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can deviate from the population variance. When we divide SS by df to  
compute variance, however, we find that the sample variance does not vary 
minimally from the population variance. That is, when we select a sample 
variance that does not equal the population variance, its value can be quite 
far from the actual value of the population variance that we are trying to 
estimate, particularly for smaller sample sizes.

The distribution of sample variances is minimal only when we divide SS by 
n. Statisticians generally agree that it is better for the sample variance we meas-
ure to be unbiased (i.e., to be equal on average to the population variance) than 
for a distribution of sample variances to vary minimally from the population 
variance. For this reason, the sample variance is calculated by dividing SS by df. 

FYI
Although the sample variance 

equals the population variance on 

average, the distribution of all  

other sample variances can vary  

far from the population variance 

when we divide SS by df.

In terms of measuring sample variance, 
the question is whether it is more 
important that the sample variance is 
unbiased (we divide SS by df) or that 
it minimally varies from the population 
variance (we divide SS by n). To find the 
best answer, imagine you are playing 
a game of darts. Let the bull’s-eye on 
the dartboard represent the population 
variance and the darts being thrown 
represent the sample variance (see 
Figure 7.5). There are two teams. Team 
Unbiased Estimator hits the bull’s-eye 
on average but otherwise is all over the 
dartboard. Team Minimum Variance hits 
below the bull’s-eye on average but 
throws many darts closely grouped near 
the bull’s-eye. Which team would you 
rather play for? Statisticians choose 
Team Unbiased Estimator.

Ultimately, researchers measure sample 
statistics to learn more about parameters 
in a given population. The primary use of 
sample statistics is to estimate the value 
of population parameters. This estimate 
must be unbiased, so we divide SS by 
df to compute the sample variance. From 
the statistician’s perspective, when it 
comes to playing darts, if you are hitting 
the bull’s-eye on average, then you are 
playing with the best strategy.

MAKING SENSE MINIMUM VARIANCE VERSUS UNBIASED ESTIMATOR

FIGURE 7.5
  �An Analogy for an Unbiased Estimator (top 

dartboard) and Minimum Variance (bottom dartboard)
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Darts hit the bull’s-eye on 
average—similar to how 
the sample variance equals 
the population variance on 
average when we divide 
SS by df.

Darts fail to hit the bull’s-
eye on average, but they 
are grouped closer 
together—similar to how 
the sample variance varies 
minimally from the 
population variance when 
we divide SS by n.
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The bull’s-eye represents the population variance, and the darts being thrown (indicated with 
an x) represent a sample variance that could be selected from a given population.


