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Univariate Statistical Analysis

Lecture 7

Hypothesis Testing (two tailed)
Chapter 10

Section 10.1, 10.2, 10.4

Today

➢ Hypotheses and Test Procedures

➢ Hypothesis Test for Population Mean (Two Tailed)

➢ z test

➢ t test

Hypotheses and Test Procedures

A hypothesis is a claim or statement about the value of a single 
population characteristic. 

A test of hypotheses is a method that uses sample data to decide 
between two competing claims (hypotheses) about the population 

characteristic.

We initially assume that a particular hypothesis, called the null 
hypothesis, denoted by 𝑯𝟎, is the correct one (the fact). We then 

consider the evident (the sample data) and reject the null hypothesis in 

favor of the completing hypothesis, called the alternative hypothesis, 
denoted by 𝑯𝟏 or 𝑯𝒂 only if convincing evidence against the null 

hypothesis (new idea to test).

The rational is we collected the sample data and through the hypothesis 
test, we can draw a conclusion of whether we should reject 𝑯𝟎 (the 
fact) or fail to reject 𝑯𝟎.

Hypotheses and Test Procedures

Hypotheses Test 
Population Mean

Steps
1. Define or State 𝑯𝟎 and 𝑯𝒂.

2. Decide one tail or two tails test.
3. Sketch a normal curve.
4. Find the critical value for 𝑧 or 𝑡.
5. Label step 4. result on the curve.
6. Find the test statistic (value)

7. Label step 6. result on the curve.
8. Decide to reject 𝑯𝟎 or failed to reject 𝑯𝟎.

Example 1
The average value is 20, we want to test the average value 
should not be 20. Given sample mean of 19, sample size of 50, 

population standard deviation of 2.1 and the level of significant 
is 0.05.

Summarize the data:
µ = Population Mean = 20

ഥ𝒙 = Sample Mean = 19

σ = Population Standard Deviation = 2.1 (z-test)

𝒏 = Number of Samples = 50

∝ = Significant Level = 0.05

CI = 1− ∝= 1 − 0.05 = 0.95 = 95%
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Example 1    Cont’

Hypotheses Test Step 1. and 2.

𝑯𝟎 : µ = 20 

 𝑯𝒂 : µ ≠ 20 
(≠ → 2 tailed test, so ∝ needs to divide by 2 = 

0.025) 

Example 1    Cont’

Hypotheses Test Step 3.

𝑯𝒐: 𝟗𝟓%

𝑯𝒂:2.5% 𝑯𝒂:2.5%

Areas (regions) reject 𝑯𝟎

Example 1    Cont’

Hypotheses Test Step 4.

Critical value 𝑧∝

2

  (Two tailed)

 𝑧0.05
2

 = 𝑧0.025 = −1.96

So, critical values are −1.96 and +1.96 

Example 1    Cont’

Hypotheses Test Step 5.

𝑯𝒐: 𝟗𝟓%

𝑯𝒂:2.5% 𝑯𝒂:2.5%

Areas (regions) reject 𝑯𝟎

z = 1.96z = −1.96

Example 1    Cont’

Hypotheses Test Step 6.

Test value 

𝑧 =
 ҧ𝑥  −  µ

σ

𝑛

=
 19 −  20

2.1

50

=
−1

0.297

= −3.37

Example 1    Cont’

Hypotheses Test Step 7.

𝑯𝒐: 𝟗𝟓%

𝑯𝒂:2.5% 𝑯𝒂:2.5%

Areas (regions) reject 𝑯𝟎

z = 1.96z = −1.96Test value
= −3.37
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Example 1    Cont’

Hypotheses Test Step 8.

Conclusion:
Reject 𝑯𝒐.  There is enough evidence to conclude that the average
value should not be 20 (𝑯𝒂). 

Example 2
A machine that produces ball with the average diameter 7cm, we 
want to test the average diameter should not be 7cm. Given 

sample mean of 7.5cm, sample size of 50, population standard 
deviation of 2cm and the level of significant is 0.01.

Summarize the data:
µ = Population Mean = 7cm

ഥ𝒙 = Sample Mean = 7.5cm

σ = Population Standard Deviation = 2cm (z-test)

𝒏 = Number of Samples = 50

∝ = Significant Level = 0.01

CI = 1− ∝= 1 − 0.01 = 0.99 = 99%

Example 2    Cont’

Hypotheses Test Step 1. and 2.

𝑯𝟎 : µ = 7 

 𝑯𝒂 : µ ≠ 7 
(≠ → 2 tailed test, so ∝ needs to divide by 2 = 

0.005) 

Example 2    Cont’

Hypotheses Test Step 3.

𝑯𝒐: 𝟗𝟗%

𝑯𝒂: 𝟎. 𝟓%

Areas (regions) reject 𝑯𝟎

𝑯𝒂: 𝟎. 𝟓%

Example 2          Cont’

Hypotheses Test Step 4.

Critical value 𝑧∝

2

  (Two tailed)

 𝑧0.01
2

 = 𝑧0.005 = −2.575

So, critical values are −2.575 and +2.575 

Example 2    Cont’

Hypotheses Test Step 5.

𝑯𝒐: 𝟗𝟗%

𝑯𝒂:0.5% 𝑯𝒂:0.5%

Areas (regions) reject 𝑯𝟎

z = 2.575z = −2.575
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Example 2    Cont’

Hypotheses Test Step 6.

Test value 

𝑧 =
 ҧ𝑥  −  µ

σ

𝑛

=
 7.5 −  7

2

50

=
0.5

0.28

= 1.77

Example 2    Cont’

Hypotheses Test Step 7.

𝑯𝒐: 𝟗𝟗%

𝑯𝒂:0.5%
𝑯𝒂:0.5%

Areas (regions) reject 𝑯𝟎

z = 2.575z = −2.575 Test value
= 1.77

Example 2    Cont’

Hypotheses Test Step 8.

Conclusion:
Fail to Reject 𝑯𝒐.  There is insufficient evidence to conclude
that the average diameter should not be 7cm (𝑯𝒂). 

Example 3
An article claimed that the mean shopping time at a local 
supermarket was 30 minutes. Given sample mean of 28.52 

minutes, standard deviation of 7.26 minutes and sample of 6 
shoppers.  Using 0.10 level of significance, can we conclude that 
mean shopping time is different from the claim?

Summarize the data:
µ = Population Mean = 30 minutes

ഥ𝒙 = Sample Mean = 28.52 minutes

𝑠 = Sample Standard Deviation =7.26 minutes  (t-test)

𝒏 = Number of Samples = 6

∝ = Significant Level = 0.10

CI = 1− ∝= 1 − 0.10 = 0.90 = 90%

Example 3    Cont’

Hypotheses Test Step 1. and 2.

𝑯𝟎 : µ = 30 

 𝑯𝒂 : µ ≠ 30
(≠ → 2 tailed test, so ∝ needs to divide by 2 = 

0.05) 

Example 3    Cont’

Hypotheses Test Step 3.

𝑯𝒐: 𝟗𝟎%

𝑯𝒂:  𝟓%

Areas (regions) reject 𝑯𝟎

𝑯𝒂:  𝟓%
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Example 3   Cont’

Hypotheses Test Step 4.

Critical 𝑡 value

∝/2 = 0.05

So, critical values are −2.015 and +2.015 (two tailed)

𝑡𝑑𝑓 = 𝑡𝑛−1 = 𝑡6−1= 𝑡5  

Example 3    Cont’

Hypotheses Test Step 5.

𝑯𝒐: 𝟗𝟎%

𝑯𝒂:  𝟓%

Areas (regions) reject 𝑯𝟎

𝑯𝒂:  𝟓%

𝑡 = −2.015 𝑡 = 2.015

Example 3    Cont’

Hypotheses Test Step 6.

Test value 

𝑡 =
 ҧ𝑥  −  µ

s

𝑛

=
 28.52 −  30

7.26

6

=
−1.48

2.96

= −0.5

Example 3    Cont’

Hypotheses Test Step 7.

𝑯𝒐: 𝟗𝟎%

𝑯𝒂: 5%
𝑯𝒂: 5%

Areas (regions) reject 𝑯𝟎

𝑡 = 2.015𝑡 = −2.015 Test value
= −0.5

Example 3    Cont’

Hypotheses Test Step 8.

Conclusion:
Fail to Reject 𝑯𝒐.  There is insufficient evidence to conclude
that the mean shopping time is different from the claim (𝑯𝒂). 

Hypotheses and Test Procedures

∝ = Significant Level = The probability of Type I error occurs. 
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Hypotheses and Test Procedures

https://www.youtube.com/watch?v=a_l991xUAOU

𝑯𝒐 is true 𝑯𝒐 is false

Fail to reject 𝑯𝒐 Correct Type II error 
P(Type II error) = 𝜷

Reject 𝑯𝒐 Type I error
P(Type I error) = ∝

Correct 

Conclusion
➢ Hypotheses and Test Procedures

➢ Hypothesis Test for Population Mean, 
(Two Tailed, ∝/2 )

➢ Steps

1. Define or State 
𝑯𝟎:µ = 

 𝑯𝒂:µ ≠

2. Decide one tail or two tails test.
 Two Tailed, ∝/2

3. Sketch a normal curve.

Conclusion
4. Find the critical value for 𝑧 or t. 
    Table value

5. Label step 4. result on the curve.

6. Find the test statistic (value)

➢ z test (σ is known)

𝑧 =
 ҧ𝑥  −  µ

σ

𝑛

➢ t test (σ is unknown)

𝑡 =
 ҧ𝑥  −  µ

s

𝑛

7. Label step 6. result on the curve.

Conclusion

8. Decide to reject 𝑯𝟎 or failed to reject 𝑯𝟎.
– Reject 𝑯𝒐.  There is enough evidence to conclude 𝑯𝒂 is true.

– Fail to Reject 𝑯𝒐.  There is insufficient evidence to conclude that 𝑯𝒂 is 
true.
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