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PREFACE

Writing about uncertainty during a pandemic

T

he bulk of this book was written during 2019, before the outbreak of the
virus that led to the Covid-19 pandemic which made 2020 such an
extraordinarily difficult year. To someone writing a book about how
people understand risk and uncertainty, this posed a challenge. How much of
the text would have to be rewritten? I could see myself adapting examples, passages, even adding whole chapters to accommodate the disease and our
response to it. On reflection, though, I decided that wholesale revision was a
bad idea. If the ideas I had expressed on chance and uncertainty were right
before the Covid-19 outbreak, then they were right after it, too.
Perhaps the world is now better informed about risks and more sensitive to
the kinds of issues that can arise from different ways of understanding risk. But
there is still little consensus on how to assess levels of risk, and the most appropriate personal and public responses. In my opinion, the pandemic has only
increased the need for a better appreciation of chance in public affairs and
shown how difficult clear thinking about uncertainty can be. Nowhere is this
more evident than in considering the choices to be made between individual
rights and collective responsibility. One of the themes in this book is the difficulty of reconciling contrasting ways of thinking about probability. Should I act
in a way that best serves my own interests, exercising my own judgement and
evaluation of risk, taking into account personal factors, or should I rather follow the rules, approximate and imperfect though they may be, even if I feel that
my circumstances are exceptional? These issues have been highlighted by the
choices we have all needed to make, and they will still be relevant when the
crisis has passed. We will always have to deal with the challenges posed by
uncertainty. I did not want this book to become primarily about this pandemic
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or for its general themes to be overshadowed by the particular issues the year
2020 has raised.
While there has been no wholesale revision of the book, Covid-19 has certainly left its mark. Where it seemed necessary to add something, I have made
small changes to the text to include references to the virus in examples and in
analysis. The major change is at the beginning of the chapter ‘What’s there to
worry about?’. It seemed fitting to devote that opening to a snapshot description
of the state of the outbreak in late February 2020, and my personal worries at
that moment in light of the themes of the book. I have not revised that section:
it can stand as an example of how we regard risks differently in prospect and in
retrospect.
Peper Harow
July 2020
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I N TRO D U C TI O N

Living in an
Uncertain World
The laws of probability, so true in general, so fallacious in particular.
Edward Gibbon

Sucker bet or sure thing?
You’re standing at the hotel bar. Not far along the counter is a well-dressed
gentleman with a whisky in front of him who is quietly flicking through a deck
of cards.
‘Funny thing,’ he says idly.
‘What?’
‘Did you know that the court cards—the king, the queen and the jack—are
rather pushy characters and always turn up more often than it seems they
should?’
What nonsense, you think to yourself. ‘Are you sure?’ you say. ‘That can’t be true.’
‘Oh yes,’ he responds, ‘look here. I’ll take the hearts from this pack. Thirteen
cards. Ace to 10, and the jack, queen and king. I’ll shuffle them. Now, you
choose any three cards from these 13. If you can avoid all three court cards, you
win. If jack, queen or king shows up, I win. Of course, there’s a chance you
might win, but I’m betting you’ll lose.’

What are the Chances of That? How to think about uncertainty. Andrew C. A. Elliott,
Oxford University Press. © Andrew C. A. Elliott 2021. DOI: 10.1093/oso/9780198869023.001.0001
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Three cards, you think. That should be easy. The odds are definitely with me
at the start, but even after I’ve drawn two cards, there will still be eight non-
court cards and only three court cards left. I’d still have a great chance of avoiding those, even on the third draw. Seems like it might be a good bet.
Well, do you take the bet or not? What do you reckon the chances are?
Answers at the end of this introduction.

A matter of chance; a matter of life or death
In 1999, a British solicitor, Sally Clark, was convicted of killing her two children
in 1996 and 1998, at the ages of 11 weeks and 8 weeks respectively. The first
child’s death had been ascribed to Sudden Infant Death Syndrome (SIDS), but
when a second death occurred in the family, the mother was charged, and after
a long and involved trial, she was convicted.
The medical evidence presented was confusing and sometimes contradict
ory. One piece of non-medical evidence attracted attention. A consultant
paediatrician, Sir Roy Meadow, presented as evidence a calculation that the
chance of two SIDS deaths in the same family was around 1 in 73 million. He
likened this to the chance of winning a bet on a rank outsider running in the
Grand National horse race for four years in succession. This probability—or
rather improbability—when presented as a compelling and dramatic comparison stood out in contrast to the confusing medical evidence, and is thought to
have had considerable influence on the jury.
There was just one problem: it was wrong. The Royal Society of Statistics later
prepared a report on the case, pointing out the statistical errors. When further
information came to light that a forensic pathologist had withheld evidence,
Sally Clark’s conviction was quashed in 2003. Four years later, she died of acute
alcohol poisoning.
The misleading statistical evidence had arisen from an elementary error in
reasoning about probability. Meadow had taken a single statistic from a study that
reported that, for a household like Sally Clark’s, the prevalence of SIDS was 1 in
8,543. He interpreted this as a chance of 1 in 8,543 that a child in such a household
would suffer SIDS, and to calculate the odds of this happening twice in the same
household, he multiplied that figure by itself, to get to a chance of 1 in 72,982,849.
Several errors of statistical reasoning were made, but the most important is
one that any student of statistics should easily have spotted. It is correct that, to
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reckon the combined probability of two independent events occurring, you
should multiply together their individual probabilities. But take note: this rule
only applies to independent events, where there are no plausible linking factors.
Although the underlying cause or causes of the deaths of the two infants was
not, and is not, known, it is strongly plausible that there was some common
linking factor (or factors) in that family, or that household, that contributed to
the deaths. The events were not independent, and so the calculation of the
probability of two deaths as presented was incorrect. And because of the
colourful way it was explained, it carried weight.
Sir Roy Meadow got his statistics wrong. Perhaps more worrying is that he
was allowed to get his statistics wrong, and the error was neither detected by
the judge, nor by the prosecution team of lawyers, nor even by Sally Clark’s
defence team. Even at the first appeal to the conviction, the statistical errors
were dismissed by the appeal judges as of little significance.
Reasoning about chance is difficult. It is a subject where your intuition can easily be misled, and where there are few natural touchpoints to validate your conclusions. A definite calculation, flashily and confidently presented, carries a lot of
weight. But if we want to be smarter in the way we reason about uncertainty, and
avoid making errors, we need to understand where the difficulties arise.

Chance is everywhere
The true logic of this world is in the calculus of probabilities.
James Clark Maxwell

Even when we have a measurement of chance, it is not always easy to understand what the numbers mean. Some examples:

• On the eve of the 2016 US Presidential Election, the polling aggregator
website FiveThirtyEight reported that their election model rated
Donald Trump’s chance of victory as around 29 per cent. At the same
time, the Princeton Election Consortium had Trump’s chances at
around 7 per cent. Were the websites wrong? What does it mean to
assign a percentage chance to a one-off event like this? After all, an
election is not a repeatable event like the flipping of a coin.1
1 In fact, running the election very many times is close to what the polling models at
FiveThirtyEight.com do. Not the actual election, of course, but their constructed mathematical
model of the election, including many chance elements.

OUP CORRECTED PROOF – FINAL, 30/06/21, SPi

xvi | W HAT AR E TH E C HAN C E S O F THAT ?

• I look at the weather app on my smartphone. For 11.00 tomorrow it
notes a 20 per cent chance of rain. What does this mean? Is it a 1 in 5
chance that at least one drop of rain will fall in my locality in the hour
after 11.00, or does it mean that I can expect 12 minutes of rain in that
hour? Or does it mean something else entirely?
• In the UK National Lottery main draw there is a 1 in 45 million chance
that the numbers that come up will match my chosen six numbers.
What am I to make of such a huge number? How should I understand
such a small probability?
• The Covid-19 pandemic generated a flood of information about the
risks involved, and what might need to be done to keep people safe.
How could I tell reliable information from rumour? What was I to
make of it when different authorities issued different advice?
• We hear that many species of insect are at risk of extinction. But how
big is that risk? What are the consequences? How sure are the scientists? How worried should we be? And, perhaps more to the point, what
actions might have a chance of addressing the problem?
We engage with uncertainty everywhere. We play childish (and not-so-childish)
games that rely on chance. The stock market behaves (at least in part) as a random process. Medical diagnoses are couched in terms of probability and treatments are recommended based on statistical measures of their efficacy.
Discoveries and artistic inventions happen when random influences bump up
against each other.
Striving to be rational and numerate, we attempt to get a grip on this by
measuring the uncertainty and assigning numbers to the chances. But, as the
Sally Clark case illustrates, few non-specialists are thoroughly confident in their
understanding of how chance works. Our theory of probability is relatively
recent. There was no coherent way to measure uncertainty in the ancient world,
and it was not until the sixteenth and seventeenth centuries that the mathematical foundations of probability were first clearly articulated. Systematic thinking about chance does not come naturally, so perhaps it should not be surprising
that it still remains difficult for most of us.
For there is more to the way we think about chance than simply understanding the numbers: our feelings about uncertainty turn into hopes and fears. The
statistician in me says that such emotive responses represent barriers to clear
thinking. But I know—and perhaps we all know—how our own hopes and fears
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can distort our capacity for rational assessment. We live in a time where
manipulation of sentiment is rife, and injurious to public debate. ‘Fake news’
deliberately plays on those hopes and fears.
Anti-vaccination campaigners, to take one example, exploit uncertainty; they
amplify parents’ understandable fears of doing harm to their children while
downplaying the risk to the health of the population at large. Paradoxically, this
increases the danger for all children. We see tensions of this kind over and over
again when we look at the public presentation of uncertainty. News programmes
clearly understand that the testimonies of individuals draw better audiences
than the summaries of statisticians.
Modern politics is driven by fear, often based on uncertainty. A measured
argument made in cautious terms, expressing a reasonable degree of doubt, is
dismissed with the words ‘but you can’t be sure, can you?’ Journalists tempt
their interviewees into expressing greater certainty than is wise: ‘Minister, can
you guarantee that…?’ These attempts to elicit absolute guarantees are in vain.
The minister will either hedge, and appear weak, or they will lie, and risk being
exposed when their guarantees prove to be worthless. Most of the time, complete certainty is impossible. It is better by far to develop a clear-sighted appreciation of risk and chance, and understand how they may be measured and
weighed.
When an argument depends on clear facts, it should be straightforward to
confirm the facts and settle the matter. But much public debate goes beyond
clear facts. Predictions of rising global temperatures are probabilistic in nature.
Concerns for the extinction of species are based on statistical surveys. The evidence may be strong, clear, and compelling, but few experts would claim to
know absolute truth, or to be able to predict the future perfectly. In part, this is
because how things turn out depends on our actions: a disaster forestalled by
informed action does not mean an incorrect prediction.
Where arguments are based on likelihoods, probabilities, and predictions,
there is never any chance of final certainty, and everything is a question of balanced judgement. Clear reasoning about uncertain matters is essential, and for
that we need to quantify uncertainty. The scientific method always leaves room
for doubt and challenge: that is part of its strength. But falling short of absolute
certainty is sometimes presented as a fatal weakness. We need to be able to
understand the workings of chance, how to quantify risks and opportunities,
how much to trust what we hear, and so how to successfully navigate this
uncertain world.
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Thinking about uncertainty
I am often asked why people tend to find probability a difficult and unintuitive idea,
and I reply that, after forty years researching and teaching in this area, I have finally
concluded that it is because probability really is a difficult and unintuitive idea.
David Spiegelhalter

This book ranges through a variety of topics in exploring different ways that
chance operates. Despite the varied contexts, though, in trying to understand
why chance is so tricky to grasp, there are some patterns of thinking that keep
recurring. Here’s how I’ve organized them for this book.

Five dualities
Often, when thinking about chance, we find two points of view tugging our
thoughts in different directions. These dualities (as I term them) are confusing,
since the contrasting perspectives may both be valid. The tensions that are created go some way to explaining why chance can be so slippery to grasp. It’s not
that one way of thinking is right and the other is wrong: to think clearly about
chance, you need to be aware of both perspectives, and hold them both in your
mind at the same time.

Individual–Collective
Probability makes most sense when big numbers are involved. To understand
the patterns that lie behind the uncertainties of life, we need data—and the
more of it, the better. And yet we live our lives as individuals, as a succession of
unique moments. It is hard, sometimes, to reconcile conclusions drawn from
collective statistics with individual circumstances.

Randomness–Meaning
We love to make sense of what happens, and we baulk at the thought that some
things happen randomly, just by chance. We want stories that explain the world,
and we want ways to control what happens. Religion and science are both
responses to our urge first to explain and then to control what would otherwise
seem to be the meaningless operation of pure chance.
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Foresight–Hindsight
Things that in prospect seemed uncertain and unpredictable can, in retrospect,
appear inevitable. Hindsight is a powerful filter that distorts our understanding
of chance. We are bad at prediction and very good at after-the-fact explanation:
but having those explanations doesn’t always mean that we will be able to avoid
the next random shock.

Uniformity–Variability
The world is complex, and to understand it, we need to generalize and simplify.
We often pay insufficient attention to the variety of everything around us, and
are then surprised when things don’t always conform to our neat, averaged
expectations. We need to understand better what falls within normal ranges of
variation, and which outliers genuinely merit our attention.

Disruption–Opportunity
We usually experience chance through the negative way it often affects our
lives. Accidents and mistakes disrupt our plans and thwart our expectations,
and this can be costly. But there are many ways in which chance can benefit us.
Chance breaks stale patterns of behaviour and experience. Chance makes new
opportunities, and allows new combinations. And wouldn’t life be dull if all was
certain?
I’ll focus on each of these dualities in its own right in short sections tucked
between the longer chapters of the book. And throughout the text I’ll point out
where one of them seems to throw particular light on the subject at hand.

What this book is not, and what it is
This is not a textbook. It won’t turn you into an expert wrangler of statistics and
probability. The aim is rather to develop your intuitive feel for the operation of
chance. We often need to make quick decisions based on gut reactions. But
when it comes to thinking about chance, our intuition is often wrong. That’s
why this book contains a series of explorations of the way in which chance
works, the way it affects us, and the way we can use it to our benefit.
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Nor is this a very mathematical book. Chance is studied by mathematicians,
in the form of probability theory, but chance is also part of our lives in many
other ways. Chance is embedded in our language: how we talk about it affects
the way we think about it, and so I have indulged my enthusiasm for etymology
and paid attention to the words we use when we talk about uncertainty.
Probability and statistics often go hand in hand, but in this book, the focus is
on probability. That’s not to say that I’ve entirely neglected statistical thinking;
after all, it is an essential part of how we make sense of the randomness around
us, but the weight of attention here falls on probability.
I touch on many subjects, all linked by the common factor of chance. There’s
a lot about gambling, but I hope you won’t treat this as an invitation to gamble,
still less as an instruction manual. There is discussion of chance in financial
markets, but this is not a guide to investment. There’s mention of disease and
medical conditions, but any medical content should not be taken as authoritative. There’s a section on genetics and evolution, but written from an angle that
highlights the role that chance plays. I touch how computer algorithms exploit
ever-growing data sets to arrive at more or less useful conclusions which are not
certain, but merely probable, but this is no recipe book for machine learning.
I am treading on the turf of dozens of specialisms, and I can only hope that,
in my enthusiasm to follow the trail of chance and randomness, I have not
offended too many specialists. For one of the purposes of the book is precisely
to go cross-country, to show that there are connected ways of thinking that
disrespect boundaries and cut across the domains of finance and gambling, and
genetics, and creativity, and futurism. I hope to take you to a few vantage points
from which you can get a broad view of the landscape, and see how these different areas of life and knowledge are connected.
Most importantly, however serious the subject, I hope that you will find the
book an entertaining read, and that it might provoke you to think about the role
that chance plays in our lives, how we can strike a balance between hope and
anxiety, how we can avoid the risks that are avoidable, and how we can make the
most of the chances that life offers.

Getting technical
The aim of this book is to explore the subject of chance, how it affects our world
and our lives, and how we think about it. I hope that almost all of the material will
be easily understandable by most readers. I want to show the ways of thinking
that lead to an understanding of chance, and not just a bunch of formulas and
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calculations. So wherever possible I will provide an intuitive and reasoned explan
ation rather than a technical one.
Still, there will be times when a technical explanation will provide a little some
thing extra for the interested reader, and in this book, they will be marked by
‘Getting technical’ sections like this one. Feel free to skip over these technical sec
tions: you will lose nothing essential to the arguments being made. But if you want
a little more of a technical diversion, dive in!

Talking about chance
Like other occult techniques of divination, the statistical method has a private jargon
deliberately contrived to obscure its methods from non-practitioners.
G. O. Ashley

It sometimes seems as if the language of chance is designed to confuse. Chances
are, it is. Probability is a slippery fish. People at various times and for various
purposes have tried to catch it in a net of words, and they’ve gone about it in
different ways. The words they use to describe chance may come from different
vocabularies, and because the ideas can be rather hard to grasp, they acquire a
mystique. The language used becomes a protective jargon, shared by those in
the know and obscure to the outsider.
A statistician’s ‘expected value’ may not be what you expect, and their ‘high
level of significance’ might not relate to anything that seems very significant. A
financial trader will talk of ‘call’ and ‘put’ options when they might just as well
say ‘buy’ and ‘sell’. A physicist might characterize the result of an experiment in
terms of ‘sigmas’ as a measure of confidence. In this book I will try to navigate
these shoals of language, by using language that is as plain as possible and trying to explain specialist terms when we need them.
The way we choose to express probability depends on the context. If we’re
thinking about predicting the future, be it in regard to the weather or an
impending election, it’s often in terms of percentages. On the other hand, if we
are thinking of populations and of how many cats prefer one brand of cat food
to all others, we often talk in terms of proportions using whole numbers: 9 out
of 10. If you have a gambling frame of mind, you might talk in terms of odds.
A medical researcher may talk about the results of her experiment in terms
of a p-value. When the particle physicists at CERN talk about how certain
they are of having discovered something new, they count sigmas (standard
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deviations)—convention says that you need five sigmas to announce a discovery.
Forecasts of future global temperatures will show widening ‘funnels of doubt’
that express how uncertainty increases the further into the future the projection extends. Scientists attach error bars to their published results to show their
degree of confidence in the results.

Representing chances
If we want to compare how chance works across different fields, it will be helpful to use consistent methods of expressing and representing probability. Let’s
take a concrete example. Imagine yourself at a roulette wheel in a casino, and
you bet on a single number. What are the chances that you will win on any spin
of the wheel?2 Here are some ways of showing the chances.

•
•
•
•

Probability: 0.02632
Percentage: 2.632%
Proportion: 1 in 38
Fair betting odds: 37 to 1

Sometimes it will be helpful to show this graphically:

• Proportion: 1 in 38

• Fair betting odds: 37 to 1

Another way to illustrate this is to show its effect when applied to a number of items, multiple times. For example, suppose 100 independent roulette
wheels were spun 50 times. How many times would you expect your number
to come up?

2 Wherever roulette is mentioned in the book, I have used for my examples the so-called
American wheel, which includes both a ‘0’ and a ‘00’. This wheel was the original form used in
Europe, and the double zero was dropped to make a more attractive game (for the players) by
François and Louis Blanc, managers of a casino in Bad Homburg, in 1843. The modern European
or French wheel has a single zero, which more or less halves the advantage that the casino has.
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The chances are:
• For 100 wheels, over 50 spins, each with probability 2.632%, on average
there will be 131.6 wins.
Then, as a simulated example:

• 100 wheels × 50 spins = 5,000 chances for wins
• Observed wins in this example: 139 = 2.780% (expected average: 131.6 =
2.632%)
In the diagram above, the 100 vertical columns might represent the 100 roulette
wheels, while the 50 horizontal rows represent the 50 spins for each wheel. The
dark red cells represent wins on single-number bets, theoretically averaging
1 in 38. In the example simulation shown, as chance would have it, there are
139 wins, which is about 1 in 36—slightly more than average. The relative density
of red cells gives a visual idea of how common or rare wins are, while the
unevenness of the distribution shows how randomness can easily appear surprisingly ‘clumpy’. Random does not mean evenly mixed. Note that in all these
illustrations, the ratio of red to grey represents the ratio of wins to losses at the
roulette wheel.
Sometimes the random events we are interested in are not ones that can be
repeated, and we want to show what happens when a chance ‘hit’ is fatal. It’s
reckoned that in the Battle of Britain, each time a pilot flew a sortie, there was a
3 per cent chance that they would not make it back. Here’s how we can show
examples of probability of this kind, where repetition is out of the question: one
hit removes everything remaining in the column. In this example, we assume
that each pilot flies a maximum of 30 missions:
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Representative example:

• 100 pilots × 30 sorties maximum
• Observed fatalities: 59 (expected average: 59.9)

Read this diagram upwards: starting at the bottom with 100 pilots, the red cells
mark the fatalities, the grey cells represent missions survived. So the grey columns that extend all the way to the top mark those 41 pilots who (in this simulation) survived all 30 missions.

Notable chances
In my book Is That A Big Number? I introduced the notion of a ‘landmark number’, a number worth remembering because it provides a mental landmark.
These landmarks are useful as comparisons or mental measuring sticks to help
put other numbers into context.
Understanding probability is more complex than simply grasping a single
measurement, so in this book I use an adaptation of that idea. At various
points in the text, I identify what I call ‘notable chances’, and use some of
the techniques above to show the probability in numbers, words, and
illustrations.

‘Chance’
English offers us many words to talk about the uncertainties around us: risk,
hazard, fortune, luck, peril, randomness, chaos, uncertainty. Each has its nuances
and its specific connotations. For this book I have settled upon ‘chance’ as the
central concept. It’s broad in its application and evenly balanced between good
and bad associations. So:
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chance (n.)
‘something that takes place, what happens, an occurrence’ (good or bad,
but more often bad), especially one that is unexpected, unforeseen, or
beyond human control, also ‘one’s luck, lot, or fortune’, good or bad, in a
positive sense ‘opportunity, favourable contingency’; also ‘contingent or
unexpected event, something that may or may not come about or be realised’. From
cheance (Old French) ‘accident, chance, fortune, luck, situation, the falling of dice’. From
cadentia (Vulgar Latin) ‘that which falls out’, a term used in dice,
from cadere ‘to fall’. From
kad- (Proto-Indo-European root) ‘to fall’

So I see that the language itself is guiding me to a natural starting point. For it
all begins with the playing of games.

Answer to:
Sucker bet or sure thing?
You have a shuffled deck of 13 cards before you, containing all the hearts: one
each of the ranks ace to 10, jack, queen, and king. For you to win this bet, three
events must happen.

• First, you must select 1 card from the 13, and it must not be the jack,
queen, or king.
○ The chances of this happening are 10 in 13 (roughly 76.9%)
• If that happens, then you must select 1 card from the remaining 12, and
it too must not be the jack, queen, or king.
○ The chances of this happening are 9 in 12 (75%)
• If both of those happen, then you must select yet another 1 card from
the remaining 11, and it too must not be the jack, queen, or king.
○ The chances of this happening are 8 in 11 (approximately 72.7%)
These events are independent of one another. To work out the chances of all
three of them happening we must multiply probabilities.
Either multiply the chances expressed as fractions:
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/13 ´ 9/12 ´ 8/11 = 720/1716 , which simplifies to 60/143 or in decimal terms : 0.419 ¼

or multiply the percentages:
76.9% ´ 75% ´ 72.7% = 41.9 ¼ %
Either way, you get the same answer. Your chances of winning are less than 50
per cent. Even though the odds are with you every step of the way, when they
are combined, they result in a losing situation. Don’t take this bet.
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John Scarne: White-hat hustler
Many gamblers don’t realise that the correct answers can all be obtained with
figures—and that mystic symbols having to do with black cats and four-leaf clovers can
be thrown out the window.
John Scarne

The iconic 1973 movie The Sting centres around an elaborate confidence trick
perpetrated by a pair of likeable, honourable grifters (they only scam the bad
guys), played by Robert Redford and Paul Newman. Of course, the charming
con artists are righting a wrong: a friend has been murdered on the orders of a
gangster, played by Robert Shaw, and they are determined to take revenge in the
way they know best, with an elaborate confidence trick. The film is intricately
plotted, and culminates in the ‘sting’ of the title, which springs surprise upon
surprise on the audience as much as on the Shaw character.
In one memorable scene Henry Gondorff, Paul Newman’s character, gets
himself involved in a poker game on a train with Lonnegan, the bad guy played
by Shaw. The scene includes some astonishing shots of card manipulation as
Gondorff displays his dexterity. The cards seem to take on a life of their own,
with the ace of spades repeatedly appearing where it could not possibly be. Paul
Newman was a great actor but his skills did not extend quite so far! But neither
did the card manipulations rely on some fancy special effects. Instead, the shots
show the hands of magician and gambling expert John Scarne.
Scarne (1903–1985) was a showman who built his life around the skills of
his hands and his ever-curious and mathematically adept brain. As a youngster, he was fascinated by seeing cardsharps performing tricks and cheats, and
he trained himself to replicate their acts of dexterity. He boasted that by the
age of 14 he had taught himself to stack a deck of cards while shuffling it, so
he could deal a poker hand containing four aces to any seat at the card table.
He might easily have been drawn into a world of gambling and cheating.
Instead, persuaded by his mother to abandon the dark side, he turned his
knowledge and dexterity to the good by becoming a performing magician,
and then later a gambling consultant dedicated to exposing and combatting
cheats in games of chance. During the Second World War he became aware of
how vulnerable bored servicemen were to opportunistic cheaters, and he
found himself a job on the US Army’s payroll, educating the troops on how to
avoid being fleeced.
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In later years Scarne had an ongoing public disagreement with mathemat
ician Edward O. Thorp about card-counting in casino blackjack. Thorp had
published a book, Beat the Dealer, describing a technique of mentally tracking
the cards that had already been dealt, which Thorp claimed would nullify
the house advantage. Scarne argued that Thorp’s method reduced, but did not
eliminate, the dealer’s edge. Despite each party challenging the other to prove
their point in actual play and offers of $10,000 stakes being wagered as inducement, the reciprocal challenges were never taken up, and the argument was
never resolved. Years later, though, the settled opinion has come down on
Thorp’s side.
Scarne was a great self-publicist, and this included a great deal of writing. His
autobiography, The Odds Against Me, is an extremely entertaining, if somewhat
self-serving, read. In 1950 he published Scarne on Card Tricks. For this book he
collected 150 card tricks and, even though he himself was a consummate card
manipulator, he reworked the tricks to remove any need for sleight of hand. The
tricks are all ‘self-workers’, relying only on mathematics and a little psychology
in the form of banter and misdirection, but not on any skills of manipulation.
Scarne knew his probability theory, and made it his work to calculate and
document the probabilities and odds in gambling games of all kinds. His
Complete Guide to Gambling runs to nearly 900 pages and is still highly regarded
as a reference for the probabilities associated with the many games of chance it
covers.

Pure chance
Although our intellect always longs for clarity and certainty, our nature often finds
uncertainty fascinating.
Karl von Clausewitz

Tom Stoppard’s play Rosencrantz and Guildenstern Are Dead opens with the
two title characters, plucked by Stoppard from Hamlet and thrust into the limelight of their own play, betting on coin tosses.
Guildenstern tosses a coin, Rosencrantz calls ‘heads’ and wins the coin.
G tosses another. R calls ‘heads’ and wins. Again. And again. Heads every time:
‘Ninety-two coins spun consecutively have come down heads ninety-two consecutive times’, says G. The characters debate what this means, including as
alternatives ‘divine intervention’ and ‘a spectacular vindication of the principle
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that each individual coin spun individually is as likely to come down heads as
tails, and therefore should cause no surprise each individual time it does’.
We’re in the audience, watching the fictitious pair on stage. We know that
their world is scripted. But Stoppard is letting them in on the trick as well. He
is feeding them evidence that the world they’re in is not the real world, is not
even pretending to be the real world, for in the real world a coin will not fall
heads 92 times in a row. Without trickery, such a thing is vanishingly improbable. Only in an unreal world, a fiction, can probability be thwarted so
blatantly.3
Flip a coin and watch it spin upwards. A thousand variables affect its brief,
tumbling trajectory: the way your thumbnail catches against your finger as you
flick, a stray gust of wind from an opened door, the precise geometry of its landing in your hand or on the grass. There are more than enough unmeasured
factors, more than enough unpredictable variables for us to agree to call the
outcome random. And the flip of the coin is just the start of it.
Perhaps the Red team called the toss correctly, and so the kick-off goes to
them and not to the Blues. The boot of a Red player strikes the football—with
clear intent, but not with mathematical precision—and it goes more or less, but
not exactly, where the player meant it to. And now the game is alive, a game that
is only worth playing or watching because we do not know what will happen,
because of the chances it offers. The in-play bookmakers have set their statis
tical algorithms running and we are in a world of delicious uncertainty—of
opportunities seized and chances missed—for 90 minutes.
Scarcely any aspect of life is untouched by unpredictability. Some phenomena have randomness at their core. The timing of the decay of a radioactive
atom, most physicists agree, is in principle absolutely random, and so by defin
ition utterly unpredictable. The coin toss, the dice roll, the spin of the roulette
wheel, the dealing of the cards are things we agree to treat as random, because
they are so unpredictable in practice (but perhaps not entirely so in principle).
They are the outcome of complex, sometimes chaotic4 processes involving
many uncontrolled variables, and are treated de facto as an acceptable source of
randomness because they are neither predictable, nor influenced in any exploitable way by external factors. They are not biased.

3
By implication, Stoppard is telling them that everything else that is about to happen to them is
also scripted. And he is telling us, the audience, ‘I am about to mess with your heads.’
4
In this context, chaotic has a precise meaning. Chaos theory involves processes that, although
in principle deterministic, are in practice unpredictable.
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Other kinds of uncertainty arise from ignorance at a deep level. The weather
this time next week is not precisely predictable. That is not to say it is entirely
random: weather systems will do what weather systems do, and follow the laws
of physics in doing so, and in the short term, some broad aspects are predict
able. But weather systems are extremely complex, and as we know from chaos
theory, they have great sensitivity to small changes. That makes detailed prediction, beyond a certain time frame, impractical to the point of impossibility.
In this section of the book, though, we put aside the complexity factor for the
most part, and we pay attention to simple situations driven by clear sources of
randomness. Games of chance.
You can be fairly sure that if you were to try Rosencrantz and Guildenstern’s
experiment for yourself, things would go differently.5 You’d count the heads
that show up and you’d see the proportion make an erratic progress towards 50
per cent. One in two. Odds even. That’s the law of large numbers: that if you
perform the same experiment many, many times, the average result will home
in on a particular value, the so-called expected value.
The theory of coin-flipping can be expressed as a simplified, idealized model.
This abstract model, this mental construct, says that coin tosses will come up
heads exactly half the time, tails exactly half the time, and never land on edge.
The model does not exactly describe reality. No coin will be absolutely fair, even
if its bias is undetectable in any practical sense. Still, the model is close enough,
true enough, to be useful.
When we roll a cubic dice, we again have a model that guides our thinking
about probability. The theoretical model of dice-rolling tells us that it will show
each of 1, 2, 3, 4, 5, and 6 equally often; that is to say, one-sixth of the time.
A roulette wheel has 18 red numbers, 18 black, and 2 green (0 and 00). Roulette
wheel theory is that each possible number will show up on average 1 in 38
times, which means that a red can come up 18 out of 38 times, as can a black.
The odds are the same for odd and even6 numbers. One part of the theory of
playing cards is that a card drawn randomly from a well-shuffled conventional
52-card deck has a 1 in 4 chance of being a diamond, a 1 in 13 chance of being
an ace, and a 1 in 52 chance of being the ace of diamonds. These models of
probability, these abstractions governed by well-formulated rules, are intellectual constructs that happen to give us answers that correspond closely to reality.

5
This is not a provably true statement. There is of course a chance that heads will come up
92 times in a row. Sue me if it does, but make sure you have the proof!
6
In roulette, 0 and 00 do not count as even numbers.
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They are useful, and so we take them as workable approximations to truth. It’s
even better if the models proposed are plausible. We can reason ourselves into
understanding why these formulations might work well if we can see the underlying rationale. In very broad terms, the topic of probability is about understanding how models like these create the outcomes we see, while statistics is
about using what we observe in the world to generate useful models.
The world of games is a world of cosy, controlled chance, of idealized situ
ations, of crisp statistics and neatly encapsulated theory, where the models
closely correspond to what really happens. If we observe paradoxical or confusing outcomes, we can tease out the reasons, because the theories are simple and
clear, the complications are few. The possible outcomes are well defined and
amenable to mathematical analysis and computation. ‘Random trials’ can be
repeated as many times as is necessary. The controlled world of a casino is one
where the rules that govern chance are on display and available for study.
The casino also gives us an excellent example of one of the main principles
for managing risk. For while their customers are thrill-seekers, the casino managers, who play the role of banker, are risk averse. Somewhat paradoxically, the
same games when viewed from the different perspectives of player and banker
look very different. They provide wild rides to the players, and steady revenue
to the casino. The key to understanding this paradox lies in the numbers
involved. The player will make a few dozen bets, the casino will accept many
thousands.
The same logic holds true for insurance companies. They too expect to take
in money steadily in smallish amounts in the form of premiums, and to make
claim payments less frequently, but in much larger amounts. In the long run,
the insurers, no less than the casino operators, expect to have the better side of
the odds and to make money. Naturally, the service that insurers provide is not
to offer thrills to their customers but to ease the pain of loss, but the principles
when it comes to chance are similar. The insurance company absorbs risks,
blunts the impact of those risks on policyholders, and averages out the world’s
misfortunes. But although the same underlying theories of probability apply in
insurance and casinos, the insurance actuary’s calculations have to deal with all
the complexity and mess of the real world.
In his book Black Swan, Nassim Nicholas Taleb cautions against what he calls
the ludic7 fallacy, a seduction that tempts us to see probability in the world
operating in just the same way as it does in games. Of course, this is a useful
7

From the Latin ludus, a game.
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warning: games are artificially simple, and the rules of probability as it applies
in life seldom have the clarity of those we find in the casino. But artificial envir
onments have their uses, too: if we can eliminate the myriad of external factors
that muddy our thinking, we can concentrate on the bare principles involved.
So for the moment, to begin to develop an intuitive feel for probability, we will
stick with chance in its purest form and think about games.

What are the odds?
When it comes to gambling, people often talk in terms of odds. There are different ways of expressing chance. In a statistical context, the term most used is
probability. But in the world of betting, you will probably need to understand
the language of odds.
What does it mean if the odds of some event are quoted as 3 to 1? Suppose
the event is whether or not a horse named Happy Jim wins the next race. The
odds are a direct reference to a betting scenario. The bookmaker is offering you
a possible gain of three times whatever stake you have chosen to bet (if Happy
Jim wins) against the loss of that amount. A gain of three versus a loss of one.
You pay over your stake when you make the bet, and should Happy Jim lose,
that’s it: you’ve lost your stake. In the event that Happy Jim wins, though, you
return to the bookie with your betting slip, and he pays over your gains and also
returns your original stake—you get back four times what you paid when pla
cing the bet. Your gain, then, is three times the bet.
For odds of 1 to 1, possible gains equal possible losses. A successful bet of
$10 would mean you were paid back $20 in the case of a win—your bet, plus
your winnings. That’s called even money, or simply ‘evens’.
Traditionally, the numbers involved in odds are given as whole numbers. So
odds would more usually be quoted as 5 to 2 and not 2½ to 1.8
If you’re betting on a very likely event—a strong favourite—then the odds
may be quoted as ‘odds-on’, where the potential gains are smaller than the
losses. Odds of 1 to 2 would mean a potential gain of one for every two that you
stake. Odds like this are also sometimes expressed as ‘2 to 1 on’ (the numbers
are reversed and the word ‘on’ is used).
8
Historically this was the method of quoting odds. Online betting websites, where odds are
calculated by computer, now often express odds as ‘decimal’ odds, the return always expressed in
terms of a bet of 1 unit. So odds of 5 to 2 might well be expressed as 2.5 to 1 or even in terms of the
overall money returned: 3.5.

Dictionary: <Dictionary>

OUP CORRECTED PROOF – FINAL, 30/06/21, SPi



PU R E C HAN C E

| 9

When odds are used in their original context of gambling, they are really not
an expression of chance at all, but simply a statement of the terms of business
that the bookmaker (or casino) is offering. This is unlikely to be an exact reflection of their actual assessment of the likelihood or otherwise of the event, but
will include an allowance for some profit, and may reflect other considerations,
such as the need to influence the flow of bets, to balance their book, as a way of
managing their overall risk.
The language of gambling (and of odds in particular) has become part of our
general vocabulary. We speak of an unlikely event as having long odds. If the
chance of an event is becoming greater, then the ‘odds are shortening’. And
when we talk about a likely event, we might say it is ‘odds-on’.
It’s straightforward to convert odds to an implied probability. If the odds
quoted are ‘odds against’, take the second of the numbers quoted and divide by
the sum of the two numbers. So, for our initial example, 3 to 1 odds implies a
1 in (3 + 1) chance, or a 25 per cent (0.25) probability. Odds quoted as ‘evens’
or ‘even money’ means 1 to 1. This translates into a 1 in 2 chance, 50 per cent
probability.
If the odds are quoted as ‘odds-on’, then we’re looking at a probability that is
greater than 50 per cent. Use the first of the numbers quoted and divide by the
sum of the two. So odds of ‘2 to 1 on’ correspond to a 2 in 3 chance or a 66⅔ per
cent probability.
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The Roll of the Dice
I read Shakespeare and the Bible, and I can shoot dice. That’s what I call a liberal
education.
Tallulah Bankhead

Another sucker bet?
You’re wandering through the carnival. ‘Roll up,’ yells the man in the booth.
‘Dice game! Three chances to win!’ You take a closer look.
The man explains the rules. You pay a dollar to play, and then get to roll
three normal six-sided dice. If any of the three dice shows a 6, you get your
money back, plus a dollar. If a 6 shows up on two dice, you get your money
back plus two dollars. And if you roll three 6s, you get your money back plus
three dollars.
Now that sounds pretty good. You know that on each dice you have a 1 in 6
chance of a 6 showing. So with three dice you should be winning half the time.
That gets you to break-even, right? And then, once in a while, you’ll win not just
$1, but $2 or $3. That’s got to be a bet worth taking, hasn’t it? On the other hand,
though, maybe it’s too good to be true?
What do you think? Scam or no?
Answers at the end of this chapter.

What are the Chances of That? How to think about uncertainty. Andrew C. A. Elliott,
Oxford University Press. © Andrew C. A. Elliott 2021. DOI: 10.1093/oso/9780198869023.003.0001
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It’s all in the game
On the banks of the Helmand River in south-eastern Iran, close to the border
with Afghanistan, at a place called Shahr-e Sukhteh, is a Bronze Age archaeological site. The name means the Burnt City, and archaeologists reckon it is the
remains of a community that arose around the year 3200 bce. It was (as its
name suggests) burned down three times and was finally abandoned in around
1800 bce.
Discovered in 1967, the site has yielded a series of remains that paint a picture of a peaceful community (unusually, no traces of weapons have been
found). Among the relics are caraway seeds, a drinking vessel with striking
illustrations that some have argued constitute the earliest known animated
drawing,9 an artificial eye made of gold, and a game board. Our attention, nat
urally, is drawn to the game board. It represents a winding path with marked
spaces, and a set of playing pieces were found along with it. All in all, it looks
like a backgammon-style racing game. And crucially, along with the board and
playing pieces, there was found a pair of dice, in appearance breathtakingly like
modern dice.
Now, the only function of a dice10 is to generate a random event, to allow an
opportunity for chance, or luck, or fate, to show itself in the world. People
choose to engage with chance for many reasons. A shaman might throw the
bones looking for a message from an unseen world. A squad of soldiers might
choose one of their number for a dangerous mission by drawing straws. In
cricket, the choice of batting or bowling first is based on a coin toss. But if dice
are involved, it’s probably because a game is being played. Archaeologists have
found evidence of game-playing, and specifically dice-like randomizers, all
over the world.
Most games that we play for childish fun, for adult recreation, or for serious
gambling incorporate chance through one mechanism or another.11 Games are
a means for us to engage with chance in a relatively innocuous way: the risks
9
Each successive image has only slight differences from the previous one, suggesting frames of
a movie.
10
I was taught, of course, that the singular of dice is die. But in these modern times using die
seems awkward: the singular ‘dice’ is now generally accepted, and that’s what I use in this book.
11
Games of skill such as chess and Go do not explicitly incorporate chance. These games may
have formulaic openings and endgames, but in between these games are nonetheless thoroughly
unpredictable, despite the absence of any random element. This reflects the complexity of the
games, the vast number of possible plays, the impracticality of a complete analysis and the unpredictability of human thought. Unpredictability sometimes comes from sheer complexity.
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