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“In another sense I feel very
dissatisfied: there are all sorts

of problems that I nearly solved ... ”



Statistical Theory and Foundations haphazard sample

• 1958. Some problems connected with statistical inference.
• 1967. Fieller’s problem and a generalization.
• 1971. The choice between alternative ancillary statistics.
• 1977. The role of significance tests.
• 1978. Foundations of statistical inference: the case for eclecticism.
• 1980. Local ancillarity.
• 1981. Theory and general principle in statistics.
• 1987. Parameter orthogonality and approximate conditional inference.
• 1990. Role of models in statistical analysis.
• 1994. A note on the quadratic binary exponential distribution.
• 1995. Some recent developments in statistical theory.
• 1997. The nature of statistical inference.
• 2000. Likelihood-based inference with a singular information matrix
• 2006. Frequentist statistics as a theory of inductive inference.
• 2015. On some principles of statistical inference.JSM August 2022 1
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... theory and foundations
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Some problems connected with statistical inference Cox 1958

X ∼ N(µ, 1000) Y ∼ N(µ, 1) Z =

!
X, w. p. 1/2
Y, w. p. 1/2

JSM August 2022 3

https://rb.gy/smjei3
https://www.coleparmer.ca/


Some problems connected with statistical inference Cox 1958

X ∼ N(µ, 1000) Y ∼ N(µ, 1) Z =

!
X, w. p. 1/2
Y, w. p. 1/2

choose a machine w.p. 1/2, take a single measurement Z = z choice is known

JSM August 2022 3

https://rb.gy/smjei3
https://www.coleparmer.ca/


Some problems connected with statistical inference Cox 1958

X ∼ N(µ, 1000) Y ∼ N(µ, 1) Z =

!
X, w. p. 1/2
Y, w. p. 1/2

choose a machine w.p. 1/2, take a single measurement Z = z choice is known
what variance should be attached to the estimate µ̂ = z?
1? 1000? (1/2) + 500? conditional variance clearly the correct choice

what is the critical region for testing H : µ = 0? either z > qα or z > qα
√
1000
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Some problems connected with statistical inference Cox 1958

X ∼ N(µ, 1000) Y ∼ N(µ, 1) Z =

!
X, w. p. 1/2
Y, w. p. 1/2

choose a machine w.p. 1/2, take a single measurement Z = z choice is known
what variance should be attached to the estimate µ̂ = z?
1? 1000? (1/2) + 500? conditional variance clearly the correct choice

what is the critical region for testing H : µ = 0? either z > qα or z > qα
√
1000

the test that averages over the distribution of Z is more powerful unconditionally
equivalently the unconditional confidence interval will be shorter on average
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... some problems Cox 1958
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... some problems Cox 1958

• statistical inference vs. scientific inference
• statistical inference vs. decision theory
• “prior information that is not statistical cannot be included without abandoning
the frequency theory of probability” Cox & Mayo, 2006
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“[the sample space] should be taken to consist, so far as is possible,
of observations similar to the observed set”

• example is deliberately very stylized

JSM August 2022 5



... some problems Cox 1958

• statistical inference vs. scientific inference
• statistical inference vs. decision theory
• “prior information that is not statistical cannot be included without abandoning
the frequency theory of probability” Cox & Mayo, 2006

• weighing-machine example designed to illustrate that
“[the sample space] should be taken to consist, so far as is possible,
of observations similar to the observed set”

• example is deliberately very stylized

• linear regression y = Xβ + ε “fixed-X” vs “model-X”, e.g. knock-offs
nonparametric or robust regression

de-biased Lasso
• 2× 2 tables and their generalizations; Box-Cox transformations in regression; ...
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... some problems Cox 1958

• extensive discussion of Fisher’s fiducial argument
• proposes the notion of a confidence distribution Xie & Singh, 2013; Schweder & Hjort, 2016

• “Statements made on the basis of this distribution,
provided we are careful about their form, have a direct frequency distribution”
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... some problems Cox 1958

• significance tests as distinct from hypothesis testing
• p-value as a measure of consistency with the null hypothesis
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Books, books, books...

Significance V19 #2

Hand & Herzberg (eds.) (2006).
Selected Statistical Papers of Sir David Cox

Design of Investigations (10)
Statistical Methods (25)
Applications (6)

Foundations of Statistical Inference (8)
Theoretical Statistics (22)
Time Series and Stochastic Processes (15)
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Books, books, books... 2006, 2011
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Big data and precision Biometrika, 2015

• arose from a collaboration with medical researchers studying cystic fibrosis
• standard errors provided by conventional models were too small
• “essentially because of strong explicit or implicit assumptions

of at most weak dependence”

• impact of long-range dependence on estimation of the variance of the mean,
and of a regression coefficient five pages, three references
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Multiple testing Cox & Wong 2004
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Multiple testing Cox & Wong 2004

simplest possible parametric formulation

likelihood analysis,
likelihood ratio interpreted as a Bayes factor

two-paragraph discussion of
the need for multiple testing

six pages, three references
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