STAT217  Answer Key

Project 2 

One-way ANOVA  

A consumer advocacy group wishes to test the stopping distance of the best-selling tires from five different tire manufacturers.  Ten sets of tires from each manufacturer are selected.  Each set of tires is put on a 2007 Honda Civic.  On the same stretch of road for each set of tires, the same sweet little Civic reaches a speed of 70mph, and then the (anti-locking) brakes are engaged.  The stopping distance for each trial is recorded.

1. What is the response variable?

The response is the stopping distance.

2. What is the factor (explanatory variable)?

Tire brand is the factor.

3. Give the value of x52.

x52 = 197 feet is the secondstopping distance using the fifth tire brand.

4. Give an estimate of 
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.

The true average stopping distance when using tirebrand 4 tires is estimated by 191.2 feet.

5. Give the ANOVA table for this problem (simply get this from the MINITAB output).

One-way ANOVA: Distance versus Brand 

Source  DF      SS     MS     F      P

Brand    4  1174.8  293.7  7.95  0.000

Error   45  1661.7   36.9

Total   49  2836.5

S = 6.077   R-Sq = 41.42%   R-Sq(adj) = 36.21%
6. Give an estimate of 
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MSE = 36.9 is an estimate of 
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7. What are the two assumptions when performing an ANOVA?

Constant variance and normality of the data within each group.

8. Check the 1st assumption.  Comment on how you checked this assumption.

Check the constant variance assumption by determining if any of the standard deviations are more than twice any of the others.  The MINITAB output:

                            Individual 95% CIs For Mean Based on

                          Pooled StDev

Level   N    Mean  StDev  ----+---------+---------+---------+-----

1      10  188.20   3.88   (------*-----)

2      10  195.20   9.02               (-----*------)

3      10  187.40   5.27  (-----*------)

4      10  191.20   5.55        (------*-----)

5      10  200.50   5.44                        (-----*------)

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

                          186.0     192.0     198.0     204.0

indicates that s2 = 9.02 which is more than twice s1.  Thus, the constant variance assumption appears not to be met.

9. Check the 2nd assumption.    Comment on how you checked this assumption.
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The normality assumption can be checked by using the normal probability plot:

Since the residuals form a linear pattern, the normality assumption appears to be met.

10. Using the MINITAB output, perform an ANOVA.  

· The hypotheses are:

H0: (1 = (2 = (3 = (4 = (5
Ha: (i not equal to (j for some i and j

· The test statistic is  F = 7.95   which says that the variability between the group means is eight times larger than the variability within a group.
· The distribution of the test statistic assuming the null hypothesis is true is F ~ F(4, 45)

· The p-value is 0.000

· At  a significance level of .05, we REJECT H0
· The evidence suggests that there is a mean difference in stopping times for the five different tire brands.

11. Is a follow-up analysis appropriate?  Why or why not?

A followup analysis is appropriate since we rejected the null hypothesis in the ANOVA test.

12. Which means are significantly different? 

Tirebrand 5 has a significantly longer stopping distance than tire brands 1, 3 and 4.   Tire brand 2 has a signififcantly longer stopping distance than tire brand 3.  There are no other significant differences.

The Tukey CI’s given by MINITAB:

Tukey 95% Simultaneous Confidence Intervals

All Pairwise Comparisons among Levels of Brand

Individual confidence level = 99.33%

Brand = 1 subtracted from:

Brand   Lower  Center   Upper  -------+---------+---------+---------+--

2      -0.725   7.000  14.725                  (------*-----)

3      -8.525  -0.800   6.925            (-----*------)

4      -4.725   3.000  10.725               (-----*------)

5       4.575  12.300  20.025                       (-----*------)

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

                                    -12         0        12        24

Brand = 2 subtracted from:

Brand    Lower  Center   Upper  -------+---------+---------+---------+--

3      -15.525  -7.800  -0.075      (-----*------)

4      -11.725  -4.000   3.725         (------*-----)

5       -2.425   5.300  13.025                 (-----*------)

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

                                     -12         0        12        24

Brand = 3 subtracted from:

Brand   Lower  Center   Upper  -------+---------+---------+---------+--

4      -3.925   3.800  11.525                (-----*------)

5       5.375  13.100  20.825                       (------*-----)

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

                                    -12         0        12        24

Brand = 4 subtracted from:

Brand  Lower  Center   Upper  -------+---------+---------+---------+--

5      1.575   9.300  17.025                    (------*-----)

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

                                   -12         0        12        24

13. Is there any tire brand which has a significantly shorter stop time than all of the others?  If so, which one?

No.

14. Is there any tire brand which has a significantly longer stop time than all of the others?  If so, which one?

No.

15. As a consumer, which tire brand(s) would you buy?  Explain.

I would buy tire brand 3.  Even though tire brand 3 does not have a significantly shorter stopping distance than the other four brands, it does have the smallest mean stop distance.

16. As a consumer, which tire brand(s) are you least likely to buy?  Explain.

I would not buy tire brand 5.  It had a significantly LONGER stop distance than 3 of the other tire brands, and it has the longest mean stop distance out of all five tire brands.
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