ST 361   Ch8 Testing Statistical Hypotheses: Hypotheses and Test Procedures (§8,1)

Topics:

· Hypothesis testing

· Statistical hypotheses
· Test procedure
· Errors in hypotheses testing

-------------------------------------------------------------------------------------------------------------------------------

I. Hypothesis Testing
· What is it? 
It is a statistical tool that can be used to answer questions like the following:
Ex1. Let 
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 = the average height of current NCSU students. From a sample of 100 students we obtain a point estimate 
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=5’9”.  Assume the average height of 5 years ago is 5’8”. 

Q: Has the average height of NCSU students increased? That is, 
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=5’8” or 
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> 5’8”?
Ex2. Let 
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 be the mean lifetime for Duracell batteries, and 
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 be that of Eveready batteries. Based on a sample of 90 Duracell batteries and 100 Eveready batteries, we obtain that 
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Q: Do Duracell batteries have shorter average lifetime than Eveready batteries? That is, 
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Statistical Hypothesis = A claim (or statement) about one (or more) aspect of a population 
Hypothesis Testing = Use information from a sample to decide which hypothesis is correct
· Components of hypothesis testing
[1] The hypotheses

[2] The test procedure

[3] Possible errors in hypothesis testing

[1] The hypotheses           
Rule (a): Hypotheses must be specified in terms of the population parameters 
     (So, IGNORE the information of sample when specifying hypotheses.)


Ex1. Let 
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 = the average height of NCSU students. From a sample of 100 students we obtain a point estimate 
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=5’9”.  Assume the average height of 5 years ago is 5’8”.  Has the average height of NCSU students increased?

· Parameter of interest: 
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· Claim: 
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=5’8” or 
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>5’8”
Ex2. Let 
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 be the mean lifetime for Duracell batteries, and 
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 be that of Eveready batteries. Based on a sample of 90 Duracell batteries and 100 Eveready batteries, we obtain that 
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 (hrs). Do Duracell batteries have longer average lifetime than Eveready batteries?

· Parameter of interest: 
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· Claim: 
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 EMBED Equation.3  [image: image25.wmf]E

m

>0
Rule (b): Hypothesis must be specified to answer our scientific questions. We state the question of interest in terms of two hypotheses: 

Null hypothesis vs. Alternative hypothesis
· Null hypothesis (denoted by 
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H

) :  neutral / no difference / no effect
It is the hypothesis we initially believe
· Alternative hypothesis (denoted by 
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) :  a contradictory claim to 
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. It depends on the questions we want to answer.
It is the hypothesis we (researchers) want to prove using data.
Ex1. Let 
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 = the average height of NCSU students. From a sample of 100 students we obtain a point estimate 
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=5’9”.  Assume the average height of 5 years ago is 5’8”.  Has the average height of NCSU students increased?

· Parameter of interest: 
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· 
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Ex2. Let 
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 be the mean lifetime for Duracell batteries, and 
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 be that of Eveready batteries. Based on a sample of 90 Duracell batteries and 100 Eveready batteries, we obtain that 
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 (hrs). Do Duracell batteries have shorter average lifetime than Eveready batteries?

· Parameter of interest: 
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Ex3. Let 
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mean fat content in hamburger. Fast food chain wants to claim the fat content is less than 6g. 
· Parameter of interest: 
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· From the fast food side, the null and alternative hypotheses would be 
· 
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· From the consumer side, the null and alternative hypotheses would be 
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Ex4. Let 
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 be the probability of obtaining a head from tossing a coin. One tossed this coin 100 times and obtained the proportion of heads 
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· Parameter of interest: 
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 [2]  Test Procedure
1. Test procedure = A decision rule based on a test statistic (calculated from the sample) to determine whether or not we should reject the null hypothesis.
2. Quantify the statistical evidence based on the probability of obtaining a test statistic value that is as extreme as or more extreme than the observed test statistic if the null hypothesis is true.

►This probability is referred to as a p-value 
Intuitively, the smaller this probability (i.e, p-value), the stronger evidence against  the null hypothesis.  
3. If the evidence against
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 is stronger (i.e., p-value <= 0.05), we reject 
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 and conclude
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is true. 
Otherwise, we cannot draw conclusion and therefore continue to believe that 
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is true.

Ex1 (example 8.4 on page 351): Recommended daily zinc intake for men older than 50 yrs is 15mg. A sample of these men yields: 


[image: image51.wmf]115,11.3,6.43

nxs

===

.
Let 
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 be the average daily zinc intake for the population of men older than 50 yrs. Then the relevant hypotheses are
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Obviously, we would reject 
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in favor of 
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is small (less than some number), or equivalently, if the quantity
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Is small (less than some number). This quantity is the test statistic for testing our hypotheses. The value of this test statistic from this sample is 
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Question: Is -6.17 a strong evidence against 
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The p-value = 
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. This means that if 
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 were true, it would be almost impossible to observe a test statistic as small as -6.17. So reject 
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 in favor of 
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. That is, the average daily intake for 50-year older men is less than 15. 

[3]  Error Types in Hypothesis Testing 
	
	
[image: image64.wmf]0

H

 is not rejected
	
[image: image65.wmf]0

H

is rejected

	
[image: image66.wmf]0

H

 True
	
	Type I error


	
[image: image67.wmf]a

H

 True
	Type II error
	


Type I error = 
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 is true but we reject it. Denote 
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 = P[making type I error] .
Type II error = 
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 is true but we do not reject 
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. Denote 
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 = P[making type II error]
Ex1. 
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If the population mean height is 5’9” (
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 is true), but we do not reject 
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.  This is a type II error
Ex2. 
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· Type I Error means: 

· Type II Error means:
Ex4. 
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If it is a fair coin and we didn’t reject 
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. This is ________________________ 

· In practice, one cannot minimize both types of error at the same time.


To reduce Type I error (usually, it is more serious to commit type I error)
(  Only reject 
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 with a very strong evidence.
(  tend not to reject 
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 even if 
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is not true (that is, 
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is true)
(  As a result, we are more likely to commit type II errors (i.e., 
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 will increase)

To reduce Type II error  
· Reject 
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 with a less strong  evidence
· Tend to reject 
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 more often even if 
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is true.
As a result, we are more likely to commit type I errors (i.e., 
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 will increase)
So the Type I error and Type II error need to be compromised in a test. We usually 
keep 
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 under control (will be determined before the experiment)
· 
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 is called the significance level of a test. The most typical choice for
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 is 5%, but depending on the cost of making type I error, one can also use 1% or 10%.
After we collect a sample and calculate the p-value (evidence against 
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), we can then compare the p-value to the significance level. If the p-value <= significance level, we then reject 
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. Otherwise, we don’t reject 
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Some Practice Problem:

___________ 1. Which of the following is not a statistical hypothesis? 

(a) 
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(c)
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___________ 2. Which of the following pair of statistical hypotheses is valid?

(a) 
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(b) 
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(c) 
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(d) 
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___________ 3. Which of the following statement is true?

(a) The null hypothesis, denoted by 
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, is the claim that is initially assumed to be true in the hypothesis testing.

(b) The alternative hypothesis, denoted by 
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, is the assertion that is contradictory to the null hypothesis 
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(c) The null hypothesis 
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 will be rejected in favor of the alternative hypothesis only if sample evidence suggests that 
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 is false.

(d) If sample evidence does not strongly contradict the null hypothesis 
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, we will continue to believe in the truth of 
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(e) All of the above statements are true
___________ 4.  Let 
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= P(making a Type I error) and 
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 = P(making a Type II error). The null hypothesis is rejected when

(a) the p-value is larger than 
[image: image113.wmf]b


(b) the p-value is smaller than 
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(c) the p-value is larger than 
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(d) the p-value is smaller than 
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___________ 5. In hypothesis-testing analysis, a type II error occurs if the null hypothesis 
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 is

a) Rejected when it is true
b) Rejected when it is false.
c) Not rejected when it is false
d) Not rejected when it is true. 
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