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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 and their ideas, and they comment on 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 are 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 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.

New tools equal new perceptions. Through science we create technology and in using our new tools we re-create ourselves. But until very recently in our history, no democratic populace, no legislative body, ever indicated by choice, by vote, how this process should play out.

Nobody ever voted for printing. Nobody ever voted for electricity. Nobody ever voted for radio, the telephone, the automobile, the airplane, television. Nobody ever voted for penicillin, antibiotics, the Pill. Nobody ever voted for space travel, massively parallel computing, nuclear power, the personal computer, the Internet, e-mail, cell phones, the Web, Google, cloning, sequencing the entire human genome. We are moving toward the redefinition of life, to the edge of creating life itself. While science may or may not be the only news, it is the news that stays news. And our politicians, our governments? Always years behind, the best they can do is play catch-up.

Nobel laureate James Watson, codiscoverer of the DNA double helix, and genomics pioneer J. Craig Venter recently received Double Helix Awards from Cold Spring Harbor Laboratory as the founding fathers of human-genome sequencing. They are the first two human beings to have their complete genetic information decoded. Watson noted in his acceptance speech that he doesn’t want government involved in decisions concerning how people choose to handle information about their personal genomes. Venter is on the brink of creating the first artificial life-form on Earth. He has already announced transplanting the information from one genome into another; in other words, your dog becomes your cat. He has privately alluded to important scientific progress in his lab, the result of which, if and when realized, will change everything.

Here is the 2009 Edge question:


WHAT WILL CHANGE EVERYTHING?

“What game-changing scientific ideas and developments do you expect to live to see?”

JOHN BROCKMAN

PUBLISHER AND EDITOR, EDGE








INTRODUCTION



DANIEL C. DENNETT

DANIEL C. DENNETT is a philosopher, university professor, codirector of the Center for Cognitive Studies at Tufts University, and the author of Breaking the Spell: Religion as a Natural Phenomenon.

What will change everything? The Edge question itself, and many of the answers given here, point to a common theme: Reflective, scientific investigation of everything is going to change everything. When we look closely at looking closely, when we increase our investment in techniques for increasing our investment in techniques . . . for increasing our investment in techniques, we create nonlinearities that—like Douglas Hofstadter’s strange loops—amplify uncertainties, allowing phenomena that have heretofore been orderly and relatively predictable to escape our control. We figure out how to game the system, and this initiates an arms race to control or prevent the gaming of the system, which leads to new levels of gamesmanship, and so on.

The snowball has started to roll and there is probably no stopping it. Will the result be a utopia or a dystopia? Which of the novelties are self-limiting and which will extinguish institutions long thought to be permanent? There is precious little inertia, I think, in cultural phenomena once they are placed in these arms races of cultural evolution. Extinction can happen overnight in some cases. The almost frictionless markets made possible by the Internet are already swiftly revolutionizing commerce.

Will universities and newspapers become obsolete? Will hospitals and churches go the way of corner grocery stores and livery stables? Will reading music soon become as arcane a talent as reading hieroglyphics? Will reading and writing themselves soon be obsolete? What will we use our minds for? Some see a revolution in our concept of intelligence, either because of “neurocosmetics” (Marcel Kinsbourne) or quantum computing (W. H. Hoffman), or “just-in-time storytelling” (Roger Schank). Nick Humphrey reminds us that when we get back to basics—procreating, eating, just staying alive—not that much has changed since Roman times, but I think that these are not really fixed points after all.

Our species’ stroll through Design Space is picking up speed. Recreational sex, recreational eating, and recreational perception (hallucinogens, alcohol) have been popular since Roman times, but we are now on the verge of recreational self-transformations that will dwarf the modifications the Romans indulged in. When you no longer need to eat to stay alive, or procreate to have off-spring, or locomote to have an adventure-packed life, when the residual instincts for these activities might be simply turned off by genetic tweaking, there may be no constants of human nature left at all. Except, maybe, our incessant curiosity.






EVOLUTION CHANGES EVERYTHING



SCOTT SAMPSON

SCOTT SAMPSON is adjunct associate professor of geology and geophysics at the University of Utah and the host of Dinosaur Planet.

Evolution is the scientific idea that will change everything within the next several decades.

I realize that this statement may seem improbable. If evolution is defined generally simply as change over time, the above statement borders on meaningless. If it is regarded in the narrower, Darwinian sense as descent with modification, any claim for evolution’s starring role also appears questionable—particularly given that 2009 is the hundred and fiftieth anniversary of the publication of On the Origin of Species. Surely what Daniel Dennett has called Darwin’s “dangerous idea,” however conceived, has made its mark by now. Nevertheless I base my claim on evolution’s probable effects in two great spheres: human consciousness, and science and technology.

Today the commonly accepted conception of evolution is extremely narrow, confined largely to the realm of biology and a longstanding emphasis on mutation and natural selection. In recent decades, this limited perspective has become further entrenched by the dominance of molecular biology and its “promise” of human-engineered cells and life-forms. Emphasis has been placed almost entirely on generating diversity, a process referred to as “complexification,” reflecting the reductionist world-view that has driven science for four centuries.

Yet science has also begun to explore another key element of evolution: unification, which transcends the biological to encompass the evolution of physical matter. The numerous and dramatic increases in complexity, it turns out, have been achieved largely through a process of integration, with smaller wholes becoming parts of larger wholes. Again and again, we see the progressive development of multipart individuals from simpler forms. Thus, for example, atoms become integrated into molecules, molecules into cells, and cells into organisms. At each higher, emergent stage, older forms are enveloped and incorporated into newer forms, with the end result being a nested, multilevel hierarchy.

At first glance, the process of unification appears to contravene the second law of thermodynamics, by increasing order over entropy. Again and again during the past fourteen billion years, concentrations of energy have emerged and self-organized as islands of order amid a sea of chaos, taking the guise of stars, galaxies, bacteria, gray whales, and (on at least one planet) a biosphere. Although the process of emergence remains somewhat of a mystery, we can now state with confidence that the epic of evolution has been guided by counterbalancing trends of complexification and unification. This journey has not been an inevitable, deterministic march but a quixotic, creative unfolding in which the future could not be predicted.

How will a more comprehensive understanding of evolution affect science and technology? Already a nascent but fast-growing industry called biomimicry taps into nature’s wisdom, imitating sustainable, high-performance designs and processes built up during 4 billion years of evolutionary R&D. Water-repellent lotus plants inspire nontoxic fabrics. Termite mounds inspire remarkable buildings that make use of passive cooling. Spider silk may provide inspiration for a new, strong, flexible yet rigid material with innumerable possible uses. Ultimately, plant photosynthesis may reveal secrets to tapping an unlimited energy supply with minimal waste products.

The current bout of biomimicry is just the beginning. I am increasingly convinced that ongoing research into such phenomena as complex adaptive systems will result in a new synthesis of evolution and energetics—let’s call it the Unified Theory of Evolution—that will trigger a cascade of novel research and designs. Science will relinquish its unifocal downward gaze on reductionist nuts and bolts and turn upward to explore the “pattern that connects.” An understanding of complex adaptive systems will yield transformative technologies we can only begin to imagine. Think about the potential for new generations of “smart” technologies, with the ability to adapt—indeed, to evolve and transform—in response to changing conditions.

And what of human consciousness? Reductionism has yielded stunning advances in science and technology; however, its dominant metaphor, life-as-machine, has left us with a gaping chasm between the human and nonhuman worlds. With “nature” (the nonhuman world) reduced merely to resources, humanity’s ever-expanding activities have become too much for the biosphere to absorb. We have placed ourselves and the biosphere on the precipice of a devastating ecological crisis, without the consciousness for meaningful progress toward sustainability.

At present, Western culture lacks a generally accepted cosmology—a story that gives life meaning. One of the greatest contributions of the scientific enterprise is the epic of evolution. For the first time, thanks to the combined efforts of astronomers, biologists, and anthropologists (among many others), we have a realistic, time-developmental understanding of the fourteen-billion-year history of us. Darwin’s tree of life has roots that extend back to the Big Bang, and fresh green shoots reach into an uncertain future. Far from leading to a view that the universe is meaningless, this saga provides the foundation for seeing ourselves as fully embedded in the fabric of nature. To date, this story has had minimal exposure and certainly has not been included (as it should be) in the core of our educational curricula.

Why am I confident that these transformations will occur in the near future? In large part because necessity is the mother of invention. We are the first generation of humans to face the prospect that humanity may have a severely truncated future. In addition to new technologies, we need a new consciousness, a new worldview, and new metaphors that establish a more harmonious relationship between the human and the nonhuman. Of course, the concept of “changing everything” makes no up-front value judgments, and I can envision evolution’s net contribution as being either positive or negative, depending on whether the shift in human consciousness keeps pace with the radical expansion of new (and potentially even more exploitative) technologies. In sum, our future R&D needs to address human consciousness in at least equal measure to science and technology.






DNA: WRITING THE SOFTWARE OF LIFE



J. CRAIG VENTER

J. CRAIG VENTER is a geneticist, founder and president of the J. Craig Venter Institute, and the author of A Life Decoded: My Genome, My Life.

In science, as with most areas, seemingly simple ideas can change and have changed everything. Just one hundred and fifty years ago, Charles Darwin’s On the Origin of Species was published and immediately affected science and society by describing the process of evolution as natural selection. But it took until the 1940s to establish that the substance carrying the heritable information was DNA. In 1953, an Englishman and an American, Francis Crick and James Watson, proposed that DNA is formed as a spiraling ladder—or double helix—with purinepyrimidine base pairs as the rungs. However, no one yet knew what the actual code of life was.

In the 1960s, some of the first secrets of our genetic code were revealed with the discovery that the chemical bases should be read in groups of three. These “nucleotide triplets” then coded for amino acids, which form protein.

In the late 1970s, the complete genetic code (five thousand nucleotides) of bacteriophage, a small virus that kills E. coli, was read out in sequence by a new technology developed by Fred Sanger from the University of Cambridge. This technology, named Sanger sequencing, would dominate genetics for the next twenty-five years.

In 1995 my team at the Institute for Genomic Research (now the J. Craig Venter Institute) read the complete genetic code of the chromosome containing all of the genetic information for a bacterium. The bacterial genome we decoded was over 1.8 million nucleotides long and coded for all the proteins associated with the life of the bacterium. Based on our new methods, there was an explosion of new data from decoded genomes of many living species, including humans.

Just as Darwin observed evolution in the changes he saw in various species of finches, land and sea iguanas, and tortoises, the genomics community is now studying the changes in the genetic code that are associated with human traits and disease and the differences among us by reading the genetic code of many humans and comparing them. The technology is changing rapidly; soon it will be commonplace for everyone to know his or her own genetic code. This will change the practice of medicine from treating disease after it happens to preventing disease before its onset. Understanding the mutations and variations in the genetic code clearly will help us to understand our own evolution.

Science is changing dramatically once again, as we use all our new tools to understand life and perhaps even to redesign it. The genetic code is the result of over 3.5 billion years of evolution and is common to all life on our planet. We have been reading the genetic code for a few decades and are gaining insight into how it programs for life. In a series of experiments to better understand the code, my colleagues and I have developed new ways to chemically synthesize DNA in the laboratory. First, we synthesized the genetic code of the same virus that Sanger decoded in 1977. When this large synthetic molecule was inserted into a bacterium, not only was the cellular machinery in the bacterium able to read the synthetic genetic code, but the cell was also able to produce the proteins that were coded for. The proteins self-assembled to produce the virus particle, which was then able to infect other bacteria. Over the past few years, we have been able to chemically make an entire bacterial chromosome, which, at more than 582,000 nucleotides, is the largest man-made chemical produced to date.

We have now shown that DNA is absolutely the information-coded material of life by completely transforming one species into another simply by changing the DNA in the cell. By inserting a new chromosome into a cell and eliminating the existing chromosome, all the characteristics of the original species were lost and replaced by what was coded for on the new chromosome. Very soon, we will be able to do the same experiment with the synthetic chromosome.

We can start with digitized genetic information and four bottles of chemicals and write new software of life to direct organisms to do processes that are desperately needed, like the creation of renewable biofuels and the recycling of carbon dioxide. As we learn from 3.5 billion years of evolution, we will convert billions of years into decades and change not only how we view life but life itself.






A CHANGE IN WHO WE ARE



PZ MYERS

PAUL ZACHARY (PZ) MYERS is an associate professor of biology at the University of Minnesota and the author of the science blog Pharyngula.

The question “What will change everything?” is framed in the wrong tense. It should be “What is changing everything right now?”

We’re in the midst of an ongoing revision of our understanding of what it means to be human. We are struggling to redefine humanity, and it’s going to radically influence our future. The redefinition began in the nineteenth century with the work of Charles Darwin, who changed the game by revealing the truth of human history: We are not the progeny of gods, we are the children of worms; not the product of divine planning but of cruel chance and ages of brutal winnowing. That required a shift in the way we view ourselves—a shift that is still working its way through the culture; creationism is an instance of the reaction against the dethroning of Homo sapiens. Embracing the perspective of evolution, however, allows us to see the value of other species and appreciate our place in the system as a whole; it is a positive advance.

There are at least two more revolutions in the works. The first is in developmental biology. We’re learning how to reprogram human tissues, enabling new possibilities in repair and regeneration. We’re acquiring the tools that will make the human form more plastic, and it won’t just stop with restoring damaged bodies but will someday allow us to resculpt ourselves, adding new features and properties to our biology, and—maybe some-day—free us completely from the boundaries of the fixed form of a bipedal primate. Even now, with our limited abilities, we have to rethink what it means to be human. Does a blastocyst fit the definition? How about a five-week-old embryo or a three-month-old fetus?

The second big revolution is coming from neuroscience. Mind is clearly a product of the brain, and the old notions of souls and spirits are looking increasingly ludicrous. Yet these are nearly universal ideas, all tangled up in people’s rationalizations about an afterlife and ultimate reward or punishment and in their concept of self. If many object to the lack of exceptionalism in our history, if they’re resistant to the idea that human identity emerges gradually during development, they’re most definitely going to find the idea of soullessness and mind as a by-product of nervous activity horrifying.

This will be our coming challenge: to accommodate a new view of ourselves and our place in the universe that isn’t encumbered by falsehoods and trivializing myths. That’s going to be our biggest change: a change in who we are.






THE ROBOTIC MOMENT



SHERRY TURKLE

SHERRY TURKLE is a psychologist at MIT and the author of Evocative Objects: Things We Think With.

I will see the development of robots that people will want to spend time with. Not just a little time—in which the robots serve as amusements—but enough time and with enough interactivity that the robots will be experienced as companions, each closer to a someone than a something. I think of this as the robotic moment.

Sociable technologies first came on the mass market with the 1997 Tamagotchi, a creature on a small video screen that did not offer to take care of you but asked you to take care of it. The Tamagotchi needed to be fed and amused. It needed its owners to clean up after its digital messes. Tamagotchis demonstrated that in digital sociability, nurturance is a “killer app.” We nurture what we love, but we love what we nurture. In the early days of artificial intelligence, the emphasis had been on building artifacts that impressed with their knowledge and understanding. When AI goes sociable, the game changes. The “relational” artifacts that followed the Tamagotchis inspired feelings of connection because they pushed people’s Darwinian buttons: They asked us to teach them, they made eye contact, they tracked our motions, they remembered our names. For people, these are the markers of sentience; they signal us, rightly or wrongly, that there is “somebody home.”

Sociable technologies came onstage as toys, but in the future they will be presented as potential nannies, teachers, therapists, life coaches, and caretakers for the elderly. First, they will be put forward as “better than nothing.” (It is better to have a robot as a diet coach than just to read a diet book. If your mother is in a nursing home, it is better to leave her interacting with a robot that knows her habits and interests than leave her staring at a television screen.) But over time, robots will be presented as “better than something”: That is, they will be preferable to an available human being—or, in some cases, a living pet. They will be promoted as having powers—of memory, attention, and patience—that people lack.

Even now, when people learn that I work with robots, they tell me stories of human disappointment: They talk of cheating husbands, wives who fake orgasms, children who take drugs. They despair about human opacity: “We never know how another person really feels; people put on a good face. Robots would be safer.” As much as a story of clever engineering, our evolving attachments to technology speak to feelings of unrequited love.

In the halls of a large psychology conference, a graduate student takes me aside to ask for more information on the state of research about relational machines. She confides that she would trade in her boyfriend for “a sophisticated Japanese robot,” if the robot would produce what she terms “caring behavior.” She tells me that she relies on “a feeling of civility in the house.” She does not want to be alone. She says: “If the robot could provide the environment, I would be happy to help produce the illusion that there is somebody really with me.” What she is looking for, she tells me, is a “no-risk relationship” that will stave off loneliness. A responsive robot, even if it is just exhibiting scripted behavior, seems better to her than a demanding boyfriend. I ask her if she is joking. She tells me she is not.

A reporter for Scientific American calls to interview me about a book on robot love by computer scientist David Levy. In Love + Sex with Robots, Levy argues that robots will teach us to be better friends and lovers, because we will be able to practice on them relationally and physically. Beyond this, they can substitute where people fail us. Levy proposes, among other things, the virtues of marriage to robots. He argues that robots are “other” but in many ways better. No cheating. No heartbreak.

I tell the reporter that I am not enthusiastic about Levy’s suggestions. To me, the fact that we are discussing marriage to robots is a window onto human disappointments. The reporter asks if my opposition to people marrying robots doesn’t put me in the same camp as those who for so long stood in the way of marriage for lesbians and gay men. I try to explain that just because I don’t think people should marry machines doesn’t mean that any mix of adult people with other adult people isn’t fair territory. He accuses me of species chauvinism and restates his objection: Isn’t this the kind of talk that homophobes once used—not considering gays and lesbians as “real people”? Machines are “real” enough to bring special pleasures to relationships, pleasures that need to be honored in their own right.

The argument in Love + Sex is exotic, but we are being prepared for the robotic moment every day. Consider Joanie, age seven, who has been given a robot dog. She can’t have a real dog because of her allergies, but the robot’s appeal goes further. It is not just better than nothing but better than something. Joanie’s robot, known as an Aibo, is a dog that can be made to measure. Joanie says, “It would be nice to be able to keep Aibo at a puppy stage for people who like to have puppies.”

It is a very big step from Joanie’s admiring a forever-young Aibo to David Levy and his robot lover. But they share the fantasy that while we may begin with substituting a robot if a person is not available, we will move on to specifically choosing malleable artificial companions. If the robot is a pet, it might always stay a puppy because that’s how you like it. If the robot is a lover, you might always be the center of its universe because that’s how you like it.

But what will happen if we get what we say we want? If our pets always stay puppy-cute; if our lovers always say the sweetest things? If you know only cute and cuddly, you don’t learn about maturation, growth, change, and responsibility. If you know only an accommodating partner, you end up knowing neither the partner nor yourself.

The robotic moment will bring us to the question we must ask of every technology: Does it serve our human purposes?—a question that causes us to reconsider what those purposes are. When we connect with the robots of the future, we will tell and they will remember. But have they listened? Have we been “heard” in a way that matters? Will we no longer care?






THE BRAIN-MACHINE INTERFACE



JAMES GEARY

JAMES GEARY is former Europe editor of Time and the author of Geary’s Guide to the World’s Great Aphorists.

J. Craig Venter may be “on the brink of creating the first artificial life-form,” but one game-changing scientific idea I expect to live to see is the moment when a robotic device achieves the status of a living thing. What convinces me of this is not some amazing technological breakthrough but videos of the annual RoboCup soccer tournament organized by Georgia Tech in Atlanta. The robotics researchers behind RoboCup are determined to build a squad of robots capable of winning against the world champion human soccer team. For now, they’re just competing against other robots.

For a human being to raise a foot and kick a soccer ball is an amazingly complex event, involving millions of different neural computations coordinated across several different brain regions. For a robot to do it—and to do it as gracefully as members of the RoboCup Humanoid League—is a major technical accomplishment. The cuddlier, though far less accomplished, quadrupeds in the Four Legged League are also a wonder to behold. Plus, the robots are not programmed to do this stuff—they learn to do it, just like you and me.

These robots are marvels of technological ingenuity. They are also “living” proof of how easily—eagerly, even—we can anthropomorphize robots, and why I expect there won’t be much of a fuss when these little metallic critters start infiltrating our homes, offices, and daily lives.

I also expect to see the day when robots like these have biological components (that is, some wetware to go along with their hardware) and when human beings have internal technological components (that is, some hardware to go along with our wet-ware). Researchers at the University of Pittsburgh have trained two monkeys to grab marshmallows using a robotic arm controlled by their own thoughts. During voluntary physical movements (such as reaching for food), nerve cells in the brain start firing well before any movement actually takes place. It’s as if the brain warmed up for an impending action by directing specific clusters of neurons to fire, just as a driver warms up a car by pumping the gas pedal. The University of Pittsburgh team implanted electrodes in this area of the monkeys’ brains and connected them to a computer operating the robotic limb. When the monkeys thought about reaching for a marshmallow, the mechanical arm obeyed that command. In effect, the monkeys had three arms for the duration of the experiments.

In humans, this type of brain-machine interface (BMI) could open up new fields of entertainment and exploration—and also allow paralyzed individuals to control prosthetic body parts. “The body’s going to be very different a hundred years from now,” Miguel Nicolelis, a Duke University neuroscientist and one of the pioneers of BMI, has said. “In a century’s time, you could be lying on a beach on the east coast of Brazil, controlling a robotic device roving on the surface of Mars, and be subjected to both experiences simultaneously, as if you were in both places at once. The feedback from that robot billions of miles away will be perceived by the brain as if it was you up there.”

In robots, a BMI could become a kind of mind. If manufacturers create such robots with big puppy-dog eyes—or even wearing the face of a loved one or a favorite film star—I think we’d grow to like them pretty quickly. When they have enough senses and “intelligence,” then I’m convinced that these machines will qualify as living things. Not human beings, by any means, but kind of high-tech pets. And turning one off will be the moral equivalent of shooting your dog.






BREAKING THE SPECIES BARRIER



RICHARD DAWKINS

RICHARD DAWKINS is emeritus professor of the Public Understanding of Science, University of Oxford, and the author of The God Delusion and The Greatest Show on Earth.

Our ethics and our politics assume, largely without question or serious discussion, that the division between human and “animal” is absolute. “Pro-life,” to take just one example, is a potent political badge, associated with a gamut of ethical issues such as opposition to abortion and euthanasia. What it really means is pro-human-life. Abortion clinic bombers are not known for their veganism, nor do Roman Catholics show any particular reluctance to have their suffering pets “put to sleep.” In the minds of many confused people, a single-celled human zygote, which has no nerves and cannot suffer, is infinitely sacred, simply because it is “human.” No other cells enjoy this exalted status.

But such “essentialism” is deeply unevolutionary. If there were a heaven in which all the animals who ever lived could frolic, we would find an interbreeding continuum between every species and every other. For example, I could interbreed with a female who could interbreed with a male who could . . . fill in a few gaps, probably not very many in this case . . . who could interbreed with a chimpanzee. We could construct longer but still unbroken chains of interbreeding individuals to connect a human with a warthog, a kangaroo, a catfish. This is not a matter of speculative conjecture; it necessarily follows from the fact of evolution.

Theoretically, we understand this. But what would change everything is a practical demonstration, such as one of the following:



	The discovery of relict populations of extinct hominins, such as Homo erectus or Australopithecus. Yeti enthusiasts notwithstanding, I don’t think this is going to happen. The world is now too well explored for us to have overlooked a large, savannah-dwelling primate. Even Homo floresiensis has been extinct for seventeen thousand years. But if it did happen, it would change everything.

	A successful hybridization between a human and a chimpanzee. Even if the hybrid were infertile, like a mule, the shock waves that would be sent through society would be salutary. This is why a distinguished biologist described this possibility as the most immoral scientific experiment he could imagine: It would change everything! It cannot be ruled out as impossible, but it would be surprising.

	An experimental chimera in an embryology lab, consisting of approximately equal numbers of human and chimpanzee cells. Chimeras of human and mouse cells are now constructed in the laboratory as a matter of course, but they don’t survive to term. Incidentally, another example of our species-ist ethics is the fuss now made about mouse embryos containing some proportion of human cells: “How human must a chimera be before more stringent research rules should kick in?” So far, the question is merely theological, since the chimeras don’t come anywhere near being born, and there is nothing resembling a human brain. But, to venture down the slippery slope so beloved of ethicists, what if we were to fashion a chimera of 50 percent human and 50 percent chimpanzee cells and grow it to adulthood? That would change everything. Maybe it will.

	The human genome and the chimpanzee genome are now known in full. Intermediate genomes of varying proportions can be interpolated on paper. Moving from paper to flesh and blood would require embryological technologies that will probably come onstream during the lifetime of some of my readers. I think it will be done, and an approximate reconstruction of the common ancestor of ourselves and chimpanzees will be brought to life. The intermediate genome between this reconstituted “ancestor” and modern humans would, if implanted in an embryo, grow into something like a reborn Australopithecus: Lucy the Second. And that would (dare I say “will”?) change everything.





I have laid out four possibilities that would, if realized, change everything. I have not said that I hope any of them will be realized. That would require further thought. But I will admit to a frisson of enjoyment whenever we are forced to question the hitherto unquestioned.






SLIPPERY EXPECTATIONS



COREY S. POWELL

COREY S. POWELL is editor in chief of Discover magazine.

The tricky, slippery word in the Edge question is “expect.” There is nothing I expect to see with 100 percent certainty, and there are some remarkable things I expect to see with perhaps 10 or 5 percent certainty (but I sure would be excited if that 5 percent paid off). With that bit of preamble, I’d like to lay out my game-changing predictions, ranked by order of expectation, starting with the near-sure things and ending with the thrilling hey-you-never-knows.

The real end of oil. Technology will make liquid fuels obsolete—not just petroleum, but also alternatives like biodiesel, ethanol, and so on. Fossil fuel supplies are too volatile and limited, the fuels themselves are far too environmentally costly, and biofuels will never be more than niche players. More broadly, moving fuels around in liquid form is just too cumbersome. In the future, energy for personal transit might be delivered by wire or by beam. It might not be delivered at all: The Back to the Future “Mr. Fusion” device is not all that far-fetched (see below). But whatever comes next, in another generation or so pumping fuel into a car will seem as quaint as getting out and cranking the engine to get it started. Odds: 95 percent.

Dark matter found. The hunt for the Higgs boson is a yawn, from my perspective. Finding it will only confirm a theory (the Standard Model of particle physics) that most physicists are fairly sure about already. Identifying dark-matter particles—either at the Large Hadron Collider (LHC) or at one of the direct detectors, like XENON100—would be much more significant. It would tell us what the other five-sixths of all matter in the universe consists of, it would instantly rule out a lot of kooky cosmological theories, and it would allow us to construct a complete history of the universe. Odds: 90 percent.

Genetically engineered kids. I’m talking not just about screening out major cancer genes or selecting blue eyes, I’m talking about designing kids who can breathe underwater or who have radically enhanced mental capabilities. Such offspring will rewrite the rules of evolution and redefine what it means to be human. They may very well qualify as totally new species. From a scientific point of view, I think this capability is extremely likely, but legal and ethical considerations may prevent it from happening. With all that, I put the odds at: 80 percent.

Life detected on an exoplanet. Astronomers have already measured the size, density, temperature, and atmospheric composition of several alien worlds as they transit in front of their parent stars. The upcoming James Webb Space Telescope may be able to do the same for Earth-sized planets. We haven’t found these planets yet, but we’re getting close; it’s a shoo-in that the recently launched Kepler Mission or one of the ground-based planet searches will find them soon. The real question is whether the chemical evidence of alien life will be conclusive enough to convince most scientists. (As for life on Mars, I’d say the odds are similar that we’ll find evidence of fossil life there, but the likelihood of cross-contamination between Mars and Earth makes Martian life inherently less interesting.) Odds: 75 percent.

Synthetic telepathy. Rudimentary brain prostheses and brain-machine interfaces already exist. Allowing one person to control another person’s body would be a fairly simple extension of that technology. Enabling one person to transmit thoughts directly to another person’s brain is a much trickier proposition, but not terribly far fetched, and it would break down one of the most profound isolations associated with the human condition. Broadcasting the overall state or “mood” of a brain would probably come first. Transmitting specific, conscious thoughts would require elaborate physical implants to make sure the signals go to exactly the right place—but such implants could soon become common anyway, as people merge their brains with computer data networks. Odds: 70 percent.

Life span past two hundred (or a thousand). I have little doubt that progress in fighting disease and patching up our genetic weaknesses will make it possible for people to routinely reach the full human life span of about a hundred and twenty. Going far beyond that will require halting or reversing the core aging process, which involves not just genetic triggers but also oxidation and simple wear and tear. Engineering someone to have gills is probably a much easier proposition. Still, if we can hit two hundred, I see no reason why the same techniques couldn’t allow people to live to a thousand or more. Odds: 60 percent.

Conscious machines. Intelligent machines are inevitable—by some measures they are already here. Synthetic consciousness would be a much greater breakthrough, in some ways a more profound one than finding life on other planets. One problem: We don’t understand how consciousness works, so re-creating it will require learning a lot more about what it means to be both smart and self-aware. Another problem: We don’t understand what consciousness is, so it’s not clear what “smart” and “self-aware” mean, exactly. Neurobiologist Gerald Edelman’s brain-based devices are a promising solution. Rather than trying to deconstruct the brain as a computer, they construct neural processing from the bottom up, mimicking the workings of actual neurons. Odds: 50–50.

Geoengineering. We may be able to deal with global warming through a combination of new energy sources, radical efficiency, carbon sequestration, and many local and regional adaptations to a warmer climate. All of these will be technologically challenging but not truly “game changing.” It is possible, though, that the result of our environmental follies will be so severe, and the progress of curative scientific research so dramatic, that some of the pie-in-the-sky geoengineering schemes now being bandied about will actually come to pass. Giant space mirrors and sunshades strike me as the most appealing options, both because they would support an aggressive space program and because they are adjustable and correctable. (Schemes that aim to fight carbon pollution with sulfur pollution seem like a frightening mix of hubris and folly.) Geoengineering techniques are also a good first step toward being able to terraform other planets. Odds: 25 percent.

Desktop fusion. The ITER (International Thermonuclear Experimental Reactor) project will prove that it is possible to spend billions of dollars to construct an enormous device that produces controlled hydrogen fusion at a net loss of energy. A few left-field fusion researchers—most notably the ones associated with the Tri Alpha company in Southern California—are exploring a much wilder, albeit quite unproved, approach that would lead to the construction of cheap, compact reactors. These devices could in theory take advantage of more exotic neutron-free fusion reactions that would allow almost direct conversion of fusion energy to electricity. The old dream of a limitless power plant that could fit under the hood of your car or in a closet in your house might finally come true. Since energy is the limiting factor for most economic development, the world economy (and the potential for research and exploration) would be utterly transformed. Odds: 20 percent.

Communication with other universes. Studies of gravitational-wave patterns etched into the cosmic microwave background could soon provide hints of the existence of universes outside our own. Particle collisions at the LHC could soon provide hints of the existence of higher dimensions. But what would really shake the world would be direct measurements of other universes. How exactly that would work is not at all clear, since any object or signal that crossed over directly from another universe could have devastating consequences; indirect evidence, meanwhile, might not be terribly convincing (for example, looking for the gravitational pull from shadow matter on a nearby brane). I hold out hope all the same. Odds: 10 percent.

Antigravity devices. Current physics theory doesn’t allow such things, but from time to time fringe experiments (mostly involving spinning superconducting disks) allegedly uncover evidence for an antigravity phenomenon. Even NASA has invested dribbles of money in this field, hoping that something exciting and unexpected will pop up. If antigravity really exists, it would require revising Einstein’s general theory of relativity. (It would also vindicate all those science-fiction TV shows in which everyone clomps around heavily in outer space.) Given how little we know about how gravity works, neither antigravity nor artificially generated gravity seem impossible . . . just highly improbable. Odds: 5 percent.

ESP verified! Probably the closest thing I’ve seen to a scientific theory of ESP is Rupert Sheldrake’s concept of “morphic fields.” Right now, there’s nary a shred of evidence to support the idea—unless you count anecdotes of dogs who know when their owners are about to return home and people who can “feel” when someone is looking at them—but Sheldrake is totally correct that such off-the-wall ideas merit serious scientific investigation. After all, scientists investigate counterintuitive physics concepts all the time; why not conduct equally serious investigations of the intuitive feelings that people have all the time? Everything I know about science and human subjectivity says that there’s nothing to find here. And yet when I think of a discovery that would change everything, this is one of the first that springs to mind. Odds: 0.1 percent.






THE FULL FLOURISHING OF SOLAR TECHNOLOGY



IAN MCEWAN

IAN McEWAN is a novelist and the author of On Chesil Beach.

Philip Larkin began a poem with the hypothesis, “If I were called in / To construct a religion / I should make use of water.” Instead of water, I would propose the sun, and the religion I have in mind is a rational affair, with enormous aesthetic possibilities and of great utility.

By nearly all insider and expert accounts, we are or will be at peak oil somewhere between now and the next five years. Even if we did not have profound concerns about climate change, we would need to be looking for different ways to power our civilization. How fortunate we are to have a safe nuclear facility a mere ninety-three million miles away, and fortunate too that the dispensation of physical laws is such that when a photon strikes a semiconductor, an electron is released. I hope I live to see the full flourishing of solar technology—photovoltaics or concentrated solar power to superheat steam, or a combination of the two in concentrated photovoltaics. The technologies are unrolling at an exhilarating pace, with input from nanotechnology and artificial photosynthesis. Electric mobility and electricity storage are also part of this new quest. My hope is that architects will be drawn to designing gorgeous arrays and solar towers in the desert—as expressive of our aspirations as medieval cathedrals once were. We will need new distribution systems too, smart grids—perfect Rooseveltian projects for our hard-pressed times. Could it be possible that in two or three decades we will look back and wonder why we ever thought we had a problem when we are bathed in such a sweet rain of photons?






PERSONAL GENOMICS—OR MAYBE NOT



STEVEN PINKER

STEVEN PINKER is Johnstone Family Professor in the Department of Psychology, Harvard University, and the author of The Stuff of Thought: Language as a Window into Human Nature.

I have little faith in anyone’s ability to predict what will change everything. A look at the futurology of the past turns up many chastening examples of confident predictions of technological revolutions that never happened, such as domed cities, nuclear-powered cars, and meat grown in dishes. By the year 2001, according to the eponymous movie, we were supposed to have suspended animation, missions to Jupiter, and humanlike mainframe computers (though not laptop computers or word processing—the characters used typewriters). And remember interactive television, the Internet refrigerator, and the paperless office?

Technology may change everything, but it’s impossible to predict how. Take another way in which 2001: A Space Odyssey missed the boat. The American women in the film were “girl assistants”: secretaries, receptionists, and flight attendants. As late as 1968, when Kubrick’s movie came out, few people foresaw the second feminist revolution that would change everything in the 1970s. It’s not that the revolution didn’t have roots in technological change. Not only did oral contraceptives make it possible for women to time their childbearing, but a slew of earlier technologies (sanitation, mass production, modern medicine, electricity) had reduced the domestic workload, extended the life span, and shifted the basis of the economy from brawn to brains, collectively emancipating women from round-the-clock child rearing.

The effects of technology depend not just on what the gadgets do, but on billions of people’s judgments of their costs and benefits. (Do you really want to have to call a help line to debug your refrigerator?) They also depend on countless nonlinear network effects, sleeper effects, and other nuisances. The popularity of baby names (Mildred, Deborah, Jennifer, Chloe), and the rates of homicide (down in the 1940s, up in the 1960s, down again in the 1990s) are just two of the social trends that fluctuate wildly in defiance of the best efforts of social scientists to explain them after the fact, let alone predict them beforehand.

But if you insist. The new millennium saw the introduction of direct-to-consumer genomics. A number of new companies have been recently launched. You can get everything from a complete sequencing of your genome (for a cool $350,000), to a screen for more than a hundred Mendelian disease genes, to a list of traits, disease risks, and ancestry data. Here are some possible outcomes:



	Personalized medicine, in which drugs are prescribed according to the patient’s molecular background rather than by trial and error, and in which prevention and screening recommendations are narrow-casted to those who would most benefit.

	An end to many genetic diseases. Just as Tay-Sachs has been almost wiped out in the decades since Ashkenazi Jews have tested themselves for the gene, a universal-carrier screen, combined with preimplantation genetic diagnosis for carrier couples who want biological children, will eliminate a hundred others.

	Universal insurance for health, disability, and home care. Forget the political debates about the socialization of medicine. Cafeteria insurance will no longer be actuarially viable if the highest-risk consumers can load up on generous policies while the low-risk ones get by with the bare minimum.

	An end to the genophobia of many academics and pundits, whose blank-slate doctrines will look increasingly implausible as people learn about genes that affect their temperament and cognition.

	The ultimate empowerment of medical consumers, who will know their own disease risks and seek commensurate treatment, rather than relying on the hunches and folklore of a paternalistic family doctor.





But then again, maybe not.






OUR GENES ARE NOT OUR FATE



DEAN ORNISH

DEAN ORNISH is a medical doctor, clinical professor of medicine at the University of California, San Francisco, and the author of The Spectrum: A Scientifically Proven Program to Feel Better, Live Longer, Lose Weight, and Gain Health.

We are entering a new era of personalized medicine. One size does not fit all.

One way to change your genes is to make new ones, as Craig Venter has elegantly shown. Another is to change your lifestyle: what you eat, how you respond to emotional stress, whether or not you smoke cigarettes, how much you exercise, and the experience of love and intimacy.

New studies show that these comprehensive lifestyle changes may change gene expression in hundreds of genes in only a few months—“turning on” (up-regulating) disease-preventing genes and “turning off” (down-regulating) genes that promote heart disease, oncogenes that promote breast cancer and prostate cancer, and genes that promote inflammation and oxidative stress. These lifestyle changes also increase telomerase, the enzyme that repairs and lengthens telomeres—the ends of our chromosomes, which control how long we live.

As genomic information for individuals becomes more widely available—via the decoding of each person’s complete genome (as Venter and James Watson have done) or partially (and less expensively) via new personal genomics companies—this information will be a powerful motivator for people to make comprehensive lifestyle changes that may beneficially affect their gene expression and significantly reduce the incidence of the pandemic of chronic diseases.






A FOREBRAIN FOR THE WORLD MIND



W. DANIEL HILLIS

W. DANIEL HILLIS is a physicist and computer scientist, chairman of Applied Minds, Inc., and the author of The Pattern on the Stone: The Simple Ideas That Make Computers Work.

In 1851, Nathaniel Hawthorne wrote, “Is it a fact—or have I dreamt it—that, by means of electricity, the world of matter has become a great nerve, vibrating thousands of miles in a breathless point of time? Rather, the round globe is a vast head, a brain, instinct with intelligence!” He was writing about the telegraph, but today we make essentially the same observation about the Internet.

One might suppose that with all its zillions of transistors and billions of human minds, the world brain would be thinking some pretty profound thoughts. There is little evidence that this is so. Today’s Internet functions mostly as a giant communications-and-storage system, accessed by individual humans. Although much of human knowledge is represented in some form within the machine, it is not yet represented in a form that is particularly meaningful to the machine. For the most part, the Internet knows no more about the information it handles than the telephone system knows about the conversations that take place over its lines. Most of those zillions of transistors are either doing something very trivial or nothing at all, and most of those billions of human minds are doing their own thing.

If there is such a thing as a world mind today, then its thoughts are primarily about commerce. It is the “invisible hand” of Adam Smith, deciding the prices, allocating the capital. Its brain is composed not only of the human buyers and sellers but also of the trading programs on Wall Street and the economic models of the central banks. The wires “vibrating thousands of miles in a breathless point of time” are not just carrying messages between human minds; they are participating in the decisions of the world mind as a whole. This unconscious system is the world’s hindbrain.

I call this the hindbrain because it is performing unconscious functions necessary to the organism’s survival—functions so primitive that they predate development of the brain. Included in this hindbrain are the functions of preference and attention that create celebrity, popularity, and fashion, all fundamental to the operation of human society. This hindbrain is ancient. Although it has been supercharged by technology, growing in speed and capacity, it has grown little in sophistication. This global hindbrain is subject to mood swings and misjudgments, leading to economic depressions, panics, witch hunts, and fads. It can be influenced by propaganda and by advertising. It is easily misled. As vital as the hindbrain is for survival, it is not very bright.

What the world mind really needs is a forebrain with conscious goals, access to explicit knowledge, and the ability to reason and plan. A world forebrain would need the ability to perceive collectively, to decide collectively, and to act collectively. Of these three functions, our ability to act collectively is the most developed.

For thousands of years, we have understood methods for breaking a goal into subgoals that can be accomplished by separate teams, and for recursively breaking the subgoals down again and again, until they can be accomplished by individuals. This management by hierarchy scales well. I can imagine that the construction of the pyramids was a celebration of its discovery. The hierarchical teams that built those monuments were an extension of the pharaoh’s body, the pyramid a dramatic demonstration of his power to coordinate the efforts of many. Pyramid builders had to keep their direct reports within shouting distance, but electronic communication has allowed us to extend our virtual bodies—literally, corporations—to a global scale. The Internet has even allowed such composite action to organize itself around an established goal, without the pharaoh. The Wikipedia is our Great Pyramid.

The collective perception of the world mind is also relatively well developed. The most important recent innovations have been search and recommendation engines, which combine the inputs of humans with machine algorithms to produce a useful result. This is another area where scale helps. Many eyes and many judgments are combined into a collective perception that is beyond the scope of any individual. The weak point is that the result of all this collective perception is just a recommendation list. For the world mind to truly perceive, it will need a way of sharing more general forms of knowledge, in a format that can be understood by both humans and machines. Various new companies are beginning to do just that.

What is still missing is the ability of a group of people (or people and machines) to make collective decisions with intelligence greater than the individual. This can sometimes be accomplished in small groups through conversation, but the method does not scale well. Generally speaking, technology has made the conversation larger but not smarter. For large groups, the state-of-the-art method for collective decision making is still the vote. Voting only works to the degree that, on average, each voter is able to individually determine the right decision. This is not good enough. We need an intelligence that will scale with the size of our problems.

So this is the development that will make a difference: a method for groups of people and machines to work together to make decisions in a way that takes advantage of scale. With such a scalable method for collective decision making, our zillions of transistors and billions of brains can be used to advantage, giving the collective mind a way to focus our collective actions. Given this, we will finally have access to intelligence greater than our own. The world mind will finally have a forebrain, and this will change everything.






FUTURE AS PRESENT: A FINAL EXPERIMENT



ERNST PÖPPEL

ERNST PÖPPEL is a neuroscientist. He is chairman of the Human Science Center of Munich University and director of the Parmenides Center of the Study of Thinking in Munich and the author of Mindworks: Time and Conscious Experience.

When time came to an end, the gods decided to run a final experiment. They wanted to be prepared after the Big Crunch for potential trajectories of life after the next Big Bang. For their experiment, they choose two planets in the universe where evolution had resulted in similar developments of life. For planet 1, they decided to interfere with evolution by allowing only one species to develop its brain to a high level of complexity. This species referred to itself as “intelligent.” Members of this species were proud of their achievements in science, technology, the arts, and philosophy.

For planet 2, the gods altered just one variable. For this planet, they allowed two species with high intelligence to develop. The two species shared the environment, but—and this was crucial to the divine experiment—they did not communicate directly with each other. Direct communication was limited to their own species only. Thus, one species could not directly inform the other about its plans; each species could register only what had happened to its common environment.

The question was: How would life be managed on planet 1 and planet 2? As for any organism, the goal on both planets was to maintain an internal balance or homeostasis by optimal use of the available resources. As long as the members of the different samples were not too intelligent, stability was maintained; however, when they became more intelligent and, according to their own view, really smart, and when the frame of judgment changed—that is, individual interests became dominant— trouble was preprogrammed. Because of uncontrolled personal greed, more resources were drawn from the environment than could be replaced. Which planet would do better, with such species of too much intelligence, to maintain the conditions of life?

Data analysis after the experimental period of two hundred years showed that planet 2 was much better at maintaining the stability of the environment. Why? The species on planet 2 had always to monitor the consequences of actions of the other species. If one species took too many resources for individual satisfaction, sanctions by the other species would be the consequence. Thus, drawing resources from the environment was controlled by the other species in a bidirectional way resulting in a dynamic equilibrium.

When the gods published their results, they drew the following conclusions: Long-term stability in complex systems—such as social systems with members of too much intelligence—can be maintained if two complementary systems interact with each other. If only one system has developed, as on planet 1, the gods recommended adoption of a second system for regulative purposes. For social systems, that should be the next generation, whose future environment should be made present both conceptually and emotionally. Thus, long-term stability will be guaranteed.

Being good brain scientists, the gods knew that making the future present is not simply a matter of abstract or explicit knowledge, which is necessary but not sufficient for action resulting in a long-term equilibrium. Decisions have to be anchored in the emotions as well; an empathic relationship between the members of the two systems has to be developed. If the future becomes present, it can in the future be a present.
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