
Confidence Levels, Comparisons, and Counting
Experiments

Confidence Levels

The reason for identifying the probability distribution function (PDF) being
sampled by a measurement is to be able to interpret quantitatively the stan-
dard uncertainty of the measurement. Recall that for a rectangular distribu-
tion, urectangle = a/

√
3 and the fractional area of the distribution bounded by

±urectangle is 58%. For a triangular distribution, utriangle = a/
√

6 and the frac-
tional area of the distribution bounded by ±utriangle is 65%. And for a normal
(Gaussian) distribution unormal = s (the standard deviation) and the fractional
area of the distribution bounded by ±unormal is 68%. Then, for a measurand
(central value) µ, µ± urectangle indicates that, at the 58% confidence level, the
measurand is between µ−urectangle and µ+urectangle. The cases of the triangular
and normal distributions, the confidence levels are 65% and 68%, respectively.

What confidence levels are being claimed by µ± 2unormal? By
µ± 3unormal? What coverage factor for unormal gives a 90% confidence
level?

While the 95% confidence level is the one most frequently seen in the lit-
erature, it usually implies a Gaussian PDF, as one rarely sees coverage factors
other than 1 when the PDF is rectangular or triangular.

Comparisons

A measurement can be intrinsically interesting, but experiments are often done
to test a prediction or to check or verify another measurement. As mentioned
previously, such tests and checks amount to making a comparison.

A frequently proposed, and always wrong, comparison method is the so-
called percent-difference. Such a method is worse than useless, as it is entirely
misleading. The significance of a difference depends on the magnitude of the
differece relative to the uncertainties involved, not on the (relative) magnitude
of that difference. A big difference is not at all surprising if the uncertainties
involved are large; a small difference may be significant if the uncertainties
are even smaller. NEVER EVER CLAIM A PERCENT DIFFERENCE to be
indicative of anything.

Comparisons, then, are to be made relative to the uncertainty associated
with the comparison. Again, a comparison between two values amounts to
determining if the difference between them is large relative to the uncertainty
of the value of the difference. By propagation of uncertainties,

tdifference =
|x2 − x1|√
u2

1 + u2
2

(1)

where x1 and x2 are the values being compared, and u1 and u2 are their respec-
tive standard uncertainties. These latter should be scaled appropriately, so that
the probabilities represented by each are equivalent. Then, the denomenator is
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itself an uncertainty–that of the difference–with a definite probability associated
with the PDF of the difference. The ratio will thus give the number of standard
uncertainties of the difference, and can be translated into a confidence level.

In the first data analysis assignment,

http://physics.gmu.edu/~rubinp/courses/407/datatask1.pdf,

you were asked to compare the result of 36 rolls of two die to the
ideal distribution, and to justify your response quatitively. Taking
the ideal distribution to have no uncertainty, make this comparison
again, comparing the means and standard deviations.

Counting Experiments

‘ Measurements designed to determine rates are called counting experiments.
Counting subject to statistical fluctuations (say, in time between counts of, for
example, radioactive decays) samples a Poisson probability distribution func-
tion:

f(N) =
NNe−N

N !
(2)

where N is the number of counts recorded. The mean of a Poisson distribution
is

N̄ = N, (3)

the count, and the standard deviation is

sN =
√
N (4)

The counting rate is then

n =
N

t
(5)

where t is the time it took to count N events, and the standard deviation of the
rate is

sn =

√
N

t
=

√
n

t
(6)

When N and n are both large (>̃100) , the Poisson PDF approximates the
shape of a Gaussian PDF.

Most counting experiments count background events along with signal events,
resulting in a rate that is the sum of two rates: n = nsignal + nbackground. The
background rate is typically estimated by counting events when no source is
present over an interval tbackground. The background rate measurement also
samples a Poisson PDF.

Show that the standard deviation of the signal rate is
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http://physics.gmu.edu/~rubinp/courses/407/datatask1.pdf


snsignal
=

√
n

t
+
nbackground

tbackground
(7)

How long should tbackground be? Given that both signal + background events
and background-only events have to be counted in a fixed amount of (total) time,
the optimal time interval for background counting is related to the interval for
signal + background counting by the square root of the ratios of the count rates:

toptimal
background = t

√
nbackground

n
(8)

A Geiger counter records 900 counts in 10 minutes far from a
known source of radioactivity, and 1500 counts in 10 minutes near this
source. What is the counting rate for the source, nsource? What would
have been the ideal counting interval tbackground for the background
rate determination?
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