Chapter 5: Hypothesis Tests

The null hypothesis (Hp) A tentative assumption

The alternative hypothesis (H,) The opposite of H,

This chapter shows how hypothesis tests can be conducted about a population mean and a
population proportion.

Developing Null and Alternative Hypotheses

Hypothesis tests about a population parameter may take one of three following forms:

1. Hy: p = yg and Hy: u < py
2. Hy: p < Yo and Hy: p > uo
3. Hy: 4 = pyp and Hy: p #+ U

From above, 1. and 2. are called one-tailed tests. 3. is called a two-tailed test. In many
situations, the choice of Hy and H, is not obvious and judgment is necessary to select the proper form.

If Hy is no rejected (accepted) = No conclusion can be drawn.

If Hy is rejected = We can accept H, and make statistical inference accordingly.

Exercises

1. The manager of an automobile dealership is considering a new bonus plan designed to increase
sales volume. Currently, the mean sales volume is 14 automobiles per month. The manager
wants to conduct a research study to see whether the new bonus plan increases sales volume.
To collect data on the plan, a sample of sales personnel will be allowed to sell under the new
bonus plan for a one-month period.



2.

a. Develop the null and alternative hypotheses most appropriate for this research
situation.

b. Comment on the conclusion when H, cannot be rejected.

c. Comment on the conclusion when Hg can be rejected.

Because of high production-changeover time and costs, a director of manufacturing must
convince management that a proposed manufacturing method reduces costs before the new
method can be implemented. The current production method operates with a mean cost of
$220 per hour. A research study will measure the cost of the new method over a sample
production period.

a. Develop the null and alternative hypotheses most appropriate for this study.

b. Comment on the conclusion when HO cannot be rejected.

¢. Comment on the conclusion when HO can be rejected.



Type | and Type Il Errors

Population Condition
H, True H, True
Accept H Correct Conclusion Type Il Error
Conclusion eP% o - yp -
Reject H, Type | Error Correct Conclusion

Because hypothesis tests are based on sample information, the possibility of errors may occur.
Type | Error occurs when we reject Hy while the population condition for H, is true.
Type Il Error occurs when we accept Hy while the population condition for H, is true.

Level of significance (a) is the probability of making a Type | error when the null hypothesis is

true as an equality.

In practice, to conduct the hypothesis test, we can specify the level of significance. By selecting

a, we are controlling the probability of making a Type | error. Small values of a are preferred.

Significance tests are applications of hypothesis testing that only control for Type | error.

Exercises

1.

Nielsen reported that young men in the United States watch 56.2 minutes of prime-time TV
daily. A researcher believes that young men in Germany spend more time watching prime-time
TV. A sample of German young men will be selected by the researcher and the time they spend
watching TV in one day will be recorded. The sample results will be used to test the following
null and alternative hypotheses.

Hy: u < 56.20 and H,: u > 56.20

a. Whatis Type | error in this situation? What are the consequences of making this error?
What is the Type Il error in this situation? What are the consequences of making this

error?



2. The label on a 3-quart container of orange juice claims that the orange juice contains an average
of 1 gram of fat or less. Answer the following questions for a hypothesis test that could be used

to test the claim on the label.

a.
b.

Develop the appropriate null and alternative hypotheses.

What is the Type | error in this situation? What are the consequences of making this
error?

What is the Type Il error in this situation? What are the consequences of making this
error?

3. Suppose a new production method will be implemented if a hypothesis test supports the
conclusion that the new method reduces the mean operating cost per hour.

a.

State the appropriate null and alternative hypotheses if the mean cost for the current
production method is $220 per hour.

What is the Type | error in this situation? What are the consequences of making this
error?

What is the Type Il error in this situation? What are the consequences of making this

error?



Population Mean: ¢ Known

The methods presented in this section are exact if the sample is selected from a population that
is normally distributed. In cases where it in not reasonable to assume the population is normally
distributed, these methods are still applicable if the sample size is large enough. We provide some
practical advice concerning the population distribution and the sample size at the end of this section.

One-Tailed Test

v

Lower Tail Test: Hy: u o and Hy: u < ug

INA

Upper Tail Test: Hy: u Uo and Hy: u > pg

Test Statistic: Population Mean (o known)
X — Ho

zZ= oI

Rejection Rules
There are 2 approaches for rejection rule: p-value and critical value.

1. P-value approach: Reject Hpif p-value< a

2. Critical value approach: Reject Hoif z <2z, or z 2z,

(Notes)



Exercises

1. Consider the following hypothesis test:
Hy: p < 25
Hy: u > 25
A sample of 40 provided a sample mean of 26.4. The population standard deviation is 6.
a. Compute the value of the test statistic.
b. What is the p-value?
c. Ata=0.01, what is your conclusion?
d. What is the rejection rule using the critical value? What is your conclusion?



2. Consider the following hypothesis test:
Hy: p = 80
Hy: p < 80
A sample of 100 is used and the population standard deviation is 12. Compute the p-value and
state your conclusion for each of the following sample results. Use a =0.01.

a. x 78.50
b. x = 77
c. X = 75.50
d x = 81



Standard Normal Probability Distribution

Standard Normal Density Function: f(x) = Le_zz/2
V2m
0 z
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