J. NEYMAN

ON THE OCCASION OF HIS 80TH BIRTHDAY

By L. Lecam AND E. L. LEHMANN

On April 16, 1974 Jerzy Neyman celebrated his 80th birthday. This issue of the
Annals of Statistics is dedicated to him on this occasion to honor both the scientist,
who continues to make important contributions at an astonishing rate, and his
earlier work, the impact of which has been so extraordinary that it has completely
revolutionized the field of statistics.

At present, Neyman is Director of the Statistical Laboratory at the University of
California, Berkeley which he founded in 1938, and is Professor (retired but re-
called to active duty) in the Department of Statistics which grew out of this Labora-
tory in the 1950’s. He is supervising several Ph.D. students, has just completed
editing a volume of essays on Copernican Revolutions for the National Academy of
Science, and is continuing his work on cosmology, weather modification, C(a)
tests, and other problems.

Neyman’s publications span a period of fifty years.! His early work has become
so thoroughly part of the common statistical consciousness that it is now only
rarely referenced and is no longer conceived as an individual contribution. At the
present occasion it may therefore be appropriate to sketch briefly the formative
influence which this work has exerted on our discipline.

1. The theory of hypothesis testing developed in collaboration by Neyman and
E.S. Pearson?in the years 1928-1938 ushered in the subject of mathematical statistics
as we know it today. The first of their joint papers [1] brings the fundamental ideas
that the choice of a test requires consideration of the alternatives to the hypothesis
being tested, and that there are two kinds of error, false acceptance and false rejec-
tion, both of which must be taken into account. Fisher’s likelihood ratio is then
proposed as an intuitively appealing solution to the testing problem. The rest of the
paper and those following in the next few years are devoted to working out the likeli-
hood ratio tests for a number of important examples.

The second decisive step came in the 1933 paper [3], in which the authors are no
longer satisfied with an intuitive solution to their problem but take on the task of
determining the test which at the given significance level will maximize the power
against a given alternative. (Actually, the terms ‘“ power,” “‘most powerful,” etc. are
only introduced in the next paper [4].) This problem is solved completely for the
case of a simple hypothesis by the celebrated Neyman-Pearson Fundamental Lemma,
which states that for testing a simple hypothesis against a simple alternative the

1 A bibliography, complete at that time and comprising 156 items, can be found in the volume
A Selection of Early Statistical Papers of J. Neyman, University of California Press, 1967.

2 The ten papers comprising this work are reprinted in the volume Joint Statistical Papers of J.
Neyman and E. S. Pearson, University of California Press, 1966.
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solution is indeed given by the likelihood ratio test with the specified significance
level.

In the case of composite hypotheses, the restriction to similar tests is introduced
(i.e., tests whose probability of rejection is the same for all members of the hypoth-
esis). The solution of the problem is then obtained for families of distributions
satisfying certain differential equations. (The solutions to these equations con-
stitute in fact what is known today as an exponential family.)

In both the simple and composite cases, it turned out that in some of the most
important examples there exists a uniformly most powerful (similar) test, i.e., one
that maximizes the power simultaneously against all alternatives of interest. The
problem of what to do when no such uniformly best test exists is taken up in [11].
A solution is obtained by imposing on the tests the additional restriction of un-
biasedness (i.e., to tests whose power is greater than or equal to the significance
level for all alternatives of interest). For one-parameter families, a locally most
powerful unbiased test (type A) is derived, and for exponential families this is shown
to be UMP unbiased (type A;). The first of these results is extended to families with
nuisance parameters in [9]. The corresponding extension of the second result which
would have completed the program was not carried out by the authors; it was
furnished later by Scheffé.

The impact of this work has been enormous. It is, for example, hard to imagine
hypothesis testing today without the concept of power, which provides the basis
both for the determination of sample size and for any comparisons among competing
tests. And the optimum properties of the classical normal-theory tests are not only
aesthetically pleasing but serve as benchmarks against which the performance of
simpler or more robust tests can be gauged. However, the influence of the work
goes far beyond its implications for hypothesis testing. By deriving tests as the solu-
tions of clearly defined optimum problems, Neyman and Pearson established a
pattern for Wald’s general decision theory and for the whole field of mathematical
statistics as it has developed since then.

2. One of Neyman’s most important creations is the theory of confidence sets.
Estimation by confidence sets is today considered one of the classical methods of
statistical inference (together with point estimation and hypothesis testing) and is
set forth in every textbook of statistics. Although, as with every important idea,
there are some forerunners, Neyman was the first in his fundamental paper [12] to
give a general formulation and stress its frequency interpretation.

A key feature of the theory developed by Neyman is the relation between con-
fidence sets and tests. Suppose that for each given value 6, of the parameter 6 being
estimated, 4(f,) denotes the acceptance region of the hypothesis § = 6, at significance
level . Then the parameter sets S(x) defined for each sample point x by the relation

€eSx) = xeAd)

constitute confidence sets for § with confidence coefficient 1 — a.
This relationship makes it possible for Neyman to transfer the concepts and re-
sults of the recently developed theory of hypothesis testing to provide an analogous
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theory of estimation by confidence sets. In particular, the tightness of a confidence
statement (which plays a role similar to that of the power of a test) in this theory is
measured by the probability of the confidence set S(X) covering values of 6 other
than the true value.

A brief statement of the idea of confidence intervals is given already in [5], appli-
cations are made in [10], and the impossibility of exact (non-randomized) confidence
intervals for the binomial case is proved in [8]. A full exposition of the theory is
also given in [15], where uniformly shortest unbiased (type A;) confidence intervals
are obtained for a family of distributions which is essentially an exponential family.
The relationship between confidence intervals and Fisher’s fiducial theory is in-
vestigated in [17].

3. While optimum tests or estimates exist and can be obtained explicitly for many
important problems, there are also many situations for which this is not the case.
In the late thirties and early forties the general purpose estimation procedure for
such problems was that of maximum likelihood. The resulting estimates are approxi-
mately optimal in large samples but computationally they were frequently quite
intractable.

A remedy was provided by J. Neyman, to whom we owe two broad classes of
flexible and widely applicable procedures which are still justifiable, even though
only asymptotically, from the point of view of the optimal theory. One class of
procedures, intended for both estimation and testing purposes is given by Neyman’s
theory of Best Asymptotically Normal (BAN) estimates. The other class, intended
for testing purposes in the presence of nuisance parameters, is the class of C(«)
tests.

In a classic paper [18] written before 1945, but published in 1949, Neyman shows
that through minimization of appropriately chosen expressions one can obtain
classes of estimates which are all asymptotically equivalent and all provide the most
concentrated limiting Gaussian distributions. For these, not only the claims of
asymptotic optimality could te proved, but also the flexibility afforded by the choice
of expressions to be minimized could be used to reduce necessary computations
drastically.

Neyman proceeds then to show that these estimates also provide tests procedures
which are asymptotically optimal, and all asymptotically equivalent. The study of
the large sample performance of these tests is made through consideration of ‘“nearby
alternatives’” which approach the hypothesis at the rate 1/+/n. (This technique
which has invaded most of present asymptotic work had been introduced earlier by
Neyman in an ingenious paper [13] on the “smooth” test for goodness of fit.) The
theory of BAN estimation has now acquired the same status as that of least squares
estimation, and can be regarded as the asymptotic equivalent of this last method.

The theory of C(a) tests derives its importance from the fact that construction of
optimal similar tests in the presence of nuisance parameters is often difficult. It is
then tempting to solve the simpler problem obtained by replacing the values of the
nuisance parameters by estimated values. Unfortunately this does not work. What
Neyman does is to show that one can make it work asymptotically by appropriate
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modification of the test statistics [23]. The optimal tests so constructed are easily
obtainable from logarithmic derivatives of the densities. They can be applied to a
variety of complex problems which can hardly be tackled otherwise and constitute
a delightfully growing chapter of asymptotic theory [36].

4. Throughout his scientific career Neyman has been concerned with statistical
problems which arise in various fields of human endeavor. More than half of his
published papers are devoted to direct study of specific questions in a variety of
domains which can be roughly classified as Agriculture, Biometry, and Health,
Astronomy and Meteorology. Some of the early papers, published in Polish, are
unfortunately not widely available. The problems they describe were the origin of
the soul searching which eventually bore fruit in the form of the theory of testing
hypotheses and interval estimation. In the early thirties, Neyman’s position as Head
of the Nencki Biometric Institute provided him with a multitude of problems which
can hardly be described here in recognizable form. Among those which Jed to publi-
cations one could mention the problems of counting the number of viruses or bac-
teria needed to cause disease [2], the accuracy of the dilution method [10], sickness
due to industrial exposure [6], health insurance (7], etc.

The postwar years saw Neyman involved in the design of mass screening for
tuberculosis and in the evaluation of treatments against cancer. The fact that each
individual is exposed to several causes of death, whose relative contributions to
mortality must be disentangled, led Neyman to elaborate what he calls the theory of
competing risks together with models of relapse and recovery [19]. Another series
of papers deals with accident proneness and the possibility of distinguishing be-
tween variability of proneness and contagion phenomena [20, 21]. One can also
classify in the biometric domain several papers on population dynamics [25, 26].
Some of these were prompted by the need for explanation of phenomena noticed
by T. Park in his populations of flour beetles: two different species (7. castaneum
and T. confusum) seem to survive indefinitely if raised separately. On the contrary,
when raised together, one of the two species disappears rather rapidly, the prob-
ability of survival of either being a function of the environment provided. Still in
the domain of health, and in addition to various studies of models of epidemics
[30], Neyman has been involved for many years in research on the mechanism by
which neoplastic cells are produced [32]. These studies, and an experiment on the
effect of varying doses of urethane in mice, are still continuing [38].

One of Neyman’s deepest involvements in a substantive field is a collaboration of
more than twenty years with E. L. Scott and many astronomers on problems arising
from the clustered appearance of photographs of extragalactic bodies. In addition
to statistical approaches to general cosmology [29] and to the study of galactic
evolution [34], this collaboration has resulted in an extensive theory of the process
of clustering, with tbe description of clusters of clusters interpenetrating each other
[24, 28]. This theory of clustering is applicable to other domains, besides astronomy.
It can be applied, for instance, to the study of epidemics [34]. Even before the prob-
lem arose in astronomy, Neyman had encountered clustering in the description of
abundance of larvae in the field, leading him to introduce the class of distributions
called “contagious distributions’ [16].
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Another domain in which Neyman has been working for more than twenty years
is the frustrating and complex one of artificial stimulation of precipitation. Methods
of evaluation of the effect of cloud seeding proposed by commercial operators could
not be considered scientifically conclusive. After a few years and a few experiments,
it seemed that nothing remarkable could be asserted [27]. However, a review of the
Swiss hail suppressing experiments indicated that cloud seeding may well be re-
sponsible for surprisingly large effects which could be either negative or positive
[31]. Detailed examination of other randomized experiments now leave little choice
but to conclude that this is indeed the case, with negative effects often extending
downwind for hundreds of miles [33]. A recent summary is given in [37].

If the indications provided by this analysis are at all correct, they should lead one
to proceed most cautiously in attempts to weather modification. There are other
domains where even more caution appears necessary. One of them involves the
effects of pollution on health. A volume of the Sixth Berkeley Symposium devoted
to this subject indicates how little is known and how necessary is the large scale
effort recommended by Neyman in the Epilogue to the volume [35].

5. A central idea of Neyman’s approach to mathematical statistics (which was
then new but to which we have become so accustomed that it seems trite even to
mention it) is the representation of the phenomenon under investigation by means
of a mathematical model, which is both simple enough to be tractable and general
enough to permit the development of a general theory. This idea constitutes the
unifying theme of his Lectures and Conferences on Mathematical Statistics and
Probability Theory which was first published in 1938 and reissued in a revised and
enlarged edition in 1952. In these lectures he sketches his theories of hypothesis
testing and confidence estimation against the historical background. He also presents
his important contributions to the theory of survey sampling and provides a dis-
cussion of spurious correlations, one of his favorite lecture topics. The book pro-
vides an easily accessible introduction to his way of thinking as well as to some of
his most important concepts and results.
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