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A Physicist Lapsed into Statistics

@ | studied physics, philosophy,
and political science in
college.

Rutherford (1871-1937)

@ | never took a statistics
course.

Lord Rutherford

“If your experiment needs
statistics, you ought to have
done a better experiment.”
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Biomedical Engineering and Physiology

Getting physiological information from signals
e ECG, EEG, Respiration and heart rate variability

HR:135 /min Sp02 115878 mmng i1o0ias

MJ’J LJHLJI/ uJV aE J \JJ/\JI/JLAML/\JAAﬂ A A,/L A /h /«J{/\M J /\J

¥ Temp CEL Resp (Imped) +13 7min

@ Signal processing
o Classification and Bayes’ Rule, not hypothesis testing

@ Sensitivity and specificity, not Type | and Type Il
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But You Need a Cl to Publish

Sources for scientists:

@ Numerical Recipes
e Brad Efron's SIAM

SHAM REVIEW & 10T Sodety for Induitnal snd Applied Mathematio
Vol. 21, No. 4, Oceober 1975 036 144375/ 21 04-0002 1010000

COMPUTERS AND THE THEORY OF STATISTICS:
THINKING THE UNTHINKABLE®

BRADLEY EFROMNt

Abstract. This is a survey article concerning recent advances in certain areas of statistical theory, written
for a mathematical avdience with no background in statistics. The topics are chosen to illustrate a special
point: how the advent of the high-speed computer has alected the development of statistical theory. The
topics discussed include nonparametric methods, the jackknife, the bootstrap, cross-validation, error-rate
estimation in discriminant analysis, robust estimation, the influence function, censored data, the EM
algorithm, and Cox’s likelihood function. The exposition is mainly by example, with only a livtle offered in the
way of theoretical development

1. Introduction. The editors have been kind enough to invite a survey article
concerning what's new in the theory of statistics. Any answer Lo this question must be
either incomplete or bewildering to the reader. Here [ have tried to be incomplete,
selecting my topics to illustrate a special point: how the advent of the high-speed
compuier has affected the theoretical structure of statistics,
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“Yes" is the Correct Answer
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Resampling Seemed the Natural Way to Teach and Learn

| worked to make resampling easier and more accessible:

sl = do(100)*median( Price, data=resample(houses) )
sd(s1)

## [1] 2424
s2 = do(100)*diff( median(Price"Fireplace,
data=resample (houses)))

sd(s2)

## [1] 3750
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Simpson's Paradox and Philosophy

UC Berkeley Admissions (1973)

Admit
Admitted Rejected
ol | | - | thought students should know
o I ] = something about inductive

reasoning and its traps.

g , " ,EE Simpson’s Paradox seemed a
o ! e good angle to give students an
w I ] i appropriate level of skepticism
= ! s about induction.

More selective departments are female-heavy.
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The Wrong Lesson

What | was saying ...

Data don’t speak, they inform our judgment.

Interpret data in the context of a whole system

What they were hearing ...

The data will say anything you want, depending on how you cut it.
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Avoiding the Abstinence-Based Curriculum
Causation is often the issue. But _J

o Confounding is common

@ Adjustment provides insight
if not proof

@ It's very common in the

literature S
| don't want students to be —&_15

powerless about covariation and
causation.

But how to do this?
Never, ever, think outside the

box.

Danny Kaplan Changing Times Call for Changing Stats



Statistics and Geometry

My epiphany

The links between modeling and geometry of subspaces.

Case Space versus Variable Space

Weight Eve
85 e Adam 164 - Height
52 ® Eve
52 Weight
] : + :
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Figure 1.  Two Geomeirical Presentations of the Data in Table 1: (a)
Variable-Axes and (b) Observation-Axes.
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Correlation is an Angle

Statistics formulas (e.g. correlation) are based on linear algebra
but fail to present the operations at a high level.
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When it's hard, We're doing the wrong thing

The purpose of expertise should be to find ways to make it obvious.

A difficult theoretical question ...

Where does the t-distribution
come from?

The back of the book!

7-year old eyeballs the p-value
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Things Have Changed

In the 16 years since my job interview...
@ Every student has access to a computer, in class and out.
@ Software is free.
o Data is everywhere.

@ People want to use data for decision-making, not just for
publishing research.
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We Should Change, Too

@ Prepare students for technical computing.
@ Mathematics should be about multiple variables.

@ Make modeling central.
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Statistics as the Science of Data

Insofar as we believe this, we should be helping students gain:
@ The ability to access data.

@ The ability to organize data.
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Basic Concepts for Decision Making

Conditional Probabilities Natural Frequencies
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Change at Macalester

Redirecting Calculus to support statistics.
Redirecting Statistics to support science.
Redirecting Computation to support data.

Teaching Quantitative Literacy in context: Epidemiology
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Collaborative and Community Change

@ Colleagues at Macalester

@ The R Project

@ Randy Pruim & Nick Horton and Project MOSAIC
e JJ Allaire and RStudio
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The Golden Age of Statistics

Now is the golden age of statistics and scientific education.
@ The demand is there.
@ The technology is there.
@ What's missing is the human capital.
We need a new organization of educational work
@ More collaboration

@ More ongoing training
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Statistics with Confidence

Statistics is the quantitative/scientific/technical area that most
strongly unites areas of research.

@ This increases our responsibility to look after education
generally.
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