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introduction

One Sunday afternoon in April 2004, a 32-year-old English-
man walked into the Plaza Hotel & Casino in Las Vegas 

with his entire worldly possessions. They amounted to a change 
of underwear and a cheque. Ashley Revell had sold everything 
he owned to raise the $135,300 sum printed on the cheque; even 
the tuxedo he wore was hired. After exchanging the cheque for a 
depressingly small heap of chips, Revell headed for a roulette table, 
and did something extraordinary. He bet the lot on a single event: 
that when the little white ball came to rest, it would end up on red.

Revell’s decision to choose that colour may have been impul-
sive, but the event itself wasn’t. He’d planned it for months. He’d 
talked about it with friends, who thought it was a brilliant idea, 
and with his family, who didn’t. Nor did some of the casinos; they 
may well have been fearful of going down in Vegas folklore as The 
Casino Where One Man Bet Everything And Lost. The manager 
of the Plaza certainly looked solemn as Revell placed the chips on 
the table, and asked him whether he was certain he wanted to go 
ahead. But nothing seemed likely to deter Revell. Surrounded by 
a large gathering of onlookers he waited anxiously as the croupier 
put the ball into the wheel. Then in one swift motion he stepped 
forward and put all his chips down on red. He watched as the ball 
slowed, spiralled in and bounced in and out of various pockets, and 
then came to rest – in pocket number 7. Red.

In that moment Revell doubled his net worth to $270,600. The 
crowd cheered, and his friends hugged him – and his father rue-
fully declared him ‘a naughty boy’. Most people would probably 
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2  u C H A N C I N G  I T

take a harsher view of Revell’s actions that day: at best ill-advised, 
certainly rash and possibly insane. For surely even billionaires for 
whom such sums are loose change would not have punted the lot 
on one bet. Would not any rational person have divided up such a 
sum into smaller wagers, to at least check whether Lady Luck was 
in town?

But here’s the thing: having decided to do it, Revell had done 
precisely the right thing. The laws of probability show that there 
is no surer way of doubling your net worth at a casino than to do 
what he did, and bet everything on one spin of the wheel. Yes, the 
game is unfair: the odds in roulette are deliberately – and legally – 
tilted against you. Yes, there was a better than 50 per cent chance 
of losing the lot. Yet bizarre as it may seem, in such situations 
the best strategy is to bet boldly and big. Anything more timid 
cuts the chances of success. Revell had proved this himself in the 
run-up to the big bet. Over the previous few days he’d punted 
several thousand dollars on bets in the casino, and succeeded only 
in losing $1,000. His best hope of doubling his money lay in swap-
ping ‘common sense’ for the dictates of the laws of probability.

So should we all follow Revell’s example, sell everything we 
own and head for the nearest casino? Of course not; there are much 
better, if more boring, ways of trying to double your money. Yet 
one thing’s for certain: they’ll all involve probability in one of its 
many guises: as chance, uncertainty, risk or degree of belief.

We all know there are few certainties in life except death and 
taxes. But few of us are comfortable in the presence of chance. It 
threatens whatever sense we have of being in control of events, sug-
gesting we could all become what Shakespeare called ‘Fortune’s 
fool’. It has prompted many to believe in fickle gods, and others 
to deny its primacy: Einstein famously refused to believe that God 
plays dice with the universe. Yet the very idea of making sense of 
chance seems oxymoronic: surely randomness is, by definition, 
beyond understanding? Such logic may underpin one of the great 
mysteries of intellectual history: why, despite its obvious usefulness, 
did a reliable theory of probability take so long to emerge? While 
games of chance were being played in Ancient Egypt over 5,500 
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introduction u 3

years ago, it wasn’t until the seventeenth century that a few daring 
thinkers seriously challenged the view summed up by  Aristotle that 
‘There can be no demonstrative knowledge of chance’.

It hardly helps that chance so often defies our intuitions. Take 
coincidences: roughly speaking, what are the chances of a foot-
ball match having two players with birthdays within a day of each 
other? As there are 365 days in a year and 22 players, one might 
put the chances at less than 1 in 10. In fact, the laws of probability 
reveal the true answer to be around 90 per cent. Don’t believe it? 
Then check the birthdays of those playing in some football games, 
and see for yourself. Even then, it is hard to avoid thinking some-
thing odd is going on. After all, if you find yourself in a similar-
sized crowd and ask whether anyone shares your birthday, you’re 
very unlikely to find a match. Even simple problems about coin-
tosses and dice seem to defy common sense. Given that a coin is 
fair, surely tossing heads several times on the trot makes tails more 
likely? If you’re struggling to see why that’s not true, don’t worry: 
one of the great mathematicians of the Enlightenment never got it.

One aim of this book is to show how to understand such every-
day manifestations of chance by revealing their underlying laws 
and how to apply them. We will see how to use these laws to predict 
coincidences, make better decisions in business and in life, and 
make sense of everything from medical diagnoses to investment 
advice.

But this is not just a book of top tips and handy hints. My prin-
cipal goal is to show how the laws of probability are capable of so 
much more than just understanding chance events. They are also 
the weapon of choice for anyone faced with turning evidence into 
insight. From the identification of health risks and new drugs for 
dealing with them to advances in our knowledge of the cosmos, the 
laws of probability have proved crucial in separating random dross 
from evidential gold.

Now another revolution is under way, one which centres on 
the laws of probability themselves. It has become clear that in 
the quest for knowledge these laws are even more powerful than 
previously thought. But accessing this power demands a radical 
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reinterpretation of probability – one which until recently provoked 
bitter argument. That decades-long controversy is now fading in 
the face of evidence that so-called Bayesian methods can trans-
form science, technology and medicine. So far, little of all this has 
reached the public. In this book I tell the often astonishing story of 
how these techniques emerged, the controversy they provoked and 
how we can all use them to make sense of everything from weather 
forecasts to the credibility of new scientific claims.

Anyone wanting to wield the power-tools of probability must, 
however, always be aware that they can be pushed too far. Bad 
things happen when they’re abused. For decades, statisticians have 
warned about fundamental flaws in the methods used by research-
ers to test whether a new finding is just a fluke, or worth taking 
seriously. Long dismissed as pedantry, those warnings are now 
central to understanding a scandal that threatens the very future of 
scientific progress: the replication crisis. In disciplines ranging from 
medicine and genetics to psychology and economics, researchers 
are finding that many ‘statistically significant’ discoveries simply 
vanish when re-examined. This is now casting doubt on findings 
that have become embedded in the research literature, textbooks, 
and even government policy. This book is the first to explain both 
the nature of the scandal and show how to tell when research claims 
are being pushed too far, and what the truth is more likely to be. In 
doing so, it draws on my own academic research into the subject, 
which I began in the late 1990s after encountering the ‘vanishing 
breakthrough’ phenomenon as a science journalist. 

The need to understand chance, risk and uncertainty has never 
been more urgent. In the face of political upheaval, turmoil in 
financial markets and an endless litany of risks, threats and calami-
ties, we all crave certainty. In truth, it never existed. But that is no 
reason for fatalism – or for refusing to accept reality.

The central message of this book is that while we can never be 
free of chance, risk and uncertainty, they all follow rules which can 
be turned to our advantage.
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the coin-tossing prisoner of the nazis

In the spring of 1940, John Kerrich set out from his home to visit 
his in-laws – no small undertaking, given that he lived in South 

Africa and they were in Denmark 12,000 kilometres away. And 
the moment he arrived in Copenhagen he must have wished he’d 
stayed at home. Just days earlier, Denmark had been invaded by 
Nazi Germany. Thousands of troops swarmed over the border in 
a devastating demonstration of blitzkrieg. Within hours the Nazis 
had overwhelmed the opposition and taken control. Over the weeks 
that followed, they set about arresting enemy aliens and herding 
them into internment camps. Kerrich was soon among them.

It could have been worse. He found himself in a camp in Jutland 
run by the Danish government, which was, he later reported, run in 
a ‘truly admirable way’.1 Even so, he knew he faced many months 
and possibly years devoid of intellectual stimulation – not a happy 
prospect for this lecturer in mathematics from the University of 
Witwatersrand. Casting around for something to occupy his time, 
he came up with an idea for a mathematical project that required 
minimal equipment but which might prove instructive to others. 
He decided to embark on a comprehensive study of the workings 
of chance via that most basic of its manifestations: the outcome of 
tossing a coin.

Kerrich was already familiar with the theory developed by 
mathematicians to understand the workings of chance. Now, he 
realised, he had a rare opportunity to put that theory to the test 
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on a lot of simple, real-life data. Then once the war was over – 
presuming, of course, he outlived it – he’d be able to go back to 
university equipped not only with the theoretical underpinning for 
the laws of chance, but also hard evidence for its reliability. And 
that would be invaluable when explaining the notoriously counter-
intuitive predictions of the laws of chance to his students.

Kerrich wanted his study to be as comprehensive and reliable as 
possible, and that meant tossing a coin and recording the result for 
as long as he could bear. Fortunately, he found someone willing to 
share the tedium, a fellow internee named Eric Christensen. And 
so together they set up a table, spread a cloth on it and, with a flick 
of a thumb, tossed a coin about 30 centimetres into the air.

For the record, it came down tails.
Many people probably think they could guess how things went 

from there. As the number of tosses increases, the well-known 
Law of Averages would ensure that the numbers of heads and tails 
would start to even out. And indeed, Kerrich found that by the 
100th toss, the numbers of heads and tails were pretty similar: 44 
heads versus 56 tails.

But then something odd started to happen. As the hours and 
coin-tosses rolled by, heads started to pull ahead of tails. By the 
2,000th toss, heads had built up a lead of 26 over tails. By the 
4,000th toss, the difference had more than doubled, to 58. The 
discrepancy seemed to be getting bigger.

By the time Kerrich called a halt – at 10,000 tosses – the coin 
had landed heads-up 5,067 times, exceeding the number of tails 
by the hefty margin of 134. Far from disappearing, the discrepancy 
between heads and tails had continued to grow. Was there some-
thing wrong with the experiment? Or had Kerrich discovered a 
flaw in the Law of Averages? Kerrich and Christensen had done 
their best to rule out biased tosses, and when they crunched the 
numbers, they found the Law of Averages had not been violated 
at all. The real problem was not with the coin, nor with the law, 
but with the commonly held view of what it says. Kerrich’s simple 
experiment had in fact done just what he wanted. It had demon-
strated one of the big misconceptions about the workings of chance.
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Asked what the Law of Averages states, many people say some-
thing along the lines of ‘In the long run, it all evens out’. As such, 
the law is a source of consolation when we have a run of bad luck, 
or our enemies seem on the ascendant. Sports fans often invoke it 
when on the receiving end of anything from a lost coin-toss to a 
bad refereeing decision. Win some, lose some – in the end, it all 
evens out.

Well, yes and no. Yes, there is indeed a Law of Averages at work 
in our universe. Its existence hasn’t merely been demonstrated 
experimentally; it’s been proved mathematically. It applies not only 
in our universe, but in every universe with the same rules of math-
ematics; not even the laws of physics can claim that. But no, the 
law doesn’t imply ‘it all evens out in the end’. As we’ll see in later 
chapters, precisely what it does mean took some of the greatest 
mathematicians of the last millennium a huge amount of effort to 
pin down. They still argue about the law, even now. Admittedly, 
mathematicians often demand a level of precision the rest of us 
would regard as ludicrously pedantic. But in this case, they are 
right to be picky. For knowing precisely what the Law of Averages 
says turns out to be one of the keys to understanding how chance 
operates in our world – and how to turn that understanding to our 
advantage. And the key to that understanding lies in establishing 
just what we mean by ‘It all evens out in the end’. In particular, 
what, exactly, is ‘it’?

This sounds perilously like an exercise in philosophical navel-
gazing, but Kerrich’s experiment points us towards the right 
answer. Many people think the ‘it’ which evens out in the long run 
is the raw numbers of heads and tails.

So why did the coin produce far more of one outcome than 
another? The short answer is: because blind, random chance 
was acting on each coin-toss, making an exact match in the raw 
numbers of heads and tails ever more unlikely. So what happened 
to the Law of Averages? It’s alive and well; the thing is, it just 
doesn’t apply to the raw numbers of heads and tails. Pretty obvi-
ously, we cannot say how individual chance events will turn out 
with absolute certainty. But we can say something about them if 
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we drop down to a slightly lower level of knowledge – and ask what 
chance events will do on average.

In the case of the coin-toss, we cannot say with certainty when 
we’ll get ‘heads’ or ‘tails’, or how many we’ll get of each. But given 
that there are just two outcomes and they’re equally likely, we can 
say they should pop up with equal frequency – namely, 50 per cent 
of the time.

And this, in turn, shows exactly what ‘it’ is that ‘evens out in the 
long run’. It’s not the raw numbers of heads and tails, about which 
we can say nothing with certainty. It is their relative frequencies: the 
number of times each pops up, as a proportion of the total number 
of opportunities we give them to do so.

This is the real Law of Averages, and it’s what Kerrich and Chris-
tensen saw at work in their experiment. As the tosses mounted up, 
the relative frequencies of heads and tails – that is, their numbers 
divided by the total number of tosses – got ever closer. By the time 
the experiment finished, these frequencies were within 1 per cent of 
being identical (50.67 per cent heads versus 49.33 per cent tails. In 
stark contrast, the raw numbers of heads and tails grew ever farther 
apart (see table).

No. of 
tosses

No. of 
heads

No. of tails Difference 
(heads/tails)

Frequency 
of heads

10 4 6 –2 40.00%

100 44 56 –12 44.00%

500 255 245 +10 51.00%

1,000 502 498 +4 50.20%

5,000 2,533 2,467 +66 50.66%

10,000 5,067 4,933 +134 50.67%

The real Law of Averages, and what really ‘all evens out in the end’

The Law of Averages tells us that if we want to understand 
the action of chance on events, we should focus not on each indi-
vidual event, but on their relative frequencies. Their importance 
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is reflected in the fact they’re often regarded as a measure of that 
most basic feature of all chance events: their probability.

So, for example, if we roll a die a thousand times, random chance 
is very unlikely to lead to the numbers 1 to 6 appearing precisely 
the same number of times; that’s a statement about individual out-
comes, about which we can say nothing with certainty. But, thanks 
to the Law of Averages, we can expect the relative frequencies of the 
six different outcomes to appear in around 1/6th of all the rolls 
– and get ever closer to that exact proportion the more rolls we 
perform. That exact proportion is what we call the probability of 
each number appearing (though, as we’ll see later, it’s not the only 
way of thinking of probability). For some things – like a coin, a die 
or a pack of cards – we can get a handle on the probability from 

Is a coin-toss really fair?
A coin-toss is generally regarded as random, but how the coin 
lands can be predicted – in theory, at least. In 2008, a team from 
the Technical University of Łódź , Poland,2 analysed the mechanics 
of a realistic coin tumbling under the influence of air resistance. 
The theory is very complex, but revealed that the coin’s behaviour 
is predictable until it strikes the floor. Then ‘chaotic’ behaviour 
sets in, with just small differences producing radically different 
outcomes. This in turn suggested that coin-tosses caught in 
mid-air may have a slight bias. This possibility has also been 
investigated by a team led by mathematician Persi Diaconis of 
Stanford University.3 They found that coins that are caught do 
have a slight tendency to end up in the same state as they start. 
The bias is, however, incredibly slight. So the outcome of tossing 
a coin can indeed be regarded as random, whether caught in 
mid-air or allowed to bounce.
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the fundamental properties that govern the various outcomes (the 
number of sides, court cards, etc.). Then we can say that, in the 
long run, the relative frequencies of the outcomes should get ever 
closer to that probability. And if they don’t, we can start to wonder 
about why our beliefs have proved ill-founded.

UPSHOT
The Law of Averages tells us that when we know – or suspect – we’re 
dealing with events that involve an element of chance, we should focus 
not on the events themselves, but on their relative frequency – that is, 
the number of times each event comes up as a proportion of the total 
number of opportunities to do so.
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What the Law of averages really means

The Law of Averages warns us that when dealing with chance 
events, it’s their relative frequencies, not their raw numbers, 

we should focus on. But if you’re struggling to give up the idea 
that it’s the raw numbers that ‘even out in the long run’, don’t 
beat yourself up; you’re in good company. Jean-Baptiste le Rond 
d’Alembert, one of the great mathematicians of the Enlighten-
ment, was sure that a run of heads while tossing a coin made tails 
ever more likely.

Even today, many otherwise savvy people throw good money 
after bad in casinos and bookmakers in the belief that a run of 
bad luck makes good luck more likely. If you’re still struggling to 
abandon the belief, then turn the question around, and ask yourself 
this: why should the raw numbers of times that, say, the ball lands 
in red or black in roulette get ever closer as the number of spins of 
the wheel increases?

Think about what would be needed to bring that about. It 
would require the ball to keep tabs on how many times it’s landed 
on red and black, detect any discrepancy, and then somehow 
compel itself to land on either red or black to drive the numbers 
closer together. That’s asking a lot of a small white ball bouncing 
around at random.

In fairness, overcoming what mathematicians call ‘The Gam-
bler’s Fallacy’ means overcoming the wealth of everyday expe-
riences which seem to support it. The fact is that most of our 
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encounters with chance are more complex than mere coin-tosses, 
and can easily seem to violate the Law of Averages.

For example, imagine we’re rummaging through the chaos of 
our sock drawer before racing off to work, looking for one of the 
few pairs of sensible black socks. Chances are the first few socks 
are hopelessly colourful. So we do the obvious thing and remove 
them from the drawer while we persist with our search. Now who 
says the Law of Averages applies, and that a run of coloured socks 
does not affect the chances of finding the black ones? Well, it may 
look vaguely similar, yet what we’re doing is wholly different from a 
coin-toss or a throw of the roulette ball. With the socks, we’re able 
to remove the outcomes we don’t like, thus boosting the proportion 
of black socks left in the drawer. That’s not possible with events 
like coin-tosses. The Law of Averages no longer applies, because it 
assumes each event leaves the next one unaffected.

Another hurdle we face in accepting the law is that we rarely 
give it enough opportunity to reveal itself. Suppose we decide to 
put the Law of Averages to the test, and carry out a proper scientific 
experiment involving tossing a coin ten times. That might seem a 
reasonable number of trials; after all, how many times does one 
usually try something out before being convinced it’s true: three 
times, perhaps, maybe half a dozen? In fact, ten throws is nothing 
like enough to demonstrate the Law of Averages with any reliabil-
ity. Indeed, with so small a sample we could easily end up convinc-
ing ourselves of the fallacy about raw numbers evening out. The 
mathematics of coin-tosses shows that with ten tosses it’s odds-on 
that the number of heads and tails will be within 1 of each other; 
there’s even a 1 in 4 chance of a dead heat.

Small wonder so many of us think that ‘everday experience 
proves’ it’s the raw numbers of heads and tails that even out over 
time, rather than their relative frequencies.
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UPSHOT
When trying to make sense of chance events, be wary of relying on 
‘common sense’ and everyday experience. As we’ll see repeatedly in 
this book, the laws ruling chance events lay a host of traps for those not 
savvy in their tricksy ways.
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