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Section 7-5 
Estimating a Population 

Variance

This section covers the estimation 
of a population variance σ σ σ σ 2 and 

standard deviation  σσσσ....
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Estimator of σσσσ
2

The sample variance s2 is the best 

point estimate of the population 
variance σσσσ2.
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Estimator of σσσσ

The sample standard deviation s is a 
commonly used point estimate of σ σ σ σ .
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Construction of confidence 
intervals for σσσσ

2

We use the chi-square distribution, 
denoted by Greek character χχχχ2

(pronounced chi-square). 
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Properties of the Chi-Square 
Distribution 

1. The chi-square distribution is not symmetric, unlike           
the normal and Student t distributions.

Chi-Square Distribution Chi-Square Distribution for 
df = 10 and df = 20

degrees of freedom = n – 1
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2. The values of chi-square can be zero or positive, but 
they cannot be negative.

3. The chi-square distribution is different for each 
number of degrees of freedom, which is df = n – 1. 

In Table A-4, each critical value of χχχχ2 corresponds to 
an area given in the top row of the table, and that 
area represents the cumulative area located to the 
right of the critical value.

Properties of the Chi-Square 
Distribution 
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Example

A sample of ten voltage levels is obtained. 

Construction of a confidence interval for the 

population standard deviation σσσσ requires the 

left and right critical values of χχχχ2

corresponding to a confidence level of 95% 
and a sample size of n = 10. 

Find the critical value of χχχχ2 separating an area 

of 0.025 in the left tail, and find the critical 

value of χχχχ2 separating an area of 0.025 in the 

right tail.
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Example

Critical Values of the Chi-Square Distribution
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Chi-Square Distribution
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Example

Critical Values of the Chi-Square Distribution
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Confidence Interval for Estimating a 
Population Variance
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Confidence Interval for Estimating a 
Population Standard Deviation
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Confidence Interval for Estimating 
a Population Standard Deviation

For a sample of 10 voltages:

123.3 , 123.5, 123.7, 123.4, 123.6, 123.5, 123.5, 
123.4, 123.6, 123.8

The standard deviation  s= 0.15
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Definitions

In statistics, a hypothesis is a claim
or statement about a property of a 
population.

A hypothesis test is a standard 
procedure for testing a claim about 
a property of a population.
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Main Objectives

We will study hypothesis testing for 

1. population proportion  p

2. population mean  µµµµ

3. population standard deviation  σσσσ
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Example
Claim:  the XSORT method of gender selection 

increases the likelihood of having a baby girl. 

This is a claim about proportion  (of girls)

To test this claim 10 couples (volunteers) were 
subject to XSORT treatment.

If 4 or 5 or 6 have girls, the method probably 
does not increase the likelihood of a girl.

If 9 or 10 couples have girls, the method is 
probably increases the likelihood of a girl. 
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Rare Event Rule for 
Inferential Statistics

If, under a given assumption, the 
probability of a particular observed 
event is exceptionally small, we 
conclude that the assumption is 
probably not correct.
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Components of a
Formal Hypothesis 

Test
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Null Hypothesis: H0

• The null hypothesis (denoted by H0) is  a 
statement that the value of a population 
parameter (such as proportion, mean, or 
standard deviation) is equal to some 
claimed value.

• We test the null hypothesis directly.

• Either reject H0 or fail to reject H0 (in 

other words, accept H0 ).
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Alternative Hypothesis: H1

• The alternative hypothesis (denoted by H1) 
is the statement that the parameter has a 
value that somehow differs from the null 
hypothesis.

• The symbolic form of the alternative 
hypothesis must use one of these symbols:  

≠≠≠≠,  <,  >.                      (not equal, 
less than, greater than)
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Example 1

Claim:  the XSORT method of gender selection 
increases the likelihood of having a baby girl. 

We express this claim in symbolic form:  p>0.5
(here p denotes the proportion of baby girls)

Null hypothesis must say “equal to”, so

H0 : p=0.5
Alternative hypothesis must express difference:

H1 : p>0.5
Original claim is now the alternative hypothesis
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Example 1 (continued)

We always test the null hypothesis. 

If we reject the null hypothesis, then the original 
clam is accepted.

Final conclusion would be: XSORT method 
increases the likelihood of having a baby girl.

If we fail to reject the null hypothesis, then the 
original clam is rejected.

Final conclusion would be: XSORT method 
does not increase the likelihood of having a 
baby girl.
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Example 2

Claim:  for couples using the XSORT method 
the likelihood of having a baby girl is 50%

Express this claim in symbolic form:  p=0.5
(again p denotes the proportion of baby girls)

Null hypothesis must say “equal to”, so

H0 : p=0.5
Alternative hypothesis must express difference:

H1 : p≠≠≠≠0.5
Original claim is now the null hypothesis
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Example 2 (continued)

If we reject the null hypothesis, then the 
original claim is rejected.

Final conclusion would be: for couples using 
the XSORT, the likelihood of having a baby 
girl is not 0.5

If we fail to reject the null hypothesis, then the 
original claim is accepted.

Final conclusion would be: for couples using 
the XSORT the likelihood of having a baby 
girl is indeed equal to 0.5
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Example 3

Claim:  for couples using the XSORT method the 
likelihood of having a baby girl is at least 0.5 

Express this claim in symbolic form:  p≥0.5
(again p denotes the proportion of baby girls)

Null hypothesis must say “equal to”, so

H0 : p=0.5   (this agrees with the claim!)

Alternative hypothesis must express difference:

H1 : p<0.5
Original claim is now the null hypothesis
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Example 3 (continued)

If we reject the null hypothesis, then the 
original clam is rejected.

Final conclusion would be: for couples using 
the XSORT, the likelihood of having a baby 
girl is less 0.5

If we fail to reject the null hypothesis, then the 
original claim is accepted.

Final conclusion would be: for couples using 
the XSORT the likelihood of having a baby 
girl is indeed at least 0.5


