Project 3 Solutions

Two-way ANOVA and Follow-Up

1. (1 pt) Fill in the blanks:

· Response variable: level of the enzyme MAO B
· Factor A: coffee

· Factor B: smoking

· The values of the following:

I = 3 J = 2  N = 36
· x215 = 37.807
2. (1/2 pt) What is the two-way ANOVA model?   Be sure to specify the distribution of the error term.
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3. (1/2 pt) There are two implicit assumptions in the two-way ANOVA model.    What are these two assumptions?

1. Constant Variance Assumption: The enzyme levels have the same standard deviation 
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 for each population.

2. The data within a group is normally distributed, 
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4. (1 pt) Use the MINITAB output to check the two assumptions from #4.    Do the assumptions appear to be satisfied?    How did you check the assumptions?

From the residual versus fits plot, it appears that some of the IJ = 6 groups may be more than twice the others.   Therefore, the constant variance assumption may not be valid valid.   The ‘Normal Probability Plot’ shows that the residuals follow a linear pattern, and so we will assume that the data within a group is normally distributed.

5. (1 pt) From the MINITAB output, identify:

· An unbiased estimate of 
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 is 43.11.
· An unbiased estimate of 
[image: image5.wmf]s

 is  7.01.    
· An unbiased estimate of 
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 is 31.59.

The MINITAB output used to answer this question was this table of the sample means:

coffee           Mean  SE Mean

1              49.35    2.421

2              41.76    1.705

3              31.59    2.481

smoking

0              50.15    1.792

1              31.65    1.849

coffee*smoking

1     0        55.59    2.652

1     1        43.11    4.051

2     0        49.57    2.339

2     1        33.95    2.481

3     0        45.28    4.051

3     1        17.89    2.864

6. (1/2 pt) 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?  


[image: image7.wmf]   There is evidence of non-parallelism in the interaction plots.   Hence, the interaction may be significant.

7. (1 pt) Conduct the interaction test.

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

H0: There is no interaction effect on the mean enzyme level

Ha: There is an interaction effect on the mean enzyme level

· What is the value of the test statistic?  

FAB = 2.67  

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

FAB  ~ F(2,30)

· What is the p-value for this test?  

0.085
· State your decision at a significance level of .05.  

Since p-value=0.085 > .05, then we Fail To Reject H0
· State your practical conclusion in terms of this problem. 

The evidence (barely) fails to suggest that there is a significant coffee-smoking interaction effect on the mean level of MAO B in the kidneys.

8. (1/2 pt) 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?  

Since we failed to reject the null hypothesis in out test for an interaction effect, we can now proceed with a test of the main effects of coffee and smoking on the mean levels of MAO B in the kidneys.

9. (1 pt) Conduct the main effect test for coffee drinking.

MINITAB gives the two-way ANOVA table:

Analysis of Variance for enzyme, using Adjusted SS for Tests

Source         DF  Seq SS  Adj SS  Adj MS      F      P

coffee           2  2959.4  1302.5   651.3  13.23  0.000

smoking         1  2596.5  2538.9  2538.9  51.57  0.000

coffee*smoking   2   263.2   263.2   131.6   2.67  0.085

Error          30  1476.9  1476.9    49.2

Total          35  7296.1

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

H0: There is NOT an effect due to coffee on the mean enzyme level

Ha: There is an effect due to coffee on the mean enzyme level

· What is the value of the test statistic? 

FA = 13.23

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

FA ~ F(2,30)

· What is the p-value for this test? 

The p-value is so small that MINITAB reports it as 0.000.

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

Since p-value=0.000 < .05, then we REJECT H0

· State your practical conclusion in terms of this problem.  

The evidence suggests that coffee affects the mean level of the enzyme MAO B in the kidneys.

10. (1/2 pt) Does smoking have a significant effect on the mean levels of the enzyme MAO B in the kidneys?   WHY OR WHY NOT?

For the main effect test of smoking on the mean level of the enzyme MAO B in the kidneys, the test statistic is FB = 51.57.   The p-value is tiny, 0.000, which suggests that smoking affects the mean level of the enzyme MAO B in the kidneys.

11. (2 pts) 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.

Since we performed a two-way ANOVA, and the interaction test was insignificant, and the main effect of coffee drinking was significant, then it is appropriate to perform a follow up test to determine which level of coffee consumption affects the mean enzyme level differently than the others. 

· 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.

The Tukey CI’s given by MINITAB for the difference in mean enzyme levels with respect to the levels of coffee consumption are:

Tukey 95.0% Simultaneous Confidence Intervals

Response Variable enzyme

All Pairwise Comparisons among Levels of coffee

coffee = 1  subtracted from:

coffee   Lower  Center   Upper   ---+---------+---------+---------+---

2      -14.90   -7.59  -0.284                 (---------*--------)

3      -26.32  -17.76  -9.209   (----------*---------)

                                ---+---------+---------+---------+---

                               -24.0     -16.0      -8.0       0.0

coffee = 2  subtracted from:

coffee   Lower  Center   Upper   ---+---------+---------+---------+---

3      -17.60  -10.17  -2.744              (--------*---------)

                                ---+---------+---------+---------+---

                               -24.0     -16.0      -8.0       0.0

This shows that we are 95% confident that the mean level of the enzyme for non-coffee drinkers is significantly greater than the mean level of the enzyme for moderate coffee drinkers, which is significantly greater than the mean level of the enzyme in heavy coffee drinkers.   Thus, heavy coffee drinkers have the lowest mean level of the enzyme over all three coffee drinking groups.

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

The evidence suggests that the more coffee that you drink, the lower the mean level of the enzyme MAO B in the kidneys.

12. (1/2 pt) What combination of factor levels does the analysis suggest yields the lowest enzyme levels in the kidney?   Explain what part of the MINITAB output you are using to justify your answer. 

       From the MINITAB output

Tukey 95.0% Simultaneous Confidence Intervals

Response Variable enzyme

All Pairwise Comparisons among Levels of smoking

smoking = 0  subtracted from:

smoking   Lower  Center   Upper  ----+---------+---------+---------+--

1        -23.75  -18.49  -13.23  (-------*------)

                                 ----+---------+---------+---------+--

                                 -21.0     -14.0      -7.0       0.0

 A follow-up test of the main effect of smoking indicates that smokers have a lower mean level of the enzyme MAO B in the kidneys.   Thus, also considering the Tukey’s follow-up from #11, the analysis suggests that heavy coffee drinkers who smoke have the lowest mean level of the enzyme MAO B in their kidneys.
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