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Topicality of the scientific achievements
of Jerzy Sptawa-Neyman (1894-1981)'

Mirostaw K. Krzysko?

The year 2024 marks the 130th anniversary of Jerzy Sptawa-Neyman’s birth. This is an
opportunity to recall the life and achievements of this outstanding Polish statistician,
one of the founders of modern mathematical statistics. His concepts and the
procedures he initiated relating to interval estimation, statistical hypothesis testing,
sampling methods and planning experiments have been used in research work in
virtually every scientific discipline until today.

In the early 1930s, Sptawa-Neyman spotted a new form of the estimation problem,
i.e. the problem of the estimation by ‘an interval’ or, more generally, ‘by a set. The
inspiration to define confidence intervals came from a 1932 paper on the precision of
the estimation of the regression coefficient by Wactaw Pytkowski (Pytkowski, 1932),
an assistant in the Department of Mathematical Statistics (headed by Sptawa-Neyman)
at the Warsaw University of Life Sciences. The final version of the theory of confidence
intervals was published in Sptawa-Neyman’s two papers (1935, 1937a). The latter work
was presented at a meeting of the Royal Statistical Society by Harold Jeffreys.

Interval estimation functions today as one of the standards in statistics. Although
Sptawa-Neyman was not the only creator of this method, it is to him that we owe its
modern form expressed in terms of frequency probability. The scholar’s results in the
field of confidence intervals have been continued - the examples include Efron’s (1987)
bootstrap method of confidence interval construction, Newcombes (1998) confidence
interval for the difference of two fractions, and, on the Polish ground, the results of the
late Professor Ryszard Zielinski (2009, 2011) from the Mathematical Institute of the Polish
Academy of Sciences and his son Professor Wojciech Zielinski (Jedrzejczak et al., 2021;
Zielinski, 2017, 2022) from the Warsaw University of Life Sciences.

The second pillar of statistical inference, invented by Sptawa-Neyman with Egon
Pearson, is the theory of statistical hypothesis testing. In 1928, they published their
first joint paper, focused mainly on the test of the quotient of confidence. It appeared
in two parts in the Biometrika journal (Neyman & Pearson, 1928a, 1928b). As a result
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of further discussions with Pearson, Splawa-Neyman formulated the testing problem
in the language of optimisation, and in 1930 proved the basic lemma, today referred
to as the Neyman-Pearson lemma. This is what Sptawa-Neyman said about the
circumstances in which this discovery was made in his biographical note (Klonecki,
1970, pp. 21-23):

T am able to point to a specific moment in which I understood how to formulate
non-dogmatically the problem of the strongest test of a simple statistical hypothesis
given a fixed alternative. Today this problem seems completely trivial, within the
capacity of a novice doctoral student, but then, I must confess, it took Egon Pearson and
me several years of work. The solution to this particular problem came to me one
evening as I sat alone in the Statistical Laboratory of the University of Life Sciences in
Warsaw, thinking persistently about something that could have been solved much
earlier. The building was locked. Around 8 p.m. I heard voices calling out for me. It was
my wife with some friends, who announced that it was time to go to the cinema. At first
I felt irritated. Getting up from my desk to answer the call, I suddenly understood that
for a given critical area and a given alternative hypothesis, the probability of making an
error of the second kind could be calculated - it is represented by a specific integral.
If so, the optimal critical area would be one that minimises this integral while at the
same time the boundary condition would be related to the probability of the first-kind
error. So we are dealing here with a specific problem of a calculus of variations, probably
a very simple one. These thoughts came to me in a split second before I looked out the
window to reassure my wife. They are still very clear in my memory, but I don't quite
remember what film we were watching that evening. Probably one with Buster Keaton’

The results obtained by Splawa-Neyman were incorporated into the paper he and
Pearson wrote about uniformly strongest and uniformly best tests in a class of similar
tests, presented in November 1932 by Pearson at a meeting of the Royal Statistical
Society. After being accepted by the Society, the article was published in the
Philosophical Transactions of the Royal Society in 1933 (Neyman & Pearson, 1933). This
work has been of fundamental importance for the theory of hypothesis testing with
a fixed sample size. Splawa-Neyman and Pearson provided a template for
mathematical statistics in general and for a general decision theory, later developed by
Abraham Wald (1950). In 1992, the above-mentioned work was selected for the first
volume (Volume I) of a series describing the most important achievements in the
foundations of statistics in the 20th century, published by the German publishing
house Springer.

The theories of statistical hypothesis testing have been widely accepted and are
being further developed. On the Polish ground, examples are the smooth and adaptive
tests developed by Professor Teresa Ledwina of the University of Wroclaw and her
students, and by Professor Tadeusz Inglot of the Wroclaw University of Technology.
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The results of the aforementioned studies were presented by Inglot in his 2021 book
entitled Lectures on Hypothesis Testing Theory (Inglot, 2021).

In 1937, Sptawa-Neyman published a paper in a Scandinavian actuarial journal in
which he gave an asymptotically-optimal solution to the problem of testing the
consistency of an observation distribution with an assigned, completely known,
continuous distribution (Neyman, 1937b). He also introduced sequences of local
distributions — ‘contiguous’ distributions, which later became a standard tool of
asymptotic statistics. This work was another milestone in the development of statistics.

In 1933, Sptawa-Neyman's monographic study, The outline of the theory and practice
of surveying the structure of the population by means of the representative method
(Neyman, 1933), was published by the Institute of Social Affairs, with which the
scholar collaborated. This monograph pioneered optimal sampling methods - prior to
Sptawa-Neyman’s work, no such idea was known. It has since stimulated new research
into the sampling theory. On the basis of the aforementioned monograph, a landmark
paper entitled On two different aspects of the representative method: the stratified
sampling method and the purposive selection method was written. It was presented
at the Royal Statistical Society on 19th June 1934, and published in the Journal of the
Royal Statistical Society that same year (Neyman, 1934). The paper contributed to the
development of modern scientific sampling. In 1992, it was ranked among the greatest
20th-century achievements in statistical methodology and published in Springer’s
Volume II. Splawa-Neyman’ legacy has been continued, among other studies, in the
works of Professor Janusz Wywiat (2020, 2023) of the University of Economics in
Katowice and in the research of the latter’s students.

Two papers on agricultural experimentation written by Sptawa-Neyman at the State
Scientific and Agricultural Institute in Bydgoszcz (Neyman, 1923a, 1923b) mark the
author’s another important scientific achievement. In 1924, on the basis of the former
paper, Sptawa-Neyman received a PhD in mathematics from Warsaw University. The
eminent mathematician Waclaw Sierpinski was his promoter. Some part of his
doctoral thesis was translated into English in 1990 and published with comprehensive
comments in the Statistical Science (Splawa-Neyman, 1990). Thanks to the latter paper
(Neyman, 1923b), the scholar received his habilitation in 1928 from the University of
Life Sciences in Warsaw.

In 1935, at a meeting of the Industrial and Agricultural Section of the Royal
Statistical Society, Sptawa-Neyman presented a paper on orthogonal systems and
randomised blocks, which he wrote together with his students Karolina Iwaszkiewicz
and Stanislaw Kolodziejczyk (Neyman et al., 1935). The 70-page-long paper was
printed in 1935 in the supplement to the Journal of the Royal Statistical Society. This
publication, along with the work of Ronald Fisher, was important in the development
of experience planning.
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The research directions initiated by Sptawa-Neyman have been extensively developed
in Poland. A good example here is the study carried out by the team centered around
Professor Tadeusz Calinski (Calinski, 2007; Calinski et al., 2017; Calinski & Lejeune,
1998) of the University of Life Sciences in Poznan. Sptawa-Neyman’s legacy has also been
continued in the work of Professors Tomasz Gorecki and Lukasz Smaga (2017, 2019) from
the Adam Mickiewicz University in Poznan, who investigated the methods of variance
analysis for functional data, i.e. continuous functions in Hilbert space. The subject of
functional data has been comprehensively explored at the Adam Mickiewicz University
in Poznan for many years. It is one of the main directions of development of modern
mathematical statistics. Another example is the study of linear models conducted by
Professor Roman Zmyslony (Fonseca et al., 2018; Zmyslony & Koziol, 2021) of the
University of Zielona Géra and his students and collaborators. As regards foreign
continuators of Splawa-Neyman’s legacy, a number of significant scholars from many
scientific centers from around the world could be mentioned, including a distinguished
statistician Professor C. R. Rao (Baksalary et al., 1995; Baksalary et al., 1992).

One more field of Sptawa-Neyman’s scientific activity, relatively rarely recalled, is
his development of the optimisation models for the American Army. The project,
which started in February 1942, was carried out at the Berkely Statistical Laboratory
with varying intensity until the end of the war.

Sptawa-Neyman saw almost unlimited applications of his methods and
mathematical statistics in general in different areas of life and science, including
medicine (the mechanism of the origin of cancer), astronomy (a model of the
distribution of galaxies in interstellar matter), psychology (factor analysis),
demography, or studies on the environmental pollution.

It is no exaggeration to say that Sptawa-Neyman was one of the most distinguished
intellectuals of the 20th century. His scientific achievements paved the way for
decades-long development of mathematical statistics, and are still relevant and
creatively developed today.
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