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REF{10

REF{10

de Moivre, A. (1718), The Doctrine of Chances: or, A Method of Calculating the Probability of
Events in Play, W. Pearson, London. 2nd edition, Woodfall, London (1738), 3rd edition, Millar,
London (1756); reprinted by Chelsea Publishing Co., New York (1967).
de Moivre, A. (1733), Approximatio ad Summam Terminorum Binomii (a + b)n in Seriem expansi.
Photographic reproduction in Archibald, R. C. (1926), Isis 8, 671{683.
de Morgan, Augustus (1838), An Essay on Probabilities, Longman & Co., London.
(1847), Formal Logic: or the Calculus of Inference Necessary and Probable, Taylor &
Watton, London. An enthusiastic exposition of Laplace's views.
(1872), A Budget of Paradoxes, 2 Vols. Sophia de Morgan, editor, London. 2nd edition,
D. E. Smith, editor (1915); reprinted as one Volume by Dover Publications, Inc. (1954). Augustus
de Morgan (1806{1871) was a mathematician and logician, at University College, London from
1828{1866. He collected notes concerning not only logic, but anomalies of logic; the latter are
preserved in this delightful account of the activities of circle{squarers, anti{Copernicans, anti{
Newtonians, religious fanatics, numerologists, and other demented souls that abounded in 19'th
Century England. It gives a vivid picture of the diculties that serious scholars had to overcome
in order to make any forward progress in science. An inexhaustible supply of amusing anecdotes.
de Morgan, Sophia (1882), Memoir of Augustus de Morgan, Longman, Green, London. Further
biographical and anecdotal material on de Morgan.
Dempster, A. P. (1963), \On a paradox concerning inference about a covariance matrix", Ann.
Math. Stat. 34, 1414{18.
Denbigh, K. G. & Denbigh, J. S. (1985), Entropy in Relation to Complete Knowledge , Cambridge
University Press. This is perhaps the rst example of an entire book written for the purpose of
attacking a single sentence in a tutorial paper. In Jaynes (1965) we noted (as had L. Boltzmann,
G. N. Lewis, Arthur Eddington, J. von Neumann, and Eugene Wigner before us) that \entropy
is an anthropomorphic concept". The meaning was that it is not only a measure of phase volume
compatible with a macrostate; it is also a measure of human ignorance as to the microstate when
we know only the macrostate. That is, it indicates the number of bits of additional information
we would need in order to locate a macroscopic thermodynamic system in a de nite microstate;
this is not an opinion, but a theorem. Although the above authors had been expounding this
viewpoint for decades without incurring any criticism for it, as soon as we said the same thing,
for reasons we cannot understand, this caused an explosion in the mind of Kenneth Denbigh,
who proceeded to issue violent denunciations of our view. It seems to us that his arguments are
self{refuting and do not call for any reply. But the issue was taken up in turn by Atkins (1986),
to which we were nally moved to reply.
Dubois, D. & Prade, H. (1988), Possibility Theory, Plenum Pub. Co., New York.
Dunnington, G. W. (1955), Carl Friedrich Gauss, Titan of Science , Hafner, New York.
Dyson, Freeman J. (1958), Review of Lighthill (1957), Physics Today 11, 28.
Dyson, F. J. (1979), Disturbing the Universe , Harper & Row, Publishers, New York. A collection
of personal reminiscences and speculations extending over some fty years. Ninety percent of it
is irrelevant to our present purpose; but one must persist here, because Freeman Dyson played
a very important part in the development of theoretical physics in the mid Twentieth Century.
His reminiscences about this are uniquely valuable, but unfortunately scattered in small pieces
over several Chapters. Unlike some of his less thoughtful colleagues, Dyson saw correctly many
fundamental things about probability theory and quantum theory (but in our view missed some
others equally fundamental). Reading this work is rather like reading Kepler, and trying to
extract the tiny nuggets of important truth.

REF{11

REF{11

Eddington, Sir Arthur (1935), The Nature of the Physical World , Dent, London. Another distinguished scientist who thinks as we do about probability.
Edwards, A. W. F. (1972), Likelihood, Cambridge University Press. Anthony Edwards was the
last student of R. A. Fisher; and although he understands all the technical facts pertaining to
Bayesian methods as well as anybody, some mental block prevents him, as it did Fisher, from
accepting their obvious consequences. So we must, sadly, part company and proceed with the
constructive development of inference without him.
(1974), \The History of Likelihood", Int. Stat. Rev. 42, 9{15.
(1992), Nature, 352, pp. 386{387. Commentary on Bayesian methods.
Edwards, H. M. (1987), \An Appreciation of Kronecker", Math, Intelligencer, 9, pp. 28{35.
(1988), \Kronecker's Place in History", in History and Philosophy of Modern Mathematics , W. Aspray & P. Kitcher, editors, University of Minnesota Press, Minneapolis.
(1989), \Kronecker's Philosophical Views", in Rowe & McCleary (1989); Vol 1, pp. 67{77.
Efron, B. (1975), \Biased versus unbiased estimation", Adv. in Math. 16, 259{277.
(1978), \Controversies in the foundations of statistics", Am. Math. Monthly, 85, 231{246.
(1979a), \Bootstrap methods: another look at the jackknife", Ann. Stat. 6, 1{26.
(1979b), \Computers and the theory of statistics: Thinking the unthinkable", SIAM
Review, October.
Efron, B. & G. Gong (1983), \A Leisurely Look at the Bootstrap, the Jackknife, and Cross{
Validation", Am. Stat. 37, pp. 36{48. Orthodox statisticians have continued trying to deal with
problems of inference by inventing arbitrary ad hoc procedures instead of applying probability
theory. Three recent examples are explained and advocated here. Of course, they all violate our
desiderata of rationality and consistency; the reader will nd it interesting and instructive to
demonstrate this and compare their results with those of the Bayesian alternatives.
Ellis, R. L. (1842) \On the Foundations of the Theory of Probability", Camb. Phil. Soc. vol. viii. Reprinted in Ellis (1863). Ellis was the British Counterpart of Cournot, in starting the anti{Laplace
movement which set scienti c inference back a Century.
Ellis, R. L. (1863), The Mathematical and Other Writings of Robert Leslie Ellis M. A., Wm. Walton,
editor, Deighton, Bell, Cambridge.
Erickson, G. J. & Smith, C. Ray (1988), editors; Maximum{Entropy and Bayesian Methods in
Science and Engineering, Vol 1, Foundations; Vol. 2, Applications, Kluwer Academic Publishers,
Dordrecht{Holland.
Euler, Leonhard (1749), Recherches sur la question des inegalities du mouvement de Saturne et de
Jupiter, sujet propose pour le prix de l'annee 1748 pas l'Academie royale des sciences de Paris.
Reprinted in Leonhardi Euleri, Opera Omnia, ser. 2, Vol. 25, Turici, Basel, (1960). Euler gave up
at the problem of estimating 8 unknown parameters from 75 discrepant observations, but won
the prize anyway.
Evans, M. (1969) Macroeconomic Forecasting, Harper & Row, N. Y.
Fechner, G. J. (1860), Elemente der Psychophysik , two Vols. Volume 1 translated as Elements of
Psychophysics, E. G. Boring & D. H. Howes, editors, Holt, Rinehart & Winston, New York
(1966).
Fechner, G. J. (1882), Revision der Hauptpuncte der Psychophysik, Breitkopf u. Hartel, Leipzig.
Feinberg, S. E. & Hinkley, D. V. (1990), R. A. Fisher: An Appreciation, Lecture Notes in Statistics
#1, Springer{Verlag, Berlin. This is the second printing of the work, which appeared originally
in 1979. A valuable source, if it is regarded as an historical document rather than an account

REF{12

REF{12

of present statistical principles. Rich in technical details of his most important derivations and
gives a large bibliography of his works, including four books and 294 published articles. But in
its adulation of Fisher it fails repeatedly to note something that was already well established
in 1979: the simpler and uni ed methods of Je reys, which Fisher rejected vehemently, actually
accomplished everything that Fisher's methods did, with the same or better results and almost
always more easily. In addition, they deal easily with technical diculties (such as nuisance
parameters or lack of sucient statistics) which Fisher was never able to overcome. Thus this
work tends also to perpetuate harmful myths.
Feinstein, A. (1958), Foundations of Information Theory, McGraw{Hill, New York. Like the work
of Khinchine (1957), a mathematician's view of things, which has almost nothing in common
with the physically oriented view of Goldman (1953).
Felix, Lucienne (1960), The Modern Aspect of Mathematics, Basic Books, Inc., New York. A Bourbakist view; for the contrary view see Kline (1980).
Feller, W. (1950), An Introduction to Probability Theory and its Applications, Volume 1, J. Wiley
& Sons., New York. 2nd edition, 1957; 3rd edition, 1968.
Feller, W. (1966), An Introduction to Probability Theory and its Applications, Volume 2, J. Wiley
& Sons., New York. Second edition, 1971.
Ferguson, T. S. (1982), \An inconsistent Maximum Likelihood estimate", J. Am. Stat. Ass'n 77,
831{834.
Fieller, E. C. (1954), \Some problems in interval estimation", J. Roy Stat. Soc. B 16, 175{185. This
and the contiguous paper by Creasy (1954) became famous as `The Fieller{Creasy Problem' of
estimating the ratio 1 =2 of means of two normal sampling distributions. It generated a vast
amount of discussion and controversy because orthodox methods had no principles for dealing
with it { and for decades nobody would deign to examine the Bayesian solution. It is a prime
example of an estimation problem, easily stated, for which only Bayesian methods provide the
technical apparatus required to solve it. It is nally considered from a Bayesian standpoint by
Jose Bernardo (1977). For us, it is a straightforward exercise for the reader in our Chapter on
Estimation with a Gaussian distribution.
Fine, T. L. (1973), Theories of Probability, Academic Press, N. Y.
Fischer, E. P. & Lipson, C. (1988), Thinking About Science: Max Delbruck and the Origins of
Molecular Biology , Norton, New York. For some time we have seen Max Delbruck referred to as
\one of Niels Bohr's greatest and most successful students". It is true that he has played a very
important role in the modern development of biology as the leader of the \phage school"; yet
what has emerged was nearly the opposite of his intentions. As he himself has noted, his original
goal { to inculcate the ideas of the Copenhagen interpretation of quantum theory into biology and
to learn new principles of physics from biology { has not been realized, all the new developments
involving de nite, reliable mechanisms that would be understood at once in a machine shop. The
role of \quantum e ects" in biology seems limited to their role in all of chemistry: to account for
the binding energies { hence the stability { of molecules. The uncertainty principle has as yet
found no functional role at all in biology, nor have any new physical principles emerged; and we
predict with con dence that this will continue to be true.
Fisher, R. A. (1912), \On an absolute criterion for tting frequency curves", Messeng. Math. 41,
155{160.
(1915), \Frequency distribution of the values of the correlation coecient in samples
from an inde nitely large population", Biometrika, 10, pp. 507{521.
(1922), \On mathematical foundations of theoretical statistics", Phil. Trans. Roy. Soc.
(London), Ser. A, 222, 309{368. Introduction of the term \sucient statistic."

REF{13

REF{13

(1925), Statistical Methods for Research Workers, Oliver & Boyd, Edinburgh. Twelve
later editions, to the one by Hafner Publishing Co., New York (1973).
(1930a), \Inverse Probabilities", Proc. Camb. Phil. Soc., 26, 528{535.
(1930b), The Genetical Theory of Natural Selection, Oxford University Press. Second
revised Edition by Dover Publications, Inc., New York (1958). Here Fisher shows that Mendelian
genetics is not in con ict with Darwinian evolution theory, as Mendelians supposed in the early
20'th Century; on the contrary, the `particulate' or `discrete' nature of Mendelian inheritance
clears up some outstanding diculties with Darwin's theory, resulting from the assumption of
blending inheritance which most biologists { including Darwin himself { took for granted in
the 1860's. Recall that Mendel's work, with its lore of dominant and recessive genes, etc., was
later than Darwin's; but Darwin (1809 { 1882) never knew of it and it was not generally known
until after 1900. The reinterpretation of Darwin's theory in these terms, by Fisher and others,
is now known as Neo{Darwinism. By the time of Fisher's second (1958) edition the existence
of mutations caused by radioactivity was well established, those caused by failures of DNA
replication had become highly plausible, and genetic recombination (which had been suggested
by August Weismann as early as 1886) was recognized as still another mechanism to provide the
individual variations on which Natural Selection feeds, but whose origin was puzzling to Darwin.
So Fisher added many new paragraphs, in smaller type, pointing out this newer understanding
and its implications; how Darwin would have enjoyed seeing these beautiful solutions to his
problems! Fisher's real, permanent contributions to science are in works like this, not in his
statistical teachings, which were an advance in the 1920's, but have been a retarding force since
the 1939 work of Je reys.
(1933), \Probability, Likelihood and Quantity of Information in the Logic of Uncertain
Inference", Proc. Roy. Soc. 146, pp. 1{8. A famous attempt to demolish Je reys' work, which
we discuss in Chapter 16.
(1935), The Design of Experiments, Oliver & Boyd, Edinburgh; six later editions to 1966.
(1938), Statistical Tables for Biological, Agricultural and Medical Research (with F.
Yates), Oliver & Boyd, Edinburgh; ve later editions to 1963.
(1950), Contributions to Mathematical Statistics, W. A. Shewhart, ed., J. Wiley & Sons,
Inc., New York. A collection of his best known early papers.
(1956), Statistical Methods and Scienti c Inference, Oliver & Boyd, London. Second
Revised Edition, Hafner Publishing Co., New York, 1959. Fisher's nal book on statistics, in
which he tries to sum up his views of the logical nature of uncertain inference. One discerns a
considerable shift of position from his earlier works { even admitting, occasionally, that he had
been wrong before. He is now more sympathetic toward the role of prior information, saying
that recognizable subsets should be taken into account and that prior ignorance is essential
for the validity of ducial estimation. He shows his old power of intuitive insight in his neat
explanation of Godel's theorem, but also some apparent lapses of memory and numerical errors.
Every serious student of the subject should read this work slowly and carefully at least twice,
because the depth of thinking is so great that his meaning will not be grasped fully on a single
reading. Also, Fisher goes into several specialized topics that we do not discuss in the present
work.
(1974), Collected Papers of R. A. Fisher, J. H. Bennett, editor, University of Adelaide,
Australia; Coudrey O set Press.
(1962), \Some Examples of Bayes' method of the Experimental Determination of Probability a priori", J. Roy. Stat. Soc., B 24, 118{124.
Fisher, R. A. & Tippett, L. H. C. (1928), \Limiting forms of the Frequency Distribution of the

REF{14

REF{14

Largest or Smallest Member of a Sample", Proc. Camb. Phil. Soc. 24, 180{190.
Fougere, P. F. (1977), J. Geophys. Res. 82, 1051{1054. Maximum Entropy Spectrum Analysis.
Fraser, D. A. S. (1980), Comments on a paper by B. Hill, in Bayesian Statistics, J. M. Bernardo et
al , editors, University Press, Valencia, Spain, pp. 56{58. Claims to have a counter{example to
the likelihood principle. But it is the same as the tetrahedron problem discussed in Chapter 15
above; the correct solution to that problem was not known in 1980.
Galileo Galilei (1638), Dialogues Concerning Two New Sciences, Elzevir Press, Holland. English
Translation by Henry Crew & Alfonso de Salvio, MacMillan Company, London (1914). Paperback
reprint by Dover Publishing Co., undated (ca. 1960).
Galton, F. (1863), Meteorographica, London; MacMillan. Here this remarkable man invents weather
maps and from studying them discovers the \anticyclone" circulation patterns in the northern
hemisphere.
(1886), \Family Likeness in Stature", Proc. Roy. Soc. London 40, pp. 42{73.
(1889), Natural Inheritance , MacMillan, London.
(1908), Memories of My Life, Methuen, London. More biographical and technical details
are in Pearson (1914{1930).
Gardner, M. (1957), Fads and Fallacies in the Name of Science, Dover Publications, Inc. A kind
of 20'th Century sequel to de Morgan (1872), with attention directed more to fakers in science
than to their colleagues in mathematics. Here we meet both the sincere but tragically misguided
souls, and the deliberate frauds out to make a dishonest dollar from the gullible.
Gardner, M. (1981), Science { Good, Bad, and Bogus , Paperbound edition (1989), Prometheus
Books, Bu alo N. Y. A sequel to the previous work, with a sobering message that everyone
ought to note. Particular details on several recent trends; the Creationist who utilizes TV to
carry attacks on Darwin's theory to millions, while grossly misrepresenting what Darwin's theory
is; the ESP advocate who invades scienti c meetings to try to invoke Quantum Theory in his
support, although he has no comprehension of what Quantum Theory is; the Gee Whiz publicist
who turns every tiny advance in knowledge (arti cial intelligence, chaos, catastrophe theory,
fractals) into a revolutionary crusader cult; the professional Disaster Monger who seeks personal
publicity through inventing ever more ridiculous dangers out of every activity of Man; and most
frightening of all, the eagerness with which the news media give instant support and free publicity
to all this. Today, our airwaves are saturated with bogus science and medieval superstitions
belittling and misrepresenting real, responsible science. In the Introduction, Gardner documents
the indignant refusal of network executives to correct this, on grounds of its pro tability. Then
at what point does persistent, deliberate abuse of freedom of speech for pro t become a clear
and present danger to society? See also Rothman (1989); Huber (1992).
Gauss, K. F. (1809), Theoria motus corporum celestium, Perthes, Hamburg. English translation,
Theory of the Motion of the Heavenly Bodies Moving About the Sun in Conic Sections, Dover
Publications, Inc., New York (1963).
Gauss, K. F. (1823), Theoria combinationis observationum erroribus minimis obnoxiae; also Supplementum, 1826; Dieterich, Gottingen.
Geisser, S. & Corn eld, J. (1963), \Posterior Distribution for Multivariate Normal Parameters,"
J. Roy. Stat. Soc., B25, pp. 368{376. Gives the correct treatment of a problem which was later
corrupted into the Marginalization paradox, as explained in Chapter 15, and more fully in Jaynes
(1983), pp. 337{339, 374.
Geisser, S. (1980), \The Contributions of Sir Harold Je reys to Bayesian Inference", in Bayesian
Analysis in Econometrics and Statistics, A. Zellner, editor, North{Holland Publishing Co., Amsterdam; pp 13{20.

REF{15

REF{15

Gell{Mann, M. (1992) \Nature Conformable to Herself", Bulletin of the Santa Fe Institute, 7,
pp. 7{10. Some comments on the relation between mathematics and physics; this Nobel Laureate
theoretical physicist is, like us, happy that the `plague of Bourbakism' is nally disappearing,
raising the hope that mathematics and theoretical physics may become once more mutually
helpful partners instead of adversaries.
Gentleman, W. M. (1968), \Matrix Multiplication and Fast Fourier Transformations," Bell Syst.
Tech. Journal, 17 pp. 1099{1103.
Gibbs, J. Willard (1875), \On the Equilibrium of Heterogeneous Substances" reprinted in The
Scienti c Papers of J. Willard Gibbs, Vol. I, Longmans, Green & Co., 1906 and by Dover Publications, Inc., 1961.
Gibbs, J. Willard (1902), Elementary Principles in Statistical Mechanics, Yale University Press,
New Haven, Connecticut. Reprinted in The Collected Works of J. Willard Gibbs, Vol. 2, by
Longmans, Green & Co. (1928) and by Dover Publications, Inc., New York (1960).
Gillispie, C. C., ed. (1981), Dictionary of Scienti c Biography, 16 vols., C. Scribner's Sons, New
York. The rst place to look for information on any scientist.
Glymour, C. (1980), Theory and Evidence, Princeton University Press
Glymour, C. (1985), \Independence Assumptions and Bayesian Updating", Arti cial Intell. 25,
25{99.
Gndenko, B. V. & Kolmogorov, A. N. (1954), Limit Distributions for Sums of Independent Random
Variables, Addison{Wesley, Cambridge MA. On p. 1 we nd the curious statement: \In fact,
all epistomologic value of the theory of probability is based on this: that large{scale random
phenomena in their collective action create strict, non{random regularity." This was thought by
some to serve a political purpose in the old USSR; in any event, the most valuable applications
of probability theory today are concerned with incomplete information and have nothing to do
with those so{called `random phenomena' which are still unde ned in theory and unidenti ed
in Nature.
Godel, K. (1931), \U ber formal unendscheidbare Satze der Principia Mathematica und verwandter
Systeme I", Monatshefte fur Mathematik und Physik, 38, p. 173{198. English translation, \On
formally undecidable propositions of Principia Mathematica and related Systems", Basic Books,
Inc., New York (1962); Reprinted by Dover Publications, Inc., New York (1992).
Goel, P. & Zellner, A. (1986), editors, Bayesian Inference and Decision Techniques: Essays in
Honor of Bruno de Finetti, Elsevier Science Publishers, Amsterdam.
Gokhale, D. and Kullback, S. (1978), The Information in Contingency Tables , Marcel Dekker, New
York.
Goldberg, S. (1983), Probability in Social Science, Birkhaeuser, Basel.
Goldman, S. (1953), Information Theory, Prentice{Hall, Inc., New York. We would like to put in
a friendly plug for this work, even though it has a weird reputation in the eld. The author,
in recounting the work of Norbert Wiener and Claude Shannon, explains it for the bene t
of beginners much more clearly than Wiener did, and somewhat more clearly than Shannon.
Its weirdness is the result of two unfortunate accidents: (1) a misspelled word in the title of
Chapter 1 escaped both the author and the publisher, providing material for dozens of cruel
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