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Chance in the ancient world

chance (tyche) or fortune (fortuna): the unpredictable

So it is that chance always decides the greatest issues in
human affairs in an arbitrary fashion. (Polybius, 2.70)

But chance, whose power is very great in all spheres, but
particularly in warfare, often brings about great reversals
by a slight tilt of the balance (Caesar, Civil War, 3.68)

| am undecided whether the affairs of human beings
evolve by fate, and an immutable inevitability, or by
chance (Tacitus, 6.22)

Sandy Zabell Departments of Mathematics and Statistics Northwestern University

Twenty Years After: lan Hacking's The Taming of Chance



Absence of a probability calculus

Use of randomization widespread, ...

Sandy Zabell Departments of Mathematics and Statistics Northwestern University

Twenty Years After: lan Hacking's The Taming of Chance



Absence of a probability calculus

Use of randomization widespread, ...

» games of chance

Sandy Zabell Departments of Mathematics and Statistics Northwestern University

Twenty Years After: lan Hacki The Taming of Chance



Absence of a probability calculus

Use of randomization widespread, ...
» games of chance

» divination

Sandy Zabell Departments of Mathematics and Statistics Northwestern University

Twenty Years After: lan Hacki The Taming of Chance



Absence of a probability calculus

Use of randomization widespread, ...
» games of chance
> divination

> jury selection

Sandy Zabell

Departments of Mathematics and Statistics Northwestern University

Twenty Years After: lan Hacking's The Taming of Chance



Absence of a probability calculus

Use of randomization widespread, ...
» games of chance
> divination

> jury selection

Sandy Zabell

Departments of Mathematics and Statistics Northwestern University

Twenty Years After: lan Hacking's The Taming of Chance



Absence of a probability calculus

Use of randomization widespread, ...
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Absence of a probability calculus

Use of randomization widespread, ...
» games of chance
> divination
> jury selection

... but no calculus of chance

Many theories have been advanced
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Conceptual impediment?

» Surprising in a civilization capable of Ptolemy's Almagest
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Conceptual impediment?

» Surprising in a civilization capable of Ptolemy's Almagest
» Equally likely cases analysis seems natural but ...

> there is a subtle conceptual obstruction:

If two outcomes are equi-balanced, then neither should occur!
» Anaximander and the position of the Earth
» Parmenides and the creation of the Universe

» Argument reappears in Leibniz (and others)
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A Brief History of (Mathematical) Chance

» 1654: Fermat-Pascal correspondence
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» 1657: Huygens's De ratiociniis in ludo aleae
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A Brief History of (Mathematical) Chance

» 1654: Fermat-Pascal correspondence

v

1657: Huygens's De ratiociniis in ludo aleae

v

1713: (James) Bernoulli's Ars conjectandi

1718: De Moivre's The Doctrine of Chances

v

» 1820: Laplace’s Théorie analytique des probabilités

v

1933: Kolmogorov's Grundbegriffe der Wahrscheinlichkeitsrechnung
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v

Mendelian genetics
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quantum physics
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the randomized clinical trial
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The 20th century probabilistic revolution

v

Mendelian genetics

v

quantum physics

v

scientific sampling

the randomized clinical trial

v

v

Monte Carlo simulation
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The 20th century probabilistic revolution

» Mendelian genetics

» quantum physics

» scientific sampling

» the randomized clinical trial
» Monte Carlo simulation

> cryptanalysis
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A brief history of the history of chance

Todhunter 1865: A History of the Mathematical Theory of Probability

His “[bibliography], commentary and analysis, are complete
and exact, — a work of true learning, beyond criticism”.

(Keynes, 1921).
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A brief history of the history of chance

Todhunter 1865: A History of the Mathematical Theory of Probability

His “[bibliography], commentary and analysis, are complete
and exact, — a work of true learning, beyond criticism”.

(Keynes, 1921).

Very little for next 110 years!

Subtitle: From the time of Pascal to that of Laplace.
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This changed in 1975 because of ...

lan Hacking's The Emergence of Probability
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lan Hacking's The Emergence of Probability
- Kuhn vs. Foucault vs. Hacking
> Why did probability only emerge in 16547
> Answer: a new concept of evidence emerged

» Why is our modern concept “Janus-faced”?
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This changed in 1975 because of ...

lan Hacking's The Emergence of Probability
- Kuhn vs. Foucault vs. Hacking
> Why did probability only emerge in 16547
> Answer: a new concept of evidence emerged
» Why is our modern concept “Janus-faced”?

» Answer: the new concept both aleatory and epistemic
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Explosion of interest in history of probability and statistics

» Seminar Zentrum fiir interdisziplinire Forschung Bielefeld 1982-3
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Explosion of interest in history of probability and statistics

» Seminar Zentrum fiir interdisziplinire Forschung Bielefeld 1982-3
» Books by

» Stigler The History of Statistics (1986)

» Porter The Rise of Statistical Thinking 1800—-1900 (1986)

» Daston Classical Probability in the Enlightenment (1988)
» Hacking The Taming of Chance (1990)

and many (many) more since then ...
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Intermezzo: Laplacean determinism

We ought to regard the present state of the universe as
the effect of its prior state and the cause of the one to
follow. An intelligence that, at a given instant, knew all
the forces acting in nature and the positions of all things in
the universe, could comprehend in one single formula the
motions of the largest bodies as well as the lightest atoms
in the world, provided that its intellect were sufficiently
powerful to subject these data to analysis. For such an
intelligence nothing would be uncertain, and the future,
like the past, would be open to its eyes.
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Laplace's view of probability

The curve described by a molecule of air or of vapour is
following a rule as certainly as the orbits of the planets: the
only difference between the two is due to our ignorance.
Probability is related, in part to this ignorance, in part to
our knowledge.

Laplace, Essai philosophique sur les probabilités

Departments of Mathematics and Statistics Northwestern University
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The Taming of Chance

| write of the taming of chance, that is, of the way in
which apparently chance or irregular events have been
brought under the control of natural or social law
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The Taming of Chance
| write of the taming of chance, that is, of the way in

which apparently chance or irregular events have been
brought under the control of natural or social law

Hacking's has three basic theses: in the 19th century

> an erosion of determinism
> an increasing belief in objective chance

> These two developments were interrelated.

Case studies (one per chapter) are used to argue this.
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The argument in detail

» Creation of statistical bureaus, an avalanche of statistics
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> this led to recognition of widespread statistical regularities
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» Creation of statistical bureaus, an avalanche of statistics

> this led to recognition of widespread statistical regularities
> homicides
> suicides

» divorces

» which led to belief in statistical “laws”
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The argument in detail

» Creation of statistical bureaus, an avalanche of statistics
> this led to recognition of widespread statistical regularities
» homicides
» suicides
» divorces
» which led to belief in statistical “laws”
» which led to a waning belief in determinism

Sandy Zabell Depa ts of Mathematics and Statistics Northwestern University

Twenty Years After: lan Hacking's The Taming of Chance



But along the way ...

Hacking advances many subsidiary arguments, for example:
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Hacking advances many subsidiary arguments, for example:
» creating data entails creating categories (Foucault?)
> statistical laws initially seen in terms of deviations from a norm
> happened in Western Europe, not Eastern, due to

» differing norms
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But along the way ...

Hacking advances many subsidiary arguments, for example:
» creating data entails creating categories (Foucault?)
> statistical laws initially seen in terms of deviations from a norm
> happened in Western Europe, not Eastern, due to

» differing norms

» views of the individual vs. society.
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A quadruple success story for probability:
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The result of the probabilistic revolution

A quadruple success story for probability:
» metaphysical (quantum physics)
» epistemological (design and analysis of experiments)
> logical (statistical inference)

» ethical (decision theory)

Probability the success story of first half of 20th century.
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1843—-44: the birth of the frequency theory

Four theories in three countries in two years!
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Four theories in three countries in two years!

» Antoine Augustin Cournot (France, 1843)
» Jakob Friedrich Fries (Germany, 1843)

» John Stuart Mill (England, 1843)
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1843—-44: the birth of the frequency theory

Four theories in three countries in two years!

v

Antoine Augustin Cournot (France, 1843)

v

Jakob Friedrich Fries (Germany, 1843)

v

John Stuart Mill (England, 1843)

>
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Contemporary evidence: Cournot

1843: Exposition de la théorie des chances et des probabilitiés

One will pardon me for transcribing here, not so much in
order to conserve my rights to the priority of certain ideas,
than as a testimony of a friendship of which the memory to
me will always be precious, and also as an account of some
opinions of a celebrated man, relevant to the subject with
which we are occupied, the letter which M. Poisson wrote
to me, in response to another in which | had submitted
to him the summary of the book which | publish at this
moment:
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Poisson'’s letter (one year before 1837!)

Paris, 26 January 1836
Monsieur,

It will be with great pleasure that | will read the work
which you propose to publish on the doctrine of chances.
That which | have actually completed will not be an ob-
stacle, and | will willingly yield the center-stage to a more
complete book. | place between the words chance and
probability the same difference as you, and | very much
insisted on this difference.

Poisson
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Indeterminism gained?

Hacking's claim has been disputed (are his examples special?)

See Hacking (1990) for the view that determinism was
already seriously eroded in the nineteenth century, long
before the emergence of quantum mechanics. Although
this might have been true for Peirce ... I've found little
support for the view that scientists at large believed in
anything but an ultimate determinism of all physical phe-
nomena until well after the discovery of radioactive decay.
(van Brakel, HSPS, 1991)
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De Finetti and indeterminism

Bruno De Finetti (1906-1985): rejected objective probability
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De Finetti and indeterminism

Bruno De Finetti (1906-1985): rejected objective probability

> Probabilismo: rejects equally like cases, long-term frequencies
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De Finetti and indeterminism

Bruno De Finetti (1906-1985): rejected objective probability
> Probabilismo: rejects equally like cases, long-term frequencies

» Problem: reconciling this with quantum physics
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De Finetti and indeterminism

Bruno De Finetti (1906-1985): rejected objective probability
> Probabilismo: rejects equally like cases, long-term frequencies
» Problem: reconciling this with quantum physics
» Solution: BdF rejects determinism — at all levels

Thus in the tradition Hacking identifies but in wrong direction
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The renunciation of determinism

BdF: In any case, for what concerns us as human beings,
interested in foreseeing the future with some degree of con-
fidence on the basis of our scanty, imprecise and uncertain
knowledge of the present and the past, all arguments about
determinism are purely academic ... . In the final analysis,
it seems to be of very little consequence or assistance to
us if we take up a position for or against the plausibility
of the hypothesis that Laplace’s superman could work out
the entire future if only he knew the entire present in
every detail.
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Its rise:
» philosophy: Hans Reichenbach
» mathematics: Richard von Mises

> statistics: R. A. Fisher, Jerzy Neyman

Its fall:
» philosophy: Frank Ramsey
» mathematics: Bruno de Finetti

» statistics: |. J. Good, L. J. Savage
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