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To determine this, we will take all samples of size two (n = 2) from this 
population of three. On average, we should find that the sample variance 
is equal to 6—it should be the same as the variance in the population. If it 
is not, then the sample variance is biased. Table 4.3 lists the nine possible 
samples of size two that could be selected from this population.

The last two columns in Table 4.3 show two ways to calculate sample 
variance. In Column C, SS is divided by n (not n − 1). Notice that when we 
do not subtract 1 in the denominator, the sample variance will underesti-
mate the population variance on average. Hence, the sample variance is a 
biased estimator in that it will be less than the population variance on aver-
age (3 < 6). The following statement describes this rule:

The sample variance is biased: If s ,SS
n

2 =  then s2 2< σ  on average.

In Column D of Table 4.3, notice that, on average, the sample variance 
equals the population variance when we subtract 1 from n in the denominator 
(6 = 6). Making this simple change in the denominator makes the sample 
variance an unbiased estimator—its value will equal the population variance 
on average. The following statement describes this rule:

The sample variance is unbiased: If s ,SS
n

2
1

=
−

 then s2 2= σ  on average.

A biased estimator  is any 
sample statistic, such as the 
sample variance when we divide 
SS by n, obtained from a randomly 
selected sample that does not 
equal the value of its respective 
population parameter, such as a 
population mean, on average.

An unbiased estimator  is any 
sample statistic, such as the 
sample variance when we divide 
SS by n – 1, obtained from a 
randomly selected sample that 
equals the value of its respective 
population parameter, such as a 
population variance, on average.

FYI
When we divide SS by (n – 1), the 

sample variance is an unbiased 

estimator of the population variance. 

This is one reason why researchers 

place (n – 1) in the denominator of 

sample variance.

A  
Participants  
Sampled (n = 2)

B 
Scores for Each 

Participant 
C  

s2 Using (n)
D 

s2 Using (n − 1)

A, A 8, 8 0 0

A, B 8, 5 2.25 4.50

A, C 8, 2 9.00 18.00

B, A 5, 8 2.25 4.50

B, B 5, 5 0 0

B, C 5, 2 2.25 4.50

C, A 2, 8 9.00 18.00

C, B 2, 5 2.25 4.50

C, C 2, 2 0 0

Mean sample 
variance:

27
9

3 0= . 54
9

6 0= .

To compute the average sample variance in Columns C and D, we add up all possible values for sam-
ple variance listed in that column and divide by 9 (or the total number of samples that can be selected). 
In this example, each sample was selected from a population with a variance of 6. Notice that only 
when we divide SS by (n − 1) do we find that, on average, the sample variance is equal to the popula-
tion variance—it is an unbiased estimator.

TABLE 4.3
 � The Computation of Sample Variance (last two columns) 

Using n and (n - 1) in the Denominator


