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ABOUT THE BOOK

If things are incredibly unlikely, how can they happen often, and why should we expect them to happen? In this highly original book, eminent statistician David Hand answers this question by weaving together various strands of probability into a unified explanation: the Improbability Principle.

It is a book that will appeal not only to those who love stories about startling coincidences and extraordinarily rare events, but also to those who are interested in how a single bold idea links areas as diverse as gambling, the weather, airline disasters and creative writing, as well as the origin of life and even the universe.

The Improbability Principle will change your perspective on how the world works – and tell you what the Bible Code and Shakespeare have in common, how to win the lottery and how to predict the future. Oh, and why lightning really does strike twice . . .


Contents

Cover

About the Book

Title Page

Dedication

Epigraph

Preface

  1. The Mystery

  2. A Capricious Universe

  3. What is Chance?

  4. The Law of Inevitability

  5. The Law of Truly Large Numbers

  6. The Law of Selection

  7. The Law of the Probability Lever

  8. The Law of Near Enough

  9. The Human Mind

10. Life, the Universe and Everything

11. How to Use the Improbability Principle

Epilogue

Appendix A: Mind-Numbingly Large and Mind-Bogglingly Small

Appendix B: Rules of Chance

Notes

Index

About the Author

Also by David Hand

Copyright


[image: image]


For Shelley


The really unusual day would be one where nothing unusual happens.

– Persi Diaconis1


Preface

This book is about extraordinarily improbable events. It’s about why incredibly unlikely things happen. But more: it’s about why they just keep on happening, time after time after time.

At first glance, this seems like a contradiction. How can events be incredibly unlikely and yet keep on happening? Unlikely surely means rare.

The fact that it isn’t a contradiction is suggested by many real-life examples: people winning lotteries multiple times, lightning repeatedly striking the same unfortunate man, extreme financial crashes occurring again and again and so on. But it certainly needs explaining.

The universe has laws which describe the way it works. Newton’s laws of motion tell us how dropped objects fall and why the moon orbits the earth. They explain why a car seat presses into your back when you accelerate, and why the ground hits you so hard when you trip and fall. Other laws of nature show us how stars are born and how stars die, where humanity comes from and perhaps where it’s going.

The same applies to exceedingly unlikely events. The Improbability Principle is my name for a set of laws of chance which, together, tell us that we should expect the unexpected, and why.

The laws composing the principle arise at several levels. Some refer to fundamental aspects of the way the universe is constructed – as fundamental as the basic, abstract truth that two plus two equals four. Others hinge on deep properties of what we mean by probability. And yet others arise at the level of human psychology: the brain is not a simple recording device. In the right circumstances, any one of the laws is sufficient to lead to an instance of the principle, but it’s when they come together and work in unison that the force of the principle becomes really striking. And the inconceivably unlikely happens.

Books like this one are built on research, conversations and discussions with many people over many years – far too many to acknowledge properly. But some were especially helpful in seeing the ideas through the final stages to becoming a book. My friends and colleagues Mike Crowe, Kate Land, Niall Adams, Nick Heard and Christoforos Anagnostopoulos kindly gave me comments on various drafts. My agent, Peter Tallack, and my editor, Amanda Moon, played critical roles in the journey from rough draft to finished product. Coincidentally (or perhaps not, since coincidences are one manifestation of the Improbability Principle), while the book was still at the conceptual stage, David Harding, founder of Winton Capital Management, approached me about a role in his company. The deep inferential challenges I encountered there encouraged me to think more deeply about rare events. And finally, I am most grateful to my wife, Shelley, for tolerating, yet again, my spiritual absences as the book gradually took shape, as well as for making invaluable comments on its content.
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THE MYSTERY

Fortune brings in some boats that are not steer’d.

– William Shakespeare

Simply Unbelievable

In the summer of 1972, the actor Anthony Hopkins was signed to play a leading role in a film based on George Feifer’s novel The Girl from Petrovka, so he travelled to London to buy a copy of the book. Unfortunately, none of the main London bookshops had a copy. Then, on his way home, waiting for an underground train at Leicester Square tube station, he saw a discarded book lying on the seat next to him. It was a copy of The Girl from Petrovka.

As if that was not coincidence enough, more was to follow. Later, when he had a chance to meet the author, Hopkins told him about this strange occurrence. Feifer was interested. He said that in November 1971 he had lent a friend a copy of the book – a uniquely annotated copy in which he had made notes on turning the British English into American English (‘labour’ to ‘labor’ and so on) for the publication of an American version – but his friend had lost the copy in Bayswater, London. A quick check of the annotations in the copy Hopkins had found showed that it was the very same copy that Feifer’s friend had mislaid.1

You have to ask: What’s the chance of that happening? One in a million? One in a billion? Either way, it begins to stretch the bounds of credibility. It hints at an explanation in terms of forces and influences of which we are unaware, bringing the book back in a circle to Hopkins and then to Feifer.

Here’s another striking incident, this time from the book Synchronicity, by the psychoanalyst Carl Jung. He writes: ‘The writer Wilhelm von Scholz . . . tells the story of a mother who took a photograph of her small son in the Black Forest. She left the film to be developed in Strassburg. But, owing to the outbreak of war, she was unable to fetch it and gave it up for lost. In 1916 she bought a film in Frankfurt in order to take a photograph of her daughter, who had been born in the meantime. When the film was developed, it was found to be doubly exposed: the picture underneath was the photograph she had taken of her son in 1914! The old film had not been developed and had somehow got into circulation again among the new films.’2

Most of us will have experienced coincidences rather like these – if not quite so extraordinary. They might be more akin to thinking of someone just before she phones you. Strangely enough, while I was writing part of this book, I had precisely this sort of experience. A colleague at work asked me if I could recommend some publications on a specific aspect of statistical methodology (the so-called ‘multivariate t-distribution’). The next day, I did a little research and managed to identify a book on exactly that topic by two statisticians, Samuel Kotz and Saralees Nadarajah. I had started to type an email to my colleague, giving him the details of this book, when I was interrupted by a phone call from Canada. During the conversation, the caller happened to mention that Samuel Kotz had just died.

And so it goes on. On September 28, 2005, the Telegraph described how a golfer, Joan Cresswell, scored a hole in one with a fifty-yard shot at the thirteenth hole at the Barrow Golf Club in Cumbria. Surprising, you may think, but not outlandishly so – after all, holes in one do happen. But what if I tell you that, immediately afterwards, a fellow golfer, the novice Margaret Williams, also scored a hole in one?3

There’s no getting away from it: sometimes events occur which seem so improbable, so unexpected and so unlikely, they hint that there’s something about the universe we don’t understand. They make us wonder if the familiar laws of nature and causality, through which we run our everyday lives, occasionally break down. They certainly make us doubt that they can be explained by the accidental confluence of events, by the random throwing together of people and things. They almost suggest that something is exerting an invisible influence.

Often such occurrences merely startle us, and give us stories to tell. On my first trip to New Zealand, I settled down in a café and noticed that the notepaper being used by one of the two strangers at the neighbouring table was from my own university back in the UK. But at other times, these uncanny events can significantly alter lives – for the better, as with a New Jersey woman who won the lottery twice, or for the worse, as with Major Summerford, who was struck by lightning several times.

Humans are curious animals, so we naturally seek the underlying cause of strange coincidences. What was it that led two strangers from the same university to travel to the far side of the world and end up sitting at neighbouring tables in the same café at exactly the same time? What was it that led the woman to pick those two winning sets of lottery numbers? What was it that brought huge electrostatic forces to hit Major Summerford time and time again? And what steered Anthony Hopkins and The Girl from Petrovka through space, and through time, to the same seat in the same underground station at the same moment?

Beyond that, of course, how can we take advantage of the causes underlying such coincidences? How can we manipulate them to our benefit?

So far all my examples have been very small-scale – at the personal level. But there are countless more profound examples. Some seem to imply that not only the human race, but the very galaxies themselves wouldn’t exist if those very unlikely events hadn’t occurred. Some relate to how sequences of tiny random changes in our genetic constitution could end up producing something as complicated as a human being. Others relate to the distance of the earth from the sun, the existence of Jupiter, and even the values of the fundamental constants of physics. Again the question arises as to whether blind chance is a realistic explanation for these apparently staggeringly unlikely events, or whether there are in fact other influences and forces directing the course of events behind the scenes.

The answers to all these questions hinge on what I call the Improbability Principle. This asserts that extremely improbable events are commonplace. It’s a consequence of a collection of more fundamental laws, which all tie together to lead inevitably and inexorably to the occurrence of such extraordinarily unlikely events. These laws, this principle, tell us that the universe is in fact constructed so that these coincidences are unavoidable: the extraordinarily unlikely must happen; events of vanishingly small probability will occur. The Improbability Principle resolves the apparent contradiction between the sheer unlikeliness of such events and the fact that they nevertheless keep on happening.

We’ll begin by looking at prescientific explanations. These often go far back into the mists of time. Although many people still hold to them, they predate the Baconian revolution: that is the idea that the way to understand the natural world is to collect data, conduct experiments, take observations and use these as test beds through which to evaluate proposed explanations for what’s going on. Prescientific notions predate the rigorous evaluation of the effectiveness of explanations through scientific methods. But explanations which have not been or cannot be tested can have no real force: they are simply anecdotes, or stories, with the same status as a child’s bedtime tale about Santa Claus or the tooth fairy. They serve the purpose of reassuring or placating those who are unwilling or unable to make the effort to dig deeper, but they don’t lead to understanding.

Understanding comes from deeper investigation. In this deeper investigation, thinkers – researchers, philosophers, scientists – have sought to devise ‘laws’ that describe the way nature works. These laws are shorthand summaries encapsulating in simple form what observation shows about how the universe behaves. They are abstractions. For example, the progress of an object falling from a tall building is described by Newton’s Second Law of Motion, which says that the acceleration of a body is proportional to the force acting on it. Natural laws seek to get to the heart of phenomena, stripping away the superfluous, crystallizing the essence. The laws are developed by matching predictions with observations, that is, with data. If a law says that increasing the temperature of an enclosed volume of gas will increase its pressure, is this what actually happens, is this what the data show? If a law says that increasing the voltage will increase the current, is this what we actually see?

We’ve been extraordinarily successful in understanding nature by applying this process of matching data to explanation. The modern world, the cumulation of the awesome achievements of humanity’s science and technology, is a testament to the power of such descriptions.

Of course, some people seem to think that understanding a phenomenon takes away its mystery. This is true in the sense that understanding means removing obscurity, obfuscation, ambiguity and confusion. But a grasp of the cause of the colours of the rainbow doesn’t detract from its wonder. What such a grasp brings is a more profound appreciation, and indeed awe, of the beauty underlying the phenomenon being studied. It shows us how all the pieces come together to give us the amazing world we live in.

Borel’s Law: Sufficiently Unlikely Events Are Impossible

Émile Borel was an eminent French mathematician, born in 1871. He was a pioneer of some of the more mathematical aspects of probability (of so-called measure theory), and several mathematical objects and concepts are named after him – such as Borel measure, Borel sets, the Borel-Cantelli lemma and the Heine-Borel theorem. In 1943 he wrote a nonmathematical introduction to probability called Les probabilités et la vie, translated as Probabilities and Life. As well as illustrating some of the properties and applications of probability, in this book he introduced what he called the single law of chance, nowadays often simply called Borel’s law. This law says, ‘Events with a sufficiently small probability never occur.’4

Clearly, the Improbability Principle looks as if it is at odds with Borel’s law. The Improbability Principle says that events with a very small probability keep on happening, while Borel’s law says they never happen. What is going on?

Now, your first reaction on reading Borel’s law may well have been the same as mine when I first came across it: surely it’s nonsense? After all, you might think (as I did) that events with very small probability certainly occur, just not very often. That’s the whole point about probability, and about small probabilities in particular. But when I read further into Borel’s book, I saw that he meant something rather more subtle.

He illustrated what he intended by referring to the classic example of the monkeys who, randomly hitting the keys of a typewriter, happen by chance to produce the complete works of Shakespeare.5 In Borel’s words: ‘Such is the sort of event which, though its impossibility may not be rationally demonstrable, is, however, so unlikely that no sensible person will hesitate to declare it actually impossible. If someone affirms having observed such an event we would be sure that he is deceiving us or has himself been the victim of fraud.’6

So Borel is relating ‘very small probabilities’ to human scales, and that’s what he means: in human terms the probability is so small that it would be irrational to expect ever to see it happen; it should be regarded as impossible. And, indeed, after stating his ‘single law of chance’ (which, you’ll recall, was that events with a sufficiently small probability never occur) he added the comment, ‘or, at least, we must act, in all circumstances, as if they were impossible’ [his italics].7

He gave a further illustration later in his book: ‘For every Parisian who circulates for one day, the probability of being killed in the course of the day in a traffic accident is about one-millionth. If, in order to avoid this slight risk, a man renounced all external activity and cloistered himself in his house, or imposed such confinement on his wife or his son, he would be considered mad.’8

Other thinkers had said similar things. For example, in the 1760s Jean d’Alembert had questioned whether it is possible to observe a very long run of occurrences of an event in a sequence in which occurrence and nonoccurrence are equally probable. A century before Borel, in 1843, in his book Exposition de la théorie des chances et des probabilités, Antoine-Augustin Cournot had discussed the actual, as opposed to theoretical, probability of a perfect cone balancing on its vertex.9 The phrase ‘practical certainty’ has been associated with Cournot, being contrasted with ‘physical certainty’. Indeed, the idea that ‘It is a practical certainty that an event with very small probability will not happen’ is sometimes called Cournot’s principle. Later, in the 1930s, the philosopher Karl Popper wrote, in his book The Logic of Scientific Discovery, ‘The rule that extreme improbabilities have to be neglected . . . agrees with the demand for scientific objectivity.’10

Given the other illustrious thinkers who have described similar concepts, we might ask why it’s Borel’s name that’s generally attached to the idea. The answer probably lies in Stigler’s law of eponymy. This law says that ‘no scientific law is named after its original discoverer’ (and then has the corollary, ‘including this one’).

There’s an analogy between Borel’s law and the points, lines and planes we learn about when we study geometry at school. We learn that these geometric objects are mathematical abstractions, and that they don’t exist in the real world. They are merely convenient simplifications – which we can then think about and mentally manipulate, and hence draw conclusions about the real-world objects we’re representing with them. Similarly, it’s a mathematical ideal that, although incredibly small probabilities are not actually zero, they may be treated as if they were zero because, in real practical human terms, events with sufficiently small probability never occur. That’s Borel’s law.

Here’s Borel again: ‘It must be well understood that the single law of chance carries with it a certainty of another nature than mathematical certainty, but that certainty is comparable to one which leads us to accept the existence of an historical character, or of a city situated at the antipodes, of Louis XIV or of Melbourne; it is comparable even to the certainty which we attribute to the existence of the external world.’11

Borel goes on to give a scale showing what might be meant by a probability being ‘sufficiently small’ that an event would never occur. Here are (slightly paraphrased) versions of the definitions he gives of the points on his scale. In each case, I’ve tried to convey the sizes of the numbers involved by giving some examples.

Probabilities which are negligible on the human scale are smaller than about one in a million. The probability of being dealt a royal flush in poker is about 1 in 650,000, almost twice a one-in-a-million chance. There are just over thirty million seconds in a year, so, in terms of Borel’s scale, if you and I each randomly pick a second in which to do something, the chance that we will do it at the same time is negligible on the human scale.

Probabilities which are negligible on the terrestrial scale are smaller than about 1 in 1015. (If you’re unfamiliar with this notation, see my explanation in Appendix A.) The earth’s surface area is about 5.5 × 1015 square feet. So if you and I were each to randomly choose a square foot to stand on (ignoring niceties such as the fact that many of those square feet would be in the ocean), our chance of picking the same square feet would be pretty well negligible on the terrestrial scale. The probability of one player in a game of bridge getting a complete suit is roughly 1 in 4 × 1010, vastly more likely than an event which is negligible on the terrestrial scale.

Probabilities which are negligible on the cosmic scale are smaller than about 1 in 1050. Earth is composed of some 1050 atoms, so if you and I independently pick single atoms from the entire earth, the chance we would pick the same one is negligible on the cosmic scale. To put that into perspective, in turn, there are ‘only’ something like 1023 stars in the universe altogether.

Probabilities which are negligible on the supercosmic scale are smaller than about 1 in 101,000,000,000. Since the number of subatomic baryon particles in the universe is estimated to be around 1080, it’s difficult to devise any examples which put such small probabilities into context!

Borel’s scale of the ‘negligibly small’ tells us when we should regard events as so unlikely that for practical purposes we can treat them as impossible. But the Improbability Principle tells us that, in contrast, highly unlikely events, even those as unlikely as the ones Borel characterizes, keep on happening. That is, not only are they not impossible, but we see such events again and again. Surely both of these cannot be right: either they’re so unlikely that we’ll never see them happen, or they’re so likely that we’ll see them again and again.

By peeling back the meaning of improbability, we’ll see that this apparent contradiction can be resolved. We can think of the different strands of the Improbability Principle as layers, like those of an onion, so that as each layer is peeled back the explanation becomes clearer. The different strands of the principle – the law of truly large numbers, the law of near enough, the law of selection and other strands – each shed their own light on how both Borel’s law and the Improbability Principle can be right simultaneously.

Some of the strands of the principle are very profound. The law of truly large numbers, for example, plays a critical role in determining whether apparent clusters of sickness are caused by a pollutant or are merely due to chance. But others are less so. You might like to see if you can come up with an explanation for the following event which, at face value, would seem so improbable that we wouldn’t expect to see it; so improbable that we should regard it as impossible. The observation is described in U.S. News & World Report of December 19, 2011.12 It refers to the late Kim Jong-Il, former leader of North Korea, and says, ‘In 1994, the very first time he played golf, Kim Jong-Il dominated the 7,700-yard Pyongyang Golf Course. He shot an unimaginable 38-under par, recording no worse than a birdie at the country’s lone golf course. His round included 11 holes-in-one, and the feat was verified by 17 bodyguards who were present.’

You might want to recall Borel’s hypothetical reaction to monkeys producing the complete works of Shakespeare when randomly hitting the keys of a typewriter. As I said, some strands of the Improbability Principle are straightforward. But others are very profound indeed, and this book explores them.
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A CAPRICIOUS UNIVERSE

Teacher: ‘You know the earth isn’t flat, don’t you?’

Pupil: ‘It is where I live.’

– Will Hay and Billy Hay in The Fourth Form at St Michael’s, Part 21

Why Me, Why Here?

Imagine the following scene: One comfortable summer evening you’re sitting out on your lawn, a glass of chilled white wine by your side. You’re idly tossing a small ball from hand to hand. On a whim, you throw it high into the air. It shoots skyward, gradually slows under the pull of gravity, stops at the apex of its trajectory and then begins to fall, gathering pace, moving faster and faster. Until it lands . . . plop! right in your wineglass.

This was certainly unlucky. It was also highly improbable. Of all the spots on the lawn where the ball could have landed, it just happened to choose the few square inches framed by the rim of your glass.

You know very well that if you had tried to throw the ball high into the air intending it to land in your glass, you certainly wouldn’t have succeeded. So there’s clearly something mysterious going on here. It’s as if some agent had taken control of the path of the ball and steered it to its destination – perhaps a mischievous imp that had decided to change the laws of nature to amuse itself at your expense.

You may well have had similarly improbable experiences yourself. They might not have been quite so unfortunate as the ball landing in the wineglass, but perhaps they were strange enough to make you sit up and take notice – to make you think, how could that happen? Such events indicate a dissonance between how we expect the universe to behave and how it actually behaves.

In general, the notion that the universe behaves capriciously is an uncomfortable one. We want to know why things happen, to establish the causal connections, and to understand the rules that lie behind what we observe. The basic human drive for safety and security induces a fundamental unease with the notion that events might happen just by chance. After all, if it turned out that there are no causes, then there’d be no way to manipulate or control outcomes. Illnesses, accidents and failures couldn’t be avoided. We’d live in a constant state of fear, awaiting the unpredictable disaster just around the corner.

On the other hand, someone who could predict such events, or better still, control them, would be immensely powerful. They’d be able to dodge bullets, avoid car crashes, pick winning horses and profitable stocks, and move wineglasses before plummeting balls land.

Early – prescientific – attempts to explain such mysteries adopted what, following the ball-in-the-glass example, I might call ‘the imp explanation’. This is the notion that there’s some mysterious force or being behind what happens, often acting with malicious intent. A vast number of different explanations along these lines have been invented. They include superstitions, prophecies, gods and miracles, parapsychological explanations, Jung’s ‘synchronicity’ and many, many others. I’ll begin by looking at superstitions.

Superstitions

Our instinctive drive to understand the causes behind events leads us to look for patterns. We search for sequences. We note that when event A happens, it’s often followed by event B. For example, we notice that people who step out into the road without looking are frequently hit by cars, and that dark clouds overhead are often followed by rain. Many of these observed patterns make physical sense and are extremely useful guides through life’s vagaries. They don’t tell us what will happen with absolute certainty, but they do tell us what is likely to happen next.

Many of the patterns we detect have a causal basis. If they didn’t, we would have become extinct long ago. We would never have realized that the movement in the long grass meant there was a lurking tiger, or that the thunderous din coming from farther downstream meant we were drifting towards a waterfall.

Investigating patterns often yields evidence that explains them, showing that we did attribute the causes correctly. Early epidemiological work detected a connection between smoking and lung cancer, and later biological investigation showed there was indeed a causal relationship. And when observation suggested there were links between obesity and heart disease, subsequent experimental work showed that there were such links.

But not all the patterns we observe represent real physical relationships. Sometimes the patterns we see are simply the consequence of chance. I might realize that twice recently I’ve fallen down soon after seeing a black cat cross my path, but I’ll also recognize that it’s unlikely to represent any real causal relationship. The fact that every play I’ve seen this year has been excellent whenever I’ve driven to the theatre, but disappointing when I’ve taken public transport, doesn’t mean that this pattern will hold in the future. The trick is being able to distinguish between those patterns that do represent a real underlying cause-and-effect relationship and those that don’t. Indeed, we could characterize the whole of science, in the broadest sense, as an ongoing attempt to do just that.

Patterns we spot but that are mere accidents, without any underlying cause, have often formed the basis of superstition: a belief that there is a causal relationship where there is none, such as the belief that I’m more likely to throw a double six if I kiss the dice before I toss them on the craps table, or that carrying a furled umbrella means it’s less likely to rain. (You need to bear in mind that I live in London.)

The evolutionary usefulness of the ability to recognize patterns and then infer the causal relationships they represent is demonstrated by the fact that precisely the same development of ‘superstitions’ occurs in animals. The psychologist B. F. Skinner put hungry pigeons in a cage with a device that dispensed food at regular intervals regardless of what activity the bird was involved in at the time. He observed that the birds seemed to learn to associate the delivery of food with whatever they were doing when it appeared, because they’d repeat those actions, presumably in the hope of getting more food. Skinner wrote:

The experiment might be said to demonstrate a sort of superstition. The bird behaves as if there were a causal relation between its behavior and the presentation of food, although such a relation is lacking. There are many analogies in human behaviour. Rituals for changing one’s luck at cards are good examples. A few accidental connections between a ritual and favourable consequences suffice to set up and maintain the behaviour in spite of many unreinforced instances. The bowler who has released a ball down the alley but continues to behave as if he were controlling it by twisting and turning his arm and shoulder is another case in point. These behaviours have, of course, no real effect upon one’s luck or upon a ball half way down an alley, just as in the present case the food would appear as often if the pigeon did nothing – or, more strictly speaking, did something else.2

The ‘cargo cult’ is an example of observed patterns that have no basis in an underlying cause. The phrase originally described practices developed by the native inhabitants of islands in the South West Pacific after the Second World War. They’d observed first the Japanese and then the Allied soldiers building airstrips, marching, directing landing aircraft and wearing certain styles of dress. Associated with these curious behaviours was the arrival of giant flying machines carrying vast quantities of exotic material goods – canned food, clothes, vehicles, guns, radios, Coca-Cola and so on – called ‘cargo’ by the newcomers. When the war ended and the visitors left, the natives reasoned that if they carried out the same sort of activities, the planes would return. So they built airstrips out of straw and coconuts, and control towers out of bamboo and rope, and dressed themselves to resemble the military personnel they’d encountered during the war. They sat wearing carved wooden headsets, and duplicated the waved landing signals from their ‘runways’. They’d observed a pattern – the curious behaviour of the visitors followed by the arrival of rich rewards – and deduced that there was a connection, an underlying causal link. But the inferred relationship was not actually a causal one.

Even if one event follows another surprisingly often, it doesn’t necessarily mean that the first causes the second. Statisticians have a sound-bite for this: correlation does not imply causation. Increasing sales of sunscreen are often associated with increasing sales of ice cream, but it’s unlikely that one leads to the other. It’s more likely that they have a common cause – more hot summer days. Similarly, if you study me you might spot that I carry an umbrella whenever my roof is wet in the morning. But it’s not my wet roof that causes me to carry an umbrella. There’s a Latin phrase that philosophers and logicians use to describe this fallacy: post hoc ergo propter hoc, meaning ‘after this, therefore because of this’. A progression in time is necessary for a causal relationship, but it’s not enough.

Superstitions are especially prevalent in gambling and sports, two domains in which chance plays a central role. If you’ve ever visited a casino, you may well have seen a gambler who believes that if he shakes the dice a certain way they’ll show the numbers he wants. But, he believes, he has to shake them in a very special way – and if he doesn’t get it precisely right the dice won’t show his numbers. This conveniently explains why he doesn’t always win: it’s not that he’s mistaken in his belief, but merely that he didn’t follow the procedure exactly. He thinks.

Or take baseball pitcher Turk Wendell, who would draw three crosses in the dirt before pitching. Or Manchester United football player Phil Jones, who puts his left sock on first when the team is playing at home, and puts his right sock on first when they’re away. Tiger Woods wears a red shirt for the final round of a tournament, though this seems to be because of his mother’s beliefs rather than his own.

The ‘hot hand’ belief is a common superstition that arises in sports and games involving chance. It’s the belief that players who have a sequence of successful shots will be more likely to continue to have success – that such players are ‘in the zone’. Now you’d expect this to be true at some level. We all have ‘off days’ (perhaps we were feeling under the weather) so we might also be expected to have ‘on days’. If we’re having an on day then we’re simply more likely to score. But the hot hand belief is more subtle than this: it says that the probability of continuing to score is increased by a series of successes. And it says that this is true even if the plays are random, such as throws of a die. It’s all complicated by the fact that if we look back at how players have done in the past, we’re bound to find spells when they’ve performed better than average, and also spells when they’ve done worse. That’s what ‘average’ means: sometimes better, sometimes worse. But the hot hand belief is that if a player is in a hot streak, the chance that that player will continue to score is higher than his or her personal average; and that this is true even if the game is purely random. It says that the mere fact of success in the past alters the probability of success in the future.

There’s a very strong belief in this phenomenon – even to the extent that it influences play. In basketball, teammates will often pass the ball to players believed to be in a hot hand streak, believing that their sequence of successful shots makes them more likely to score next time. This complicates matters. It means that the belief in the hot hand phenomenon changes how the players are behaving, and that very change might alter the chance of scoring. It will certainly give the player who receives the ball more opportunity to score, even if it doesn’t alter the chance of scoring at each attempt. And if those increased opportunities to score translate into more points, it could well reinforce the impression of a hot hand streak.

Of course, superstitions can vary from culture to culture. In China it’s bad luck to sweep or dust on New Year’s Day; in Japan a black cat crossing your path is a sign of good luck, while in the United States it’s bad luck; in European countries the number 13 is considered unlucky, whereas in Japan, China and Korea the number 4 is considered unlucky. There are also superstitions that are common across many cultures. Seeing a single magpie is unlucky, but seeing two together is lucky; opening an umbrella indoors is unlucky; breaking a mirror is unlucky; walking under a ladder will bring bad luck. That last example might well be an illustration of how such superstitions can form from observed patterns of events: having a paint pot dropped on you from a ladder could make you think it’s unlucky to walk underneath.3

Once established, superstitions tend to strengthen themselves. This is because, outside of formal scientific experiments, we’re not very good at testing hypotheses to see if they’re true. We tend to note only evidence and events supporting our theories, and ignore any pointing in the other direction. This is called confirmation bias. For example, I might take the fact that I saw a black cat and then tripped over a paving stone as evidence that seeing the cat was unlucky, ignoring the other occasions I’d seen a black cat and not tripped.

Although confirmation bias has become the subject of intensive study by psychologists and behavioural economists only recently, it’s been known about for centuries. In his Novum Organum (The New Organon), Francis Bacon, who was a pioneer in laying down the principles of science, said:

The human understanding when it has once adopted an opinion . . . draws all things else to support and agree with it. And though there be a greater number and weight of instances to be found on the other side, yet these it either neglects and despises, or else by some distinction sets aside and rejects . . . men, having a delight in such vanities, mark the events where they are fulfilled, but where they fail, though this happen much oftener, neglect and pass them by.4

Prophecies

Prophecies are attempts to foretell the future. They’re based on the assumption that the universe is proceeding along a preordained path, and their aim is to remove doubt about the direction of that path. They also often convey hints of the divine or supernatural. Oracles typically serve as channels for prophecies or other predictions, although sometimes they are also sources of advice.

Many prophecies are based on explicit signs: patterns of tea leaves at the bottom of a cup, the fall of yarrow stalks for the I Ching, the specific cards that a seer turns over during a tarot reading, the appearance of a comet, strange cloud formations, the configuration of the stars when you were born, the birth of a deformed animal and so on.

But even if the signs are there for everyone to see, prophecies aren’t based on carefully evaluating the predictions arising from a body of evidence. This makes prophecies quite different from scientific predictions. Medical researchers, for instance, know that diabetics are likely to suffer from retinal neuropathy because of the accumulated evidence derived from studying patients over time. Weather forecasters know how accurate their predictions are because they’ve developed statistical measures called scoring rules to evaluate them. Our ability to predict when an eclipse will occur derives from the large amounts of data describing the motions of the sun, earth and moon that have been collected. In contrast to all of these, there have been very few formal evaluations of how often the pattern of tea leaves in a cup allows a fortune teller to correctly predict an event. (I’ve seen none, but want to be fair, and it’s possible I missed some.)

Although the aim of a prophecy is to remove uncertainty about the future, uncertainty in the form of randomness is frequently the mechanism used to generate prophecies. The random way in which tea leaves and yarrow stalks fall illustrates this. It’s as if the randomness serves as a doorway to the powers divulging the ‘information’. Théophile Gautier had a nice way of describing it. He said, ‘Chance is perhaps the pseudonym of God when he didn’t want to sign [his own name].’ The tea-leaves and yarrow-stalks examples also show that often a special type of knowledge is required to interpret the supernatural messages. Indeed, mystics, priests, clairvoyants, prophets and oracles maintain their positions in societies in part thanks to their unique intermediary role as the only people able to understand the messages passed down from above. When the German priests of Tacitus’ time made choices by randomly choosing bark strips inscribed with runes, and the Jews made important decisions by drawing lots, the random procedures apparently gave an opportunity for the will of the superior being to manifest itself. The Bible says, ‘The lot is cast into the lap, but its every decision is from the Lord’ (Proverbs 16:33).

Prophecies are often couched in cryptic terms, making them ambiguous and permitting multiple interpretations of their meaning. This can make them difficult to refute. It’s tough to argue with a prophet who can always say, ‘Ah yes, but that was exactly what I meant,’ whatever the outcome. Sometimes a single ‘prediction’ may even have two opposite interpretations.

This is nicely illustrated by the story of Croesus, King of Lydia from 560 to 546 BC, who is said to have consulted the oracle at Delphi to help him decide whether to attack Persia. The oracle told him that if he crossed the river a great empire would be destroyed. Croesus took this as a favourable message and duly attacked – only to have his own empire destroyed by the Persians.

The predictions of Michel de Nostredame, or Nostradamus, are examples of the ambiguity in prophecies. This sixteenth-century French apothecary, healer and occultist published his many prophecies in a series of almanacs, calendars and quatrains. Nostradamus’ prophecies focus on epidemics, earthquakes, wars, floods and so on, but as far as I’m aware none give unambiguous details of particular events before they have occurred. Moreover, his predictions were for events far in the future – once again a good tactic, since you won’t be proven wrong while you’re still living. Especially revealing is the fact that the many fans of Nostradamus don’t agree on exactly what outcomes he predicted: a clear win for ambiguity!

An abundance of predictions is also always a good strategy for would-be prophets, since by chance they should expect to get some right – and they can then stress those and conveniently forget the ones that were wrong.
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