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Course: AP stats	Academic year: 2021-2022
Topic: Type II errors and Power of a test

When performing a statistical hypothesis testing procedure, two kinds of errors can occur.
If H0 is rejected while it is actually true, a Type I error occurs.
If H0 is not rejected while it is actually not true, a Type II error occurs.

The significance level  is the (maximum) probability that a Type I error occurs; it is a conditional probability: P(H0 is rejected | H0 is true). The value of  is set before performing the test, in the STATE phase. 

	
	
	TRUTH

	
	
	H0 is true
	HA is true

	DECISION
	Do not reject H0
	√
	type II error
 risk

	
	Reject H0
	type I error
 risk
	√



Example
The contents of a batch of 10,000 bottles are normally distributed, with  = 20 ml
To test whether the mean content differs from 1,000 ml, a sample with n=16 is drawn.
The significance level for the test used is  = 0.05.

With µ the mean content of the batch, the test performed is:

H0: 	

HA: 	

Because  is known, the sampling distribution of  is N(µ, 20/√16 = 5) ml.

Q. For which values of  will H0 be rejected?
 











H0 will be rejected if  < 990.2  or  > 1,009.8

	
	
	TRUTH

	
	
	H0 is true
µ = 1,000
	HA is true
µ <> 1,000

	DECISION
	Do not reject H0
990.2 <  < 1,009.8

	√
	type II error

	
	Reject H0
 < 990.2 or  > 1,009.8

	type I error
	√



P(type I error) = P( < 990.2 or  > 1,009.8 | µ = 1,000) =  	

P(type II error) = P(990.2 <  < 1,009.8 | µ <> 1,000) =  ???; depends on the actual value of µ

e.g. if  = 980, 
 = P(type II error)	= P(do not reject H0 |  = 980) =
	= P(990.2 <  < 1,009.8 |  = 980) =
	= P(990.2 <  < 1,009.8 |  ~ N(980, 5)) = 
	= normalcdf(990.2; 1,009.8; 1,000; 5) = 0.021

Table 
P(type II error) for different values of µ

	Actual value of µ
	 = P(type II error)
	1 - 

	980
	0.021
	0.979

	985
	0.149
	0.851

	990
	
	

	995
	0.830
	

	999
	0.945
	

	1,001
	0.945
	

	1,005
	
	

	1,010
	
	

	1,015
	
	

	1,020
	
	



What can be seen from this table is that the test does distinct values for  lower than 980 or higher than 1,020 quite well. If the real value is close to 1,000 ml, the probability  is high. The question is if this is problematic in the context. If the average content is a little bit less or more than 1,000 ml, that is probably not a problem. 
Based on the context it should be decided for which µ values,  should be small.
The value of 1- is called the (distinctive) power of the test. It measures the power of the test to make distinction between the 0 value and another value for .
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