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The formula for the population variance is:
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and the formula for the sample variance s2 is:
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We are usually interested in the sample variance, since we usually have a sample, not a population. As 

you will see when you get to the chapters about statistical inference, you are usually interested in using 

the sample variance to estimate the population variance. While it is beyond the scope of this text to go 

into detail, it can be shown that if you divide the sum of the deviations about the mean by n − 1, not n, 

the resulting s2 is an unbiased estimate of the population variance.

think it over 4.17

The n − 1 is derived from what is known as degrees of freedom. These are basically the number of free 

options we have when dealing with data. In engineering the term degrees of freedom is used in a similar way 

to statistics. For example, if a robot arm has 3 degrees of freedom, it can move up/down, left/right and in/out 

(i.e. three ways). What if I decide to fix the movement in one direction? I have decided the robot arm does 

not need to move in/out. How many degrees of freedom are left? Answer, 2. If n was the number of degrees 

of freedom my original robot arm had, it now has n − 1, because I am not allowing one movement to change 

(in/out). It is the same with statistics: think of the population as the original robot arm and the sample as 

the restricted one. Since I am using statistics rather than parameters, I am imposing a restriction on the 

data. This restriction is that I am assuming the sample mean is the same as the population mean, in other 

words I am ‘fixing’ one parameter. So, say I had 10 values from my population and I calculate the mean of this 

sample. I fix this value, which means the other 9 can vary as much as they like as long as the mean is still 10.

While we do not often calculate the variance by hand, it might help you get some more confidence with 

equations if you do. Table 4.10 gives the relevant working using client 1’s data above.

If you plug this into the formula you will get 66.9/9 = 7.43.

Table 4.10  Computation of the variance for client 1

Days to pay 
invoice

Mean days
(x—)

Deviation about the mean 
(x

i
 − x—)

Squared deviation about the mean 
(x

i
 − x—)2

7 9.9 −2.9 8.41

7 9.9 −2.9 8.41

8 9.9 −1.9 3.61

9 9.9 −0.9 0.81

9 9.9 −0.9 0.81

9 9.9 −0.9 0.81

11 9.9 1.1 1.21

11 9.9 1.1 1.21

12 9.9 2.1 4.41

16 9.9 6.1 37.21

Totals 0 66.9
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