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Hypothesis Testing: Structure, Terminology, Calculations

Every statistical test starts with two hypotheses:

· Null hypothesis, denoted by H0, which asserts that the population parameter of interest is equal to some pre-specified value.  This is typically a statement of “no effect” or “no difference.”  The test proceeds to assess the evidence against the null hypothesis provided by the sample data.

· Alternative hypothesis, denoted by Ha.  This is typically what the researcher conjectures or suspects to be true.  This alternative hypothesis can be either one-sided or two-sided. 

There are two kinds of errors that can be made in any test:

· Type I error, rejecting H0 when H0 is true.  The probability of this error is denoted by .

· Type II error, failing to reject H0 when H0 is false.  The probability of this error is denoted by 
The p-value of a test is the probability of obtaining data as extreme as the sample if H0 were true.  “Extreme” is measured in the direction of the alternative hypothesis.  Smaller p-values produce stronger evidence against H0 and in favor of Ha.  One may set a significance level  ahead of time, representing the maximum tolerable probability of type I error in the situation.  In this case the test decision is to reject H0 if p-value <  and otherwise fail to reject H0.  

An alternative to this p-value approach is first to set the maximum tolerable value of  and then determine the values of the test statistic that would lead to rejecting H0.  These values constitute the rejection region of the test.  

Activity: Which Tire? (continued)

I predicted that more than 1/4 of all MTSU students would answer “left front,” and _____ out of _____ students sampled did so.

(a) State in symbols and in words the null and alternative hypotheses.

H0:

Ha:

Let X represent the number of students in a sample of our class who answer “left front.”  If H0 is true, X has a binomial distribution with n=___ and p=____.  Since I predicted that p>1/4, we will reject H0 when X is sufficiently large, so the rejection region has the form {X>k}.  If we choose =.05 as the significance level, then it only remains to select k so that P(X>k)<.05.

(b) To find the rejection region in this case, use Minitab (Calc > Probability Distributions > Binomial, selecting “cumulative probability” and inputting the appropriate constant) to complete the first three columns of the following table.  [Remember that with the binomial distribution, P(X>k) = 1-P(X<k-1).]

	k
	11
	12
	13
	14
	15
	16

	P(X<k-1)
	
	
	
	
	
	

	P(X>k)
	
	
	
	
	
	


(c) What is the smallest value of k such that P(X>k)<.05?  Use your answer to specify the rejection region of this test.

(d) Is the sample result we obtained in class ( ___ of ____ answered “left front”) in this rejection region?  What test decision do you reach?

(e) Now suppose that the significance level were chosen to be =.10.  Determine the rejection region and test decision in this case.

(f) Now suppose that the significance level were chosen to be =.01.  Determine the rejection region and test decision in this case.

(g) Consider again the =.05 case, in which the rejection region turned out to be {X>14}.  What is the exact value of , the probability of type I error (rejecting H0 when H0 is true), in this case?

(h) What more information is needed to determining the probability of type II error (failing to reject H0 when H0 is false) in this case?

(i) Suppose that p=1/2, that half of all MTSU students would answer “left front.”  Then the null hypothesis that p=1/4 should be rejected.  Determine the value of , the probability that H0 would not be rejected even though it is false (with =.05).  

(j) Repeat (i) with a significance level of =.10 and p=1/2.

(k) Repeat (i) with a significance level of =.01 and p=1/2.

(l) What do you notice about the relationship between  and ?  Explain.

Activity 10: IQ Scores (cont.)

Recall that we assumed IQ scores to be normally distributed with mean  and standard deviation =10.  We read about a study in which a sample of 25 subjects who claim to have had intense UFO experiences produced a sample mean IQ of 101.6.  We tested whether these sample data provide evidence the mean IQ of UFO sighters exceeds 100.

(a) State in symbols and in words the null and alternative hypotheses.

H0:

Ha:

Consider the test statistic 
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.  If H0 is true, then this test statistic Z follows a standard normal distribution.  The rejection region will have the form {Z>z}.

(b) Suppose that the test is conducted with a significance level of =.05.  Determine the rejection region of the test.  [Hint: Use the table of standard normal probabilities “in reverse,” or use the “Inverse cumulative probability” option with Calc > Probability Distributions > Normal in Minitab.]

(c) Convert this rejection region into the form {
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>k} by determining the appropriate value of k.  Draw a sketch of the sampling distribution of 
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 in this case, and make sure that this value of k makes sense in terms of your sketch.

(d) Is the observed sample mean in the rejection region?  What test decision do you reach?  Explain.

(e) Repeat (b)-(d) for a significance level of =.10.

(f) Repeat (b)-(d) for a significance level of =.01.

(g) Suppose that =105, so H0 is false and should be rejected. Draw a sketch of the sampling distribution of 
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 in this case, and determine the value of  (with =.05).

Investigation: Factors Affecting 
Continue to consider the IQ example, testing H0: =100 vs. Ha: >100.

(a) Report the value of  that you found when =105 (with =.05).  Then change  to equal 110 and then 102, and report the value of  in each case (show your calculations).  Summarize what happens to  as the value of  changes, and explain why this makes sense.  Also draw some well-labeled sketches to help explain the phenomenon.

(b) Again report the value of  that you found when =105 (with =.05).  Then change  to equal .01 and then .10, and report the value of  in each case (show your calculations).  Summarize what happens to  as the value of  changes, and explain why this makes sense.

(c) Again report the value of  that you found when =105 (with =.05).  Then change the sample size n to equal 50 rather than 25, and report the value of  in this case (show your calculations).  Summarize what happens to  as the value of n changes, and explain why this makes sense.
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