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PART ONE


[image: ]

BLUE SKY, sunshine, déjà vu glazed with dread. Something horrible is going to happen about now. It is a perfect summer day in a meadow of tall grass. J.V. is following her brothers, lagging lazily behind. A shadow falls on the ground; something rustles the grass. J.V. turns—she cannot help it, it is what happens next—and sees a strange man. He has no face, like a minor character in a dream. The man holds something writhing and indistinct. He asks, “How would you like to get into this bag with the snakes?”

J.V.’s encounter is an unlikely milestone of twentieth-century thought. J.V., a fourteen-year-old girl, was not in a summer field but on an operating table in the Montreal Neurological Institute. Her physician, Wilder Penfield, was attempting an experimental operation to relieve her violent epileptic seizures. The operating team had removed the side of J.V.’s skull to expose the temporal lobe of the brain. In order to locate the site of the attacks, Penfield probed the brain with an electrode connected to an EEG machine. The surgery was a collaboration between physician and patient. J.V. had to remain conscious throughout and help locate the site of the seizures. When Penfield touched the probe to a certain spot on J.V.’s temporal lobe, she again found herself in the field of grass …

J.V.’s experience with the strange man had occurred seven years earlier, in Canada, in what we call the real world. She reported seeing herself as she was then, a seven-year-old girl. J.V. had been frightened but not physically harmed, and ran crying home to her mother. These few moments of terror were to haunt her over and over. The man with the bag of snakes entered her dreams, made them nightmares. The trauma became interwoven with her epileptic seizures. Like a madeleine, a fleeting recollection would trigger the whole memory, then an attack.

Under the EEG probe, J.V. not merely recalled but relived the encounter. All the richness of detail, all the lucid horror of the original experience, came back. Penfield’s probe caused the brain to replay past experiences like a movie. With bits of lettered or numbered paper, Penfield kept track of the sites on the cerebral cortex associated with the recollection. Touching nearby points produced different sensations. When the probe touched one point, J.V. recalled people scolding her for doing something wrong. Other sites produced only a phantasmagoria of colored stars.

Brains in Vats

Penfield’s classic brain experiments of the 1930s inspired a certain famous riddle, long since dubbed “brains in vats” by philosophy students. It goes like this: You think you’re sitting there reading this book. Actually, you could be a disembodied brain in a laboratory somewhere, soaking in a vat of nutrients. Electrodes are attached to the brain, and a mad scientist is feeding it a stream of electrical impulses that exactly simulates the experience of reading this book!

Let’s expand a little on the anecdote to see the full force of this. At some indistinct past time, while you were sleeping, your brain was removed from your body. Every nerve was severed by skilled surgeons and attached to a microscopic electrode. Each of these millions of electrodes is hooked to a machine that produces tiny electrical pulses just as the original nerves did.

When you turn the page, it feels like a page because the electrodes send your brain exactly the same nerve impulses that would have come from real fingers grasping a real page. But the page and the fingers are illusion. Bringing the book closer to your face makes it look bigger; holding it at arm’s length makes it look smaller … 3-D perspective is simulated by judiciously adjusting the voltages of the electrodes attached to the stump of the optic nerve. If, right this instant, you can smell spaghetti cooking and hear dulcimer music in the background, that is part of the illusion too. You can pinch yourself and receive the expected sensation, but it will prove nothing. In fact, there’s no way you can prove that this isn’t so. How, then, can you justify your belief that the external world exists?

Dreams and Evil Geniuses

To anyone with a skeptical turn of mind, the brains-in-vats paradox is both appealing and infuriating. There is something fascinating about the demonstration that, just possibly, everything you know is wrong!

Despite the influence of Penfield and other brain researchers, doubts about the reality of the world are not a uniquely modern malaise. Brains-in-vats is simply a stronger version of older riddles asking “How do you know this isn’t all a dream?” Best known of these is the Chinese tale of Chuang-tzu, dating from the fourth century B.C. Chuang-tzu was the man who dreamt he was a butterfly, then awoke to wonder if he was a butterfly dreaming he was a man.

Chuang-tzu’s fable is unconvincing. It is true that we usually don’t realize we’re dreaming in our dreams. But a waking person always knows that he is not dreaming. Doesn’t he?

Opinions differ. In his “First Meditation” (1641), French philosopher and mathematician René Descartes decided he could not be absolutely sure he wasn’t dreaming. Most people would probably disagree with Descartes. You’re not dreaming right now, and you know it because experiences in dreams are different from those in waking life.

Saying exactly how they’re different is difficult. If waking life is absolutely, unmistakably different from a dream, there ought to be some surefire test you can perform to distinguish the two. For instance:

• There’s the old gag about pinching yourself to see if you’re dreaming. The rationale is apparently that you don’t feel pain in dreams. But I have felt pain in dreams, and suspect that everyone must from time to time. Scratch that test.

• Since few dreams are in color, the red rose on your desk proves you’re awake. Again, the dream sensation of color is not all that rare. Many people dream in color, and even if you never have, this could be the first time.

• Real life usually seems more detailed and coherent than dreams. If you can examine the wall before you and see every minute crack, that means you’re awake. If you can add a column of figures, then check the result with a calculator, you’re awake. These tests are more telling though still not foolproof. (Might not you dream about seeing tiny cracks in the wall after hearing that the cracks “prove” you are awake?)

• Some say that the very fact that you are wondering whether you are dreaming or awake proves you are awake. In waking life, you are aware of the dream state, but while dreaming you forget the distinction (and think you are awake). But if that were true, you could never have a dream in which you realize you are dreaming, and such dreams are fairly common with many people.

• I propose this test, based on what might be called “coherent novelty.” Keep a book of limericks by your bed. Don’t read the book; just use it thus. Whenever you want to know if you are dreaming, go into your bedroom and open the book at random (it may of course be a dream bedroom and a dream book). Read a limerick, making sure it is one you have never read or heard before. Most likely you cannot compose a bona fide limerick on a moment’s notice. You can’t do it when awake, and certainly not when asleep either. Nonetheless, anyone can recognize a limerick when he sees it. It has a precise rhyme and metrical scheme, and it is funny (or more likely not funny, but in a certain way). If the limerick meets all these tests, it must be part of the external world and not a figment of your dreaming mind.1


There was a young girl at Bryn Mawr
Who committed a dreadful faux pas;
  She loosened a stay
  Of her décolleté
Exposing her je-ne-sais-quoi.



My real point is that you don’t need to use any of these tests to establish that you’re awake; you just know. The suggestion that Chuang Tzu’s, or anyone’s, “real” life is literally a nighttime dream lacks credibility.

It may however be a “dream” of a different sort. The most famous discussion along these lines is in Descartes’s Meditations. There Descartes wonders if the external world, including his body, is an illusion created by an “evil genius” bent on deceiving him. “I will suppose that … some malicious demon of the utmost power and cunning has employed all his energies in order to deceive me. I shall think that the sky, the air, the earth, colours, shapes, sounds and all external things are merely the delusions of dreams which he has devised to ensnare my judgement. I shall consider myself as not having hands or eyes, or flesh, or blood or senses, but as falsely believing that I have all these things.”

That the demon and Descartes’s mind were the only two realities would be the very pinnacle of deception, Descartes reasoned. Were there even one other mind as “audience” for the deception, Descartes would at least be correct about the existence of minds such as his own.

Descartes’s evil genius anticipates the brains-in-vats paradox in all meaningful particulars. The Penfield experiments merely showed how Descartes’s metaphysical fantasy might be physically conceivable. The illusion in the Penfield experiments was more realistic than a dream or memory, though not complete. Penfield’s patients described it as a double consciousness: Even while reliving the past experience in detail, they were also aware of being on the operating table.

One can readily envision the more complete neurological illusion supposed in the brains-in-vats riddle. The eyes do not send the brain pictures, nor the ears sound. The senses communicate with the brain via electrochemical impulses in the nerve cells. Each cell in the nervous system “sees” only the impulses of neighboring cells, not the external stimulus that caused them.

If we knew more about the original sensory nerve communication with the brain (as may be the case in a century or so), it might be possible to simulate any experience artificially. That contingency throws all experience into doubt. Even the current embryonic stage of neurology is no guarantee of the validity of our senses. It might be the twenty-fifth century right now, and the forces behind the brains-in-vats laboratory want you to think it’s the twentieth, when such things don’t happen!

The existence of one’s brain is just as open to doubt as the external world. We talk of “brains in vats” because it is a convenient picture, wryly suggestive of bad science fiction. The brain is shorthand for “mind.” We no more know, with unimpeachable certainty, that our consciousness is contained in a brain than that it is contained in a body. A yet more complete version of the fantasy would have your mind hallucinating the entire world, including Penfield, J.V., and the brains-in-vats riddle.

Ambiguity

“Brains in vats” is the quintessential illustration of what philosophers call the “problem of knowledge.” The point is not the remote possibility that we are brains in vats but that we may be just as deluded in ways we cannot even imagine. Few persons reach their fifteenth birthday without having some thoughts along this line. How do we know anything for sure?

The whole of our experience is a stream of nerve impulses. The sheen of a baroque pearl, the sound of a dial tone, and the odor of apricots are suppositions from these nerve impulses. We have all imagined a world that might account for the unique set of nerve impulses we have received since (and several months before) birth. The conventional picture of a real, external world is not the only possible explanation for that neural experience. We are forced to admit that an evil genius or a brains-in-vats experiment could explain the neural experience just as well. Experience is forever equivocal.

Science places great faith in the evidence of the senses. Most people are skeptical about ghosts, the Loch Ness monster, and flying saucers, not because they are inherently stupid notions, but only because no one has produced unquestionable sensory evidence for them. Brains-in-vats turns this (apparently reasonable!) skepticism inside out. How can you know, by the evidence of your senses, that you are not a brain in a vat? You can’t! The belief that you are not a brain in a vat can never be disproven empirically. In the jargon of philosophy, it is “evidence-transcendent.”

This is a serious blow to the idea that “everything can be determined scientifically.” At issue is not some bit of trivia such as the color of a tyrannosaurus. If we cannot even know whether the external world exists, then there are profound limitations on knowledge. Our conventional view of things might be outrageously wrong.

Ambiguity underlies a famous analogy proposed by Albert Einstein and Leopold Infeld. In 1938 they wrote:


In our endeavour to understand reality we are somewhat like a man trying to understand the mechanism of a closed watch. He sees the face and the moving hands, even hears its ticking, but he has no way of opening the case. If he is ingenious he may form some picture of a mechanism which could be responsible for all the things he observes, but he may never be quite sure his picture is the only one which could explain his observations. He will never be able to compare his picture with the real mechanism and he cannot even imagine the possibility of the meaning of such a comparison.



Is Anything Certain?

Descartes’s evil genius was the starting point of an investigation into how we know what we know. Descartes wrote: “Some years ago I was struck by the large number of falsehoods that I had accepted as true in my childhood, and by the highly doubtful nature of the whole edifice that I had subsequently based on them. I realized that it was necessary, once in the course of my life, to demolish everything completely and start again right from the foundations if I wanted to establish anything at all in the sciences that was stable and likely to last.”

Descartes wanted to address the problem of knowledge in much the same way that Euclid had treated geometry two thousand years earlier. All of Euclid’s geometry is deduced from a set of five axioms. An axiom was, in Euclid’s time, a statement so obviously true that one could not imagine a world in which it was false (for instance: “A straight line can be drawn between any two points”). All the theorems—provably true statements—of traditional geometry can be derived from Euclid’s five axioms.

Descartes wanted to do the same thing with the facts of the real world. He needed first to identify a set of facts known with utter certainty. These facts would be the axioms of his natural philosophy. Then he would establish valid rules of inference. Finally, Descartes would use those rules to deduce new facts from the original set of incontestable facts.

Unfortunately, almost any statement about the real world has some degree of doubt. Descartes found the ground floor of his natural philosophy vanishing beneath his feet: “So serious are the doubts into which I have been thrown as a result of yesterday’s meditation that I can neither put them out of my mind nor see any way of resolving them. It feels as if I have fallen unexpectedly into a deep whirlpool which tumbles me around so that I can neither stand on the bottom nor swim up to the top.”

This dizzying “whirlpool” aptly describes ontology, the study of what is most real. The first thing to realize in constructing an ontology is that the accepted, everyday “facts” of the external world are disputable. You can almost always think of a scenario in which unquestioned beliefs could be wrong. Is Paris the capital of France? Very likely it is, but still, there is a sliver of doubt that never vanishes. It’s barely conceivable that our government is a totalitarian conspiracy that, for reasons of its own, does not want its citizens to know the real capital of France. They’ve rewritten all the history and geography books, and force teachers to indoctrinate each new generation of children with the Paris fiction. You say you went to Paris last summer and saw a bunch of official-looking French government buildings there? That could have been a theme-park simulation maintained by our government to give its citizens the illusion of freedom of travel.

Wild fancies like this should not obscure the fact that some things are more disputable than others. By most people’s standards, the Loch Ness monster is less real than a tyrannosaurus, and both are less real than the elephant you saw at the zoo last Sunday. What is most certain of all?

A popular answer is the truths of logic and mathematics. Even if your first-grade teacher was the dupe of a conspiracy bent on teaching you falsehoods, you cannot doubt that 2 + 2 is 4. Right now you can picture two things, and put two more things beside them, and see that the total is four. This deduction seems obviously true in any possible world, be it the external world we believe exists, the brain-in-vats laboratory, or something stranger yet.

There are two problems with this answer. First of all, you can take the ultra-skeptical position that even logic and mathematics are an illusion. Just because you don’t see how you could be wrong about 2 + 2 = 4 doesn’t guarantee that it’s right.

Your brain is evidently in a certain state when you come to a valid conclusion of logic or mathematics. What’s to stop the brains-in-vats overlords from deluding you about arithmetic as well as the physical world? Possibly 2 + 2 is 62,987, but by stimulating your brain in a precise way, the mad scientists have you thinking it’s 4, and even thinking that it’s obvious it’s 4 and you can prove it’s 4. Maybe somewhere they’ve got a whole row of brains in vats, each one believing in a different sum for 2 + 2 and immersed in a different “reality” consistent with that sum.

Philosophers rarely take skepticism that far. There are enough other things to doubt in the world. The other, more pragmatic problem with restricting certainty to logic and mathematics is that it leaves us with no way of justifying beliefs about the physical world. Certainty about arithmetic is not going to tell us what the capital of France is. So, are there any facts, aside from logic and mathematics, about which we can be certain?

Descartes had some interesting ruminations on this point. He noted that there are limits to imagination, possibly including that of evil geniuses. The fantastic objects of a dream or a surreal painting are based on real objects. “For even when painters try to create sirens and satyrs with the most extraordinary bodies, they cannot give them natures which are new in all respects; they simply jumble up the limbs of different animals,” wrote Descartes. (Are there any mythical beasts which aren’t simple pastiches of nature? Centaurs, minotaurs, unicorns, griffons, chimeras, sphinxes, manticores, and the like don’t speak well for the human imagination. None is as novel as a kangaroo or starfish.)

Descartes would probably assert that the beings running the brains-in-vats laboratory couldn’t have dreamed up everything from scratch. There would be, let us say, eyes and fur out there in the “real” external world outside the laboratory, even if they were not arranged like a dog. Descartes also remarked that the colors of the most fanciful paintings are real colors no less. For this reason, he felt justified in believing that the color red exists, even if he was deceived by an evil genius. (Do you agree? Or is it conceivable that the “real” world is black and white, and that color is a neurological illusion created by a remarkably inventive brains-in-vats research department?)

In saying that colors are real, Descartes meant the subjective sensations of color, rather than pigments, wavelengths of light, or anything else that we have come to associate with those primal sensations. In fact, Descartes concluded that the one thing one can be certain of is subjective feelings—specifically, one’s own subjective feelings (for who can be sure that others think and feel as one’s self?).

Suppose you doubt that your own mind exists. Then you doubt that you are doubting—which is to say, you are doubting after all. Something must be doing the doubting. You may be deluded in many ways, but there must at least be a mind that is being deluded. Hence Descartes’s famous conclusion: “I think, therefore I am.”

Idealism is the belief that only mind is real or knowable. Though not properly an idealist, Descartes inspired the movement. An idealist says that when you eat a chili pepper and burn your mouth, the sensations of pain or heat are indisputably real. The chili pepper itself may be an illusion: a marzipan fake doctored with Tabasco sauce, or part of a bad dream brought on by indigestion. Because pain and flavor are purely subjective, the fact of the pain or the flavor is beyond dispute. Subjective feelings transcend the physical reality of their cause.

Another example: Almost everyone has been frightened by horror movies, horror novels, and nightmares. Although it’s only a movie/story/dream, the momentary fear is real fear. Penfield’s patient J.V. was genuinely frightened by the man with the bag of snakes, even if he was (in neurological replay on the operating table) an illusion. Likewise, one cannot doubt that one is happy, sad, in love, in grief, amused, or jealous, if such mental states apply.

Subjective feelings are a very limited basis for reasoning about the external world. Descartes nevertheless believed he could deduce many significant conclusions from the fact of his own mind. From “I am,” he concluded that “God exists.” Every effect must have a cause, Descartes reasoned, and thus he must have a creator. From “God exists” Descartes jumped to “The external world exists” because, as a perfect being, God could not deceive us into believing in an illusory external world: He would not permit an evil genius.

Few modern philosophers accept this chain of reasoning. All things may seem to have a cause, but do we know this with total certainty? Again, cause and effect could be a fiction put in our minds by an evil genius.

Even allowing that there is a cause for one’s existence, it is misleading to call that cause “God.” “God” means a lot more than a cause for one’s existence. Perhaps Darwinian evolution is a cause for our existence, but that is not what most people mean by “God.” And even allowing that God exists, how do we know that He wouldn’t countenance an evil genius?

None of this means that Descartes was wrong, but only that he was not true to the spirit of his original skepticism. One of Descartes’s severest critics was Scottish philosopher and historian David Hume (1711–76). At the height of his renown, Hume was a celebrity in London and Paris but could not teach at any university because of his outspoken atheism. For a time he made a difficult living as private tutor to the Third Marquess of Annandale, who was insane. Hume doubted every step of Descartes’s argument, even the existence of one’s own mind. Hume said that when he introspected, he always “stumbled on” ideas and sensations. Never did he find a self distinct from those thoughts.

Hume argued that there are only two types of revealed truth. There are “truths of reason,” such as 2 + 2 = 4. Then there are “matters of fact,” such as “The raven in the aviary of the Copenhagen zoo is black.” This double-pronged conception of truth is called “Hume’s fork.” A question not of either type (such as “Does the external world really exist?”) is unanswerable and meaningless, maintained Hume.

Deduction and Induction

To derive useful conclusions about the real world, we must work from premises that are (in the exacting sense of the philosophical skeptic) uncertain. Science and common sense are forever building structures of belief on uncertain foundations. No scientific conclusion is utterly certain.

There are two ways by which we know (or think we know) things, and they are closely related to Hume’s distinction. One way of knowing is deduction, the “logical” way of drawing conclusions from given facts. An example of deductive reasoning is:


All men are mortal.
Socrates is a man.
Therefore Socrates is mortal.



The first two lines are premises, facts assumed to be given. Deduction is the act of deriving the third line from the two lines above it. Valid deductions are truths of reason in Hume’s terminology.

Descartes wanted to use deduction to derive new facts from certain premises. The new facts would then be equally certain. Fortunately, deduction may also be applied to less than certain premises. A hard-core skeptic can insist that neither of the two premises above is certain. There may be immortal men somewhere, and Socrates could have been a being from another planet. These uncertainties are transmitted to the conclusion. The deduction itself, however, is as certain as any statement of logic can be. Whenever “all A are B” and “C is A,” it follows that “C is B.” You can just as well conclude:


All bankers are rich.
Rockefeller is a banker.
Therefore Rockefeller is rich.




or:

All ravens are black.
The bird in Edgar Allan Poe’s “The Raven” is a raven.
Therefore the bird in Edgar Allan Poe’s “The Raven” is black.



This type of reasoning is called a syllogism. An irony of deduction is that the “subject matter” of the premises makes no difference to the deductive process. Socrates, Rockefeller, or Poe’s raven, it’s all the same.

The other basic way of knowing is induction. Induction is the familiar process by which we form generalizations. You see a raven. It’s black. You see other ravens, and they’re black too. Never do you see a raven that isn’t black. It is inductive reasoning to conclude that “all ravens are black.”

Both science and common sense are founded on induction. Despite his renown for “deduction,” most of Sherlock Holmes’s reasoning is more induction than deduction. Induction is reasoning from “circumstantial evidence” or Hume’s “matters of fact.” It extrapolates from observations that are not understood on a deeper level. You don’t know why all the ravens seen have been black. Even after seeing 100,000 ravens, all black, the 100,001st raven just might be white. A white raven isn’t inherently absurd, like a triangle with four sides. There is no logical necessity to an inductive conclusion.

For this reason, induction has always seemed less legitimate than deduction. Hume for one was skeptical of it. As he complained, we use inductive reasoning to justify inductive reasoning. (“Induction has stood the test of time. Therefore it should be reliable in the future.”) Philosopher Morris Cohen quipped that books on logic are divided into two parts: a part one, on deduction, in which fallacies are explained, and a part two, on induction, in which fallacies are committed. (Note the modified plan of this book!)

Induction is working backward, like solving a maze by backtracking from the goal. Instead of taking a general law (“All ravens are black”) and applying it to specific cases (“This bird is a raven; therefore this bird is black”), induction goes from specific cases to a general law. Induction is founded on the belief—the hope—that the world is not essentially deceptive. From the fact that every raven ever examined was black, we conclude that all ravens are black, even the ones no one has ever seen. We assume that the unobserved ravens are similar to the observed ravens, that the seeming regularities of the world are genuine.

It could be that the world teems with unseen white ravens, forever behind your head, never straying into sight. Lingering uncertainty plagues every inductive conclusion. Why do we bother with inductive reasoning, then? We use it because it is the only way of getting broadly applicable facts about the real world. Without it, we would have only our trillions of experiences, each as separate and meaningless as a bit of confetti.

Induction provides the fundamental facts from which we reason about the world. Empirically tested generalizations take the place in science that Descartes hoped certain axioms would in his philosophy. The teaming of induction and deduction is the basis of the scientific method.

Confirmation Theory

The problem of knowledge has intrigued many of the keenest minds of philosophy, science, and even literature for as far back as we have records. Philosophers call this study epistemology. A newer term, applied in more strictly scientific contexts, is confirmation theory. Each is a study of how we know what we know; an investigation into the business of drawing valid conclusions from evidence.

Investigating the very process of knowing is different from investigating butterflies, nebulae, or anything else. Confirmation theory is largely a study of logic puzzles and paradoxes. To the uninitiated, this probably sounds as peculiar as a study based on mirages. By their nature, paradoxes expose the cracks in our structures of belief. Bertrand Russell said, “A logical theory may be tested by its capacity for dealing with puzzles, and it is a wholesome plan, in thinking about logic, to stock the mind with as many puzzles as possible, since these serve much the same purpose as is served by experiments in physical science.”

The past few decades have been a very fruitful time for paradoxes of knowledge. This book discusses a selection of recent paradoxes that are so significant and mind-bending that they deserve a place in the mental bestiary of any broadly educated person.

Paradox

It is best to start by explaining what is meant by a paradox. The word is used in different ways, of course, but at the heart of all the uses is contradiction. A paradox starts with a set of reasonable premises. From these premises, it deduces a conclusion that undermines the premises. It is a travesty of the notion of proof.

One thing not immediately apparent (if the paradox is clever enough) is the reason for the contradiction. Is it possible for a perfectly valid argument to lead to contradiction, or is that “guaranteed” not to happen?

Paradoxes can be loosely classified according to how and where (if anywhere) the contradiction arises. The weakest type of paradox is the fallacy. This is a contradiction that arises through a trivial but well-camouflaged mistake in reasoning. We’ve all seen those algebraic “proofs” that 2 equals 1, or some other absurdity. Most are based on tricking you into dividing by o. One example:



	1. Let
	x = 1



	2. Then obviously:
	x = x



	3. Square both sides:
	x2 = x2



	4. Subtract x2 from both sides:
	x2 – x2 = x2 – x2



	5. Factor both sides:
	x(x – x) = (x + x) (x – x)



	6. Factor out the (x – x):
	x = (x + x)



	7. Or:
	x = 2x



	8. And since x = 1:
	1 = 2




The fatal step is dividing by (x – x), which is o. Line 5, x(x – x) = (x + x) (x – x), correctly asserts that 1 times 0 equals 2 times o. It does not then follow that 1 equals 2; any number at all times 0 equals any other number times o.

In a fallacy, the paradox is an illusion. Once you spot the error, all is right with the world again. It might seem that all paradoxes are like this deep down. The error may not be as obvious as in the example above, but it is there. Rout it, and the paradox vanishes.

Were that all there is to paradox, confirmation theory and epistemology would be simpler and less interesting fields. We will not be concerned with simple fallacies. Many paradoxes are valid and disturbing.

More powerful paradoxes often take the form of a thought experiment (sometimes known by the German name Gedankenexperiment). This is a situation that may be imagined but which (usually) would be difficult to carry out in practice. Thought experiments typically show that certain conventional assumptions can lead to an absurdity.

One of the simplest and most successful of thought experiments was that devised by Galileo to demonstrate that heavy objects do not fall faster than light ones. Suppose (as was the belief in Galileo’s day) that a 10-pound lead ball falls faster than a 1-pound wooden ball. Imagine that you connect the balls with a string and drop them from a great height. The wooden ball, being lighter, will lag behind the lead ball, pulling the string taut. Once that happens, you have a wooden ball weighted down by a lead ball: an 11-pound system that, being heavier yet, ought to fall faster than either ball alone. Does the system speed up once the string is taut? Although not strictly impossible, that conclusion is suspect enough to cast doubt on the original assumptions. Unlike most thought experiments, Galileo’s was easily carried out. Galileo dropped objects of different weight (but not, as story has it, from the leaning Tower of Pisa) and found that they fell at the same rate. The uniformity of gravitational acceleration has been so well accepted, in fact, that we see nothing paradoxical about Galileo’s thought experiment today.

The sense of paradox is sharper in another famous thought experiment, the “twin paradox.” The theory of relativity claims that time passes at different rates according to the motion of the observer. Let one of a set of identical twins blast off in a rocket, travel at near the speed of light to Sirius, and return to Earth. According to relativity, he will find he is years younger than his twin brother. He will be younger by his calendar watch, by the number of wrinkles and gray hairs, by his subjective impression of how much time has elapsed, and by any other physically meaningful definition of time we know of.

When first formulated, the twin paradox was so contrary to experience that many (including French philosopher Henri Bergson) cited it as proof that relativity must be wrong. Nothing in everyday life leads us to believe that time is relative. A pair of twins are the same age from the cradle to the grave.

Today, the twin paradox is an accepted fact. It has been tested in numerous experiments—not with twins, but with extremely accurate clocks. In a 1972 experiment designed by physicist Joseph Hafele, cesium clocks transported around the globe on commercial jetliners established that the human passengers returned home a minuscule but measurable split second younger than everyone else. No physicist doubts that if an astronaut did travel at near the speed of light, he would return younger than a stay-at-home originally the same age.

The paradox lies in our mistaken assumptions about the way the world works rather than in the logic of the situation. The unspoken premise of the twin paradox is that time is universal. The twin paradox demonstrates that this premise is untenable: Common sense is wrong. You might not think there is an animal that has fur and lays eggs, but here’s the platypus, a living paradox—sort of. There is, of course, no logical necessity that a fur-bearing animal not lay eggs, nor one that time not depend on the motion of the observer.

This, then, is the second type of paradox, the “common sense is wrong” type. In these paradoxes, the contradiction, while surprising, can be resolved. It is fairly obvious which of the original assumptions must be discarded, and however painful it may be to relinquish that assumption, once it is thrown out, the contradiction vanishes.

There are stronger paradoxes yet. Neither the fallacy nor the “common sense is wrong” variety has the tantalizing quality of the best paradoxes. These most paradoxical of paradoxes defy resolution.

A very simple example of genuine paradox is the “liar paradox.” Devised by Eubulides, a Greek philosopher of the fourth century B.C., the paradox is often wrongly attributed to Epimenides, who is merely the fictionalized speaker (as is Socrates in Plato’s dialogues). Epimenides of Crete allegedly said, “All Cretans are liars.” To convert this into a full paradox, cheat a bit and playfully define a liar as someone whose every utterance is false. Then Epimenides would have been saying in essence, “I am lying,” or “This sentence is false.”

Take the latter version. Is the sentence true or false? Suppose that “This sentence is false” is true. Then the sentence is false because it’s a true sentence, and that’s what it asserts!

All right, then, it must be false. But if “This sentence is false” is false, then it must be true. This gives us two reductio ad absurdum arguments. If it’s true it’s false, so it can’t be true, and if it’s false it’s true, so it can’t be false. The paradox is intrinsic and indelible.

With this third type of paradox, it is not at all clear which premise should be (or can be) discarded. These paradoxes remain open questions. The paradoxes to be discussed in this book are at least of the second type, and mostly of the third. Be warned that few have a universally accepted solution.

The best paradoxes raise questions about what kinds of contradictions can occur—what species of impossibilities are possible. Argentine writer Jorge Luis Borges (1899–1986), whose work appeals to all lovers of paradox, explored many such questions in his short stories. In “Tlön, Uqbar, Orbis Tertius,” he describes an encyclopedia, supposedly from another world, created as an elaborate hoax by a group of scholars. Borges’s scholars even imagine the paradoxes of their fictitious world; so alien is the thinking of “Tlön” that their paradoxes are commonplaces to us. The greatest paradox of Tlön is that of the “nine copper coins”:


On Tuesday, X crosses a deserted road and loses nine copper coins. On Thursday, Y finds in the road four coins, somewhat rusted by Wednesday’s rain. On Friday, Z discovers three coins in the road. On Friday morning, X finds two coins in the corridor of his house…. The language of Tlön resists the formulation of this paradox; most people did not even understand it. The defenders of common sense at first did no more than negate the veracity of the anecdote. They repeated that it was a verbal fallacy, based on the rash application of two neologisms not authorized by usage and alien to all rigorous thought: the verbs “find” and “lose,” which beg the question, because they presuppose the identity of the first and of the last of the nine coins. They recalled that all nouns (man, coin, Thursday, Wednesday, rain) have only a metaphorical value. They denounced the treacherous circumstance “somewhat rusted by Wednesday’s rain,” which presupposes what is trying to be demonstrated: the persistence of the four coins from Tuesday to Thursday. They explained that equality is one thing and identity another, and formulated a kind of reductio ad absurdum: the hypothetical case of nine men who on successive nights suffer a severe pain. Would it not be ridiculous—they questioned—to pretend that this pain is one and the same? … Unbelievably, these refutations were not definitive….



To the Tlön way of thinking, the “nine copper coins” has the quality of true paradoxes, that it is never fully explained away. It is interesting to wonder if our paradoxes would seem as banal to the inhabitants of another world. Are paradoxes “all in our heads” or are they built into the universal structure of logic?

Science as a Map

This book deals with paradoxes of knowledge; paradoxes that illuminate how we know things. At first sight, the idea of knowing what the universe is like is absurd. Penfield’s experiments demonstrated that memories occupy engrams, specific physical sites in the brain. To know about Chief Crazy Horse or frost or Tasmania is to have some part of your brain that represents Chief Crazy Horse, frost, or Tasmania. These brain sites may wander and interpenetrate, and the whole story about how memories are stored and recalled is probably a lot more complicated than we can imagine today. That granted, engrams are not infinitely small. Your mental representation of Chief Crazy Horse occupies a part of your brain’s storage capacity that cannot be occupied simultaneously by anything else.

You might naïvely picture the brain as containing scale models of things in the outside world. It is evident that these models must leave out much detail. The very fact that the universe is so much larger than your head makes universal knowledge unattainable. There is no way a human brain can contain representations of everything in the world.

That our brains work as well as they do indicates that they are selective in what they retain. The primary tool for condensing the complexity of the world is generalization. Our brains do this at many levels. Science is a conscious and collective way of simplifying through generalization. It is a means of packing the great, vast universe into our tiny brains.

Science is a mnemonic device. Rather than remembering what has happened to every apple released from its support, we remember gravity. It is a map of the external world. Like any map, it omits detail. Small towns, trees, houses, and rocks are left out of road maps to make room for highways, coastlines, national boundaries, and other features judged more significant to the map’s users. Comparable judgments face the scientist.

Science must be more than a desultory catalogue of information. It must embrace not only the collecting of information but the understanding of it. What is understanding? Surprisingly, this philosophical question can be given a rather exact, if preliminary, answer.

Paradox and SATISFIABILITY

Often it is easier to draw a boundary around an unknown than to describe it. Thomas Jefferson did not know what was in the Louisiana Territory, only its boundaries. It is convenient to take this approach in describing what it means to understand a body of information.

At a bare minimum, understanding entails being able to detect an internal contradiction: a paradox. If you cannot even tell whether a set of statements are self-contradictory, then you don’t really understand the statements; you haven’t thought them through. Think of the querulous schoolteacher who slips a contradiction into the lecture to see if a daydreaming student will agree with it:

“Isn’t that right, Miriam?”
“Uh … yes, ma’am.”
“I see. Someone obviously hasn’t been listening to a word I’ve been saying.”

Spotting contradiction is not all there is to understanding. There is probably much more. But it is certainly a prerequisite. By exposing a contradiction in a set of assumptions, the author of a paradox shows that we don’t understand as much as we think we do.

In logic, the abstract problem of detecting paradox is called SATISFIABILITY. (This and related logic problems are usually printed in capital letters.) Given a set of premises, SATISFIABILITY asks, “Do these statements necessarily contradict?” Another way of phrasing it is, “Is there any possible world in which these premises can all be true?”

SATISFIABILITY deals in logical abstractions, not necessarily the truths of the real world. Consider these two premises:


1. All cows are purple.
2. The King of Spain is a cow.



One’s natural reaction is that both statements are wrong. But something can be wrong without being a paradox. You can at least imagine a world in which both these statements are true. Logicians say a set of statements are satisfiable when they are true in some possible world—even if not our own.

The situation is different here:


1. All cows are purple.
2. The King of Spain is a cow.
3. The King of Spain is green.



In no possible world can all three statements be simultaneously true (assuming that colors like purple and green are mutually exclusive). There is a paradox; the statements are said to be unsatisfiable.

Notice that no single statement is to blame for the contradiction. You could strike out any one statement and have a possible state of affairs. The paradox lies in the way the three statements intertwine.

This oddity turns out to be incredibly significant. Because paradox cannot be localized, SATISFIABILITY is extremely difficult in general. It is in fact notoriously hard, a paragon of difficulty. It is difficult in the sense that as the number of premises is increased, the time required to check them for possible contradiction increases at a staggering rate. The increase is so great that many SATISFIABILITY problems with a hundred or more premises may be for all practical purposes insoluble. Even if these problems were turned over to the fastest computer in existence, they would take practically forever to solve.

We can use paradoxes as a metaphor, a way of marking off the limits of understanding. Science tries to find simple generalizations that account for myriad facts. Whenever we find ourselves unable even to detect blatant contradictions in a body of knowledge or belief, then we do not understand it. The difficulty of SATISFIABILITY is a rough measure of how difficult it is to “compress” empirical information with generalizations. SATISFIABILITY sets a loose limit on the difficulty of acquiring information and deducing conclusions from it.

The Universal Problem

The early 1970s saw a surprising discovery in mathematical logic. Two seminal papers by computer scientists Stephen Cook (1971) and Richard Karp (1972) revealed that many types of abstract logic problems are really the same problem in disguise. They are all equivalent to SATISFIABILITY, the problem of recognizing paradox.

The class of problems equivalent to SATISFIABILITY is called “NP-complete” (don’t worry about the name for now). One surprising thing about the NP-complete problems is how (apparently) dissimilar they are. Karp’s paper listed twenty-one NP-complete problems, including the “traveling-salesman” problem (an old mathematical riddle) and the “Hamiltonian Circuit” problem, based on a puzzle novelty that was a faddish nineteenth-century predecessor of Rubik’s cube. Over the years, the list of problems known to be NP-complete has grown enormously.

Problems of finding your way through a labyrinth, of decoding ciphers, and of constructing crossword puzzles are NP-complete. The NP-complete problems include generalized versions of many classic logic puzzles or brainteasers: the sort of recreational logic most associated with Martin Gardner and Raymond Smullyan in recent years, and Sam Lloyd, Lewis Carroll, Henry Ernest Dudeney, and many others, known and anonymous, before them. That such diverse problems can be essentially the same was wildly unexpected. It is not too much of a hyperbole to compare Cook and Karp’s discoveries to the discovery that everything is made of atoms. Much of the intellectual difficulty of the world, both profound and frivolous, is made of the same stuff. NP-completeness is a cosmic riddle; a paradigm of the inscrutability of a universe of exponentially vast possibilities to a finite mind.

When logicians say that all NP-complete problems are, in effect, the same problem, they mean that an efficient general solution to any NP-complete problem could be transformed in such a way as to solve all the other problems. If ever anyone solved one NP-complete problem, then all the NP-complete problems would melt away like cotton candy in a summer rain.

It is as if you discovered that all the famed treasures of the world can be unlocked with the same key—if that key exists. Is there an efficient solution to any/all NP-complete problems? This is one of the deepest unresolved questions in mathematical logic today.

Paradox is thus a much deeper and more universal concept than the ancients would have dreamed. Rather than an oddity, it is a mainstay of the philosophy of science. Paradoxes are both appealing and haunting. There is a subversive joy in seeing logic tumble like a house of cards. All the well-known paradoxes of confirmation theory and epistemology were conceived more or less in the spirit of intellectual play. In few other fields is it possible for the interested nonexpert to sample so much of the true flavor of the field and have fun doing it. How we know—the interplay of induction and deduction, of ambiguity and certainty—is the theme of the paradoxes to follow.


1 Samuel Taylor Coleridge composed his masterwork, “Kubla Khan,” in a dream. Coleridge fell asleep reading a history of the emperor and dreamed, with startling lucidity, a poem of 300 verses. Upon awakening, Coleridge scrambled to write down the poem before it eluded him. He wrote about 50 verses—the “Kubla Khan” we know—then was interrupted by a visitor. Afterward, he could remember but a few scattered lines of the remaining 250 verses. Coleridge, however, was a poet in waking life. I recommend the limerick test only to people who can’t easily compose a limerick. Also, Coleridge’s dream was perhaps atypical, for he had taken laudanum to get to sleep.
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THE BEST-KNOWN modern paradox of confirmation was proposed by German-born American philosopher Carl G. Hempel in 1946. Hempel’s “paradox of the ravens” deals with induction, the drawing of generalizations. It is a mischievous reaction to those who think that science may be resolved into a cookbook scientific method.

Hempel imagined a birdwatcher trying to test the hypothesis “All ravens are black.”1

The conventional way of testing that theory is to seek out ravens and check their color. Every black raven found confirms (provides evidence for) the hypothesis. On the other hand, a single raven of any color other than black disproves the hypothesis on the spot. Find even one red raven and you need look no further: The hypothesis is wrong.

All are agreed on the above. Hempel’s paradox begins with the claim that the hypothesis may be restated as “All nonblack things are nonravens.” Logic tells us that this is entirely equivalent to the original hypothesis. If all ravens are black, then certainly anything which isn’t black can’t be a raven. This rewording is known as a contrapositive, and the contrapositive of any statement is identical in meaning.

“All nonblack things are nonravens” is a lot easier to test. Every time you see something that isn’t black, and it turns out not to be a raven, this restated hypothesis is confirmed. Instead of looking for ravens on damp, inaccessible moors, you need only look for nonblack things that aren’t ravens.

A blue jay is sighted. It’s nonblack and it’s not a raven. That confirms the contrapositive version of the hypothesis. So does a pink flamingo, a purple martin, and a green peacock. Of course, a nonblack thing doesn’t even have to be a bird. A red herring, a gold ring, a blue lawn elf, and the white paper of this page also confirm the hypothesis. The birdwatcher does not have to stir from his easy chair to gather evidence that all ravens are black. Wherever you are right now, your visual field is filled with things that confirm “All ravens are black.”

Now clearly this is ridiculous. There is yet a further absurdity. To see it, suppose that you want to dismiss the paradox by saying, all right, evidently the blue jay or the red herring does confirm “All ravens are black” to some infinitesimal degree. If you could summon up a magic genie, capable of examining all the nonblack things in the world in the blink of an eye, and if that genie found that not one of those nonblack things was a raven, that assuredly would prove that there are no nonblack ravens—that all ravens are black. Maybe it is not so incredible that a red herring could confirm the hypothesis.

Don’t get too cozy with this resolution. It is easy to see that that same red herring also confirms “All ravens are white.” The contrapositive of the latter is “All nonwhite things are nonravens,” and the herring, being a nonwhite thing, confirms it. An observation cannot confirm two mutually exclusive hypotheses. Once you admit such a patent contradiction, it is possible to “prove” anything. The red herring confirms that the color of all ravens is black, and also that that color is white; ergo:


Black is white. QED.


Reasonable assumptions have led to resounding contradiction.

To scientists, Hempel’s paradox is more than a puzzle. Any hypothesis has a contrapositive, and confirming instances of the contrapositive are often very easy to find. Something is certainly wrong. But what?

Hempel’s raven is a good introduction to the perils and puzzles of confirmation. Of all the major paradoxes to be discussed, it is among the most nearly resolved. It will be worthwhile to back up a bit before coming to the resolution, though, to discuss the background of the paradox.

Confirmation

To put it in as few words as possible, confirmation is the search for truth. It is the mainspring of science, and more than that, it is something we do every day of our lives.

Analyzing confirmation is almost like analyzing sneezing: We know what it is, but it is usually so automatic that it is hard to say exactly how it is done. The paradoxes of confirmation probably owe a lot to this shared set of subconscious expectations. These expectations can lead us astray.

As you remember from high school, there is a “scientific method” that goes roughly as follows. You form a hypothesis—a guess about how the world works. Then you try to test it through observation or experiment. The evidence you gather either confirms the hypothesis or refutes it. Like much of what you learn in high school, this is true while leaving important things unsaid.

Most useful hypotheses are generalizations. Hempel’s paradox plays off a bit of common sense called “Nicod’s criterion” after philosopher Jean Nicod. To put it in terms of black ravens, this says that (a) sighting a black raven makes the generalization “All ravens are black” more likely; (b) sighting a nonblack raven disproves the statement; and (c) observations of black nonravens and nonblack nonravens are irrelevant. A black bowling ball or a blue lawn elf cannot tell us anything about the color of ravens. Nicod’s criterion is behind all scientific inquiry, and if something is wrong with it, we are in serious trouble indeed.

The sighting of a black raven furnishes evidence in favor of the hypothesis that all ravens are black, but of course does not prove that the hypothesis is right. No single observation can do that. Sightings of black ravens, in the absence of ravens of any other color, increase your confidence (reasonably enough) that all ravens are black.

Confirmation is trickier than it appears. You might think that the more confirming evidence for a hypothesis, the more likely it is to be true. Not necessarily. It is possible for two confirming observations to prove a hypothesis false. That is what happens
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