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present the forward problem of looking at the statistical implications of each of many groups of initial conditions. The scientist more often faces the inverse problem: the data are in-hand, and the researcher wonders which of the hundreds of techniques in the statistics book is relevant.

Efficiency is a key to productive science. Statistics and quantitative pattern recognition increase
that efficiency in many ways: optimizing the number of measurements, extracting more information
from fewer observations, detecting subtle patterns, and strengthening experimental design. Statistics
may even guide the decision on whether to start a proposed experiment, by indicating its chance of
success. Thus, it is a disservice to science to adopt the attitude of Rutherford [Bailey, 1967]: “If
your experiment needs statistics, you ought to have done a better experiment.”

These two chapters introduce some of the statistical methods used most frequently by scientists,
and they describe key limitations of these techniques. Rather than an abridged statistics book, the
chapters are more an appetizer, a ready reference, an attempt at demystifying a subject that is an essential part of the scientific toolbox.




Errors

All branches of science use numerical experimental data, and virtually all measurements and all
experimental data have errors -- differences between measurements and the true value. The only
exceptions that I can think of are rare integer data (e.g., how many of the subjects were male?); real
numbers are nearly always approximate. If a measurement is repeated several times, measurement
errors are evident as a measurement scatter. These errors can hide the effect that we are trying to
investigate.





Errors do not imply that a scientist has made mistakes. Although almost every researcher occasionally makes a mathematical mistake or a recording error, such errors are sufficiently preventable
and detectable that they should be extremely rare in the final published work of careful scientists.
Checking one’s work is the primary method for detecting personal mistakes. Scientists vary considerably in how careful they are to catch and correct their own mistakes.

How cautious should a scientist be to avoid errors? A scientist’s rule of thumb is that interpretations can be wrong, assumptions can be wrong, but there must be no data errors due to mistakes. The care warranted to avoid errors is proportional to the consequences of mistakes. A
speculation, if labeled as such, can be wrong yet fruitful, whereas the incorrect announcement of a
nonprescription cure for cancer is tantamount to murder.



Physicist George F. Smoot set a standard of scientific caution: for 1 1/2 years he delayed announcement of his discovery of heterogeneities in the background radiation of the universe, while his group searched avidly for any error in the results. He knew that the discovery provided critical confirmation of the Big Bang theory, but he also knew that other scientists had mistakenly claimed the same result at least twice before. Consequently, he made the following standing offer to members of his research team: to anyone who could find an error in the data or data analysis, he would give an air ticket to anywhere in the world. [5/5/92 New York Times]

I imagine that he was also careful to emphasize that he was offering a round-trip ticket, not a one-way ticket.




Both scientists and non-scientists have recognized the constructive role that error can play:
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