Why divide by n-17 The sample variance mystery, solved
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Practice problems

1. Given the sample data X = {2,4,6,8}, calculate the unbiased sample variance s.

2. A researcher takes a sample of size n = 10 and finds the biased variance (dividing by n) to be
18. What is the unbiased sample variance s2?

3. Explain why the bias of the sample variance decreases as the sample size n increases, and
calculate the ratio of the unbiased estimator to the biased estimator for n = 100.



Solutions

1. Given the sample data X = {2,4,6,8}, calculate the unbiased sample variance s.

e Calculate the sample mean: X = (244 + 6 +8)/4 = 5.

e Calculate squared deviations: (2—-5)2=9, (4—5)2=1,(6-5)2=1, (8—5)2=0.
e Sum the squared deviations: 9+ 1+ 1+ 9 = 20.

e Divide by n — 1 =3: s> =20/3 ~ 6.67.

Answer: 6.67

2. A researcher takes a sample of size n = 10 and finds the biased variance (dividing by n) to be
18. What is the unbiased sample variance s2?

e The biased variance is S%iased = 18.
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e Substitute the values: s = % x 18.

e Calculate: s2 =10 x 2 = 20.

e The relationship is s

Answer: 20

3. Explain why the bias of the sample variance decreases as the sample size n increases, and
calculate the ratio of the unbiased estimator to the biased estimator for n = 100.
e The bias exists because the sample mean is used instead of the population mean, which
underestimates the spread.
e The correction factor is 5.
e Asn — oo, the term "5 — 1, meaning the correction becomes smaller.

e For n = 100, the ratio is 100/99 ~ 1.0101.

Answer: 1.0101
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