Project 3 – Due Wednesday, February 28

STAT217 Spring 2007

Two-way ANOVA    

A group of researchers are interested in determining the effect of coffee drinking and smoking on kidney function (see, for example, http://www.bnl.gov/bnlweb/pubaf/pr/2003/bnlpr090803.htm).   The researchers classified a simple random sample of 36 adults as non-coffee drinkers, moderate coffee drinkers, or as heavy coffee drinkers.  They also classified these 36 subjects smokers or non-smokers.   The level of the enzyme monoamine oxidase B (MAO B) was measured in each of the subject’s kidneys.   This crucial enzyme breaks down neurotransmitters and dietary amines, and too much or too little MAO B can adversely affect health and even personality.   The data can be downloaded from the class web page at 

www.math.montana.edu/~parker/courses/STAT217/project3_data.xls
The first column in this Excel spreadsheet is the MAO B level.  The second column specifies the three levels of coffee drinking (non-coffee drinkers are 1’s, moderate coffee drinkers are 2’s, and heavy coffee drinkers are 3’s).   And the third column specifies the level of smoking (non-smokers are 0’s, smokers are 1’s).   

Perform a two way ANOVA in MINITAB, and turn in all of the MINITAB output which you use to answer the following questions.   The MINITAB instructions are:

· Copy and paste the three columns from the Excel spreadsheet at 

www.math.montana.edu/~parker/courses/STAT217/project3_data.xls
into the MINITAB worksheet.   Label the first column ‘enzyme’, the second column ‘coffee’, and the third column ‘smoking’

· Click ‘Stat > ANOVA > General Linear Model’, and specify which column is the response.  In the ‘Model’ dialogue box, type ‘coffee | smoking’   The first factor MINTAB considers as FACTOR A, and the second factor is FACTOR B.   WARNING: The ‘|’ character tells MINITAB to consider interactions.   If you were to enter ‘coffee smoking’ then MINTAB would not consider the interaction  between FACTOR A and FACTOR B.   Also, if you were to click Stat > ANOVA > Two Way, then MINITAB will not give you all of the output you need to answer the questions below.

· Click on the ‘Graphs’ Button and check ‘Histogram of residuals’, ‘normal plot of residuals’, and ‘residuals versus fits’ and then click ‘OK’

· Click on the ‘Factor Plots’ Button.   At the SECOND dialogue box entitled ‘Factors’ and ‘Interaction Plot’ enter ‘coffee smoking’ (no ‘|’!!!!) Also, check the box that specifies ‘Display full interaction plot matrix’  Now click ‘OK’

· Click the ‘Results’ Button.   In the dialogue box entitled ‘Display least squares means corresponding to the terms:’ enter ‘coffee | smoking’ and click OK.   

· Click the ‘Comparisons’ Button.   Make sure that ‘Pairwise Comparisons’ is checked.   In the ‘Terms’ dialogue box, enter ‘coffee smoking’  (again, no ‘|’!!!!).   Under Methods, only check ‘Tukey’.   Make sure that ‘Confidence Interval’ is checked (you can change the confidence level if necessary), and make sure that ‘Test’ is NOT checked.   Now click OK. 

· Click ‘OK’ to have MINITAB perform a two-way ANOVA on the data.

TURN IN: Print off the next two pages of this document into another document.   Write your answers to each directly underneath the appropriate question.  Indicate the appropriate MINITAB output under the appropriate question when necessary.  Attach all MINITAB output at the end of this report.   

PROJECT 3 on two-way ANOVA              NAME:____________________________________________________

1. Fill in the blanks:

· Response variable: _________________________

· Factor A: ____________________ 

· Factor B: ____________________ 

· The values of the following:

I = _______  J = _______  N = _______

· x215 = _______

2. What is the two-way ANOVA model?   Be sure to specify the distribution of the error term.

3. There are two implicit assumptions in the two-way ANOVA model.    What are these two assumptions?

4. Use the MINITAB output to check the two assumptions from #4.   Do the assumptions appear to be satisfied?    How did you check each of the assumptions?

5. From the MINITAB output, identify:

· An estimate of 
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 is _______.   

· An estimate of 
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 is  _______. 

· An estimate of 
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 is _______.  

6. Based on the interaction plots, does there appear to be an interaction effect of coffee drinking and smoking on the mean enzyme levels?  What about the interaction plots helped you make your decision?  
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7. Conduct the interaction test.

· State the appropriate Ho and Ha in terms of this problem. 

· What is the value of the test statistic?  

· What is the distribution of the test statistic assuming that Ho is true?  

· What is the p-value for this test?  

· State your decision at a significance level of .05.  

· State your practical conclusion in terms of this problem. 

8. Based on your conclusion of the interaction test, can you now legitimately test for main effects of factors A and B?  Why or why not?  

9. Conduct the main effect test for coffee drinking.

· State the appropriate Ho and Ha in terms of this problem.  

· What is the value of the test statistic? 

· What is the distribution of the test statistic assuming that Ho is true? 

· What is the p-value for this test? 

· State your decision at a significance level of .05.  

· State your practical conclusion in terms of this problem.  

10. Does smoking have a significant effect on the mean levels of the enzyme MAO B in the kidneys?   WHY OR WHY NOT?

11. Follow Up Test

· Is it appropriate to conduct a follow-up test to determine the effect of coffee drinking on the mean level of the enzyme MAO B in the human kidney?   Explain why or why not.

· Summarize the results of Tukey’s Multiple Comparison Test, using a family confidence level of 95%, as a follow up test to the main effect test for coffee drinking.   Be sure to mention which means are significantly greater/less than the others.

· State your practical conclusion regarding the coffee drinking effect in terms of this problem.  

12. What combination of factor levels does the analysis suggest yields the lowest enzyme levels in the kidneys?   Explain what part of the MINITAB output you are using to justify your answer. 
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