MINERVA LECTURES:
The Maths of Life and Death
By Caspar Clothier

In his book The Maths of Life and Death, Kit Yates (right)
describes people who have had difficulties in which
‘mathematical misunderstanding’ has played a leading role, such
as ‘investors who have lost fortunes and parents who have lost
children’. Yates aims to give people an idea of how to cope in
todays ‘Increasingly mathematical society’.
Maths and Medicine
Testing positive in screening can have terrible effects on one’s
mental health, although this harm ought to be counterbalanced
by the positives of the treatment given to deal with the
condition, be it anything from a cancer to HIV. Except the result
is often inaccurate. To deal with this, Yates says that ‘we need a quantitative understanding
to really realise and interpret… medical results that are coming out’. A representative of
this is the screening process for breast cancer. The audience were asked to choose which
figure was the best representative of the probability that a patient who tests positive has
breast cancer, out of:
A.90%

B.81%

C.49.1%

D.3.5%

E.0.4%

Given that there is a probability of 0.4% that a woman over 50 will develop breast cancer
and that there is a 90% chance of a women with breast cancer testing positive, or 10% for a
cancer-free woman testing positive (the specificity). Disturbingly, the result turns out to be
D. Out of 10,000 women, 40 will have breast cancer and 36 of them will test positive. Out
of the 9960 who are cancer-free, 996 will test positive. Yates says that out of those who
test positive, only ~3.5% will have the disease (although taking two different tests can
somewhat solve this problem). He quotes Muir Gray (ex-Director of the UK Screening
Program) – ‘all screening programs do harm; some do good as well…’. False positives can
seriously harm one’s mental health (Yates explores the case of Cas Daniels) and can cause
them to unnecessarily start other treatments like radiotherapy which has its own set of
risks. Yates proves that the story is similar for ELISA tests (HIV) and closes with the advice:
take screening results with a pinch of salt, expect false positives, and two tests are better
than one.
Maths in the Media
The media is infamous for its misrepresentation of facts and figures for the sake of raised
sales. An example of this was an article by The Sun titled ‘Careless pork costs lives’, where
they make the assertion that eating a bacon sandwich (the original scientific publication
actually mentions 50g of processed meat) every day will increase the chance of contracting
colorectal cancer by 20% – a figure that Yates rightly describes as ‘enormous’. As it turns
out, this figure is the relative risk (the ratio of the risk when eating bacon sandwiches to the
Registered Charity Number 1158507

risk when not eating bacon sandwiches), which in this case was
1.2 – a 20% increase. Yates says that the figure that would
denote the increase in risk is the absolute risk – 5/1000 people
get colorectal cancer without the consumption of processed
meats compared to 6/1000 with. In other words, the real
increase in risk is 0.1%, although The Sun sold loads of
newspapers by waging war on scientists for being ‘Health Nazis’
based on a relative risk.
Yates proves that this is also the case with the representation
of drugs such as Tamoxifen (a treatment for breast cancer),
which was represented as lowering cases of breast cancer by
49% and increasing possibility of uterine cancer from 9.1/10,000
to 23/10,000- a case of relative and absolute risk being
manipulated to make Tamoxifen seem more attractive.
Maths and Crime
In an Arizonian database of DNA from convicted criminals, there are 65,000 different
samples of DNA, where the chance of two criminals having matching samples is
approximately 1 in 30 million. When a female researcher found out that there was not a
single matching pair, but 122 such pairs – she was alarmed to say the least. This discovery
went on to create a lot of uncertainty around the
use of DNA testing in criminal trials.
To explain this phenomenon, Yates examines the
likelihood of two people in his audience having the
same birthday. As it turns out, he would only need
an audience of 23 people for the probability to be
0.5 or more, given that the number of pairs is what
really matters (which is 253 for 23). The chance of
two people not having the same birthday is 364/365,
so the chance of two people not having the same
birthday for a group of 23 is 0.4995. In other words,
there is a probability of ~0.5 that a pair will share a
birthday.
For the DNA samples, Yates found that there were more than 2 billion possible pairs, giving
over 100 matches – which there were. He closes with the message – ‘coincidences are
surprisingly likely’.
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