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Statstes i Ha Courit Koo
( Anderson— &WB{ Ao Vao(éé )

Reasoning with uncertainty in the real world ¢

Humans are not naturally good at reasoning with uncertainty. This is one les-
son from the Nobel Prize winning investigations into human decision-making by
Daniel Kahneman and Amos Tversky [Kah11]. Below we describe two cases of
faulty reasoning with serious real-world consequences.

Example 2.45. The Sally Clark case is a famous wrongful conviction in England.
Sally Clark’s two boys died as infants without obvious causes. In 1998 she was
charged with murder. At the trial an expert witness made the following calcu-
lation. Population statistics indicated that there is about a 1 in 8500 chance of
an unexplained infant death in a family like the Clarks. Hence the chance of fwo
deaths is (1/8500)?, roughly 1 in 72 million. This number was presented as an
indication of how unlikely Clark’s innocence was. The jury convicted her.



Statstes i Ha Courit Koo

( Anderson— sl inen— Ualhyp )

Much went wrong in the process and the reader is referred to [SC13] for the
history. Two errors relevant to our topic happened: (i) the probabilities of the two
deaths were multiplied as if these were independent random events, and (ii) the
resulting number was misinterpreted as the probability of Clark’s innocence. Let
us consider these two points in turn.

(i) The assumption of independence that led to the 1 in 72 million probability can
readily fail due to unknown genetic or environmental factors. Here is a simple
illustration of how that can happen.

Suppose a disease appears in 0.1% of the population. Suppose further that
this disease comes from a genetic mutation passed from father to son with
probability 0.5 and that a carrier of the mutation develops the disease with
probability 0.5. What is the probability that both sons of a particular family
have the disease? If the disease strikes completely at random, the answer is
0.0012, or 1 in a million. However, the illness of the first son implies that the
father carries the mutation. Hence the conditional probability that the second
son also falls ill is 0.5 - 0.5 = 0.25. Thus the correct answer is 0.001 - 0.25,
which is 1 in 4000, a much larger probability than 1 in a million.



Statstes i Ha Courit Koo
( Anderson— xloinen— Unlhy )

Much went wrong in the process and the reader is referred to [SC13] for the
history. Two errors relevant to our topic happened: (i) the probabilities of the two
deaths were multiplied as if these were independent random events, and (ii) the

resulting number was misinterpreted as the probability of Clark’s innocence. Let
us consider these two points in turn.

(ii) The second error is the interpretation of the 1 in 72 million figure. Even if it
were the correct number, it is not the probability of Sally Clark’s innocence.
This mistake is known as prosecutor’s fallacy. The mathematically correct rea-
soning proceeds with Bayes’ rule: by comparing the relative likelihood of two

competing explanations for the deaths, namely Sally Clark’s guilt and a med-
ical explanation. This involves the prior probability of Clark’s guilt, which in
turn depends crucially on the strength of the other evidence against her.

To put a different view on this point,consider a lottery. The probability of
getting 6 numbers out of 40 exactly right is (¢ )_l, about 1 in 3.8 million,
extremely unlikely. Yet there are plenty of lottery winners, and we do not
automatically suspect cheating just because of the low odds. In a large enough
population even a low probability event is likely to happen to somebody. A



Y WIKIPEDIA

The Free Encyclopedia

Sally Clark

Sally Clark (August 1964 — 15 March 2007)[*} was an English
solicitor who, in November 1999, became the victim of a
miscarriage of justice when she was found guilty of the murder
of her two infant sons. Clark's first son died in December 1996
within a few weeks of his birth, and her second son died in
similar circumstances in January 1998. A month later, Clark
was arrested and tried for both deaths. The defense argued
that the children had died of sudden infant death syndrome
(SIDS). The prosecution case relied on flawed statistical
evidence presented by paediatrician Professor Sir Roy
Meadow, who testified that the chance of two children from an
affluent family suffering SIDS was 1 in 73 million. He had
arrived at this figure by squaring his estimate of a chance of 1
in 8500 of an individual SIDS death in similar circumstances.
The Royal Statistical Society later issued a statement arguing
that there was no statistical basis for Meadow's claim, and
expressed concern at the "misuse of statistics in the courts".[3]

Sally Clark
Born Sally Lockyer
August 1964[1]
Devizes, Englandl(']
Died 15 March 2007
(aged 42)
Hatfield Peverel,
Englandl2]
Nationality English
Citizenship United Kingdom
Occupation Solicitor
Known for Wrongly convicted of

killing her sons

Clark was convicted in November 1999. The convictions were upheld on appeal in October 2000,
but overturned in a second appeal in January 2003, after it emerged that Alan Williams, the
prosecution forensic pathologist who examined both babies, had failed to disclose microbiological
reports that suggested the second of her sons had died of natural causes.[4! Clark was released from
prison having served more than three years of her sentence. Journalist Geoffrey Wansell called
Clark's experience "one of the great miscarriages of justice in modern British legal history".[5] As a
result of her case, the Attorney General Lord Goldsmith ordered a review of hundreds of other
cases, and two other women had their convictions overturned. Clark's experience caused her to
develop severe psychiatric problems and she died in her home in March 2007 from alcohol

poisoning.[2]
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