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This is a remarkable book by a remarkable scientist. E. T. Jaynes was a physicist, principally
theoretical, who found himself driven to spend much of his life advocating, defending and
developing a particular view of probability theory. His interest was triggered in the 1950s by the
role of probability in quantum mechanics, the theory that supersedes Newton’s physics on sub-
atomic scales. Quantum mechanics predicts certain things only probabilistically. The theory is a
huge success—the predictions it does make have been verified to unprecedented accuracy. But
Jaynes realised that to go further, and penetrate the interpretative fog that surrounded quantum
theory, a more coherent understanding of probability was needed than he had been taught.

Jaynes effectively took the probabilityp(X |Y ) to represent how strongly the binary proposition
X is implied to be true upon supposing that propositionY is true. The value ofp(X |Y ) depends
on relations that are known between the things to which both propositions refer. Jaynes was deeply
impressed by a short 1946 paper by the physicist R. T. Cox, (Cox, 1946) which derived the sum and
product rules—the ‘laws of probability’—from the laws of Boolean algebra for propositions. From
the sum and product rules follows Bayes’ theorem for incorporating the truth of propositionB into
what we know about propositionA, given prior informationC phrased propositionally:

p(A|BC) = (1/K )p(A|C)p(B|AC), K = p(A|C)p(B|AC) + p(∼ A|C)p(B|(∼ A)C).

The probability p(A|C) is the prior probability of A, and p(A|BC) is its posterior probability
once truth ofB is taken into account;p(B|AC) is known as thelikelihood. (Here∼ A denotes
the negation of propositionA, and AC denotes the logical product ofA andC .) Bayes’ theorem
states that the posterior is the normalized product of the prior and the likelihood. Cox’s derivation
shows that this rule is mandatory, so that anything not equivalent is inconsistent. This is a rule
of inference about things, not a theory of things themselves; it is epistemology, not ontology. It
cannot therefore be tested by experiment, and logical consistency is the guide to its construction. In
particular, in parameter estimation,A is the proposition that the parameter takes a particular value,
B similarly represents the experimental data, and noise in the experiment corresponds to the width
of the likelihood distribution.

Bayes’ theorem was understood in full, more than a century before Cox’s definitive justification,
by the French mathematician–physicist Laplace. Laplace also wrote that probability theory was
ultimately common sense reduced to calculation, and Jaynes, who recognized Laplace’s greatness,
devoted much effort to showing the huge amount of wisdom encapsulated in the probability
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laws across many areas of scientific reasoning. That wisdom is not confined to science, for the
main force driving the development of probabilistic ideas before their quantification in the 17th
century was the law, through the notion of how strongly evidence implies guilt. Law is obviously
central to any civilization, and quantification was historically begun by lawyers or their family
members. The simplest mathematical problems, and the first to be treated, were in gambling.
Gaming tables are governed by rather simpler laws than civilization, so legal argument is likely
to remain predominantly qualitative.

Certain schools vigorously deny that probability means a degree of implication of one thing
by another. Rather than dispute the meaning of the word, it is better to reply that ‘probability
theory’ is deployed in problems where there is uncertainty; that a degree of implication is what you
actually want in such problems; and that Cox proved this quantity must satisfy two relations known
universally as ‘the laws of probability’. If, in spite of this correspondence, someone denies that
probability is degree of implication and demands a different definition, you can still calculate and
apply the degree of implication so as to solve the problem, rendering semantic objections irrelevant.
Other words that confuse, because they mean different things to different people, are ‘subjective’
and ‘objective’. Better to say simply that if you can find and justify an algorithm for generating a
probability p(X |Y ), givenX andY , then the quantity is well-determined.

Jaynes was content to assert that probability was a logical quantity without being more specific.
(The ‘strength of implication’ view derives from Keynes.) He argued forcefully that it was not a
relative frequency, meaning proportion, of a particular outcome in a perforce imaginary indefinitely
large number of repeated ‘random’ trials. (‘Random’ is yet another confusion-word; was this review
written on a random computer?) This is the ‘frequentist’ view of probability, which rose in the
19th century to dominance by the time Jaynes learned his science, and against which he is the
outstanding writer as this book confirms. Jaynes exposes frequentist errors with deadly but good-
natured accuracy, going into as much detail as it takes. He emphasizes the key role of Cox’s work
and rephrases it as the construction of an algorithm for doing inference, presumably to rebut the
frequentist taunt that others schools saw probability as a degree of belief and therefore ‘subjective’.
A machine that blindly implements an algorithm can hardly be said to have beliefs!

Frequentists criticize advocates of Bayes’ theorem—Bayesians—for their insistence on using
prior information. Frequentists demand that parameters should be estimated from the likelihood
alone, in line with R. A. Fisher’s dictum that the data should ‘speak for themselves;’ they assert that
prior information must be disqualified because different persons have different prior information,
so that their estimates differ and are not ‘objective’. But prior information is vital. For suppose you
know the value of the parameter with certainty, and are measuring it only to reassure someone else
who is not convinced. Your prior distribution is zero for all other values of the parameter than the
known value, upon which all the probability is heaped. The Bayesian prescription of multiplying
the likelihood by the prior shows that this feature carries through to the posterior. This is just what
intuition demands when the parameter is known with certainty: all measured variations from the
known value are ascribed to noise. Yet ‘sampling-theoretical’ techniques of estimation based on the
likelihood give, absurdly, non-zero probabilities of other values! So the use of prior information is
a strength of Bayesianism, not a weakness. Different peoplemust assign different probabilities to
the same thing if they have different information about it; as noted above, the probabilityp(X |Y )

is a logical quantity that depends on bothX andY , not a physical quantity that depends only onX
(this is the basic frequentist error, stemming from insistence that probability is a proportion). Jaynes
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explains these points very clearly, exposing the absurdities of sampling-theoretical methods that are
inequivalent to Bayes’ theorem.

Of course, there are many forms of information that we cannot currently translate into
probability distributions. As well as complex legal situations, the problem often arises when dealing
with prior information ahead of an experiment. But that should impel us to study how to generate
distributions from information, rather than give up. Jaynes put much effort into this enterprize, and
after rebutting frequentists who claimed his programme was riddled with paradoxes he was able
to quantify many more classes of information than they could. The fruits are included here, in
chapter 12 on transformation groups (where a distribution is known to be invariant under certain
transformations) and in chapter 15 (on ‘marginalization,’ in which the notion of one thing being
irrelevant to another is exploited). These chapters have much potential for further development. A
further rule for assigning probability is the ‘principle of maximum entropy,’ which features heavily
in this work for reasons explained below.

Jaynes was of course a Bayesian, but even of this term there are several meanings. The
‘Bayesian revolution’ of the 1960s, sparked by new studies of decision theory (treated elegantly
here), overturned the near-monopoly of the frequentist view among statisticians. But this revolution
was not based on the deep consistency requirements of Cox nor on underlying notions of what
probability means, and distinct schools of Bayesians have since evolved. (Before buying any new
book with ‘Bayesian’ in the title I check whether it features Cox’s proof.) Jaynes’ book is therefore
far from an outdated tilting at 1950s windmills. He promised in lectures published in 1963 that
a book ‘will soon be available’, but the tale grew in the telling, perhaps because Jaynes tended
to blur the distinction between research and teaching, in both of which he excelled. Late in his
life it became a race against ill health; he died in 1998 aged 75, leaving a large, coherent, but
still incomplete manuscript. The foundational material was finished, and this together with much
completed development has been sympathetically edited into the present form. Those who knew Ed
Jaynes can only wonder what might have been, based on numerous interpolations in the original
manuscript that more was to come. The book is no systematic course in the deepest form of
Bayesianism—it is too discursive for that—but it is wonderful reading for anyone interested in
science, especially physics. It includes many interesting asides on the history of the subject and the
personalities involved. Jaynes was well read, and he shows it without showing off; this makes the
book highly entertaining and exceptionally lucid.

Jaynes saw himself as a physicist—he observed that the best work in probability was done by
mathematical scientists—and alongside his work in probability theory he remained active in physics
research at the highest level of competence. Early in his career he published papers in a wide variety
of subjects in physical science, typically making an innovative contribution to a particular field that
would take years to be appreciated. He later narrowed his interests to the theory of the electron
and electrodynamics, acknowledging that a quantum description was necessary but seeking simpler
alternatives to the ‘official’ formalism of quantum field theory.

Though Jaynes’ interest in probability was sparked by quantum theory, he carried it back into
a different area of physics: statistical mechanics and thermodynamics. Jaynes gave a Bayesian re-
interpretation of the foundational work of Claude Shannon on information theory; he asserted that
to find a probability distribution you should distribute the probability over the possibilities as widely
as possible, consistent with whatever you already know about that distribution, in a mathematically
well-defined way. Jaynes called this the ‘principle of maximum entropy’, and he noted that it gave
the same result as the ‘canonical distribution’ of Boltzmann and Gibbs (another Jaynes hero),



246 A. J. M. GARRETT

which is used to describe how statistical averages over the billions of molecules in a gas relate
to intrinsically large-scale descriptions of that gas using variables such as pressure and density.
Jaynes boldly asserted that the parallel was because the physical analysis was really probabilistic
inference, made ‘objective’ by the requirement that experiments on large-scale variables should
give reproducible results even though the myriad atoms array themselves differently each time.
When this argument appeared in a major physics journal in 1957, it made Jaynes well known and
polarized the physics community. The parallel was compelling, but the argument made sense only
in the Bayesian framework and physicists were not then Bayesian. Even today the consequences of
the resulting predictive formalism have not been fully worked out, and there are many open roads
here for those who wish to press further.

Ed Jaynes gained his doctorate at Princeton under Eugene Wigner, one of many great scientists
who left Europe for America in the 1930s. Jaynes also worked under the misunderstood figure of
J. Robert Oppenheimer. For a while he oscillated between the East and West coasts of America,
but eventually he settled at Washington University in St Louis, 300 miles south of where he grew
up. There in the physics department he brought on a sequence of research students whose track
record has been impressive. I met Ed Jaynes in the 1980s, by which time the ‘Maximum Entropy’
series of conferences was being organized by people who had recognized his achievement and were
developing his ideas. In person he proved different from the open, forceful, lucid persona found on
paper, even among admirers; courteous always, but shy and retiring. (He never married.) In 1983
he spent a year in Cambridge, UK, by invitation, and greatly enjoyed it. A highlight for him was
to meet Harold Jeffreys, author of the only significant book in the previous generation to advocate
Bayesianism. Jaynes loved classical music; he played Beethoven’s sonatas on his grand piano (he
became well off by wise investment of early industrial consultancy fees), and he wrote a book-
length treatise called The Physical Basis of Music, which also contains many fascinating asides. It
is available athttp://bayes.wustl.edu which acts as a posthumous homepage. He had no time
for supernatural religion.

This is not Jaynes’ first book. His doctoral thesis in solid state physics was good enough to be
published, and in 1983 his best papers on probability and statistical physics were collected. This
was arelief, since Jaynes had been forced to publish them in obscure corners while the statistical
community was predominantly frequentist. The present book is a fitting tribute. We should be
grateful to his former research student Larry Bretthorst for editing this exceptional work; I warmly
recommend it.
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