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Tests for mean of normal population 
has specified value

Assumption
The population distribution is normal N
Two cases when population SD’s are known 
and unknown are considered
A random sample of size n is taken from the 
population.
Let and are the mean and standard 
deviation of the sample
Test is developed for both small and large 
samples



One-tailed
(lower-tail)

One-tailed
(upper-tail)

Two-tailed

𝐻 :𝜇 = 𝜇𝐻 :𝜇 = 𝜇

𝐻 :𝐻 :

𝐻 :𝜇 = 𝜇𝐻 :𝜇 = 𝜇

𝐻 :𝜇 ≠ 𝜇𝐻 :𝜇 ≠ 𝜇

Summary of Forms for Null and Alternative 
Hypotheses

The equality part of the hypotheses always
appears  in the null hypothesis.
 In general, a hypothesis test about the value of a

population mean  must take one of the following
three forms (where 0 is the hypothesized value of the 
population mean).



When population SD’s Known

 Use the equation to find the actual Z--Z statistics.   
 Use the Z table (Normal table) to find the critical Z  

value, and

 The rejection rule is:
• Lower tail:  Reject H0 if Actual z < Critical -z
• Upper tail:  Reject H0 if Actual z > Critical z
• Two tail:  Reject H0 if Actual z > Critical z/2

Equation for finding the 
actual Z value:



When population SD’s Unknown 
and Sample is large

 Use the equation to find the actual Z--Z statistics.   
 Use the Z table (Normal table) to find the critical Z  

value, and

 The rejection rule is:
• Lower tail:  Reject H0 if Actual z < Critical -z
• Upper tail:  Reject H0 if Actual z > Critical z
• Two tail:  Reject H0 if Actual z > Critical z/2

Equation for finding the 
actual Z value:



When population SD’s Unknown 
and Sample is small

 Use the equation to find the actual t—t statistics.   
 Use the t table with degrees of freedom to 

find the critical t value.

 The rejection rule is:
• Lower tail:  Reject H0 if Actual t < Critical -t
• Upper tail:  Reject H0 if Actual t > Critical t
• Two tail:  Reject H0 if Actual t > Critical t/2

Equation for finding the 
actual t value:



Steps of Hypothesis Testing

Step 1.  Develop the null and alternative hypotheses

Step 2.  Specify  and n.

Step 3. Compute critical Z (or t) and actual Z (or t) 
values.

Step 4. Make conclusion:



 Example:  Metro EMS

 The EMS director wants to
perform a hypothesis test, with a
0.05 level of significance, to determine
whether the service goal of the response time to be 
at most 12 minutes or less is being achieved.

 The response times for a random
sample of 40 medical emergencies
were tabulated.  The sample mean
is 13.25 minutes.  The population
standard deviation is believed to
be 3.2 minutes.

One-Tailed Tests About a Population Mean:
s Known



1.  Develop the hypotheses.

2.  Level of significance and sample size are: = .05
n = 40 

H0:  =2
Ha:2

One-Tailed Tests About a Population Mean:
s Known: Solution

3.  Compute the value of the test statistic.

Actual z 



5.  Make conclusion about H0

 We are at least 95% confident that Metro EMS   is 
not meeting the response goal of 12 minutes.

Because actual z = 2.47 >  Critical z = 1.645 
we reject H0.

For  = .05,  z.05 = 1.645

4.  Determine the critical value and rejection rule.

Reject H0 if actual z > 1.645

Finding critical z value 
0.5 – 0.05 = 0.45
Then, from table 
1.64 + 1.65 
3.29 / 2 = 1.645

One-Tailed Tests About a Population Mean:
s Known: Solution Continued



Example:  Glow Toothpaste

Two-Tailed Test for Population Mean:  s Known

Quality assurance procedures call for
the continuation of the filling process if the
sample results are consistent with the assumption that
the mean filling weight for the population of toothpaste
tubes is 6 oz.; otherwise the process will be adjusted.

The production line for Glow toothpaste
is designed to fill tubes with a mean weight
of 6 oz.  Periodically, a sample of 30 tubes
will be selected in order to check the
filling process.



Example Continued:  Glow Toothpaste

Perform a hypothesis test, at the 0.05
level of significance, to help determine
whether the filling process should continue
operating or be stopped and corrected.

Assume that a sample of 30 toothpaste
tubes provides a sample mean of 6.1 oz.
The population standard deviation is 
believed to be 0.2 oz.

 Two-Tailed Test for Population Mean:  s Known



1.  Determine the hypotheses.

2.  Alpha and sample size are given 

3.  Compute the value of the test statistic.

 = .05 and n=30

H0:  =6
Ha:

Two-Tailed Tests About a Population Mean:
s Known: Solution

Actual z 



Conclusion:

 We are at least 95% confident that the mean filling weight
of the toothpaste tubes is not 6 oz.

 Because actual z of 2.74 > critical z of 1.96, we reject H0

Two-Tailed Tests About a Population Mean:
s Known: Solution Continued

Actual Z



 The current rate for producing 5
amp fuses at Ariana Electric Co. is 
250 per hour.  A new machine has 
been purchased and installed that, 
according to the supplier, will 
increase the production rate.  The 
production hours are normally 
distributed.  A sample of 10 randomly 
selected hours from last month 
revealed that the mean hourly 
production on the new machine was 
256 units, with a sample standard 
deviation of 6 per hour.  

Hypothesis Tests About a Population Mean: s
Unknown
Hypothesis Tests About a Population Mean: s
Unknown

At the .05 significance level 
can Ariana Electric Co.
conclude that the new  
machine is faster?

Solution



Step 4  
State the decision rule.
There are 10 – 1 = 9 
degrees of freedom.  

Step 1  

State the null and  
alternate hypotheses.

H0: µ=250

H1: µ > 250

Step 2  
Select the level of 
significance. It is .05.

Step 3  
Find a test statistic.  Use 
the t distribution since s
is not known and n < 30.

The null hypothesis is rejected if t > 1.833



Computed t (or actual t) of 3 > critical  t
of  1.833  and
So we reject Ho

Step 5
Make a decision 
and interpret the 
results.

Conclusion
The mean number of 
amps produced by the 
new machine is more 
than 250 per hour.

Actual t



Summary of
Selecting an Appropriate Test Statistic for a Test 
about a Population Mean



An automatic bottling machine fills cola into two liter (2000 cc) bottles.  A 
consumer advocate wants to test the null hypothesis that the average 
amount filled by the machine into a bottle is at least 2000 cc.  A random 
sample of 40 bottles coming out of the machine was selected and the exact 
content of the selected bottles are recorded.  The sample mean was 1999.6 
cc.  The population standard deviation is known from past experience to be 
1.30 cc. Test the null hypothesis at the 5% significance level.

0:   2000
H1:   2000
n = 40
For  = 0.05, the critical value
of z is -1.645
The test statistic is: 

Do not reject H0 if: [z -1.645]
Reject H0 if: z 6]

𝑧 =
�̄� − 𝜇

𝜎
𝑛

  

Some more Examples



As part of a survey to determine the extent of required in-cabin storage
capacity, a researcher needs to test the null hypothesis that the average
weight of carry-on baggage per person is 0 = 12 gms, versus the
alternative hypothesis that the average weight is not 12 gms. The analyst
wants to test the null hypothesis at  = 0.05.

H0:  = 12 H1:   12

For  = 0.05, critical values of z are ±1.96
The test statistic is: 

Do not reject H0 if: [-1.96  z 1.96]

Reject H0 if: [z <-1.96] or  z 1.96]
Lower Rejection 

Region
Upper Rejection 

Region

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

.025 .025

.95

Nonrejection 
Region

z0 1.96-1.96

The Standard Normal Distribution

Additional Examples (a)



n =  144

x =  14.6

s =  7.8

 =
14.6-12

7.8
144

 

=  
2.6

0.65

z
x

s
n

=


=

 0
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n =  144

x =  14.6

s =  7.8

 =
14.6-12

7.8
144

 

=  
2.6

0.65

z
x

s
n

=


=

 0
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Since the test statistic falls in the upper rejection region, H0 is rejected, and we may 
conclude that the average amount of carry-on baggage is more than 12 gms.

Lower Rejection 
Region

Upper Rejection 
Region

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

.025 .025

.95

Nonrejection 
Region

z0 1.96-1.96



The Standard Normal Distribution

Additional Examples (a): 
Solution



An insurance company believes that, over the last few years, the average liability
insurance per board seat in companies defined as “small companies” has been
$2000. Using  = 0.01, test this hypothesis using Growth Resources, Inc. survey
data.

H0:  = 2000
H1:   2000
For  = 0.01, critical values of z are ±2.576
The test statistic is: 

Do not reject H0 if: [-2.576  z  2.576]

Reject H0 if: [z <-2.576] or  z 2.576]

z
x

s

n

=
  0   

n =  100

x =  2700

s =  947

 =
2700 - 2000

947

100

 

=  
700

94.7
   Reject H

0
 

z
x

s

n

=


= 

0

7 39.

n =  100

x =  2700

s =  947

 =
2700 - 2000

947

100

 

=  
700

94.7
   Reject H

0
 

z
x

s

n

=


= 

0

7 39.

Additional Examples (b)



Since the test statistic falls in 
the upper rejection region, H0

is rejected, and we may 
conclude that the average 
insurance liability per board 
seat in “small companies” is 
more than $2000.

Lower Rejection 
Region

Upper Rejection 
Region

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

.005 .005

.99

Nonrejection 
Region

z0 2.576-2.576



The Standard Normal Distribution

Additional Examples (b) : 
Continued



The average time it takes a computer to perform a certain task is believed to be
3.24 seconds. It was decided to test the statistical hypothesis that the average
performance time of the task using the new algorithm is the same, against the
alternative that the average performance time is no longer the same, at the 0.05
level of significance.

H0:  = 3.24
H1:   3.24
For  = 0.05, critical values of z are ±1.96
The test statistic is: 

Do not reject H0 if: [-1.96  z 1.96]

Reject H0 if: [z < -1.96] or  z 1.96]

z
x

s

n

=
  0   

n =  200

x =  3.48

s =  2.8

 =

200

 

=     Do not reject H
0

 

3.48-3.24
2.8

0.24
0.20

z
x

s

n

=


= 

0

121.

n =  200

x =  3.48

s =  2.8

 =

200

 

=     Do not reject H
0

 

3.48-3.24
2.8

0.24
0.20

z
x

s

n

=


= 

0

121.

Additional Examples (c)



Since the test statistic falls in 
the nonrejection region, H0 is 
not rejected, and we may 
conclude that the average 
performance time has not 
changed from 3.24 seconds.

Lower Rejection 
Region

Upper Rejection 
Region

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

.025 .025

.95

Nonrejection 
Region

z0 1.96-1.96
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The Standard Normal Distribution

Additional Examples (c) : 
Continued
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8089684892

The End


