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If a theory is crazy, or unorthodox, or seemingly bizarre, that does not make it pseudoscientific. Crackpot and pseudoscientfic theories are bizarre in a particular way. They tend to ignore long-established scientific ideas. They operate in a world of their own, not in the world of scientific discourse.

 I think it is safe to say that most scientists feel it isn’t really difficult to tell what is science and what isn’t. Physics is science. So are chemistry and biology and geology. Astrology isn’t science. Neither is Dianetics or creation science. Stephen Hawking’s theories about black holes, these men and women conclude, are scientific, as is research into the genetic code, or the study of superconductivity. On the other hand, it is generally assumed that the claims of UFO investigators, studies of psychic phenomena, and books about crystal healing and perception in plants are not. 

The distinction seems to be fairly straightforward, at least until someone asks, “But how do you distinguish the scientific from the nonscientific?” Then it immediately becomes apparent that it is not so easy to come up with a good answer. 

When asked about nonscientific or pseudoscientific ideas, scientists generally reply, “Oh, there’s no evidence for anything like that,” or something similar. They point out, for example, that it is difficult to believe in the existence of UFOs when no artifact of extraterrestrial origin has ever been found, when the only “evidence” we have for the claim that the earth is being visited by alien craft consists of a few blurred photographs and the tales related by people who say that they have been abducted and sexually molested by strange creatures.*
 

The only problem with this argument is that it is not very convincing. After all, scientists also speculate about ideas that are, as yet, unconfirmed by empirical evidence. If they didn’t, scientific progress would come to a halt, or at least slow considerably. We could make a good case for the proposition that there is more evidence for astrology than for some of the ideas currently being pursued in the field of theoretical physics. 

For example, an idea that is currently very fashionable among theoretical physicists is the notion that certain hypothetical objects known as superstrings may prove to be the ultimate constituents of matter. According to the theories currently being developed, all subatomic particles are made of superstrings. There literally isn’t anything else. I t is true chat if any of these theories turns out co be correct, a great deal will be explained, and a number of outstanding problems in physics will be cleared up. A superstring theory could very well turn out to be the long-sought “theory of everything” upon which all other physics could be based. If we knew what the universe is made of, we wouldn’t be far from being able to explain how it works. 

This line of attack has only one problem. No one has ever seen a superstring, nor does anyone hope to observe one in the foreseeable future indeed, superstrings may never be observed experimentally. The problem is the size of the superstrings, which, if they do exist, must be extremely tiny: The relationship in size between a superstring and an atomic nucleus would be about the same as that between the nucleus and the Earth. 

Incidentally, we can “see” atomic nuclei; although we can’t photograph them, obviously, we can detect them in a number of ways. One of the most straightforward consists of bombarding nuclei with subatomic particles and watching these particles bounce off, which is how the British physicist Ernest Rutherford discovered the atomic nucleus in 191 1. Naturally, he had no way of observing his subatomic projectiles directly; to get around that difficulty, he simply set up fluorescent screens, and the particles produced points of light when they struck them. A television picture is created in a similar way; light is produced when electrons strike a fluorescent coating on the inside of the picture tube. 

It is also possible to see particles that are smaller and lighter than atomic nuclei, though there are limits, because the smaller an object is, the greater the amount of energy required to see it. To create more energy, it is necessary to build larger and more expensive particle accelerators; this is the rationale behind the “supercollider” that is to be built in Texas. 

Unfortunately, no matter how many millions of dollars are spent on the supercollider, no one will be able to use it to detect the existence of superstrings, which would be much too small. We couldn’t hope even to see them with a particle accelerator the size of our solar system. 

Superstrings are thought of as vibrating loops in ten-dimensional space-time, which may be conceived as one dimension of time combined with nine of space (physicists use the term space-time since Einstein’s discovery that it is mathematically simpler to consider space and time together). The extra six dimensions required by superstring theory are presumably curled up into themselves so tightly that it is as impossible to detect them as it is to see the superstrings. Some relatively simple analogies make this “curling up” process easy to visualize. Think of a circle as a straight line that has somehow been curled up upon itself; then imagine the circle’s being curled up more and more tightly until it is indistinguishable from a mathematical point. Alternatively, a sheet of paper can be curled up into a cylinder, which can then be wound up more and more tightly until it begins to resemble a moderately thin rod. In each of these cases, a dimension of space seems gradually to disappear. In superstring theory, the same thing happens to the six extra dimensions (if, indeed, there are only six; some versions of the theory require even more). No one knows whether these six extra dimensions of space exist; no one knows whether superstring theory even requires that they be there. Theoretical physicists do not yet agree whether the extra dimensions are to be thought of as real or only as convenient mathematical fictions. 

Such ideas sound even more bizarre than the tales told by UFO abductees, yet we don’t hesitate to call such speculation “scientific.” It appears that we cannot distinguish true science from fringe science, pseudoscience, and assorted crackpot ideas, simply by saying that there is no evidence for the latter. At this point, it may be useful to examine the case of astrology. Astrologers claim that theirs is an empirical science. They say that when they interpret birth charts, they are making use of correlations between planetary aspects and events in people’s lives that were observed in ancient times. For example, a conjunction between Jupiter and Saturn is supposed to have a certain meaning because ancient astrologers noted that this configuration influenced people’s lives or personalities in predictable ways. 

We generally reply to astrologers’ claims by saying that all this is very doubtful, which it is. However, we would certainly have to admit that the empirical evidence in support of astrology is greater than that for the existence of superstrings. Studies have been carried out purporting to show that it is possible to observe correlations between the positions of the planets at the moment of an individual’s birth and the occupation that they later adopt. I hasten to point out that the observed correlations are small, that the studies are controversial, and that the results don’t seem to conform to standard astrological ideas. Moreover, a very careful and meticulous study of the claims of astrology was recently carried out by Shawn Carlson, a researcher at the University of California’s Lawrence Berkeley Laboratory. Carlson’s study was unique in that he enlisted the help of prominent astrologers in designing it , and he made every attempt to avoid an antiastrological bias. Nonetheless, the astrologers who agreed co be tested-supposed to be among the best in the country performed at a level no better than chance. 

Although astrology didn’t fare very well in Carlson’s study, its claims can at least be tested, while those of the superstring theorists cannot. It appears that if we define “science” as something that can be subjected to experimental test, then astrology is scientific, while superstring theory is nor. 

Clearly, something IS wrong here. We must at least admit that the distinction between science and pseudoscience isn’t as simple as we like to think. 

This question has been discussed a t length by many philosophers of science. According to Karl Popper, a good scientific theory is one that withstands repeated efforts to disprove it , while pseudoscience depends on ideas that are not falsifiable. Thus, Einstein’s theories of special and general relativity are scientific because they suggest experimental tests that can be carried out to prove or disprove them. Astrology, according to Popper, isn’t a science because astrologers can always explain erroneous predictions away-if that conjunction of Jupiter and Saturn didn’t have its predicted effect, an astrologer can always say that its influence was negated by the things Mars and Venus were doing. 

Popper’s work has undoubtedly contributed significantly to our understanding of science-he must be considered the most important philosopher of science of the twentieth century. Nonetheless, his criterion for distinguishing between science and pseudoscience doesn’t always work. In particular, its applicability to some current work in physics (where lately, theory has shown a tendency to outrun experiment) is uncertain. The superstring theorists, moreover, are not the only ones inventing ideas that can’t be tested in the laboratory. A number of other philosophers have attempted to give accounts of scientific method that would allow us to distinguish science from pseudoscience. According to Thomas Kuhn, author of the extremely influential The Structure of Scientific Revolutions, science is a puzzle solving activity, while pseudoscience isn’t. Scientists attempt to find the answers to problems, while the practitioners of pseudoscience don’t. Kuhn’s criterion does seem to work in the case of astrology, but it fails elsewhere. For example, no one would deny that UFO investigators are trying to solve puzzles; we simply think that they see puzzles where none exist, or that they have the wrong answers. 

There may be no simple way to make the distinction between science and pseudoscience; no philosopher has yet suggested a method impervious to criticism. Perhaps we must employ several criteria simultaneously.

(
Before I go on, it might be well if I inserted a disclaimer. I am not a philosopher of science, and I have no illusions that I could succeed where such eminent writers as Popper and Kuhn have failed. When I speak of telling what is science from what isn’t, my aims are somewhat more modest. I don’t seek to invent any abstract account of scientific method that will reveal science’s true character. All I want to do is look at science and pseudoscience in the manner of an anthropologist, and see what can be observed. 

So far, the only science I’ve discussed is superstring theory. I wanted to say something about it because it lies on the frontiers of theoretical physics and therefore has a certain intrinsic interest. However, examining this theory in detail would probably not be very productive, since no one knows whether or not it’s correct. Perhaps it would be better to examine a scientific topic old enough to be reasonably familiar to most people: Galileo’s advocacy of Copernicus’s idea that the sun, and not the earth, is the center of the solar system, that the earth revolves around the sun, and is not the motionless center of the universe. 

As we all know, Galileo was silenced by the church; he was threatened with torture and forced to recant. Although no one would dispute that this was a major setback for science, it isn’t possible to maintain that Galileo was entirely right and his persecutors entirely wrong. I t is even possible to defend what they did, for the church had given Galileo permission to teach the Copernican system as a hypothesis that was useful for making astronomical calculations. His “crime” consisted in going further and arguing that the theory was more than a useful aid to calculation, that it had to be regarded as true. 

Among the interesting aspects of the case is that Galileo did not have a shred of evidence to indicate that the earth revolved around the sun. Not until 1729-eighty-seven years after Galileo’s death did scientists devise an experiment proving that the earth really was in motion. They found that stars seemed to shift their positions slightly when the earth was on opposite sides of the sun, and concluded that the effect must be caused by the earth’s revolving around the sun. Furthermore, an experimental demonstration of the idea that the sun and stars seem to move because the earth spins on its axis wasn‘t obtained until 185 1, when the French scientist Jean Foucault observed that a large, heavy pendulum would begin to swing in a different direction as the hours passed. The deviation in the pendulum’s motion was slight, but it was observable, and could mean only that the earth was twisting under it. 

Galileo did construct a telescope, with which he made several important discoveries: He saw that the planet Venus had phases, like the moon, and he discovered four of the moons of Jupiter. Naturally, Galileo attempted to make much of these facts, yet such observations did not prove very much. At best, they showed that there was more to the cosmos than had previously been believed, for the old Ptolemaic conception of the universe had no place for moons around Jupiter. Yet the existence of these moons hardly demonstrated that the earth went around the sun. 

At the time, no one could even be sure that the things Galileo saw through his telescope weren’t illusions. The telescope was a very recent invention, and no one understood completely how it worked. An accurate law of the refraction of light (the bending of a ray of light when it passes through an object like a glass lens) wasn’t discovered until twelve years after Galileo began his astronomical observations. Furthermore, the lenses from which early telescopes were made weren’t of particularly good quality, certainly not by modern standards. The critics who refused to look through Galileo’s telescope, saying that it produced illusions, made an argument that could easily have turned out to be valid. In that day, illusions were sometimes present in such instruments. For that matter, it wasn’t even certain that some of the objects Galileo saw existed anywhere but in his imagination--on more than one occasion, the people Galileo had persuaded to look through his telescope had been able to make out nothing. 

At best, Galileo had nothing but circumstantial evidence for the validity of Copernicus’s theory, but, since he had committed himself so strongly to the idea that the earth moved around the sun, he needed a clinching argument of some kind. Unfortunately, he didn’t have one. So, in the end, he fell back on what can be described only as a crackpot theory about the ocean tides. When Galileo published his Dialogue on the Great World System in 1632, the German astronomer Johannes Kepler had already formulated a correct theory of the tides. Kepler had hypothesized that the ocean levels rose and fell because the moon exerted a pull on the water in the seas. But Galileo would have nothing to do with Kepler’s theory. Dismissing it as astrological nonsense, he invented a crazy hypothesis of his own. I The tides, Galileo said, came about because the water in the ocean basins sloshed back and forth as the earth moved. 

The only problem with this theory was that it was nonsense. And Galileo should have known it was nonsense, because it contradicted his own correct theories about inertia. He had pointed out previously that the atmosphere is carried along with the earth as it moves; we do not experience strong winds in a direction opposite to that of the earth’s rotation. Similarly, when a heavy object is dropped from a tower, it falls vertically to the ground. I t participates in the earth’s motion; it t does not fall behind the rotating earth as it descends. To . believe that the water in the oceans should behave differently was absurd; it, too, should be carried along as the earth spun on its axis. 

When I dwell on Galileo’s mistake, I am not attempting to belittle him. On the contrary, his insistence that the theory of Copernicus bad to be true, despite his lack of any real evidence for it , is a mark of his genius. If, in the end, he fell back on a crank theory to clinch the argument, we have to forgive him for his lapse; for he did so only because he advocated the heliocentric theory with such passion. 

We should not conclude that because he lacked evidence for his ideas, Galileo was not really a scientist, or that the hypothesis he advocated was not really scientific. Galileo‘s contemporary Kepler and, later, Isaac Newton, behaved no differently. The experimental proof of the motion of the earth around the sun was obtained two years after Newton died. Yet, by the time of Newton’s death, the heliocentric theory had gained almost universal acceptance. Newton’s law of gravitation had explained the workings of the solar system so well that no one worried very much about the lack of empirical evidence. 

By contrast, theories that are not the least bit scientific sometimes do seem to have empirical confirmation. For example, the theory Emmanuel Velikovsky expounds in World in Collision implies that the planet Venus should have a very high surface temperature. In 1950, when Velikovsky’s book was published, scientists generally believed that Venus was relatively cool; during the late 1950s, they began to accumulate evidence to indicate that the planet might be much warmer than they had believed. Finally, when the Soviet space vehicles entered the atmosphere of Venus during the late 1960s, these data were confirmed: The temperature of Venus turned out to be approximately 460 degrees Celsius (about 860 degrees Fahrenheit). When scientists were confronted with this evidence, they did not, of course, decide that Velikovsky’s theory was correct-they knew it was a crackpot theory before the data about Venus were obtained, and they knew it was a crackpot theory after Velikovsky’s prediction turned out to be correct. According to Velikovsky, Jupiter ejected Venus as a comet thousands of years ago, which then passed close to the sun. In the process, it was heated to incandescence, and has not had enough time to radiate away all its heat. Therefore, Velikovsky concluded, Venus must still be very hot today-which it is. 

This is not, however, a very good empirical confirmation of the theory. Scientific theories are generally expected to give quantitative predictions, but Velikovsky’s does not. It says that Venus should be hot, but doesn’t say how hot. Furthermore, the theory implies that Venus should be gradually cooling off, but observations made over a period of years show that this is not happening. Finally, some of Velikovsky’s other predictions turn out to be false. He says, for example, that the clouds of Venus are made of hydrocarbons (chemical compounds of hydrogen and carbon; petroleum is a mixture of hydrocarbons, for example). However, in 1973, it w& established that these clouds were composed primarily of sulfuric acid vapor. The atmosphere of Venus turns out to be approximately 93 percent carbon dioxide. The other seven percent is mostly nitrogen, water vapor, and carbon monoxide. Traces of other gases are present, but hydrocarbons are not. 

Nonetheless, there seems to be more evidence in support of Velikovsky’s theory than there was for Copernicus’s in Galileo’s time. Some of Velikovsky’s predictions have turned out to be wrong; in Galileo’s time, Copernicus’s hypothesis seemed to be wrong in some respects. For example, it was known that, if the earth moved, the stars should seem to shift their positions as it did so. This effect was not observed. It wasn’t until much later that scientists realized that the shift did take place, but was not easily seen because the stars were much farther away than anyone had thought possible.

It seems that, if we want to call Galileo a scientist, and maintain that World in Collision is pseudoscience, we had better find some better arguments than those uncovered so far. W e can’t say that one theory was bolstered by experimental evidence, while the other was not: There was too little evidence in support of Galileo’s position. Nor is it obvious that any of the proposed philosophical criteria work well, either. For example, Velikovsky’s theory satisfies Popper’s criterion of experimental testability. When we examine Velikovsky’s theory in detail, however, its pseudoscientific character emerges more clearly. Velikovsky claimed that Venus had been ejected from the planet Jupiter thousands of years ago based on his interpretation of various ancient myths, which he believed to describe real historical events. According to a Greek myth, the goddess Athene was born from the brow of Zeus; Velikovsky took this to be an allegory of the birth of Venus from Jupiter. (The birth was accomplished by a kind of cesarean section: Hermes, who, among other things, was a physician, split open Zeus’s skull with a wedge, whereupon Athene sprang forth, clad in full armor.) Zeus is identified with the planet Jupiter (the Roman name for Zeus). However Aphrodite, not Athene, is the goddess ordinarily identified with Venus. Velikovsky claimed there were reasons for believing that this identification was incorrect. He said Athene really represented Venus, while Aphrodite was originally a symbol of the moon. 

As I have said, Velikovsky claims that Venus originated as a comet expelled from Jupiter around the middle of the second millennium B.C. Venus then followed an erratic path around the solar system, passed very near to the earth on several occasions, and eventually collided with Mars. This collision forced Venus into the stable, nearly circular orbit it occupies today. The passages of Venus near the earth are supposed to have been the cause of certain catastrophic events described in the Old Testament and by various ancient myths. In Velikovsky’s view Venus was responsible for the plagues that Jehovah visited upon the Egyptians when the pharaoh would not allow the Israelites to leave Egypt. Venus caused the parting of the Red Sea and produced the manna that fell in the wilderness. A later collision between Venus and the earth stopped our planet's rotation entirely and caused the sun t o stand still for Joshua. After Joshua had won his battle, Venus conveniently set the earth spinning again. 

It is easy to see why scientists are reluctant to call this sort of thing science-planets don’t go bounding around the solar system like this. No one has ever observed any body-large or small being ejected from Jupiter, and there is no reason whatsoever to think that such an event should have taken place several thousand years ago. Moreover, Jupiter is the most massive planet in the solar system, with a gravitational field much stronger than any other planet’s. An enormous quantity of energy (roughly equal to that radiated by the sun in a year) would be required to eject a body the size of Venus from it. Where might this energy come from? Velikovsky doesn’t say. Nor does he explain why Venus didn’t burst into fragments when this violent event took place. 

Furthermore, according to the theory, Venus must have remained in the earth’s vicinity for a period of months when the two planets first collided-a certain amount of time had to pass between the first of the biblical plagues and the falling of the manna in the wilderness. But what forces could have kept the planets together for this length of time and then allowed Venus to By off into space? Velikovsky does not explain this, either. For that matter, how did the earth and Venus survive the encounter at all? They must have been very close to one another, close enough for their atmospheres to intermingle. According to Velikovsky, the biblical plague of flies and the manna in the wilderness both came from Venus, which could not have happened if Venus was very far away. However, if the planets did approach one another that closely, tidal forces would have caused both bodies to burst into fragments. Velikovsky claims that colliding planets do not destroy one another because the impact is cushioned by the planets’ magnetic fields. However, the earth’s magnetic field is very weak, and, as far as we can tell, Venus has no magnetic field at all. The earth’s magnetic field is so weak that it can’t move even a small object like a pin or a needle. It can move a compass, but only because the compass needle is magnetized itself and delicately balanced as well. The magnetic field of Venus, if any exists, could be no more than one ten-thousandth of the earth’s, according to measurements made by a Soviet space vehicle in 1967. Obviously such magnetic fields could not cushion the impacts between planets. 

Velikovsky’s theory is too farfetched to be credible. The ideas upon which it is based seem fantastic, because accepting them would mean ignoring numerous well-established principles in physics, chemistry, astronomy, celestial mechanics, and biology. The theory depends upon the existence of unknown sources of energy, on tidal forces that fail to act, on magnetic fields that become mysteriously strong, and on unknown forces that keep planets together for months and then allow them to drift apart. The theory ignores the fact that, to stop the earth’s rotation, it would be necessary to expend so much energy that the planet would melt. It assumes that flies can somehow evolve and live in the atmosphere of Venus. I t requires us to believe that the hydrocarbons Velikovsky says exist on Venus were somehow converted into the carbohydrates that presumably fell as manna (or perhaps Velikovsky simply did not know the difference between hydrocarbons and carbohydrates). It’s just too bizarre and complicated to be true. 

(
“It’s just too bizarre and complicated to be true.” That statement seems to be nothing more than the gut reaction of a scientist when confronted with ideas like this. Yet it t may also contain a clue to understanding the difference between science and pseudoscience. 

Consider this: If Galileo didn’t have any real evidence for Copernicus’s heliocentric hypothesis, how could he have been so certain that it was correct and that its predecessor, the Ptolemaic theory (named after the second-century Greek astronomer Ptolemy), was wrong? Obviously, he realized that Ptolemy’s theory was just too bizarre and complicated to be true. In the Copernican theory, the planets-including the earth-move around the sun in circular orbits. (Kepler was later to replace the circles with ellipses; however, most planetary orbits are nearly circular.) In Ptolemy’s geocentric theory, on the other hand, it was necessary to introduce all sorts of complicated mathematical devices to align theory with observation. The orbits of the planets contained epicycles, for example. An epicycle can be thought of as an orbit within an orbit; in Ptolemy’s theory, in other words, there were wheels within wheels. Even when this modification was made, things still wouldn’t come out right, and the more accurate astronomical observations became, the more difficult the theory was to sustain. By Galileo’s time, astronomers had introduced a number of additional mathematical devices, known as eccentrics, equants, and deferents. So many gears and wheels were added that it was impossible to believe that anything like this could exist in nature. The theory was certainly a monument to human ingenuity, but it couldn’t represent anything God had created, and most of Galileo’s learned contemporaries despaired of finding any theory that could correctly describe the workings of the solar system. In the eyes of many, such a thing was not possible. The best that could be hoped for was to “save the appearances” by assembling a set of mathematical devices that would allow the prediction of planetary motions. In other words, astronomers had generally given up hope of understanding the movements of the planets. 

The Copernican system, on the other hand, was clear and logical. It became even clearer and more logical when Kepler worked out the laws of planetary motion, and when Newton explained these motions with a simple law of gravitation. By the time of Newton, talk of “saving the appearances” had long ceased. Science had a theory that worked. It worked so well that finding an experimental proof of the earth’s motion was almost an afterthought. 

Such a process is fairly typical in the history of science. Contrary to what many people think, the chief characteristic of science is not the patient accumulation of data. Science is a way of understanding the world, which, as much as any of the arts, depends upon the creative intellect. Galileo became a great scientist not because he was a better or more patient observer than his contemporaries, but because he had more imagination than they did. As we all know, though, there is such a thing as a disciplined imagination-and such a thing as an undisciplined imagination as well. I think we may safely assume that Galileo possessed the former, and Velikovsky the latter. A skeptic might ask whether I seriously mean that such a criterion can be used to distinguish between correct and incorrect theories. Do I really claim that if a theory sounds crazy, then it probably is crazy, and that if it appears clear and logical, it probably is correct? Not quite. I’m not saying anything about how we distinguish a correct theory from an incorrect one. I’m speaking only about the difference between scientific and unscientific ideas. Obviously, a clear and logical theory can turn out to be wrong. 

Furthermore, correct theories sometimes seem crazy when they are first propounded. Some of Einstein’s ideas certainly sounded bizarre at first. According to an often repeated story, the great Danish physicist Niels Bohr once objected to a new theory on the grounds that it was “not crazy enough.” If a theory is crazy, or unorthodox, or seemingly bizarre, that does not make it pseudoscientific. Crackpot and pseudoscientific theories are bizarre in a particular way. They tend to ignore long-established scientific ideas. They operate in a world of their own, not in the world of scientific discourse. 

There is nothing wrong with maintaining that an established theory is incorrect. Einstein did that; so did the physicists who developed quantum mechanics. But if scientists want to overturn accepted ideas, they have a responsibility to explain why these ideas are erroneous. They can’t simply behave as though centuries of accumulated scientific knowledge don’t exist. But this is precisely what Velikovsky does. If we wanted to accept the ideas in World in Collision, we would have to throw out everything we have learned about celestial mechanics since the time of Newton, without even knowing why. As for astrology, although astrologers don’t say that any accepted ideas in physics are wrong-in fact, they don’t seem to have any theory at all-they claim that certain observed correlations exist between planetary configurations and people’s lives. The reasons why these correlations exist presumably are unknown. If astrology is correct, then either unknown forces allow the planets to influence our lives, or strange, noncausal connections of some kind operate in the universe. The latter idea is becoming quite fashionable these days, ac least in so-called New Age circles. Yet, it is just as bizarre as anything in World in Collision. If these noncausal connections really exist, then half of what we know about physics is nonsense. 

We might also consider the case of parapsychology. Most physicists and most psychologists tend to think that the evidence for the existence of such phenomena as telepathy, clairvoyance, precognition, and psychokinesis is dubious at best. I suspect, however, that this isn't the real reason for their skepticism, since scientific theories, including Copernicus's, have been accepted on less evidence. The reason that scientists are skeptical about the existence of ESP is that the idea is crazy. Parapsychologists have been able to suggest no reasonable mechanism for ESP. This is what has created the skepticism, rather than unconvincing results or the fact that both subjects and prominent experimenters have been caught cheating. 

If we wanted to accept such a thing as telepathy, for example, we would have to conclude that our minds can communicate with one another in some spooky, immaterial way. Accepting the existence of other kinds of psychic phenomena is even worse. An acceptance of psychokinesis entails a belief that the mind can cause certain physical laws, such as the law of conservation of momentum, to be violated. To believe in precognition, we would have to accept that the past can sometimes be influenced by the future. 

I do not say that such things are impossible. For all I know, the law of conservation of momentum does have loopholes, and our ideas about causality are not always strictly correct. I am only saying that, if a theory is to be considered scientific, it must show how these violations can come about. A theory that doesn't show this can be viewed as philosophy or mysticism, but it certainly isn't science. In other words, if the existence of psychic phenomena is ever accepted, it will not be because someone accumulates experimental evidence that is better than that which exists today, but because someone comes forward with an explanation that makes the existence of such phenomena seem reasonable. Similarly, scientists will never accept that it is even remotely possible that astrology is valid until someone tells them how these correlations with planetary configurations come about. 

People have been arguing about astrology since ancient times. Scientists have been expressing criticisms of Velikovsky's theory since World in Collision was published in 1950. Perhaps it might be worthwhile to examine a more recent pseudoscientific theory, one that has received a great deal of attention recently, especially in New Age circles: the hypothesis of formative causation put forward by the British plant physiologist Rupert Sheldrake. 

When I say that Sheldrake is a crackpot, or that his theory is not scientific, people sometimes say to me, “But he’s a scientist, isn’t he?” Or they ask, “But doesn’t he suggest ways that his theory can be tested?” I have to answer that he is a scientist and he does suggest experimental tests. Nevertheless, I continue to maintain that his ideas are not scientific. Sheldrake’s hypothesis is very simple. He claims that things have the form they do not because they are shaped by physical laws, but because other things had similar forms in the past. Biological form is nothing more than a kind of habit. It has nothing to do with genes or DNA. For example, according to Sheldrake, the first field mouse (like the first anything else) came about more or less by accident. Once that mouse came into being, a “morphogenetic field” was created that intended to impose mouselike forms on animals born thereafter. As more mice were created, these fields became stronger, and it became increasingly likely that the mice’s offspring would also be mice. if the theory is correct, the fact that we look like human beings, and not like bears or turtles, can be attributed wholly to chance. Supposedly, some of our ancestors took on human, or humanlike, form more or less by accident. Once this form existed, it was more likely to arise in the future. By now, so many people have assumed this form that it is practically impossible for our offspring to be anything else. 

The theory has applications outside the field of biology as well. Indeed, it has a characteristic that we often encounter in crank theories: I t explains everything. For example, it can be applied to behavior. Thus, if I were to teach some rats to run through a maze, their maze-learning behavior would create morphogenetic fields that would make it easier for other rats to find their way through similar mazes. It wouldn’t make any difference if these other rats had never had any contact with mine. If I make some rats run a maze in San Francisco this week, their experience will affect the behavior of rats in Tokyo next year, even if the Japanese experimenters are not aware that I or my rats exist. 

Sheldrake’s theory purports also to explain phenomena that observed in the fields of physics and chemistry. Thus, crystals have the form they do because similar crystals existed in the past. According to the theory, once a chemical has crystallized in a particular way, it can more easily crystallize in the future. The fact that snowflakes are made of hexagonal crystals, then, has nothing to do with the laws of physics. Rather, long ago, some primeval snowflakes formed hexagonal crystals by chance. Atoms and molecules, too, are supposedly shaped by morphogenetic fields. The electrical attraction that binds a positively charged atomic nucleus to its negatively charged electrons is an aspect of a morphogenetic field. These fields also ensure that water is water, that oxygen is oxygen, and even that electrons are electrons. 

Morphogenetic fields can't be detected, of course. They have neither mass nor energy. We have no reason to expect them to obey any of the physical laws that have been found to describe the movement of particles or the propagation of waves, or to be attenuated as they move through space or propagate over time. 

Scientists often say that a good theory is parsimonious. The best theories are said to be those that explain the most with a minimum of assumptions. According to this criterion, Sheldrake's theory is marvelous indeed, since it tells us that everything we observe in the universe around us can be explained in terms of fields that can be neither seen nor felt. However, if something like this turned out to be true, then most of what we know about physics, chemistry, molecular genetics, and biology would suddenly become irrelevant. Perhaps this is why it is difficult to consider such theories as "science." In order to accept them, we would have to give up too much that is simply too clear, logical, and well confirmed. Much of the knowledge we've accumulated over the last several centuries would suddenly become meaningless. 

Many people think that scientists denigrate the theories of people like Velikovsky and Sheldrake because those theories contradict orthodox science, which indeed they do. Scientists generally demand that a new theory must show why the old one is unreasonable, or must demonstrate that it is a more general version of the old one. When Einstein propounded his theories of relativity, he didn't overthrow any of Newton's laws of gravitation or of motion. On the contrary, he explained why Newton’s theories worked so well. He demonstrated that the equations of relativity reduced to Newton’s laws when velocities were not very large, or when gravitational fields were not very intense. 

I don’t claim that Sheldrake’s ideas are necessarily wrong, only that they are not scientific. The great majority of pseudoscientific theories do of course turn out to be incorrect. It is possible to imagine that almost anything is true. W e can imagine mountains of pure gold on the moon if we want to. W e can imagine animal shapes in clouds, and faces on the planet Mars. We can imagine that the ancient Israelites ate manna that fell from Venus. The mere fact that we can imagine something doesn’t imply that it is the truth. That is why the English language contains such words as “fantasy” and “reality. ” 

Incidentally, Sheldrake’s theory of formative causation recently did fail an experimental test, when scientists used a computer to synthesize a new kind of silicon “crystal” and observed that the crystal did not become easier to synthesize thereafter. I can’t say that I was very surprised by the result; I was more surprised that the experiment was even done, since most scientists would not consider Sheldrake’s theory worth testing 

(
During the last few years, I’ve found myself becoming rather preoccupied with pseudoscience. I don’t think this is the result of a fascination with oddball ideas, however. I simply seem to have realized that one can sometimes gain insights into what something is by looking at what it is not. An understanding of nonscience tells us something about science. 

Science isn’t wild speculation. If it were, we would have to call Velikovsky and Sheldrake’s notions “scientific.” Science isn’t merely the patient accumulation of data. Many people still believe the description of scientific method Francis Bacon proposed around the beginning of the seventeenth century to be basically correct. According to Bacon, scientific laws are supposed to be generalizations from observed facts: To do science, one must accumulate some data, ponder the results, and then deduce a theory from them. Yet science doesn’t work this way, and never has. The construction of a scientific theory is an act of creative imagination. Scientific innovation comes about when a scientist is confronted by something-usually a baffling theoretical problem-that he can’t seem to understand. He looks at it, and looks at it, and feels completely baffled. If he is lucky, he may have a sudden flash of insight that causes everything to make sense. When this happens, a new theory has come into being. 

After a theory is born, scientists begin to perform the experiments that will tell them whether or not it is correct; as Popper would say, they attempt to falsify it. Theories are not generalizations from experiment; on the contrary, it is theory that tells scientists what experiments to perform. Sometimes a theory is so compelling sometimes it seems to explain accumulated data so well-that it is accepted before the crucial experiments can be carried out. That is why Copernicus’s heliocentric hypothesis gained such wide acceptance long before anyone figured out how to show that the earth actually moves; that is why Einstein’s theory of gravitation (his general theory of relativity) became so widely admired long before much evidence existed to support it (this theory can be considered well confirmed now, but at the time of Einstein’s death, in 1955, the confirming evidence was minimal). 

Insights are often wrong. Numerous ingenious theories have had to be discarded because the experimental evidence didn’t support them. Some theories show so much disregard for well-established ideas that we don’t consider them science at all. In a way, I’m happy that pseudoscientific theories are put forward. It is sometimes necessary to expend a great deal of time and energy warning the public not to take them seriously, and it seems that no matter how much debunking scientists do, new pseudoscientific ideas continue to sprout up. However, looking at such theories in detail does throw light on the nature of the creative process-Velikovsky’s and Sheldrake’s theories seem to be based on insights, too. The problem is only that these ideas are developed without any regard for well established scientific knowledge. 

Pseudoscientific theories are also interesting as sociological phenomena. They often seem to support certain ideas that groups of people want desperately to believe in. Velikovsky’s theory seemed to support a fundamentalist interpretation of the Old Testament. Sheldrake’s hypothesis of formative causation would, if it were true, corroborate that rather vague New Age idea that everything is somehow connected with everything else. Nevertheless, when pseudoscientific theories are looked at in detail, they fail to give us any new understanding of the world; they only leave us baffled. When Velikovsky cells us that Venus was ejected from Jupiter, we scratch our heads and wonder how something so bizarre could have happened. When Sheldrake assures us that there exist undetectable fields of unexplained origin that nonetheless explain everything, we doubt his sanity.  

Real scientific insight provokes a different kind of reaction. When Galileo learned of Copernican theory, he must have said to himself, “Yes, that explains everything. Yes, that’s the way it must be. The old system was too cumbersome, too complicated.” Similarly, when Einstein proposed his special theory of relativity in 1905, some scientists were skeptical at first, but even they eventually realized that Einstein had found the solutions to problems that had been puzzling physicists for decades, such as the origin of the sun’s energy. As an innovative new scientific theory gains acceptance, out understanding of previously accumulated facts becomes more penetrating, more coherent, somehow larger.   

###

Reprinted with permission from Brockman, John ed. Doing Science, Prentice Hall Press, New York, 1991 pp. 153-174. 

� The sexual molestation theory is elaborated in detail in Budd Hopkins’s Inrrun5t-J (New York: Random House, 1987). 156 Richard Morris





