Analysis of Variance

A study on heart rate was done on triathletes.  The confidence intervals overlap, so we can conclude that we don’t have sufficient evidence to say the true mean heart is different for the 3 events (swimming, biking, running).  In other words, it is plausible the mean heart rate is the same since there are values in common for the 3.


ANalysis Of VAriance allows us to test multiple means.  The null hypothesis is ALWAYS that the means are all equal (or you can say all of the means are equal).  The alternative is ALWAYS the complement of this:  the means are NOT all equal.  It is NOT that all of the means are not equal ((1 ( (2 ( (3 is WRONG!!!).  We have the same assumptions as before, random independent samples and normal data, with the addition of also assuming the population variances are equal (just like in the pooled t-test, Case 8).  We use the pooled sample variance as our guideline for testing how variable the sample means are.  The F-test uses the ratio of the variance between the means (how much they vary) over the variance within the samples (how much the data varies---remember we’ve assumed it’s the same for each sample).  If there really isn’t any difference in the means, then this ratio should be 1 or less (means vary less than the data!).  The p-value is the area ABOVE the test statistic value, i.e., how often we would get sample means as spread out (as different) as we got OR MORE when the true means, (’s are the same.  So again, the smaller the p-value, the less often what happened would happen if H0 was true, so the less we believe H0 and the more we believe the alternative.

Now we can actually TEST whether the means are the same or not.  (p. 296 blue book) 8.43 

  Sample     n_i        Mean           Std Dev       Variance                   

--------------------------------------------------------------                  

    1         9      188.000000        7.200000      51.840000                  

    2         9      186.000000        8.500000      72.250000                  

    3         9      194.000000        7.800000      60.840000                  

--------------------------------------------------------------                  

Overall Mean = 189.33333, s_max/s_min = 1.1805556, s_P = 7.8513269              

                          Since this ratio is no more than 2, we can safely assume the true variances are equal.                                                      

                   Analysis of Variance                                              

  Source      df        SS              MS              F       Prob > F        

-------------------------------------------------------------------------       

  Between      2      312.000000      156.000000    2.530687      0.1006        

       this df = how many means we’re testing minus 1

  Within      24     1479.440000       61.643333                                

-------------------------------------------------------------------------       

  Total       26     1791.440000       68.901538                                

       this df = how many observations are in the data minus 1

1.  H0:   (1 = (2 = (3  vs.  HA:  not all 3 events have the same mean heart rate (at least 1 mean is different)

2.  Use ( = 0.05 since we aren’t concerned with Type I or II errors here.

3.  The test statistic is F = 2.53 with a p-value = 0.1006.

4.  Since the p-value is NOT < ( = 0.05, we cannot reject H0. Again, we cannot say that the true mean heart rates are different for the 3 events.

From the exam the question about the 3 conrfidence intervals----we CAN reach a conclusion using ANOVA.

  Sample     n_i        Mean           Std Dev       Variance                   

--------------------------------------------------------------                  

    1         8      278.350000       43.840000    1921.945600                  

    2         8      286.400000       34.090000    1162.128100                  

    3         8      328.400000       31.710000    1005.524100                  

--------------------------------------------------------------                  

Overall Mean = 297.71667, s_max/s_min = 1.3825292, s_P = 36.921528              

              Analysis of Variance                                              

  Source      df        SS              MS              F       Prob > F        

-------------------------------------------------------------------------       

  Between      2    11556.813333     5778.406667    4.238857      0.0284        

  Within      21    28627.184600     1363.199267                                

-------------------------------------------------------------------------       

  Total       23    40183.997933     1747.130345                                

95% CI for Mean of normal,


 sigma unknown:                                       


n = 9, s^2 = 72.25, xbar = 186 


Lower Limit = 179.46632                                                         


Upper Limit = 192.53368                                                         








95% CI for Mean of normal,


 sigma unknown:                                       


n = 9, s^2 = 60.84, xbar = 194 Lower Limit = 188.00439                                                         


Upper Limit = 199.99561





95% CI for Mean of normal,


 sigma unknown:                                       


n = 9, s^2 = 51.84, xbar = 188 Lower Limit = 182.46559                                                         


Upper Limit = 193.53441








