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Estimation of Uncertainty
( Edward Prince , Mathematical Techniquesin
Crystallography and Materials Science, Springer-Verlag)

(A)When the minimum of a function of adjustable parameters has found, we know

the values of the adjustable parameters that give the “best fit” to the data. We are then

faced with the question, “ How confident can we be that the parameters that give the best

fit correspond to the facts concerning the physical or chemical quantities we were trying

to measure?’ This question resolves itself into the problem of estimating two distinct
guantities, which we call precision and accuracy.

(B)Precision deals with the question of how close it is possible to make a certain

measurement with the available apparatus. Obvioudly, it is possible to measure the

distance between two points much more precisdy with a laser interferometer than with

a meter stick. Precision can be estimated by observing how well, when we measure the

same thing repeatedly, or, more generally, measure it many times in different ways, the

results agree with one another. It is thus a question that can be addressed using the

methods of mathematical statistics. Accuracy, on the other hand, depends on the
appropriateness, and completeness, of the model that is fitted to the data. The computer
can only adjust those parameters that it is programmed to adjust. It has no way of
knowing whether those parameters have physica meaning, and it has no way of
knowing whether there are other physically meaningful parameters whose values, in a
complete model, would be correlated with the adjusted parameters. The omission of

meaningful parameters, and also the inclusion of meaningless ones, assumes values for



them that may be different from the true ones, and leads to possibly precise, but
nevertheless incorrect, values for the parameters in the model - an effect that is caled
bias by satistician and systematic error by experimental scientist. (C)Thus, good

precision is a necessary, but by no means sufficient, condition for good accuracy.
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When you buy a jelly doughnut from the baker, you can eat it at once. But
to burn it easily in an open fire, it must be thoroughly oven-dried, or like
green wood and for the same reason, it makes a poor fire. The fire was swift
and the flames very hot. It was over in half an hour or so. Fire and the human
body do not work in the same way. Within the body of the racer, the
consumption of fuel by the much subtler chemical processes within the living
cells takes all day, and there is no hot flame at all. Does that make a
difference to the energy account?

We have known for a hundred years from theory and experiment that as
longlas you begin an energy release at the same starting point and take it on
tol] the same end point, the net energy release is just the same, no matter
what(] processes you follow from start to end. Here we have a common
startingl point, doughnuts and plenty of fresh air, and about the same end
point, thell gaseous products of combustion*, which are surprisingly similar
both for thellbody and for the fire. It does not matter whether that release is
swift ord slow, or by what means the conversion is carried on, by way of the
complex[] metabolism** or by way of the simpler hotter flames. (The small
amount of(fuel value left behind in the unconsumed wastes in both processes
makes(little difference, and could of course be accounted for in precise work.)

combustion*: O O O O metabolism**: O O
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