
STAT 705 – HW 5 Solutions – Spring 2021 
 

21.5(a,b,d), 21.6(a,c,d,e), 21.11, 21.13(b,c,d,f),  

22.1, 22.6, 22.9(b,c), 22.10(a,b,c,d,f), 22.23, 

26.2, 26.4, 26.5(c,d,e,f), 27.3(c,d), 27.4(a,b,c), 27.22, and the extra problem: 

 

 
21.5) a) The time since graduation, while not the primary factor of interest, could cause extra 

variability in the proficiency scores and should be accounted for.  The auditors with similar 

graduation times may be similar in terms of proficiency. 

b) See plots: 
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  The residual plot shows fairly random scatter, maybe one slight outlier at the bottom.  The 

normal Q-Q plots shows no major violation of the normality assumption. 

d) H0: D = 0 vs. Ha: D ≠ 0 where ()ij = Dij.  We reject H0 if the P-value < 0.01 here.  Since the 

P-value = 0.891, we fail to reject H0; we conclude there is no significant interaction between 

treatments and blocks. 

21.6) a) ANOVA table: 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
      block                        9      433.366667       48.151852       7.72    0.0001 
      method                       2     1295.000000      647.500000     103.75    <.0001 
      Error                       18      112.333333        6.240741 
      Corrected Total             29     1840.700000 

c)  H0: 1 = 2 = 3 = 0 vs. Ha: 1, 2, 3 not all equal.  Reject H0 if F* > F.95, 2, 18 = 3.6.  Since 

103.75 > 3.6, we reject H0 and conclude the mean proficiency is not the same for the three 

methods.  The P-value is less than 0.0001. 

d) According to Tukey’s procedure with  = .10, methods 1 and 2 have significantly different 

mean proficiency scores; methods 1 and 3 have significantly different mean proficiency scores; 

and methods 2 and 3 have significantly different mean proficiency scores. 

e)  The blocks seem to be fixed here, so we test H0: 1 = 2 =  = 10 = 0 vs. Ha: j’s not all equal.  

Reject H0 if F* > F.95, 9, 18 = 2.5.  Since 7.72 > 2.5, we reject H0 and conclude the mean 

proficiency is not the same across the five levels of time since graduation.  The P-value is 0.0001. 

21.11)  The generalized randomized block design requires more resources (more observations) 

than a RCBD.  In certain studies, resources may be too scarce or too expensive to use each 

treatment more than once within each block. 

 

21.13) b)  From SAS: 
         Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
         block                        4      523.200000      130.800000       9.48    0.0005 
         method                       2     1796.466667      898.233333      65.09    <.0001 
         block*method                 8       87.200000       10.900000       0.79    0.6195 
         Error                       15      207.000000       13.800000 
         Corrected Total             29     2613.866667 

c)  We test H0: 1 = 2 = 3 = 0 vs. Ha: 1, 2, 3 not all equal.  Reject H0 if F* > F.99, 2, 15 = 6.36.  

Since F* = 65.09 > 6.36, we reject H0 and conclude the mean proficiency score is not the same 

for the three methods.  The P-value is less than 0.0001. 

d) From SAS, Tukey’s procedure with family confidence level 0.95 shows that each pair of 

methods is significantly different in terms of mean proficiency.  It appears method 3 has the 

highest mean proficiency;  method 2 has the next highest mean proficiency;  and method 1 has 

the lowest mean proficiency. 

f)  We test H0: ()ij = 0 vs. Ha: ()ij  not all zero.  Reject H0 if F* > F.99, 8, 15 = 4.00.  Since F* = 

0.79 < 4.00, we fail to reject H0 and conclude there is not significant interaction between blocks 

and methods.  The P-value is 0.6195. 

 

22.1) You could use a model that allows for different treatment slopes, it’s true.  But recall that 

the primary goal of ANCOVA is to make comparisons among the different treatment means.  

This can’t be done definitively in the unequal-slopes case, because the differences among 

treatment means depend on the value of the covariate.  In addition, if r separate regressions with 

different slopes and intercepts are to be estimated, fitting these with an unequal-slopes ANCOVA 

assumes 2 is the same for all r regressions.  Fitting the regressions separately allows us to 

estimate 2 separately for each regression. 

22.6)  ,,,1,4,1,2

24

2

132211 iijijijijijiij njiXXXXY  ==++++++= •   

where the X1 and X2 variables may be initially centered around their respective sample means. 



22.9) b)  In the plots below:  The residual plot vs. fitted values shows random scatter, so the error 

variance appears constant as a function of the mean response.  (On the other hand, plotting 

residuals for each treatment separately, the error spread for treatment 2 seems somewhat less – 

possibly a mild model violation.)  The normality assumption looks perfect based on the Q-Q plot 

and the Shapiro-Wilk test (P-value = 0.98). 
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c) The generalized model is: 

,,,1,3,1,22112211 iijijijijijijijijij njiXZXZXZZY  ==++++++= •   

where Z1 = 1 for observations from color 1; equals -1 for observations from color 3; and equals 0 

otherwise, and Z2 = 1 for observations from color 2; equals -1 for observations from color 3; and 

equals 0 otherwise.   

We test H0: 1 = 2 = 0 vs. Ha: 1, 2 not both 0.  Reject H0 if F* > F0.995, 2, 9 = 10.1.  From SAS, 

F* = 3.21 and P-value = 0.0886, so at  = 0.005 we fail to reject H0 and we conclude the equal-

slopes model is fine. 

22.10) a) Symbolic scatter plot: 

As seen in the plot below, the trend seems to have a vertical shift across colors, so there seems to 

be a color effect on mean response rate. 

In addition, the values of lot size do not notably differ across the three colors. 
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b) ANCOVA model: 

,,,1,3,1,2211 iijijijijij njiXZZY  ==++++= •   

where Z1 = 1 for observations from color 1; equals -1 for observations from color 3; and equals 0 

otherwise, and Z2 = 1 for observations from color 2; equals -1 for observations from color 3; and 

equals 0 otherwise.   

Reduced model for testing for treatment effects: 

.,,1,3,1, iijijij njiXY  ==++= •   

c)  We test H0: 1 = 2 = 3 = 0 vs. Ha: 1, 2, 3 not all 0.  Reject H0 if F* > F0.90, 2, 11 = 2.8.  From 

SAS, F* = 97.75 and P-value < 0.0001, so at  = 0.10 we reject H0 and we conclude there is a 

difference in mean response rate across colors, for any fixed value of parking lot size. 

d)  For the ANCOVA model, MSE = 0.1197.  For the one-way ANOVA model, MSE = 9.7.  So 

by including the covariate “lot size” in our model, we have a substantial reduction in our estimate 

of experimental error variance.  This enables us to detect a significant color effect using the 

ANCOVA model, whereas we did not have a significant color effect using the ANOVA model 

(P-value = 0.68). 

f) Looking at equations (22.17) and (22.18), in this case S=2.39 and B=2.43.  So we use the 

Scheffe procedure:  SAS reports all pairs of treatment means (color 1 vs color 2, color 1 vs color 

3, and color 2 vs color 3) are significantly different at the 0.10 family level. 

22.23) See solution on last pages. 

 



26.2)  The analysis must follow from the design.  If the design is truly nested, then analyzing the 

data as if the factors were crossed would result in making inferences that do not make sense for 

that situation. 

26.4)  The plots below show:  There is no evidence of non-constant error variance.  There is a 

notable curve in the normal Q-Q plot of the residuals, so the assumption of normal errors is 

questionable. 
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b) The plot below shows the residuals have fairly equal spread for all the levels of machine, so 

there is no apparent violation. 
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26.5) c)  ANOVA table from SAS: 
                                                 Sum of 
         Source                      DF         Squares     Mean Square    F Value    Pr > F 
         Model                       11     3967.933333      360.721212      15.28    <.0001 
         Error                       48     1132.800000       23.600000 
         Corrected Total             59     5100.733333 
 
                          R-Square     Coeff Var      Root MSE    cases Mean 
                          0.777914      7.085051      4.857983      68.56667 
 
         Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
         machine                      2     1695.633333      847.816667      35.92    <.0001 
         operator(machine)            9     2272.300000      252.477778      10.70    <.0001 

d)  We test H0: 1 = 2 = 3 = 0 vs. Ha: 1, 2, 3 not all 0.  Reject H0 if F* > F0.99, 2, 48 = 5.08.  

From SAS, F* = 35.92 and P-value < 0.0001, so at  = 0.01 we reject H0 and conclude the mean 

outputs differ for the three machine models.  

e)  We test H0: j(i) = 0 for all i, j vs. Ha: j(i) not all 0.  Reject H0 if F* > F0.99, 9, 48 = 2.8.  From 

SAS, F* = 10.70 and P-value < 0.0001, so at  = 0.01 we reject H0 and conclude the mean 

outputs differ across operators for at least one machine model.  This does not necessarily imply 

that mean outputs differ across operators for machine 3. 

f) We test H0: j(1) = 0 for all j vs. Ha: j(1) not all 0.   

From SAS:  MSB(A1) = 199.73 and F* = 199.73 / 23.6 = 8.46.  Reject H0 if F* > F0.99, 3, 48 = 4.2.  

At  = 0.01 we reject H0 and conclude the mean outputs differ across operators for machine 1. 

We test H0: j(2) = 0 for all j vs. Ha: j(2) not all 0.   

MSB(A2) = 512.85 and F* = 512.85 / 23.6 = 21.73.  Reject H0 if F* > F0.99, 3, 48 = 4.2.  At  = 0.01 

we reject H0 and conclude the mean outputs differ across operators for machine 2. 

We test H0: j(3) = 0 for all j vs. Ha: j(3) not all 0.   

MSB(A3) = 44.85 and F* = 44.85 / 23.6 = 1.90.  Reject H0 if F* > F0.99, 3, 48 = 4.2.  At  = 0.01 we 

fail to reject H0 and conclude the mean outputs may not differ across operators for machine 3. 

27.3) c) Based on the plot below, the assumption of no rabbit*dose interaction seems reasonable.  

The trends in the curves seem similar for all 12 rabbits. 
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d) The Tukey test for additivity tests H0:  ij = Dij for some D, against Ha:  ij ≠ Dij for all 

D.  We fail to reject the null, and we conclude there may be no rabbit*dose interaction.  (F* = 

1.03, P-value = 0.314) 

27.4)a)    
Source   DF Sum of Squares Mean Square F Value Pr > F 

Model   16 7023.722222 438.982639 51.66 <.0001 

Error   55 467.388889 8.497980   

Corrected Total 71 7491.111111    

 

Source DF Type I SS Mean Square F Value Pr > F 

rabbit 11 1197.444444 108.858586 12.81 <.0001 

dose 5 5826.277778 1165.255556 137.12 <.0001 

b) H0: 1 = … = 6 = 0 vs. Ha: not all j are 0.  Reject H0 if F* > F(0.95, 5, 55) = 2.38.  Since F* = 

137.1, we reject the null and conclude the mean increase differs across the dose levels.  P-value < 

0.0001. 

c) Based on the Tukey procedure with family significance level 0.05, all pairs of dose means 

differ significantly. 

27.22) See last page for solution. 

Extra Problem)  Fitting the models with TYPE = CS, TYPE = AR(1), TYPE = ARH(1), and 

TYPE = UN in PROC MIXED, we see that the model with the compound symmetry assumption 

has the smallest AIC.  Based on this model, we see there is no significant display*time interaction 

(P-value = 0.3813).  Mean sales do not differ significantly for the two displays (P-value = 

0.4935), but mean sales are different across the four time periods (P-value < 0.0001). 

 
Type 3 Tests of Fixed Effects 

Effect  Num DF Den DF F Value Pr > F 

display  1 6 0.53 0.4935 

time  3 18 83.64 <.0001 

display*time 3 18 1.08 0.3813 

 

 


