sober understanding of how we got here. Mother Nature is not now, nor has she ever been, looking out for us.












REBECCA GOLDSTEIN



Philosopher, Harvard University; author of Betraying Spinoza



The Popperian Sound Bite





Edge’s question this year wittily refers to a way of demarcating science from philosophy and religion: “When thinking changes your mind, that’s philosophy. When facts change your mind, that’s science.” Behind the witticism lies the important claim that science—or more precisely, scientific theories—can be clearly distinguished from all other theories, that scientific theories bear a special mark and what this mark is is falsifiability. Said Karl Popper, the criterion of the scientific status of a theory is its falsifiability.


For most scientists, this is all they need to know about the philosophy of science. It was bracing to come upon such a clear and precise criterion for identifying scientific theories. And it was gratifying to see how Popper used it to discredit the claims that psychoanalysis and Marxism were scientific theories. It long seemed to me that the falsifiability test was basically right and enormously useful.


But then I started to read Popper’s work carefully, to teach him in my philosophy of science classes, and to look to scientific practice to see whether his theory survives the test of falsifiability (at least as a description of how successful science gets done). And I’ve changed my mind.


For one thing, Popper’s characterization of how science is practiced—as a cycle of conjecture and refutation—bears little relation to what goes on in the labs and journals. He describes science as if it were skeet-shooting, as if the only goal of science is to prove that one theory after another is false. But just open a copy of Science. To pick a random example: “In a probabilistic learning task, A1-allele carriers with reduced dopamine D2 receptor densities learned to avoid actions with negative consequences less efficiently.” Not “We tried to falsify the hypothesis that A1 carriers are less efficient learners, and failed.” Scientists rarely write the way Popper says they should, and a good Popperian should recognize that the Master may have oversimplified the logic of theory testing.


Also, scientists don’t, and shouldn’t, jettison a theory as soon as a disconfirming datum comes in. As Francis Crick once said, “Any theory that can account for all of the facts is wrong, because some of the facts are always wrong.” Scientists rightly question a datum that appears to falsify an elegant and well-supported theory, and they rightly add assumptions and qualifications and complications to a theory as they learn more about the world. As Imre Lakatos, a less-cited (but more subtle) philosopher of science, points out, all scientific theories are unfalsifiable. The ones we take seriously are those that lead to “progressive” research programs, where a small change accommodates a large swath of past and future data. And the ones we abandon are those that lead to “degenerate” ones, where the theory gets patched and repatched at the same rate as new facts come in.


Another problem with the falsifiability criterion is that it has become a blunt instrument, unthinkingly applied. Popper tried to use it to discredit not only Marxism and Freudianism as scientific theories but also Darwin’s theory of natural selection—a position that only a creationist could hold today. I have seen scientists claim that major theories in contemporary cosmology and physics are not “science” because they can’t think of a simple test that would falsify them. You’d think that when they are faced with a conflict between what scientists really do and their memorized Popperian sound bite about how science ought to be done, they might question the sound bite and go back and learn more than a single sentence from the philosophy of science. But such is the godlike authority of Popper that his is the one theory that can never be falsified.


Finally, I’ve come to think that identifying scientificality with falsifiability lets certain nonscientific theories off the hook, by saying that we should try to find good reasons to believe whether a theory is true or false only when that theory is called “science.” It allows believers to protect their pet theories by saying that they can’t be, and shouldn’t be, subject to falsification, just because they’re clearly not scientific theories. Take the theory that there’s an omnipotent, omniscient, beneficent God. It may not be a scientific hypothesis, but it seems to me to be eminently falsifiable; in fact, it seems to have been amply falsified. But because falsifiability is seen as demarcating the scientific, and since theism is so clearly not scientific, believers in religious ideologies get a free pass. The same is true for many political ideologies. The parity between scientific and nonscientific ideas is concealed by thinking that there’s a simple test that distinguishes science from nonscience, and that that test is falsifiability.
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Specialized Intelligences





When reporters interviewed me in the 1970s and ’80s about the possibilities for Artificial Intelligence I would always say that we would have machines as smart as we are within my lifetime. It seemed a safe answer, since no one could ever tell me I was wrong. But I no longer believe that will happen. One reason is that I am a lot older and we are barely closer to creating smart machines.


I have not soured on AI. I still believe we can create very intelligent machines. But I no longer believe that those machines will be like us. Perhaps it was the movies that led us to believe we would have intelligent robots as companions. (I was certainly influenced by Kubrick’s 2001.) Certainly most AI researchers believed that creating machines that were our intellectual equals or better was a real possibility. Early AI workers sought out intelligent behaviors to focus on—like chess or problem solving—and tried to build machines that could equal human beings in those endeavors. While this was an understandable approach, it was, in retrospect, wrongheaded. Chess playing is not really a typical intelligent human activity. Only some of us are good at it, and it seems to entail a level of cognitive processing that, while impressive, seems quite at odds with what makes humans smart. Chess players are methodical planners. Human beings are not.


Humans are constantly learning. We spend years learning some seemingly simple stuff. Every new experience changes what we know and how we see the world. Getting reminded of our previous experiences helps us process new experiences better than we did the time before. Doing that depends on an unconscious indexing method that people learn to do without quite realizing they’re learning it. We spend twenty years (or more) learning how to speak properly and learning how to make good decisions and establish good relationships. But we tend to not know what we know. We can speak properly without knowing how we do it. We don’t know how we comprehend. We just do.


All this poses a problem for AI. How can we imitate what humans are doing when humans don’t know what they’re doing when they do it? This conundrum led to a major failure in AI—expert systems, which relied on rules that were supposed to characterize expert knowledge. But, the major characteristic of experts is that they get faster when they know more, whereas more rules made systems slower. The idea that rules were not at the center of intelligent systems meant that the flaw was relying on specific consciously stated knowledge instead of trying to figure out what people meant when they said they just knew it when they saw it, or they had a gut feeling.


People give reasons for their behaviors, but they are typically figuring that stuff out after the fact. We reason nonconsciously and explain rationally later. Humans dream. There obviously is some important utility in dreaming. Even if we don’t understand precisely what the consequences of dreaming are, it’s safe to assume that it’s an important part of the unconscious reasoning process that drives our decision making. So an intelligent machine would have to dream, because it needed to, and it would have to have intuitions that proved to be good insights, and it would have to have a set of goals that made it see the world in a way that an entity with different goals would not. In other words, it would need a personality, and not one that was artificially installed but one that came with the territory of what it was about as an intelligent entity.


What AI can and should build are intelligent special-purpose entities. (We can call them Specialized Intelligences or SIs.) Smart computers will indeed be created. But they will arrive in the form of SIs, which will make lousy companions but will know every shipping accident that ever happened and why (the shipping industry’s SI), or be an expert on sales (a business world SI). The sales SI, because sales is all it ever thinks about, will be able to recite every interesting sales story that ever happened and the lessons to be learned from it. For some salesman about to call on a customer, for example, this SI would be fascinating. We can expect a foreign policy SI that helps future presidents learn about the past in a timely fashion and helps them make decisions—it will know all the decisions the government has ever made and have cleverly indexed them so as to be able to apply what it knows to current situations.


So AI, in the traditional sense, will not happen in my lifetime, nor in my grandson’s lifetime. Perhaps a new kind of machine intelligence will one day evolve and be smarter than us, but we are a really long way from that.
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What Could a Neuron “Want”?





I’ve changed my mind about how to handle the homunculus temptation: the almost irresistible urge to install a “little man in the brain” to be the Boss, the Central Meaner, the Enjoyer of pleasures, and the Sufferer of pains. In Brainstorms (1978), I described and defended the classic GOFAI (Good Old-Fashioned AI) strategy that came to be known as “homuncular functionalism,” replacing the little man with a committee:




The AI programmer begins with an intentionally characterized problem, and thus frankly views the computer anthropomorphically: if he solves the problem he will say he has designed a computer than can [e.g.,] understand questions in English. His first and highest level of design breaks the computer down into subsystems, each of which is given intentionally characterized tasks; he composes a flow chart of evaluators, rememberers, discriminators, overseers and the like. These are homunculi with a vengeance…. Each homunculus in turn is analyzed into smaller homunculi, but, more important, into less clever homunculi. When the level is reached where the homunculi are no more than adders and subtractors, by the time they need only the intelligence to pick the larger of two numbers when directed to, they have been reduced to functionaries “who can be replaced by a machine.” (p. 80)




I still think this is basically right, but I have recently come to regret—and reject—some of the connotations
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