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whether one has got to there via the ‘upper’ path, or the ‘lower’ one. know
M&M Ch 4.1, 4.2, 4.5  Probability

Examples of Conditional Probabilities...
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page 3Figure 2: JH examples of independence/dependence, and ‘forward’/‘reverse’ probabilities

2.2 Changing the conditioning: Bayes’ rule

The right hand half of JH Figure 2 shows 3 examples of ‘forward’ (on left)
and ‘reverse’ probabilities.

These same distinctions between ‘forward’ and ‘reverse’ probabilities is at
the heart of the frequentist p-values (probabilities) versus Bayesian posterior
probabilities. To state it simply,

Probability[data|Hypothesis] 6= Probability[Hypothesis|data]

or, if you prefer something that rhymes,

Probability[data|theta] 6= Probability[theta|data].

Two striking – and frightening – examples of misunderstandings about them
are given on the next page.

U.S. National Academy of Sciences under fire over plans for new
study of DNA statistics: Confusion leads to retrial in UK.2

[...] He also argued that one of the prosecution’s expert witnesses, as well as
the judge, had confused two di↵erent sorts of probability.

One is the probability that DNA from an individual selected at random from
the population would match that of the semen taken from the rape victim, a
calculation generally based solely on the frequency of di↵erent alleles in the
population. The other is the separate probability that a match between a
suspect’s DNA and that taken from the scene of a crime could have arisen
simply by chance – in other words that the suspect is innocent despite
the apparent match.3 This probability depends on the other factors that
led to the suspect being identified as such in the first place.

During the trial, a forensic scientist gave the first probability in reply to a
question about the second. Mansfield convinced the appeals court that the
error was repeated by the judge in his summing up, and that this slip – widely
recognized as a danger in any trial requiring the explanation of statistical
arguments to a lay jury – justified a retrial. In their judgement, the three
appeal judges, headed by the Lord Chief Justice, Lord Farquharson, explicitly
stated that their decision “should not be taken to indicate that DNA profiling
is an unsafe source of evidence.”

Nevertheless, with DNA techniques being increasingly used in court cases,
some forensic scientists are worried that flaws in the presentation of their
statistical significance could, as in the Deen case, undermine what might oth-
erwise be a convincing demonstration of a suspect’s guilt.

Some now argue, for example, that quantified statistical probabilities should
be replaced, wherever possible, by a more descriptive presentation of the con-
clusions of their analysis. “The whole issue of statistics and DNA profiling has
got rather out of hand,” says one. Others, however, say that the Deen case
has been important in revealing the dangers inherent in the ‘prosecutor’s
fallacy’. They argue that this suggests the need for more sophisticated cal-
culation and careful presentation of statistical probabilities. “The way that
the prosecution’s case has been presented in trials involving DNA-based iden-
tification has often been very unsatisfactory,” says David Balding, lecturer in
probability and statistics at Queen Mary and Westfield College in London.
“Warnings about the prosecutor’s fallacy should be made much more explicit.
After this decision, people are going to have to be more careful.”

2NATURE p 101-102 Jan 13, 1994.
3italics by JH. The wording of the italicized phrase is imprecise; the text in bold wording

is much better .. if you read “despite” as “given that” or “conditional on the fact of”t
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