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Bayes Theorem in the 21st Century

' Bradlw Eiron J

he term “controversial theorem™

sounds like an oxymoron, but Bayes’

theorem has played this part for two-
and-a-half centuries. Twice it has soared to
scientific celebrity, twice it has crashed, and
1t is currently enjoying another boom. The
theorem itself is a landmark of logical rea-
soning and the first serious triumph of statis-
tical inference, yet is still treated with suspi-
cion by most statisticians. There are reasons
to believe in the staying power of its current
popularity, but also some signs of trouble
ahead.

Here is a simple but genuine example of
Bayes’ rule in action (see sidebar) (1). A phys-
icist couple I know learned, from SOnograms,
that they were due to be parents of twin boys.

Department of Statistics, Stanford University, Stanford, CA
94305, USA. E-mail: brad @stat.stanford.edu

WWW.sCIBncemac

They wondered what the probability was that
their twins would be identical rather than fra-
ternal. There are two pieces of relevant evi-
dence. Ope-third of twins are 1deut1+:a] on
the other hami “identical twins are twice as
likely to yield twin boy sonograms, because
they are always same-sex, whereas the like-
lihood of fraternal twins being same-sex is
50:50. Putting this together, Bayes’ rule cor-
rectly concludes that the two pieces balance
out, and that the odds of the twins being iden-
tical are even, (The twins were fraternal.)
Bayes’ theorem is thus an algorithm for

combining prior experience (one-third of

twins are identicals) with current evidence
(the sonogram). Followers of Nate Silver’s
FiveThirtyEight Web blog got to see the
rule in spectacular form during the 2012
U.S. presidential campaign: The algorithm
updated prior poll results with new data on

SCIENCE

If

Bayes' theorem plays an increasingly
prominent role in statistical applications but
remains controversial among statisticians.

a daily basis, correctly predicting the actual
vote in all 50 states. “Statisticians beat pun-
dits” was the verdict in the press (2).

Bayes’ 1763 paper was an impeccable
exercise in probability theory. The trouble
and the subsequent busts came from overen¢
thus application of the theorem in the
absence of genm‘rnnmun with
Pierre- bmmnTWlu!dmr.
Suppose that in the twins example we lacked
the prior knowledge that one-third of twins
are 1dentical. Laplace would have assumed
a uniform distribution between zero and one
for the unknown prior probability of identi-
cal twins, yielding 2/3 rather than 1/2 as the
answer to the physicists’ question. In modemn
parlance, Laplace would be trying to assign
an “uninformative prior” or “objective prior”
(2), one having only neutral effects on the
output of Bayes' rule (3). Whether or not this
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