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Reviews of the original 2006 version of the current book

"From irrational numbers to fractional dimensions, from image processing to credit card security, this
book is a source of treasure that covers many of the most exciting topics in mathematics and shows
how the power of mathematics is applied to today's sophisticated world. Erudite, well researched and
up-to-date, it is accessible to the mathematically-minded layman, ranging from delightful anecdotes
to serious insights and applications. Unlike many popular books on mathematics it does not side-step
mathematical arguments and explanations, lucidly exploring and explaining them and including useful
web links and references "

Rosemary Emanuel, author of Longman's Core Maths series for A Level students

“In his introduction Michael de Smith claims this book is for anyone interested in knowing a bit more
about maths and using computer software as a tool for mathematical investigation. It would certainly
be useful for anyone studying or working in a context where some mathematical literacy is useful,
who feels that maths has so far passed them by or that they don't know enough of the whole story.
You could just read it through, and then come back to specific topics according to how useful they are
to you. Alternatively, you can dip into topics without having to read the rest. | would definitely
recommend this book to anyone studying maths at A level or teaching it at any level. | would also
recommend it to anyone who is just interested in knowing more about maths.”

Jenny Gage, Millenium Mathematics Project (University of Cambridge, https://maths.org/)

"The approach taken by the author is clever, relaxed, and is sufficiently different to traditional
teaching (of both mathematics and computing) to warrant maintained interest. The embedding of
historical notes (biographical and anecdotal) in book is very good, again sustaining the reader's
attention.”

Amazon reviewer

"This book does provide much that is of value to students who follow courses in computing and
cybernetics as well as systems. Often such students are not mathematically inclined or qualified to
pursue these courses but still persist in believing that they can make progress without being
conversant with the basics of mathematics. The same is, unfortunately, true of some researchers in
these fields who still avoid anything mathematical. This book could well interest them because it
includes the most important basics. After all, mathematics is an international language and
proficiency in it is essential. What the author provides is of great interest and should spur the book’s
readers to want to study the subject to an even greater depth.”

W.R. Howard, Computer Science International, Dinslaken, Germany
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INTRODUCTION

A True Story

The following is a true story...

Larry Walters, a delivery driver for a Hollywood film production company, had a boyhood dream to
fly. As he sat in his backyard watching jets fly overhead he hatched his daring scheme. He purchased
45-50 weather balloons from an Army and Navy surplus store, tied most of them to a garden chair
which he had tethered to his friend’s car, and filled the balloons with helium gas. On June 2nd 1982
(well before the commercial use of mobile phones and GPS navigation systems) he strapped himself
into the chair with some food, drinks, water containers to act as ballast and a pellet gun. He figured
he would pop a few of the many balloons when it was time to descend.

Larry’s plan was to cut the tether lines and lazily float up to a height of about 30 feet above his back
yard and maybe out across the nearby desert area towards the Mountains, enjoying a few hours of
flight before coming back down. But things didn’t work out quite as Larry planned... When his friends
cut the nylon cords anchoring the chair to the car he did not float lazily up to 30 feet. Instead, he
streaked into the Los Angeles sky as if shot from a cannon, pulled aloft by the powerful lift of the
helium balloons. He didn’t level off at 100 feet, nor did he level off at 1000 feet. After climbing and
climbing he leveled off at well over 10,000 feet. At that height he felt he couldn’t risk shooting any of
the balloons lest he unbalance the load and really find himself in trouble. So he stayed there, drifting,
very cold and frightened, for over 2 hours.

Then his path crossed the primary approach corridor of Los Angeles International Airport. A TWA pilot
first spotted Larry. He radioed the control tower and described passing a guy in a garden chair... with
a gun... at 16,000 feet! After a period of some disbelief radar confirmed the existence of an
unidentified object floating high above the airport. Eventually Larry gathered the nerve to shoot a
few balloons before accidentally dropping the gun, but fortunately by then he had done enough and
slowly descended. As he approached the ground the hanging tethers tangled and caught in a power
line, resulting in the local electricity authority having to cut off the supply from a Long Beach
neighborhood while Larry was rescued. He eventually managed to climb down to safety where waiting
members of the Los Angeles Police Department arrested him. As he was led away a reporter
dispatched to cover the daring flight asked him why he had done it. Larry replied nonchalantly, “A
man can’t just sit around.”

Needless to say, Larry doesn’t appear to have spent much time studying maths or science at school.
Helium is much lighter (less dense) than air and will generate a lift of just under one ounce per cubic
foot at sea level (or about 1 gram per litre if you prefer metric measurements). This doesn’t sound
much, but total lift depends on the number of balloons and their size. The balloons were around 7 to
8 foot across (2+ metres in diameter), based on what Larry said at the time and from experiments
with weights that he and his friends are reported to have conducted. Assuming a four foot (1.2 metre)
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radius® each balloon would hold around 270 cubic feet of helium** and would generate a lift of over
14lbs (6.4kgs) taking into account the likely weight of the balloon itself. So 40 or more of these would
liftt a man, chair and ballast without any problems! But lift for gas-filled balloons reduces with
altitude. So, luckily for Larry, sooner or later he would stop rising...

Report developed from contemporary newspaper reports and
material published on the Darwin Awards website
(www.darwinawards.com) and Mark Barry’s more complete
“Lawn Chair Pilot” website (http://www.markbarry.com).

Corrections to published material kindly provided by Mark
Barry (personal communication). Mark has interviewed
several of those present, excluding Larry Walters himself as
sadly Larry later took his own life. Photos and an audio track
covering the flight are included on the Lawn Chair Pilot web
site. The photo here shows Larry shortly after takeoff, having
just lost his glasses!

A small number of enthusiasts continue to fly ‘cluster
balloons’ like Larry. See http://www.clusterballoon.org/ for
more details

What about hot-air balloons? We all know that hot-air balloons are large, and that is because when air
is heated it's density becomes lower, so is slightly less dense (lighter) than the air around it - hot air
rises. This is known as Archimedes' principle (Archimedes was a Greek mathematician and scientist
who lived in the 3rd Century BC) and applies to any object floating in a medium, whether that is in a
gas like air, or in a liquid, like water. To obtain any substantial lift a hot air balloon needs to be very
large - typically enclosing a volume of around 100,000 cubic feet or just under 3000 cubic metres, and
with the air inside heated to almost 100°C (around 210°F) this will generate a lift of around 1600lbs
or 700kgs at ground level, so balloon, basket, equipment and passengers will all rise gracefully into
the air. The first hot air balloon of this type was constructed in 1960 but the invention was first
demonstrated in 1783 by the Montgolfier brothers in France.

* the radius of a spherical object is one half of the diameter, just as in a circle

** Details of how to calculate the volume of a spherical balloon and other similar shapes, are provided in

Appendix 1
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Structure of the Book

This is a book for students, professionals and others who want (or need) to understand and analyze
practical real-world problems, but are unsure how to proceed with confidence. In an effort to dispel
such fears and difficulties | examine and solve a wide variety of real-world problems through a
consideration of the processes of measurement and the application of very simple computational
methods. This approach enables us to examine, illustrate, test and develop a broad range of ideas and
procedures that work, from the comfort of our own ‘garden chair’, without recourse to complicated
equations or programming.

Throughout this book | make use of modern desktop computer systems and the mathematical software
that has been developed for them, treating these as a special kind of experimental laboratory. The
computer as laboratory enables a quantum leap in our capabilities as number crunchers, professional
problem solvers or simply interested amateurs. This is in part a result of the speed of computers, but
increasingly as a result of their incorporation of past knowledge and experience - the accumulated
results, findings and experience of generations of mathematicians. This experience is stored for our
quick reference, embodied in procedures that ensure mistakes are minimized and that ‘correct’
processes are followed, and then presented to us through interfaces (input and output) that are
understandable and visually stimulating. Such facilities do not remove or even reduce the need for
understanding and insight — to an extent they demand an even greater level of understanding and
care — but they do enable the process of investigation to be far speedier and often to be more
effective, rewarding and fun.

In order to explore these issues | have divided this book into five parts:
Part | is the current section and covers the background to the book and its structure

Part Il deals with the why? why do we mainly use a number system based on 10 elements? why do we
have numbers like zero (0) and minus 1 (-1)? why don’t we (generally) have a symbol for 10,
unlike the Greeks and Romans? why do we have different groups of numbers with strange
names like Integers, Imaginaries and Irrationals? and why does mathematics seem to be full of
strange symbols and equations? Answering these questions involves delving into some of the
history and personalities involved in the development of this subject. It also leads us to look at
the history of measurement (of lengths, weights, volumes, times, etc.) and the notions of
dimension and connectivity. These are fascinating stories in their own right, but also highlight
the role of experimental data in formulating our understanding of numbers and the central role
they play in practical and theoretical analysis.

Part lll examines the process of discovery through experimentation, focusing on the relatively new
world of the computer as laboratory. Computers, and their predecessors electronic and
mechanical calculators, and before these vast teams of human ‘computers’, have long been
used to carry out tedious and repetitive numerical processing tasks. But it is a very recent
phenomenon that has seen their function developing towards an experimental, interactive,
inquiry-led mode of usage. This extends their application beyond that of computational and
educational tool, to one in which the tool becomes a key part of the process of discovery and
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refinement. But our new, computationally rich world, introduces important technical issues
that are unfamiliar to most people (except for professional software engineers and some
mathematicians). | attempt to address many of these issues, illustrating the materials with a
wide range of examples and available software tools. The software tools utilized and discussed
include: Microsoft’s Excel spreadsheet product; Maplesoft’s Maple package, which is
particularly good at symbolic processing (working with symbols and expressions as well as
numbers); and Waterloo Software’s MATLab package (MATrix Laboratory), which is a general
purpose scientific suite of software with strong support for manipulation of blocks of numbers
and expressions. Student versions of Excel, Maple and MATLab are available at much reduced
prices. Finally, use is made of several innovative online (web-accessible) tools, which are
described and discussed in the text. For all of us wishing to use computers the first step is to
be able to enter numbers and expressions, obtain meaningful output, and to incorporate these
results into documents. The latter requirement presents a number of difficulties, so | also have
included a discussion of some of these issues at the end of Part Ill.

Part IV of this book provides a more detailed look at a selection of numbers and number sequences
that are widely regarded as ‘interesting’. Some argue that all numbers are interesting, and if a
number appears uninteresting it is simply our failure to discover its possibilities. In fact there
is a simple, but rather weak ‘proof’ that there are no uninteresting numbers. However, it is
not practical to examine every possible number, nor even a large selection, so | focus on a
personally selected subset. Many interesting numbers have even more interesting stories
associated with them, and some of these are provided in this final main section of the book.

Part V provides number of "mathematical extras" together with a selection of suggested books to
read, web sites to explore and software to use.
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Intended Audience

| have written this book to be of help and interest to a wide range of readers: for those interested in
learning a little more about numbers, mathematics and computer tools in general; for those who are
simply seeking a refresher course with a modern perspective; for those who find mathematics and
computing a rather daunting but necessary part of the modern world that they wish to understand
more thoroughly; and for those interested in using computers as tools of discovery - examining,
testing and visualizing information and ideas in new ways. To this extent the text serves as
introductory reading for university, college and high school students (and hence as a resource for
teachers and lecturers). It is intended to be of particular value to those studying subjects in the social
sciences, physical and earth sciences, and life sciences. Such disciplines demand a thorough
appreciation of mathematical and statistical ideas but incorporate very little pure mathematics or
software engineering in their coursework.

Although | discuss and make use of some simple mathematics, this is not a textbook and does not
assume a detailed knowledge of this subject. Readers who are more confident in some of these areas
may find that they can skim through several of the sections, in particular those dealing with the
different groups of numbers that we commonly encounter. Frequent use is made of software tools,
but once again little or no knowledge of programming is required. | do, however, explain the principal
forms of notation and conventions used in mathematics, and some of those that apply within
computing. It is useful to understand where this notation comes from and how it is used in order to be
able to read and appreciate these subjects more fully. Thus, in the process of exploring numbers and
data, | cover a wide range of topics including many important mathematical concepts — from number
theory to topology, and from basic statistics to calculus, but introduced in an accessible and largely
non-traditional manner.

This book also explores a wide range of application areas, from understanding gravity to computing
the speed of light, from Internet security to digital audio and image processing, and from the
exploration of number series to better ways of obtaining arithmetic results. My hope is that readers
will find the material both interesting and enjoyable, and will become confident enough as a result to
read more widely in this field, to conduct their own experiments with numbers and to explore the
wonderful array of resources now available on the Internet. Amongst the latter is the MacTutor web
site of University of St Andrews. This site provides bibliographic details of many famous
mathematicians and brief discussions on key topics in mathematics. With their kind permission | have
used some of their excellent material in the provision of brief profiles of several key figures from the
history of this subject. An essential component of this book is the use of many worked examples,
including those involving measurement of the physical world. | strongly recommend that readers try
reproducing the numerical examples on paper or using the software tools recommended.
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FOUNDATIONS

Browsing along the shelves of a library | once came across a set of four books entitled “The World of
Mathematics” by James R Newman. Each book had a summation symbol printed on its spine,
identifying the volume number, 1, 2, 3 and 4:

| took down the first volume, opened it at random (page 370) and read the following text of a letter,
dated January 16th 1913, to a Cambridge mathematician G H Hardy (1877-1947):

“Dear Sir,

I beg to introduce myself as a clerk in the Accounts Department of the Port Trust Office at
Madras on a salary of only £20 per annum. | am now about 23 years of age [in fact he was
25]. I have no University education but | have undergone the ordinary school course. After
leaving school | have been employing the spare time at my disposal to work at Mathematics. |
have not trodden through the conventional course which is followed in a University course,
but | am striking out a new path for myself....

I would request that you go through the enclosed papers. Being poor, if you are convinced
that there is anything of value | would like to have my theorems published... Being
inexperienced | would very highly value any advice you give me. Requesting to be excused for
the trouble I give you, | remain Dear Sir, yours truly,

S Ramanujan.”

Hardy found the 120 or so results enclosed with the letter extraordinary. Many of these he had no idea
how to confirm, but they were so original he wrote back to Ramanujan congratulating him on his work
and confirming that he would try and help him. Replying to Hardy’s letter Ramanujan wrote:

“I have found a friend in you who views my labours sympathetically. | am already a half
starving man. To preserve my brains | want food and this is my first consideration. Any
sympathetic letter from you will be helpful to me here to get a scholarship either from the
university or from the government.”
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In May that year Hardy arranged for him to come to Cambridge on a substantial Scholarship, including
a generous allowance for his family remaining in India. Ramanujan came to England and worked
alongside Hardy and his colleagues at Cambridge University on a wide range of mathematical
problems before continuing ill-health seriously weakened him. Early in 1918 he was elected as a
Fellow of the Royal Society and a Fellow of Trinity College Cambridge. In March 1919, ill once more,
he returned to India and died there, aged 33 in 1920.

| found this extraordinary and poignant story captivating, and it encouraged me to read many more of
the unusual tales that lie behind much of our modern-day science, philosophy and mathematics — we
might speculate that if a largely uneducated, sick, poverty-stricken clerk from a backwater of India
can achieve so much then surely we can all set our sights high, no matter what the apparent
obstacles. But to make progress in almost any subject, especially those with a scientific basis, it is
first helpful to understand something of the history, foundation stones and terminology used. Once
these have been familiarized taking the next steps, to experimentation and analysis, is a far less
daunting prospect. This first stage is the aim of the Sections that now follow.
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UNDERSTANDABLE FEARS!

“There are three kinds of people in the world; those who can count and those who can’t.”
Anon

Many people claim to be ‘number blind’ or cannot ‘do maths’. Actually, relatively few people
(currently believed to be under 5%) exhibit genuine signs of number blindness — finding little or no
meaning in numbers or simple combinations of numbers. This is a condition now known as dyscalculia,
broadly similar and sometimes associated with the more commonly understood condition of dyslexia
(word blindness). Fear of getting the answer wrong or of being subject to ridicule by classmates or
colleagues is a much more common and pervasive phenomenon. And unlike many subjects, there is
often a definite right or wrong answer so it is very obvious if we are wrong — we cannot bluff our way
past this apparently universal truth.

Numbers and mathematics

If you were to ask 100 people which subject they liked least at school, or which they found the most
frightening or difficult, the great majority would say Maths (or Math). Despite the fact that learning a
foreign language or musical instrument may well be at least as difficult, if not more so, there is some
kind of deeply held fear of mathematics amongst the population at large. This is not based on a fear
of numbers, but of the way in which problems that involve numbers seem to need to be turned into
symbols and equations (a process known as abstraction) in order to obtain the ‘right’ answer — or
wrong answer for most of us, which is the real cause of our concern! It is clearly far too easy to get
things wrong so many avoid the subject altogether.

But if you ask the same 100 people a different question, perhaps one of a more practical nature, such
as “how much sales tax (or Value Added Tax, VAT in Europe) is payable on an item costing 100 pounds
(or dollars or euros)?” most would be able to answer immediately, assuming they knew the relevant
tax rate. So, for example, given a dress or suit costing £100.00 in the UK, before VAT has been added,
nearly everyone will be able to tell you that the dress or suit will actually cost you £120, since this
figure now includes the £20 of VAT that must be added to the basic price (the UK rate being 20% at
the time of writing). We know this answer is correct because the sums involved are very easy — we
can work it out by a simple forwards calculation, using multiplication, i.e. £100 x 20% = £20 plus the
original £100 gives the answer, £120.

It turns out that the opposite or inverse process, division, is much more difficult. | could have asked
the question above the other way around: for example, “given a dress or suit costing £100 including
sales tax/VAT, how much is the cost of the dress or suit excluding VAT?”. Well, the answer is clearly
not £80, because that would mean the VAT was £20 which was the answer when the dress or suit cost
£120 including VAT — in fact the answer to this new question must be more than £80, and is actually
£83.33 (to the nearest whole penny), with VAT amounting to £16.67.
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To obtain this solution we either need to work things out backwards, i.e. starting with the total and
working back to the component parts using division (the inverse of multiplication), or we need to
carry out a series of guesses, working forwards from pairs of guesses (e.g. £80, £90) that we are
confident lie either side of the true answer. We then systematically reduce the interval until we are
as close as possible to the correct value (see Box 1 for a detailed look at this process and Box 2 for
some historical context).

In the example we have been using the quick solution simply involves dividing the price including VAT,
i.e. the £100, by 1.2 and rounding the answer to the nearest penny — not that easy by hand. The
decimal number 1.2 is used because this is 100% plus 20%, i.e. 120/100. To make use of this result we
need to be comfortable with fractions and division, whereas the forwards approach and the guessing
methods only require multiplication and need minimal understanding of fractions. Perhaps the world
is divided into people (and computers as it happens) who can do fractions and those who can’t! In
practice fractions and percentages are not too difficult and they are so widely used in everyday life
that this is one area that is really worth getting to understand: whether it is the price of a dress;
deciding how much to tip in a restaurant; seeing how much interest a bank is charging you; or looking
at the success rate of a new medical procedure. All share a common basic form — a systematic, tried
and tested procedure for obtaining the correct answer using a well-defined series of steps. Such
procedures are known as algorithms (see also, Box 2).

Our understandable fear of numbers and mathematics can be diminished (or maybe even cured) if we
are aware of some important facts that we are not normally told. The first is that we can understand
and solve many problems by experimentation, in particular by numerical experimentation — getting
one’s hands dirty, actually playing with numbers, patterns, diagrams and now, using computers, in
order to see what happens and get a feel for the how? and the why? The second key fact is to
appreciate that it has taken thousands of years of work and the brightest minds in history to get to
where we are today, and there have been long periods (hundreds of years) when little or no progress
was made at all. So we shouldn’t be too despondent if we find even quite ‘simple’ problems difficult
— we need to be patient — listening, experimenting, and learning, and then applying and testing our
procedures. If the testing shows our answer is wrong, we need to go back and identify why, and then
try to resolve the problem. Doing mathematics is a bit like sitting on a wall: everything on one side —
the things you have already learned or discovered — seem trivial; whilst everything on the other side,
as yet undiscovered, seem unimaginably difficult!

The last point to make is that most professional and academic scientists and mathematicians find
many areas of mathematics really hard to understand, if not impossible. This is for several reasons.
The first is that the term ‘mathematics’ is more like the term ‘languages’ than say any specific
language such as ‘French’ or ‘Latin’. Mathematics involves use of a (very large) set of distinct and
often little known languages, accepting however that most have common foundations. Just as no-one
can speak or read every language in the world, so no one person can read or understand all fields of
mathematics — the languages (notations, rules of grammar, etc.) are frequently so different that even
the best mathematicians can master only a few. Some people are definitely better at mathematics
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than others, and some are even brilliant at it, but this is not so different from skill as a musician or
composer, or in creating fantastic sculpture, or conversing fluently in many foreign tongues.

Box 1. Simple search algorithm for finding the sales tax on a £100 item

Let’s start by using our initial guesses for the dress or suit price of £80 and £90 before sales tax is
added: with £80 we get a total price for the dress or suit of £96 including sales tax at 20% (£80 +
£80x20% which is £16) so this is too low. With £90 we get £108 - too high. So next we might try
‘chopping’ our initial range in half to £85 next, which would be quite close to the correct answer.
We would find £85 is a little too high, so we could halve the new lower interval (£80-£85) and look
at £82.50, continuing this process until we have homed in the right answer (stopping when the
result equals £100.00, rounded to the nearest 1p). In this case the procedure is known as a binary
chop algorithm. The reader might be surprised to know that many computers perform accurate
division using an algorithm that involves a combination of guessing the answer and then seeking
better and better approximations, rather than applying the kinds of rules for long division we
learned at school. | describe such procedures in more detail in Part Ill. The complete sequence in
this example is shown in the following table created in Excel:

Guess, ex Sales | Sales Tax @20% Total Price
Tax
80.00 16.00 96.00
90.00 18.00 108.00
85.00 17.00 102.00
82.50 16.50 99.00
83.75 16.75 100.50
83.13 16.63 99.75
83.44 16.69 100.13
83.28 16.66 99.94
83.36 16.67 100.03
83.32 16.66 99.98
83.34 16.67 100.01
83.33 16.67 100.00

In addition to this multilingual view of the subject there is a big problem of what we mean by the
word truth. Earlier | said that it was only natural to fear ridicule if you get the answer wrong, because
in this field you are either right or wrong. But this is not actually the case — or at least, not always. It
turns out that for some problems we simply cannot determine whether a particular answer or
proposition is true or false; in other instances we may know that a ‘true’ or ‘best’ answer exists but is
unachievable; and in very many cases there is either no known answer, multiple possible answers
(possibly infinitely many), answers that make no apparent sense, or no clear agreement on what the
answer should be. We should take comfort from these observations, because it shows that common
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sense and experience, based on results and usefulness rather than some idea of absolute truth, is
often (but not always) a good way forwards.

Box 2. Mohammed ibn Musa al-Khowarizmi (c.780-850AD)

“Mohammed, son of Moses, from Khowarizmi”. Khowarizmi is now known as the province and town of Khiva in
Uzbekistan, north of modern day Iraq (Khiva is shown in the center of the map extract below)

The Arab astronomer al-Khowarizmi (spelled
in various ways in the Latin alphabet) wrote
a book in c. 830 AD entitled ‘Hisab Al-jabr
w’al mugabala’ which roughly translates as
‘the science of restoring [the balance in an
equation] and simplification’. Our word
Algebra comes from Europeanization of the
word Al-jabr in the title of this book when it
was translated into Latin in the 12th
century. The word Al-jabr also meant bone-
setting, and even in the early 20th century
barbers signs in Spain advertised ‘Algebrista
y Sangrador’, or ‘bone-setting and blood-
letting’. Our word Algorithm comes from the
author’s name (actually where he came
from) transliterated into Latin as al-Goritmi
or algoritmi and thence algorithm. Initially
this meant to ‘compute with positional
notation’, but this developed over time into
its modern day usage.

So now we know that one of the keys to working with numbers is experimentation and testing, and
that often there is not just a single, ‘true’ answer to a question, even if it appears to be relatively
straightforward. We also know that for centuries, notably since the time of Descartes and Newton in
the 17th century, people have been experimenting, learning from the results, and writing down rules
and procedures that work — providing the building blocks from which we can continue construction
without recourse to re-doing all of their work. Once this methodology was discovered and written
down (and printed) in a form that was clear to a wide range of readers, progress was very rapid. This
applies for almost every subject, especially those that have a scientific bias.

It is also true that occasionally some of the intermediate building blocks or even foundation stones
turn out to be faulty. As a result, these may have to be discarded and everything constructed upon
them questioned and possibly rejected. Alternatively we may be able to take a pragmatic view and
accept that despite their failings, the results are so useful that we can ignore their weaknesses for




UNDERSTANDABLE FEARS! 27

most if not all problems. So called ‘pure mathematicians’ often dislike this situation, seeking clarity
and certainty in every aspect of their subject, whereas ‘applied mathematicians’ tend to be more
accepting of the weaknesses, as long as the job in hand gets done and always works in practice. By
‘always works’ is meant that the answers are good enough for the problem at hand, or ‘fit for
purpose’, and have never or very rarely been found to go wrong in practice. Newton’s laws of motion
are a good example, which remain incredibly useful despite fundamental changes to the underlying
logic being introduced by Einstein two centuries later. Rather like baking a cake, it also usually means
that starting with the same set of values (ingredients) and the same procedures (preparation and
cooking method), the same or very nearly the same answer (cake) will be produced — even if someone
else does the cooking! Finally, as if to knock the pure mathematicians off their pedestal, it was shown
in the 1930s that there are some ‘cakes’ that should be possible to bake given a set of ingredients and
procedures, but turn out to be impossible to cook.

Statistics

“If there is a 50-50 chance that something can go wrong, then 9 times out of 10 it will”,
Anon

So we have started to address the fear of numbers and mathematics, but what about statistics?
People often admire mathematicians but almost all dislike or distrust statistics and thereby,
statisticians. Actually there are two quite separate aspects to this understandable response: the first
relates to the use of selected numbers or “statistics”, often by politicians or the media that claim to
“explain” some fact or justify a particular point of view. We are right to be deeply suspicious about
almost all such information, however presented, as we shall see in some examples below. The second
relates to the branch of mathematics that collects, analyzes, manipulates and reports on data — i.e.
information that has been collected in some way from the world around us. In this context ‘statistics’
is simply another language in the broad collection that is mathematics. And like many such languages
it has its own rules, notation and history. What makes it different, and perhaps explains the dislike of
it amongst many students who leave school and go through higher education on the road to a career in
a scientific, medical or technical (SMT) discipline, is that they are obliged to study statistics as part of
their degree courses.

So why does statistics cause so much concern and distrust? Essentially, just as specific numbers and
groups of numbers are the stuff of mathematics, so a selection of numbers from a larger set is the
basis of statistics (sampling). The process of selection, the definition of what comprises the larger set
and the subsequent description of these sets are the factors that cause most of the problems. And
once a selection has been made, there is endless scope for confusion and misinformation!

For example, look at the employment statistics shown in Table 1.
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Employed Unemployed Total (unemployed %)

Area A

European 81,000 9,000 90,000 (10%)
Asian 9,000 1,000 10,000 (10%)
Total 90.000 10,000 100,000 (10%)
Area B

European 40,000 10,000 50,000 (20%)
Asian 40,000 10,000 50,000 (20%)
Total 80,000 20,000 100,000 (20%)

Areas A + B

European 121,000 19,000 140,000 (13.6%)
Asian 49,000 11,000 60,000 (18.3%)
Total 170,000 30,000 200,000 (15%)

Table 1 Regional employment data — grouping affects

Areas A and B both contain a total of 100,000 people who are classified as either employed or not. In
area A 10% of both Europeans and Asians are unemployed (i.e. equal proportions), and likewise in Area
B we have equal proportions (this time 20% unemployed). So we expect that combining areas A and B
will give us 200,000 people, with an equal proportion of Europeans and Asians unemployed (we would
guess this to be 15%), but it is not the case — 13.6% of Europeans and 18.3% of Asians are seen to be
unemployed! The reason for this unexpected result is that in Area A there are many more Europeans
than Asians, so we are working from different total populations. With statistics you have to know
exactly how the information has been constructed in order to make any sense of it — so-called
“headline statistics” are at best of little value and at worst, totally misleading.

A similar problem relating to statistical data is a very general one, but again an issue that is little
understood. This is the problem that once sets of numbers have been added together and totals or
averages given, you can no longer safely use this information to make specific inferences about the
original numbers (and vice versa). For example, suppose once again we have two adjacent small
regions, A and B, each containing 100 people in employment. Suppose now that the 100 people in
region A each earn $1000/week and those in region B each earn $500/week. Then combining the
information we have 200 employed people in a slightly larger area (A+B), and employed people in this
expanded area earn on average $750/week. But as we know, nobody in areas A or B earns $750/week.
It is acceptable to say that the average earnings in the combined area are $750/week, but it is not
correct to say that any individuals in this area earn this amount. This is quite a subtle point and is
known as the ecological fallacy. Recent examples of this kind of fallacy include: the observation that
breast cancer rates are higher in countries that have a high fat content in their diet, and then
suggesting that women who eat more fat in their diet are more likely to suffer from breast cancer; or
that crime rates are higher in areas of high unemployment, and then stating that it is the unemployed
who are responsible for most crimes. The inferences drawn may be valid, and such observations can
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provide very useful pointers for research, but the data only provides very tenuous support for the
claims made. There is a more obvious twin (or dual) of this problem, known as the atomistic fallacy.
In this case we might find that some people in region C (individuals, ‘atoms’) earn $500/week and
then suggest that this is true generally, i.e. that (almost) everyone in region C earns this amount,
which we also know is incorrect even if the average earnings are $500/week in region C. Most of us
are familiar with such claims from the popular press, twitter and similar social media sources, and too
frequently from more reputable sources.

The Royal Statistical Society (RSS), in association with the UK Legal profession, having produced an
excellent introduction to statistics focusing on procedures in Courts and Tribunals. Although mainly
aimed at providing advice to lawyers (advocates) and judges, it offers many insights into how
statistics should and should not be applied. Here is an early extract from the document (you can
download the full document from the RSS website - see Appendix 2 for useful web links):

In 1964, a woman was pushed to the ground in Los Angeles, and her purse snatched. A
witness reported a blond-haired woman with a ponytail, and wearing dark clothing, running
away. The witness said she got into a yellow car driven by a black man with a beard and
moustache. In this famous case, a couple were convicted of the crime. The prosecutor’s
expert witness, a maths professor, set out the respective probabilities for each of the
characteristics and, multiplying each of those respective probabilities together, asserted a
probability of 1in 12,000,000 of any couple at random having them all:

Yellow 1in 10 Girl with 1in3
automobile blond hair
Man with 1in 4 B}ack man 1in 10
moustache with beard
Girl w1Fh 1in 10 Interr§c1al 1 in 1000
ponytail couple in car

i.e. the maths professor multiplied 10x3x4x10x10x1000 = 12,000,000 to obtain this
probability value. On appeal, the couple were acquitted on four separate grounds: (i) the
estimated probabilities for the characteristics listed above were subjective; (ii) the
offenders may have been wearing disguises; (iii) the various characteristics listed in the
table are not necessarily independent (for example, men with beards often also have a
moustache); and (iv) the probability of evidence is not the same as the probability that a
specific person or persons under arrest are guilty - they might be but this kind of assumption
is often wide of the mark. For more examples and discussion of these issues, see the RSS
website and document referred to in this example.

Issues such as these are amongst the main reasons that the techniques and models used in statistics
are found by many students to be particularly difficult. Because of the many pitfalls, statistical
techniques have been devised to summarize information, identify patterns and describe relationships
based upon well-defined rules and assumptions. As a result these rules and models can be quite
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complex and if the assumptions are not met, the techniques and results are either not valid or have
limited use.

So, as you knew all along, statistics is a tricky subject, full of pitfalls and requiring great care.
Hopefully the comments | have made in this section go some way to explaining why some of these
problems occur, helping you to know what to look for in future.




