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Statistical Inference

• data→ conclusions
• data→ uncertainty about conclusions ?data?

“Detected (sensitivity [95% CI])
cancers (stage I-III) included
28 colorectal (66% [48-84]...) ”

Garber, Science, June 28 2018
Klein et al., 2018 ASCO Ann. Mtg
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Theory of Statistical Inference

• how to get from data to conclusions

• with generalizable strategies

• what principles do we use to develop these strategies

• how are these strategies to be evaluated e�ciency, precision

• a long history of the subject; using probability to both develop
statistical methods and to evaluate their performance

Bayes, Laplace, Gauss; Student, Fisher, Neyman, Pearson, Je�reys, ...

• leading to con�dence intervals, p-values,
estimates and standard errors, etc. “66% [48 – 84]”

“p < 0.01”
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Role of Probability R & Cox 2013

• probability to describe physical haphazard variability frequentist

• probabilities represent features of the “real” world
in somewhat idealized form

• subject to empirical test and improvement

• probability to describe the uncertainty of knowledge Bayesian

• measures rational or “impersonal” degree of belief,
or Je�reys, 1939,1961

• measures a particular person’s degree of belief
F.P. Ramsey, 1926

• linked to personal decision making
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... role of probability R & Cox 2013

• con�dence intervals or p-values refer to empirical probabilities
“66% [48 – 84]”

• inference is assessed by behaviour of the procedure
under hypothetical repetition

• the Bayesian approach to inference describes uncertainty of
knowledge

• this can be interpreted empirically by appeal to a notion of
calibration

“ ... fundamentally false and devoid of foundation”
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Big Data and Data Science

2008

“faced with massive data, this approach to science — hypothesize,
model, test — is becoming obsolete ”

“Petabytes allow us to say: ‘Correlation is enough’. We can stop
looking for models”
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Statistics and data science

“Mountain erosion is
thought to have sped up
globally ... A reassessment
of the data suggests that
this acceleration was
limited...”

Kirby, Nature July 2018
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... Statistics and data science
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Statistics and data science

“... as we use increasingly
sophisticated analyses of
‘big data’ to gain insight
into global trends in
geology, we must not lose
sight of the physical
processes that operate
locally”

Kirby, Nature July 2018
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... Statistics and data science

• combining data at multiple scales, or of multiple types

• complex dependencies — networks, images, text corpora, ...

• looking for extremes — big data becomes small data
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... Statistics and data science

• combining data at multiple scales, or of multiple types

• complex dependencies — networks, images, text corpora, ...

• looking for extremes — big data becomes small data

“the study included fewer than
100 people who lived to 110 or
beyond”

“even small inaccuracies in the
Italian longevity records could
lead to a spurious conclusion”

Dolgin, Nature, 28 June 2018
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What is data science?

• short-hand for “lots of data”, “complicated data”, “data of
uncertain provenance”

• an undergraduate or post-graduate program of training
• a job description

• a new multi-disciplinary �eld of study ??

• combining mathematics, statistics, computer science,
domain science

• increased emphasis on privacy, fairness, communication,
visualization, impact on policy, work�ow and
reproducible research Blake & Olhede, 2016

Royal Society 2018 12/17



Reproducibility
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Statistical challenges in data science

• inference in very high dimensions (p→ ∞)
requires dimension reduction or sparsity assumptions

• standard statistical methods may not scale well (n→ ∞)
distributed computing

• data provenance and quality
“big data has arrived, but big insights have not” Harford, 2014

• learning causal relations from observational data pace WIRED

• data is everywhere requires rapid increase in training
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Those pesky p-values

• science is a process

• learning is incremental

• probability expresses uncertainty

• either epistemically or empirically

• for scienti�c advances, empirical behaviour of procedures is key

• for decision-making, personal probabilities have an important
role
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Thank You!

Don Fraser, University of Toronto

David Cox, University of Oxford



Thank You!


