
Hypothesis Testing:  Probability of Errors and the Power of a Test
Goals:

• Determine the probability of a Type I error and the probability of a Type II error

• Define the Power of a test

• Determine what factors influence the power of a test

CLASS NOTES
Questions/Main Ideas

Name _________________________________    Date _____________

Context: You work for a company that manufactures pistons for small engines.  One 
product has a diameter of 50mm.  It can be no more than 50.2 mm, or the engine 
will malfunction.  You gather a sample of 30 pistons, and the mean diameter is 
50.010 mm with a sample standard deviation of 0.0793 mm.

Hypotheses: You would really like for the pistons to be exactly 50mm, and you really don't 
want the pistons to have a diameter larger than 50mm.  In order to be 
conservative, you decide to test that the mean piston diameter is more than 
50.03 mm.

Describing a Type I and 
Type II error

Which is “worse” in this 
context?

Type I error:  We reject the null hypothesis when in fact it was true.  We 
conclude that the mean diameter is more than 50.03 mm when in fact it is not. 
Your company risks rejecting pistons that met specifications, wasting the 
company's time and money.

Type II error:  We fail to reject the null hypothesis when we should have.  We 
conclude that the mean diameter is 50.03 mm (or less), when in fact it is more 
than 50.03 mm.  Your company risks sending out pistons that could be too large 
in diameter.

Probability of a Type I error

Using a fixed level of 
significance

Logic of any test:  We assume the null hypothesis is true.  We assess the 
evidence, and we choose to reject the evidence if the likelihood of observing our 
sample (assuming the null hypothesis is true) is too low.  Specifically, we will 
reject the null hypothesis if the p-value is less than our fixed level of 
significance.  Even if the null hypothesis is in fact true, we still could make a 
mistake.

Choosing a level of 
significance

Analogy:  The more you protect 
against sending innocent people to 
jail, the more risk you have of letting 
guilty people go free.

Decision:  If we choose a lower level of significance, we have less chance of 
making a Type I error.  But what happens to the probability of making a type II 
error then?



Probability of making a 
Type II error:   β

The probability of making a Type II error is given the symbol β.

Power of a test The power of a test is the probability of correctly rejecting a false null 
hypothesis.

Calculating the power of a 
test

Recall:

Our process should have a 
true mean of  μ = 50 mm. 
We want to make sure that it 
is no more than 50.03 mm

Ha:  μ > 50.03

Logic:  Given the current alternate hypothesis and level of significance, at what 
cut-off (critical value) would we reject the null hypothesis?  If, in fact, the null 
hypothesis is false, what is the likelihood of us still rejecting it?

With a 10% level of significance, this is what the picture would look like in this 
context:

Power is a good thing... 
How can we increase the 
power of a test?


