Hypothesis Testing 

Hypothesis Testing

Whenever we have a decision to make about a population characteristic, we make a hypothesis.  Some examples are:

 (  > 3      or         (  
Suppose that we want to test the hypothesis that m [image: image1.png]


5.  Then we can think of our opponent suggesting that m = 5.  We call the opponent's hypothesis the null hypothesis and write: 

        H0:    ( = 5  

and our hypothesis the alternative hypothesis and write 

        H1:    ( [image: image2.png]


5 

For the null hypothesis we always use equality, since we are comparing m with a previously determined mean. 

For the alternative hypothesis, we have the choices: < , > , or   [image: image3.png]


. 

Procedures in  Hypothesis Testing 

When we test a hypothesis we proceed as follows: 

  Formulate the null and alternative hypothesis.

1. Choose a level of significance.

2. Determine the sample size.  (Same as confidence intervals)

3. Collect data.

4. Calculate z (or t) score.

5. Utilize the table to determine if the z score falls within the acceptance region.

6. Decide to 

a. Reject the null hypothesis and therefore accept the alternative hypothesis or 

b. Fail to reject the null hypothesis and therefore state that there is not enough evidence to suggest the truth of the alternative hypothesis.

Errors in Hypothesis Tests  

We define a type I error as the event of rejecting the null hypothesis when the null hypothesis was true.  The probability of a type I error  (a) is called the significance level. 

We define a type II error (with probability b) as the event of failing to reject the null hypothesis when the null hypothesis was false. 

Example 

Suppose that you are a lawyer that is trying to establish that a company has been unfair to minorities with regard to salary increases.  Suppose the mean salary increase per year is 8%.  

You set the null hypothesis to be 

        H0:  ( = .08  

        H1:  ( < .08 

  Q.  What is a type I error? 

 A.  We put sanctions on the company, when they were not being discriminatory. 

  Q.  What is a type II error? 

A.  We allow the company to go about its discriminatory ways. 

Note:  Larger a results in a smaller b, and smaller a  results in a larger b. 

Hypothesis Testing For a Population Mean 

The Idea of Hypothesis Testing 
Suppose we want to show that only children have an average higher cholesterol level than the national average.  It is known that the mean cholesterol level for all Americans is 190.  Construct the relevant hypothesis test:

       H0: ( = 190  

        H1: ( > 190  

  We test 100 only children and find that 
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 = 198  and          s = 15. 

Do we have evidence to suggest that only children have an average higher cholesterol level than the national average?  We have 
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            z is called the test statistic. 

Since z is so high, the probability that Ho is true is so small that we decide to reject H0 and accept H1.  Therefore, we can conclude that only children have a higher cholesterol level on the average then the national average. 

  Rejection Regions 

Suppose that ( = .05.  We can draw the appropriate picture and find the z score for -.025 and .025.  We call the outside regions the rejection regions.   
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We call the blue areas the rejection region since if the value of z falls in these regions, we can say that the null hypothesis is very unlikely so we can reject the null hypothesis 
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Example 

50 smokers were questioned about the number of hours they sleep each day.  We want to test the hypothesis that the smokers need less sleep than the general public which needs an average of 7.7 hours of sleep.  We follow the steps below. 

  

A. Compute a rejection region for a significance level of .05.  

B. If the sample mean is 7.5 and the standard deviation is .5, what can you conclude? 

Solution 

First, we write down the null and alternative hypotheses 

H0:  (  =  7.7            H1:  (  < 7.7 

This is a left tailed test.  The z-score that corresponds to .05 is -1.96.  The critical region is the area that lies to the left of -1.96.  If the z-value is less than -1.96 there we will reject the null hypothesis and accept the alternative hypothesis.  If it is greater than -1.96, we will fail to reject the null hypothesis and say that the test was not statistically significant. 

We have 
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Since -2.83 is to the left of -1.96, it is in the critical region.  Hence we reject the null hypothesis and accept the alternative hypothesis.  We can conclude that smokers need less sleep. 

p-values 

There is another way to interpret the test statistic.  In hypothesis testing, we make a yes or no decision without discussing borderline cases.  For example with  = .06, a two tailed test will indicate rejection of H0 for a test statistic of z = 2 or for z = 6, but z = 6 is much stronger evidence than z = 2.  To show this difference we write the p-value which is the lowest significance level such that we will still reject Ho.  For a two tailed test, we use twice the table value to find p, and for a one tailed test, we use the table value.   

  Example: 

Suppose that we want to test the hypothesis with a significance level of .05 that the climate has changed since industrializatoin.  Suppose that the mean temperature throughout history is 50 degrees.  During the last 40 years, the mean temperature has been 51 degrees with a standard deviation of 2 degrees.  What can we conclude?   

We have 

        H0:  ( = 50 

        H1:  ( [image: image8.png]


50 

We compute the z score: 
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The table gives us .9992 

so that  

        p = (1 - .9992)(2) = .002 

since          .002 < .05  

we can conclude that there has been a change in temperature.  

Note that small p-values will result in a rejection of H0 and large p-values will result in failing to reject H0.  
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