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Introduction

We are concerned here with statistical reasoning and measurement. In particular,
we shall study the most used non-trivial statistical technique in the world: least

squares. It is used in most every scientific field imaginable, from Astronomy to
Zoology.



Introduction

We are concerned here with statistical reasoning and measurement. In particular,
we shall study the most used non-trivial statistical technique in the world: least
squares. It is used in most every scientific field imaginable, from Astronomy to
Zoology.

The intellectual history of least squares is a glorious one. Many of the greatest
minds of the 18th and 19th centuries contributed to its creation: De Moivre,
several Bernoullis, Gauss, Laplace, Quetelet, Galton, Pearson, and Yule.



Many of these great minds studied the mathematics of simple games of
chance—i.e., dice and card games. It is a mystery to some why these great minds
chose to study such trivial diversions.
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The mystery is cleared up when one realizes that all of these scholars thought of
themselves to be involved in the discovery of a method of statistical calculus that
would do for social studies what Leibniz's and Newton’s calculus did for physics.



It quickly came apparent this is would be most difficult because of a variety of
issues. One of these issues is the difficulty involved with making valid inferences
when we cannot rely on two of the standard methods of imposing structure on our
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It quickly came apparent this is would be most difficult because of a variety of
issues. One of these issues is the difficulty involved with making valid inferences
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data:

1 Experimentation

2 Rigorous mathematical theories such as Newtonian physics or the two theories

of relativity.



It was hoped that statistical inference through the use of multiple regression, and
other such methods, is able to provide to the social scientist what experiments and
rigorous mathematical theories provide, respectively, to the micro-biologist and
astronomer.

In essence, we are after the ability to control for multiple factors so that the
scientist may observe the causal (or true) relationship serious problems between x

and y.
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| east-squares also helped solve the problem of how to combine observations.



Mill’s Methods of Inductive Inference

John Stuart Mill (in his A System of Logic) devised a set of five methods (or
canons) by means of which to analyze and interpret our observations for the
purpose of drawing conclusions about the causal relationships they exhibit. These
methods have been used by generations of social science researchers.



Method of Agreement: “If two or more instances of the phenomenon under
investigation have only one circumstance in common, the circumstance in which
alone all the instances agree is the cause (or effect) of the given phenomenon.”
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Method of Difference: “If an instance in which the phenomenon under
investigation occurs, and an instance in which it does not occur, have every
circumstance in common save one, that one occurring only in the former; the
circumstance in which alone the two instances differ is the effect, or the cause,
or an indispensable part of the cause, of the phenomenon.”
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famous ones as Durkheim and Weber. All such work as serious problems.

Here are some examples:
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These methods have been used by a vast number of researchers, including such
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Here are some examples:

e [he Protestant Ethic
e Deficits and interest rates
e Gun control

The list goes on, and on....



Mill himself realized many of these problems:

“Nothing can be more ludicrous than the sort of parodies on experimental
reasoning which one is accustomed to meet with, not in popular discussion
only, but in grave treatises, when the affairs of nations are the theme. “"How,"
it is asked, “can an institution be bad, when the country has prospered under
it?" “How can such or such causes have contributed to the prosperity of one
country, when another has prospered without them?” Whoever makes use of
an argument of this kind, not intending to deceive, should be sent back to
learn the elements of some one of the more easy physical sciences.”
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statistics



A key and tricky concept in statistical inference is conditional probability.
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Let's look at an example Mill himself brought up:

“In England, westerly winds blow during about twice as great a portion of
the year as easterly. If, therefore, it rains only twice as often with a westerly
as with an easterly wind, we have no reason to infer that any law of nature is
concerned in the coincidence. If it rains more than twice as often, we may be
sure that some law is concerned; either there is some cause in nature which,
in this climate, tends to produce both rain and a westerly wind, or a westerly
wind has itself some tendency to produce rain.”
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