
For all problems on this assignment, use a significance level of  = .05. 

 
 

1.  We want to test, at  = .05, if the average score on a life satisfaction scale differs for the 

four seasons.  Fifty different people were interviewed each season.  The resulting data were 
analyzed using an ANOVA; edited results are below.  
 
i) In words (not symbols), state the null and alternative hypotheses tested by the ANOVA. 
 
ii) State the test statistic and p-value used to test these hypotheses, and interpret the test 
result, in the context of this problem. 
 
iii) Summarize the results of the Tukey multiple comparison procedure.  Be sure to state 
directions for any significant differences that are detected. 
 
iv) One assumption of ANOVA is that the populations all have the same variance.  Give an 
estimate of the variance for this setting. 
 
                                  Dependent Variable: score 

 

                                              Sum of 

      Source                      DF         Squares     Mean Square    F Value    Pr > 

F 

      Model                        3      6497.49500      2165.83167      28.31    

<.0001 

      Error                      196     14997.26000        76.51663 

      Corrected Total            199     21494.75500 

 

                       R-Square     Coeff Var      Root MSE    score Mean 

                       0.302283      12.49001      8.747379      70.03500 

 

      Source                      DF        Anova SS     Mean Square    F Value    Pr > 

F 

      season                       3     6497.495000     2165.831667      28.31    

<.0001 

 

 

                         Tukey's Studentized Range (HSD) Test for score 

 

                          Alpha                                   0.05 

                          Error Degrees of Freedom                 196 

                          Error Mean Square                   76.51663 

                          Critical Value of Studentized Range  3.66452 

                          Minimum Significant Difference        4.5333 

 

 

                   Means with the same letter are not significantly different. 

 

                   Tukey Grouping          Mean      N    season 

 

                                A        76.700     50    Spring 

                                A 

                                A        74.300     50    Summer 

 

                                B        66.520     50    Autumn 

                                B 

                                B        62.620     50    Winter 
 
 
 
 
 



2.  Reaction time to a visual stimulus is recorded for 10 people (data below).  We want to test 
if the median differs from 300.  Due to the small sample size, we’ll use nonparametric tests. 

 
365      270      380      360      415      310      325      390      335      390 

 
 
i) Write the null and alternative hypotheses. 
 
ii) “By hand”, calculate the test statistics D (for the sign test) and T+ (for the Wilcoxon signed 
rank test).  Show your work in obtaining these values. 
 
iii) Again “by hand”, obtain the p-value for the sign test, which has been replaced by ‘XXXXXX’ 
in the edited printout below (note that this has two-sided p-values). 
 
iv) Based on the printout, interpret the result for the Wilcoxon signed rank test.  Is the 
interpretation the same for the sign test? 
 
v) Is there any obvious reason to choose one test (the sign or the Wilcoxon signed rank) over 
the other for this data set? 
 
                                  Tests for Location: Mu0=300 

 

                        Test           -Statistic-    -----p Value------ 

 

                        Student's t    t  3.883786    Pr > |t|    0.0037 

                        Sign           M         4    Pr >= |M|   XXXXXX 

                        Signed Rank    S      24.5    Pr >= |S|   0.0098 
 
 
 
 
 
 
 
3.  A small survey is done to see if the median cost of a surgical procedure is greater in North 
Carolina than in South Carolina.  The resulting data are below. 
 
  NY: 5370     5860     5040     5230     5080     5590 
 
  SC:     4950     4530     5770     5260     4200     5650     5280 
 
 
i) Write the null and alternative hypotheses. 
 
ii) “By hand”, calculate the test statistic for the Wilcoxon rank sum test.  Show how you got 
this value. 
 
iii) We use PROC NPAR1WAY with the EXACT statement for analysis; edited printout is on the 
next page.  Using this, state the best p-value for the test, and interpret the test result.



                                     The NPAR1WAY Procedure 

 

                         Wilcoxon Scores (Rank Sums) for Variable cost 

                                 Classified by Variable state 

 

                                  Sum of      Expected       Std Dev          Mean 

             state       N        Scores      Under H0      Under H0         Score 

             NC          6          47.0          42.0           7.0      7.833333 

             SC          7          44.0          49.0           7.0      6.285714 

 

                                   Wilcoxon Two-Sample Test 

 

                              Statistic (S)               47.0000 

 

                              Normal Approximation 

                              Z                            0.6429 

                              One-Sided Pr >  Z            0.2602 

                              Two-Sided Pr > |Z|           0.5203 

 

                              Exact Test 

                              One-Sided Pr >=  S           0.2669 

                              Two-Sided Pr >= |S - Mean|   0.5338 
 
 
 
 
4.  We want to test if the median price for a home is the same in three cities.  We obtain 
income for a few homes in each city, and perform a Kruskal-Wallis test.  Edited results are at 
the bottom of the page; use these to answer the questions that follow. 
 
i) Why would you use a Kruskal-Wallis test, rather than ANOVA, in this setting?  There should 
be two important bits of information in your answer.  
 
ii) State the p-value, and interpret the result of the Kruskal-Wallis test. 
 
iii) Although we do not have the results of a multiple comparison procedure, based on what is 
given, you should be able to infer where differences are, and in what direction.  Summarize 
this into one or two sentences.  Also, state what you looked at in order to make this inference. 
 
 
                                     The NPAR1WAY Procedure 

 

                         Wilcoxon Scores (Rank Sums) for Variable price 

                                  Classified by Variable city 

 

                                     Sum of      Expected       Std Dev          Mean 

           city             N        Scores      Under H0      Under H0         Score 

 

           Charleston       8         231.0         144.0     25.455844     28.875000 

           Charlotte       15         229.0         270.0     30.000000     15.266667 

           Columbia        12         170.0         216.0     28.774989     14.166667 

 

 

                                      Kruskal-Wallis Test 

 

                                   Chi-Square         11.7574 

                                   DF                       2 

                                   Pr > Chi-Square     0.0028 


