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CHAPTER
OUTLINE

1.1 An Overview

1.2 Some Examples

1.3 A Brief History

1.4 A Chapter Summary

“Until the phenomena of any branch of knowledge have been submitted to
measurement and number it cannot assume the status and dignity of a science.”

—Francis Galton

I.I AN OVERVIEW

Sir Francis Galton was a preeminent biologist of the nineteenth century. A passionate
advocate for the theory of evolution (his nickname was “Darwin’s bulldog™), Galton
was also an early crusader for the study of statistics and believed the subject would
play a key role in the advancement of science:

Some people hate the very name of statistics, but I find them full of beauty and inter-
est. Whenever they are not brutalized, but delicately handled by the higher methods,
and are warily interpreted, their power of dealing with complicated phenomena is
extraordinary. They are the only tools by which an opening can be cut through the
formidable thicket of difficulties that bars the path of those who pursue the Science
of man.

Did Galton’s prediction come to pass? Absolutely—try reading a biology journal
or the analysis of a psychology experiment before taking your first statistics course.
Science and statistics have become inseparable, two peas in the same pod. What the
good gentleman from London failed to anticipate, though, is the extent to which all
of us—not just scientists—have become enamored (some would say obsessed) with
numerical information. The stock market is awash in averages, indicators, trends,
and exchange rates; federal education initiatives have taken standardized testing to
new levels of specificity; Hollywood uses sophisticated demographics to see who's
watching what, and why; and pollsters regularly tally and track our every opinion,
regardless of how irrelevant or uninformed. In short, we have come to expect every-
thing to be measured, evaluated, compared, scaled, ranked, and rated—and if the
results are deemed unacceptable for whatever reason, we demand that someone or
something be held accountable (in some appropriately quantifiable way).

- To be sure, many of these efforts are carefully carried out and make perfectly
good sense; unfortunately, others are seriously flawed, and some are just plain
nonsense. What they all speak to, though, is the clear and compelling need to know
something about the subject of statistics, its uses and its misuses.

This book addresses two broad topics —the mathematics of statistics and the prac-
tice of statistics. The two are quite different. The former refers to the probability the-
ory that supports and justifies the various methods used to analyze data. For the most



2 Chapter 1 Introduction

part, this background material is covered in Chapters 2 through 7. The key result is
the central limit theorem, which is one of the most elegant and far-reaching results in
all of mathematics. (Galton believed the ancient Greeks would have personified and
deified the central limit theorem had they known of its existence.) Also included in
these chapters is a thorough introduction to combinatorics, the mathematics of sys-
tematic counting. Historically, this was the very topic that launched the development
of probability in the first place, back in the seventeenth century. In addition to its con-
nection to a variety of statistical procedures, combinatorics is also the basis for every
state lottery and every game of chance played with a roulette wheel, a pair of dice,
or a deck of cards.

The practice of statistics refers to all the issues (and there are many!) that arise in
the design, analysis, and interpretation of data. Discussions of these topics appear in
several different formats. Included in most of the case studies throughout the text is
a feature entitled “About the Data.” These are additional comments about either the
particular data in the case study or some related topic suggested by those data. Then
near the end of most chapters is a Taking a Second Look at Statistics section. Several of
these deal with the misuses of statistics —specifically, inferences drawn incorrectly and
terminology used inappropriately. The most comprehensive data-related discussion
comes in Chapter 8, which is devoted entirely to the critical problem of knowing how to
start a statistical analysis— that is, knowing which procedure should be used, and why.

More than a century ago, Galton described what he thought a knowledge of
statistics should entail. Understanding “the higher methods,” he said, was the key to
ensuring that data would be “delicately handled” and “warily interpreted.” The goal
of this book is to help make that happen.

[.2 Some Examples

Statistical methods are often grouped into two broad categories—descriptive statis-
tics and inferential statistics. The former refers to all the various techniques for
summarizing and displaying data. These are the familiar bar graphs, pie charts, scat-
terplots, means, medians, and the like, that we see so often in the print media. The
much more mathematical inferential statistics are procedures that make generaliza-
tions and draw conclusions of various kinds based on the information contained in
a set of data; moreover, they calculate the probability of the generalizations being
correct.

Described in this section are three case studies. The first illustrates a very ef-
fective use of several descriptive techniques. The latter two illustrate the sorts of
questions that inferential procedures can help answer.

Pictured at the top of Figure 1.2.1 is the kind of information routinely recorded
by a seismograph—listed chronologically are the occurrence times and Richter
magnitudes for a series of earthquakes. As raw data, the numbers are largely
meaningless: No patterns are evident, nor is there any obvious connection
between the frequencies of tremors and their severities.

Shown at the bottom of the figure is the result of applying several descrip-
tive techniques to an actual set of seismograph data recorded over a period of
several years in southern California (73). Plotted above the Richter (R) value of
4.0, for example, is the average number (N) of earthquakes occurring per year
in that region having magnitudes in the range 3.75 to 4.25. Similar points are
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Episode number Date Time Severity (Richter scale)
217 6/19 4:53 p.M. 2.7
218 72 6:07 AM. 34
219 714 819 AM. 2.0
220 8/7 1:10 AM. 41

221 8/7 10:46 p.M. 3.6

!
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Average number of shocks per year, N

Magnitude on Richter scale, R
Figure 1.2.1

included for R-values centered at 4.5, 5.0, 5.5, 6.0, 6.5, and 70. Now we can see
that earthquake frequencies and severities are clearly related: Describing the
(N, R)’s exceptionally well is the equation

N = 80,338.16¢ 1 %818 (12.1)

which is found using a procedure described in Chapter 11. (Note: Geologists have
shown that the model N = BoefR describes the (N, R) relationship all over the
world. All that changes from region to region are the numerical values for Bo
and B;.)

Notice that Equation 1.2.1 is more than just an elegant summary of the ob-
served (N, R) relationship. It also allows us to estimate the likelihood of future
earthquake catastrophes having values of R that have never been observed. On
the minds of all Californians, of course, is the Big One, the dreaded rip-roaring
10.5-Richter-scale monster megaquake that turns buildings into piles of rubble,
sends busloads of tourists careening into the San Francisco Bay, and moves the
intersection of Hollywood and Vine to somewhere in downtown El Segundo.
How often might an earthquake of that magnitude be expected?

Letting R = 10.5 in Equation 1.2.1 gives

N = 80,338.16¢ 1810105

= 0.0000752 earthquakes/year
(Continued on next page)




