
5 Statistical Analysis

A statistical analysis of measurement data is common practice because it allows an analytical determi-
nation of the uncertainty of the final test result. The outcome of a certain measurement method may be
predicted on the basis of sample data without having detailed information on all the disturbing factors.
To make statistical methods and interpretations meaningful, a large number of measurements is usually
required. Also, systematic errors should be small compared with residual or random errors, because
statistical treatment of data cannot remove a fixed bias contained in all the measurements.

5.1 Arithmetic Mean

The most probable value of a measured variable is the arithmetic mean of the number of readings taken.
The best approximation will be made when the number of readings of the same quantity is very large.
Theoretically, an infinite number of readings would give the best result, although in practice, only a finite
number of measurements can be made. The arithmetic mean is given by the following expression:

x =
x1 + x2 + x3 + x4 + . . . + xn

n
=

Σxi

n
(1)

where x = arithmetic mean

x1, x2, . . . , xn = readings taken

n = number of readings

Example 1 showed how the arithmetic mean is used.

5.2 Deviation from the Mean

Deviation is the departure of a given reading from the arithmetic mean of the group of readings. If the
deviation of the first reading, x1, is called d1, and that of the second reading, x2, is called d2, and so on,
then the deviations from the mean can be expressed as

d1 = x1 − x d2 = x2 − x dn = xn − x (2)

Note that the deviation from the mean may have a positive or a negative value and that the algebraic
sum of all the deviations must be zero.

Example 9 illustrates the computation of deviations.

Example 9

A set of independent current measurements was taken by six observers and recorded as 12.8 mA, 12.2 mA,
12.5 mA, 13.1 mA, 12.9 mA, and 12.4 mA. Calculate

1. the arithmetic mean,

2. the deviations from the mean.

Solution

1. Using Eq. (1), we see that the arithmetic mean equals

x =
12.8 + 12.2 + 12.5 + 13.1 + 12.9 + 12.4

6
= 12.65 mA
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2. Using Eq. (2), we see that the deviations are

d1 = 12.8 − 12.65 = 0.15 mA

d2 = 12.2 − 12.65 = −0.45 mA

d3 = 12.5 − 12.65 = −0.15 mA

d4 = 13.1 − 12.65 = 0.45 mA

d5 = 12.9 − 12.65 = 0.25 mA

d6 = 12.4 − 12.65 = −0.25 mA

Note that the algebraic sum of all the deviations equals zero.

5.3 Average Deviation

The average deviation is an indication of the precision of the instruments used in making the measure-
ments. Highly precise instruments will yield a low average deviation between readings. By definition,
average deviation is the sum of the absolute values of the deviation divided by the number of readings.
The absolute value of the deviation is the value without respect to sign. Average deviation may be
expressed as

D =
| d1 | + | d2 | + | d3 | + . . . + | dn |

n
=

Σ | di |

n
(3)

Example 10 shows how average deviation is calculated.

Example 10

Calculate the average deviation for the data given in Example 9.

Solution

D =
0.15 + 0.45 + 0.15 + 0.45 + 0.25 + 0.25

6
= 0.283 mA

5.4 Standard Deviation

In statistical analysis of random errors, the root-mean-square deviation or standard deviation is a very
valuable aid. By definition, the standard deviation σ of an infinite number of data is the square root
of the sum of all the individual deviations squared, divided by the number of readings. Expressed
mathematically:
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√
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In practice, of course, the possible number of observations is finite. The standard deviation of a finite

number of data is given by
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(5)

Equation (5) will be used in Example 11.

Another expression for essentially the same quantity is the variance or mean square deviation, which is
the same as the standard deviation except that the square root is not extracted. Therefore

variance(V ) = mean square deviation = σ2

The variance is a convenient quantity to use in many computations because variances are additive. The
standard deviation, however, has the advantage of being of the same units as the variable, making it easy
to compare magnitudes. Most scientific results are now stated in terms of standard deviation.

10


