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NAME  _______________________ 

 

PLS 205 Midterm 2015 
Due February 17, 2015 at 9:00AM lecture 

 

Include your SAS programs, include only the relevant parts of the SAS output, and discuss each result.  NO 

POINTS WILL BE AWARDED TO OUTPUTS WITHOUT A SENTENCE EXPLAINING THE 

CONCLUSION. 

 

Clarification questions should be directed only to Miguel or Dr. Dubcovsky by e-mail.  No consultation with 

other students is allowed during the exam period (including SAS programming questions).  Exams with 

more than one unlikely identical mistake will receive zeroes, and the incident will be referred to the 

Office of Student Judicial Affairs. 

 

Problem 1 [30 points] 
 

A new disease has appeared in the agriculture rich valley of Salinas, CA. The characteristic of the 

fungus is that it reduces the amount of viable seed harvested from an infected plant. This has 

become a serious problem for seed companies in the area because  it decreases their production of 

viable seed. To control the disease a systemic fungicide is sprayed on the plants. A chemical 

company has made two new formulations of the fungicide. The investigator would like to test if 

there are differences between the two new fungicides (New1 and New2) and the commonly used 

fungicide (C). Each fungicide was applied at different rates, which include: 

0.5 oz / gallon 

1 oz / gaollon 

1.5 oz / gallon 

 2 oz / gallon 

A no-fungicide treatment was also included in the experiment (NT). The investigator picked a field 

and divided the field into 3 sections that are known to have differences in soil characteristics. The 

scientist is not particularly interested in the effect of the soil and just want to extend his 

conclussions across these different soil types. In each sectionthe researcher plants 26 plots of lettuce 

and randomly assigns the 13 treatments (i.e. in each sectionthere are two plots that received the 

same treatment). The randomization procedure is repeated independently in each area. After 

harvesting 100 seeds from each plot the investigator counted the number of viable seeds. The data 

are summarized below: 

 

  

Count of Viable Seed 

Treatment replication Section 1 Section2 Section 3 

NT 1 4 6 5 

NT 2 3 6 4 

C_0.5 1 12 18 15 

C_0.5 2 11 18 14 

C_1.0 1 64 75 67 

C_1.0 2 65 74 70 

C_1.5 1 87 95 88 
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C_1.5 2 86 94 90 

C_2.0 1 89 92 90 

C_2.0 2 88 92 89 

New1_0.5 1 27 38 31 

New1_0.5 2 25 36 29 

New1_1.0 1 55 68 57 

New1_1.0 2 52 65 58 

New1_1.5 1 67 79 75 

New1_1.5 2 66 76 71 

New1_2.0 1 67 78 71 

New1_2.0 2 63 73 68 

New2_0.5 1 50 64 53 

New2_0.5 2 49 65 54 

New2_1.0 1 81 89 85 

New2_1.0 2 84 91 86 

New2_1.5 1 93 96 94 

New2_1.5 2 95 98 97 

New2_2.0 1 94 97 95 

New2_2.0 2 94 97 94 

 
data seed; 

Do trtmt = 1 to 13; 

 Do rep = 1 to 2; 

  Do section = 1 to 3; 

  Input badviable @@; 

  viable = arsin(sqrt(badviable/100)); 

  Output; 

  end; 

 end; 

end; 

cards; 

4 6 5 

3 6 4 

12 18 15 

11 18 14 

64 75 67 

65 74 70 

87 95 88 

86 94 90 

89 92 90 

88 92 89 

27 38 31 

25 36 29 

55 68 57 

52 65 58 

67 79 75 

66 76 71 

67 78 71 

63 73 68 
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50 64 53 

49 65 54 

81 89 85 

84 91 86 

93 96 94 

95 98 97 

94 97 95 

94 97 94 

; 

*Proc Print data = seed; 

Proc GLM data = seed; 

title 'ANOVA exploratory model'; 

Class section trtmt; 

Model viable = section trtmt section*trtmt; 

 

Proc GLM Data = seed; 

title 'real ANOVA'; 

Class section trtmt; 

Model viable = section trtmt; 

Output Out = PRseed r = res p = pred; 

Means trtmt; 

                        * Treatment ID 1  2      3      4       5

       6       7       8       9      10       11   

12    13      ; 

                        * Treatment    NT   C_50 C_100 C_150 C_200 n1_50

 n1_100 n1_150 n1_200 n_250 n2_100 n2_150 n2_200   

; 

contrast 'treated vs nontreated' trtmt 12 -1     -1     -1     -1

     -1     -1     -1     -1     -1      -1     -1

     -1; 

contrast 'control vs new'        trtmt  0  2    2   2   2

  -1  -1  -1  -1  -1  -1 

 -1  -1; 

contrast 'new1 vs new2'          trtmt  0  0   0   0   0

   1   1    1   1  -1  -1 

 -1  -1; 

contrast 'linear'     trtmt  0  -3   -1  1 

 3   -3   -1  1  3   -3   -

1  1  3; 

contrast 'quadratic'     trtmt  0  1  -1  -1 

  1   1  -1  -1   1   1  -1

  -1   1; 

contrast 'cubic'      trtmt  0 -1   3  -3 

  1  -1   3  -3   1  -1   3

  -3   1; 

contrast 'linear * con vs new'   trtmt  0  6   2  -2 

 -6  -3  -1   1   3  -3  -1

   1   3; 

contrast 'qudratic * con vs new' trtmt  0  2  -2  -2   2

  -1   1   1  -1  -1   1 

  1  -1; 

contrast 'cubic * con vs new'   trtmt  0 -2   6  -6 

  2   1  -3   3  -1   1  -3

   3  -1; 

contrast 'linear * n1 vs n2'     trtmt  0  0   0   0   0

   3   1  -1  -3  -3  -1 

  1   3; 
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contrast 'quadratic * n1 vs n2'  trtmt  0  0   0   0   0

   1  -1  -1   1  -1   1 

  1  -1; 

contrast 'cubic * n1 vs n2'   trtmt  0  0   0   0   0

  -1   3  -3   1   1  -3 

  3  -1; 

 

Proc GLM data = seed; 

title 'Levene'; 

Class trtmt; 

Model viable = trtmt; 

Means trtmt / HovTest = Levene; 

 

Proc Univariate Normal plot data = PRseed; 

title 'Normality'; 

var res; 

 

Proc Gplot data = PRseed; 

title 'res*pred'; 

plot res*pred = trtmt; 

 

run; quit; 

 

1.1. Describe in detail the design of this experiment [see appendix] 

 

Design:  RCBD with two replications per block 

Response Variable:  Seed viability 

Experimental Unit:  Plot 

    

Class 

Variable 

Block or 

Treatment 

No. of 

Levels 
Description 

1  Block 3  Locations in the Salinas Valley 

2  Treatment  13  Combination of the fungicide and rate of application 

    

  Subsamples?  NO   

 

 

1.2. Test all of the assumptions of the ANOVA. If the assumptions of ANOVA are violated perform 

a proper transformation of the data and demonstrate that the data meets the assumptions after 

transforming the data. 

Before data transformatioin 
Levene’s test for homogeneity of variances: 

Levene's Test for Homogeneity of viable Variance 

ANOVA of Squared Deviations from Group Means 

Source DF Sum of Squares Mean Square F Value Pr > F 

trtmt 12 11029.1 919.1 3.21 0.0012 

Error 65 18587.3 286.0     

 

The Levene test suggest that the variances are not homogeneous between the treatments (P = 0.0012). 

 
Test for non-additivity: 
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Source DF Type III SS Mean Square F Value Pr > F 

Section 2 856.69231 428.34615 202.49 <.0001 

trtmt 12 66389.12821 5532.42735 2615.33 <.0001 

section*trtmt 24 225.64103 9.40171 4.44 <.0001 

The analysis of the exploratory model demonstrate that the block by treatment interactions are significant (P 

< 0.0001), which suggest that there are multiplicative effects between blocks and treatments. 

 

The assumptions of non-additivity and homogeneity of variances are not met. A data transformation 

must be performed before conducting further analsysis. 

 

The transformation that makes the data meet the assumptions of ANOVA is the arcsine 

transformation, which was conducted the following way: 

 

𝒀𝒕𝒓𝒂𝒏𝒔𝒇𝒐𝒓𝒎𝒆𝒅 =  𝒂𝒓𝒄𝒔𝒊𝒏𝒆 (√
𝒀𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅

𝒕𝒐𝒕𝒂𝒍 𝒑𝒐𝒔𝒔𝒊𝒃𝒍𝒆 𝒄𝒐𝒖𝒏𝒕𝒔
) =  𝒂𝒓𝒄𝒔𝒊𝒏𝒆 (√

𝒀𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅

𝟏𝟎𝟎
) 

After data transformation 
Levene’s test for homogeneity of variances: 

Levene's Test for Homogeneity of viable Variance 

ANOVA of Squared Deviations from Group Means 

Source DF Sum of Squares Mean Square F Value Pr > F 

trtmt 12 0.000086 7.181E-6 1.44 0.1713 

Error 65 0.000324 4.989E-6     

 

The Levene test suggests that the variances are homogeneous between the treatments (P = 0.1713). 

 

Test for non-additivity: 

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

Section 2 0.14589226 0.07294613 173.73 <.0001 

trtmt 12 9.44448601 0.78704050 1874.41 <.0001 

section*trtmt 24 0.01385231 0.00057718 1.37 0.1844 

 

The analysis of the exploratory model demonstrates that the block by treatment interactions are not 

significant (P = 0.1844), which suggests that the transformed data does not have multiplicative effects 

between blocks and treatments. The block by treatment effect can be excluded from the ANOVA model. 

 

Shapiro-Wilk test for normality of residuals: 

Tests for Normality 

Test Statistic p Value 

Shapiro-Wilk W 0.973098 Pr < W 0.0974 

The Shapiro-Wilk test for normality suggest that the residuals follow a normal distribution (P = 0.0974). 

Although the P – value is close to being significant the high value for the W – statistic give reassurance that 

the residuals follow the a normal distribution closely. 
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1.3. Analyze the data and report if there are significant differences between the treatments. Indicate 

the % of variation explained by this model. 

 

In the ANOVA of the transformed data the block by treatment interaction was excluded from the 

model. The results are reported below: 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 14 9.59037827 0.68502702 1427.71 <.0001 

Error 63 0.03022792 0.00047981     

Corrected Total 77 9.62060619       

 

R-Square Coeff Var Root MSE viable Mean 

0.996858 2.311375 0.021905 0.947684 

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

section 2 0.14589226 0.07294613 152.03 <.0001 

trtmt 12 9.44448601 0.78704050 1640.32 <.0001 

There are significant differences among treatments and among sections. The % variation explained 

by this model is 99.68% 

  
The ANOVA results suggest that there are significant differences between the treatments (P < 0.0001). 

 

1.4. In the ANOVA model you constructed for question 1.3, conduct the appropriate test to answer 

the following questions: 
The questions below are asking to make group comparisons and trend analysis. To do this we need to 

use contrasts. The order in which SAS read the treatments can be seen by looking at the results of the 

Means trtmt; statement. The results are reported below: 

 

Level 

of 

N Viable 

 

trtmt Mean Std Dev 

NT 
1 6 0.21621 0.02918 

C_0.5 
2 6 0.39155 0.0418 

C_1.0 
3 6 0.983 0.0504 

C_1.5 
4 6 1.25399 0.06586 

C_2.0 
5 6 1.24994 0.02828 

New1_0.5 
6 6 0.58948 0.05502 

New1_1.0 
7 6 0.87826 0.06273 

New1_1.5 
8 6 1.01834 0.05835 

New1_2.0 
9 6 0.9924 0.05762 

New2_0.5 
10 6 0.84445 0.07075 

New2_1.0 
11 6 1.18971 0.05251 

New2_1.5 
12 6 1.36112 0.04687 

New2_2.0 
13 6 1.35145 0.03608 

(Note: The transformed values are reported) 
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The order in which SAS read the treatments is from 1 to 12, which correspond to the 

treatments labeled in the table above. Now the contrast can be constructed with assurance of 

assigning the correct coefficients to the correct treatments. 
 1.4.1 Did the seeds treated with no-fungicide have different viability than the seeds treated with 

fungicide? 
contrast 'treated vs nontreated'trtmt 12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1; 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

treated vs nontreated 1 3.47787158 3.47787158 7248.46 <.0001 

The contrast results suggest that the viability of the seeds treated with no fungicide are significantly 

different from the seeds treated with a fungicide (P < 0.0001). 

 

 1.4.2 Did the seeds treated with the common fungicide have different viability than the seeds treated 

with the new fungicides? 
contrast 'common vs new' trtmt 0 2 2 2 2 -1 -1 -1 -1 -1 -1 -1 -1; 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

control vs new 1 0.05481419 0.05481419 114.24 <.0001 

The contrast results suggest that the viability of the seeds treated with the common fungicide is 

significantly different from the seeds treated with the new fungicides (P < 0.0001). 

 

 1.4.3 Is the viability of the seeds different between the seeds treated with the New1 fungicide 

compared to the New2 fungicide? 
contrast 'new1 vs new2' trtmt 0 0 0 0 0 1 1 1 1 -1 -1 -1 -1; 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

new1 vs new2 1 1.20634697 1.20634697 2514.23 <.0001 

The contrast suggests that the viability of the seeds treated with the New1 fungicide is different from 

the seeds treated with the New2 fungicide (P < 0.0001) 

 

 1.4.4 Does the response of seed viability to increasing fungicide rate have a linear component? 
contrast 'linear' trtmt 0 -3 -1 1 3 -3 -1 1 3 -3 -1 1 3; 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

Linear 1 3.46615879 3.46615879 7224.05 <.0001 

The contrast suggests that there is a significant linear component to the response of seed viability with 

increasing fungicide rate. 
 
 1.4.5 Does the response of seed viability to increasing fungicide rate have a quadratic component? 
contrast 'quadratic' trtmt 0 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1; 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

Quadratic 1 0.80028658 0.80028658 1667.93 <.0001 

The contrast suggests that the response of seed viability to increasing fungicide rate has a quadratic 

component (P < 0.0001) 

 

 1.4.6 Does the response of seed viability to increasing fungicide rate have a cubic component? 
contrast 'cubic' trtmt 0 -1 3 -3 1 -1 3 -3 1 -1 3 -3 1; 
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Contrast DF Contrast SS Mean Square F Value Pr > F 

Cubic 1 0.00004357 0.00004357 0.09 0.7642 

The contrast suggests that the response of seed viability to increasing fungicide rate does not have a 

quadratic component (P = 0.7642). 

 

 1.4.7 Does the quadratic response of seed viability to increasing fungicide rate change when using the 

common fungicide compared to using the new fungicides? 
contrast 'qudratic * com vs new' trtmt 0 2 -2 -2 2 -1 1 1 -1 -1 1 1 -1; 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

qudratic * con vs new 1 0.06795179 0.06795179 141.62 <.0001 

The contrast suggests that the the quadratic response of seed viability to increasing fungicide rate does 

change when using a commong fungicide compared to using one of the new fungicides (P < 0.0001). 

 

 1.4.8 Does the quadratic response of seed viability to increasing fungicide rate change when using the 

New1 fungicide compared to the New2 fungicide? 
contrast 'quadratic * n1 vs n2' trtmt 0 0 0 0 0 1 -1 -1 1 -1 1 1 -1; 

 

Contrast DF Contrast SS Mean Square F Value Pr > F 

quadratic * n1 vs n2 1 0.00121328 0.00121328 2.53 0.1168 

The quadratic response of seed viability to increasing fungicide rate does not change when using the 

new fungicide New1 compared to when using the fungicide New2 (P = 0.1168). 

 

 1.4.9 Have we asked all possible orthogonal questions? How many more orthogonal questions can we 

ask? Provide two more questions/contrasts that are orthogonal to all the previous contrasts (present 

both the question and the contrast).  

There are 13 treatments so 12 d.f. for treatment and 12 independent questions to ask. We have asked 8 before 

so there are 4 additional questions. A possibility is to test the interactions between Treatments 

(Control vs New and New1 vs New2) and the lineal and cubic responses: 

 

1) Is the linear response of seed viability to fungicide rate different between the common fungicide and 

the new fungicides? 

2) Is the cubic response of seed viability to fungicide rate different between the common fungicide and 

the new fungicides? 

3) Is the linear response of seed viability to fungicide rate different  between fungicide New1 and 

fungicide New2? 

4) Is the cubic response of seed viability to fungicide rate different between fungicide New1 and 

fungicide New2? 

 

The respective contrasts are summarized below: 
contrast 'lineal * com vs new'   trtmt 0 -6 -2  2  6  3  1 -1 -3  3  1 -1 -3; 

contrast 'lineal * new1 vs new2' trtmt 0  0  0  0  0 -3 -1  1  3  3  1 -1 -3; 

contrast 'cubic * com vs new'    trtmt 0 -2  6 -6  2  1 -3  3 -1  1 -3  3 -1; 

contrast 'cubic * new1 vs new2'  trtmt 0  0  0  0  0 -1  3 -3  1  1 -3  3 -1; 

                                                                                   NT   C    C    C   C   N1  N1  N1 N1  N2  N2  N2  N2 

                                                                                          50  100 150 200 50 100 150 200 50 100 150 200 
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5. Create a plot using Excel, SAS, or R to plot the results of the experiment where the Y axis represents the 

detransformed means of the treatments, the X axis represents the fungicide rate and the plotted points are 

color coded by treatment. EXCLUDE THE CONTROL FROM THE GRAPH. Visually analyze the plot and 

interpret how the conclusions from contrasts 1.4.5, 1.4.7 and 1.4.8 are represented in the plot. 

 

 

 
Here are the the interpretations made from the plot that correspond to the conclusions from contrast 

1.4.5, 1.4.7, and 1.4.8. 

 

1.4.5. Does the response of seed viability to increasing fungicide rate have a quadratic component? 

The quadratic component is significant and that is reflected in the curved lines in the graph. The lines are not 

straight, they have a quadratic form in which the two middle points are larger than expected by a line 

connecting the first and last concentrations.  

 

1.4.7. The quadratic effect on seed viability due to increasing fungicide application is different 

between the common fungicide and the two new fungicides (contrast 1.4.7 P < 0.0001). For the 

common fungicide, the rate at which seed viability increases between the application rates of 0.5 oz 

/ g and 1.5 oz / g is much larger than the two new fungicides. In a given quadratic function: 

f(x) = ax
2
 + bx + c 

The common fungicide has a larger value of a than the average value of a of the new fungicides. 

 

1.4.8. The quadratic effect on seed viability due to increasing fungicide application is not different 

between the two new fungicides, New1 and New2 (contrast 1.4.8 P = 0.1168). And that is reflected 

by the fact that the two lines are parallel 

 

 

 

 

Problem 2 [?? points] 
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An animal scientist conducted a pilot study on dairy cows to test if there are differences in milk yield (Kg / 

day) between different feeds. The different feeds consisted of: 

 

OaP = Oats mixed with a protein mix 

OaAl = Oats with alfalfa 

CoP = Corn with protein mix 

CoAl = Corn with alfalfa 

 

To conduct the experiment the scientist picked four random cows from the station that were in lactation. The 

scientist randomly assigned the type of feed to the cows and fed the cows for a 19 day period. On the 9th day 

the scientist started measuring the milk produced by each cow per day until the 19th day and took an average 

of kilograms of milk per day for each cow. The cows were returned to the same standard diet for 1 month to 

avoid carry over from the previous treatment. After this period , the scientist randomly assigned the type of 

feed to the same cows again with the restriction that none of the cows repeated a diet. As done previously, he 

fed them for a 19 day period and on the 9th day started measuring milk production for 10 days to calculate 

the average kilograms of milk per day for each cow. The scientist repeated the same procedure twice more to 

a total of four periods. The scientist has no particular interest in the differences between cows or periods but 

thinks that this can help him to reduce variability. Each treatment occurs once in each period x cow 

combination. Below is a table summarizing the experimental design: 

 
Data Milk; 

input Period $ Cow $ Feed $ Yield; 

cards;  

p1 cow1 OaP 15.57 

p1 cow2 OaAl 12.97 

p1 cow3 CoP 15.67 

p1 cow4 CoAl 14.36 

p2 cow1 OaAl 11.74 

p2 cow2 OaP 10.51 

p2 cow3 CoAl 9.7 

p2 cow4 CoP 12.7 

p3 cow1 CoP 13.97 

p3 cow2 CoAl 11.04 

p3 cow3 OaP 13.12 

p3 cow4 OaAl 13.75 

p4 cow1 CoAl 13.04 

p4 cow2 CoP 13.78 

p4 cow3 OaAl 14.64 

p4 cow4 OaP 16.75 

; 

proc print data = Milk; 

 

Proc GLM data = Milk; 

title 'ANOVA'; 

Class Period Cow Feed; 

Model Yield = Period Cow Feed; 

Output out = MilkPR r = res p = pred; 

Means Feed; 

Means Feed / Scheffe; 

                                                                                                                                         

Proc UNIVARIATE Normal data = MilkPR;                                                                                                    

var res;                                                                                                                                 
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*Tukey's test for non-aditivity: cow *feed;                                                                                              

proc glm data= milk;                                                                                                                     

  class cow feed;                                                                                                                        

  model yield = cow feed;                                                                                                                

  output out=tukrt p= prt   r= rrt;                                                                                                      

proc glm data=tukrt;                                                                                                                     

       class cow feed;                                                                                                                   

       model yield = cow feed prt*prt;                                                                                                   

                                                                                                                                         

*Tukey's test for non-aditivity: period *feed;                                                                                           

proc glm data= milk;                                                                                                                     

  class period feed;                                                                                                                     

  model yield = period feed;                                                                                                             

  output out=tukct p= pct2   r= rct2;                                                                                                    

proc glm data=tukct;                                                                                                                     

       class period feed;                                                                                                                

       model yield = period feed pct2*pct2;                                                                                              

run; quit;                                                                                                                               

 

 

2.1 Describe in detail the design of this experiment [see appendix]. 

Design:  Latin Square 

Response Variable:  Milk Yield per day 

Experimental Unit:  Diet 

    

Class 

Variable 

Block or 

Treatment 

No. of 

Levels 
Description 

1  Block 4   Cow 

2  Block  4  Period 

3  Treatment  4  The type of feed 

    

  Subsamples? YES  The cows were milked for 10 days and the average was calculated 

 

 

2.2 Perform the appropriate ANOVA model given the experimental design described. Based on your 

ANOVA results are there significant differences between the the feed type, cows, and feeding period?  
Below are the results of the analysis of the data as a Latin Square design. 

 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 9 53.64205625 5.96022847 21.42 0.0007 

Error 6 1.66918750 0.27819792     

Corrected Total 15 55.31124375       

 

R-Square Coeff Var Root MSE Yield Mean 

0.969822 3.956268 0.527445 13.33188 

 

 

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

Period 3 32.17921875 10.72640625 38.56 0.0003 

Cow 3 11.05346875 3.68448958 13.24 0.0047 
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Source DF Type III SS Mean Square F Value Pr > F 

Feed 3 10.40936875 3.46978958 12.47 0.0055 

 

The ANOVA results suggest that there were significant differences in milk yield between feed types (P 

= 0.0055). There were significant effects due to the period the feed was integrated into the diet (P = 

0.0003) and there were significant effects due to the different cows who were used in the experiment (P 

= 0.0047). 

 

2.3. Check the following assumptions (others are not required): normality of residuals and multiplicative 

cow*feed and period*feed interactions.  

 

Tests for Normality 

Test Statistic p Value 

Shapiro-Wilk W 0.948567 Pr < W 0.4673 

We do not reject the hypothesis that the residuals are normally distributed  

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

Cow 3 0.37172791 0.12390930 0.03 0.9927 

Feed 3 0.36904852 0.12301617 0.03 0.9927 

prt*prt 1 0.15999637 0.15999637 0.04 0.8503 

The 1-df Tukey test indicates that there are not significant multiplicative effects between cow and feed. 

 

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

Period 3 0.31363966 0.10454655 0.07 0.9765 

Feed 3 0.27493759 0.09164586 0.06 0.9805 

pct2*pct2 1 0.02990798 0.02990798 0.02 0.8942 

 

The 1-df Tukey test indicates that there are not significant multiplicative effects between period (column) 

and feed. 

 

2.4. [5 points] After the experiment, the researcher notices that the milk yield mean for CoAl is lower than 

the other three means (2.4.1.). He also notices that the means of the samples with additional protein (CoP and 

OaP) are higher than the other two (2.4.2.). Choose the statistical mean comparison procedure that is 

appropriate for differences suggested by the data (a posteriori) and that can make multiple group 

comparisons controlling MEER to answer the question below: 

  2.4.1. Test if the mean of CoAl is different from the average of the three other treatments. 

    2.4.2. Test if the means of the treatments with protein mix (CoP and OaP) are different from the 

means of the other two treatments (OaAl and CoAl). 
 

The GLM Procedure 
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 2.4.1. CoAl versus the other three -3 1 1 1 

To answer the group comparison questions we must use Scheffe’s contrast as illustrated below: 

 
To calculate the contrast (Q) the following formula was used: 

∑ 𝑐𝑖𝑌𝑖= -3*12.035+1*14.03 +1*13.275+1*13.9875=5.1875 

 

where ∑ 𝑐𝑖 = 0, 𝑐𝑖 = coefficient, and 𝑌𝑖 = the mean of the respective treatment. 
 
To calculate the critical value (Fs) the following formula was used: 

𝐹𝑠 =  √𝑑𝑓𝑇𝑟𝑡𝐹𝛼,𝑑𝑓𝑇𝑟𝑡,𝑑𝑓𝑀𝑆𝐸
√𝑀𝑆𝐸 ∑

𝑐𝑖
2

𝑟𝑖
; 

where 𝑑𝑓
𝑇𝑟𝑡

 = 3, 𝐹𝛼,𝑑𝑓𝑇𝑟𝑡,𝑑𝑓𝑀𝑆𝐸
 = F 0.05, 3, 6,= 4.757, 𝑀𝑆𝐸 = 0.2782, 𝑐𝑖 = coefficient ci

2=12 and 𝑟𝑖 = 4. 

 
 
To decide if the contrast is significant or non-significant Q must be greater than the critical value Fs.  

 

 
CoAl CoP OaAl OaP 

   

 
12.035 14.03 13.275 13.9875 Q Fs significant? 

corn vs oats -3 1 1 1 5.1875 3.4512 YES 

The Scheffe’s contrast indicates that CoAI is significantly different from the average of the other 

three feeds (|Q| = 5.1875> Fs = 3.4512). 

 

2.4.2. Test if the means of the treatments with protein mix (CoP and OaP) are different from the means of the 

other two treatments (OaAl and CoAl). 

 

 
CoAl CoP OaAl OaP 

   

 
12.035 14.03 13.275 13.9875 Q Fs significant? 

protein vs alfalfa -1 1 -1 1 2.7075 1.9925 YES 

 

The Scheffe’s contrast suggest that the difference between feeds that contained protein mix and 

feeds that contained alfalfa are significant (|Q| = 2.7075 > Fs = 1.9925). 

 

where 𝑑𝑓
𝑇𝑟𝑡

 = 3, 𝐹𝛼,𝑑𝑓𝑇𝑟𝑡,𝑑𝑓𝑀𝑆𝐸
 = F 0.05, 3, 6,= 4.757, 𝑀𝑆𝐸 = 0.2782, 𝑐𝑖 = coefficient ci

2=4 and 𝑟𝑖 = 4. 
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2.5. Was it worth accounting for variation due to cow effects in the model? To answer this question 

conduct a relative efficiency analysis. 

 

To calculate the relative efficiency of the Latin Square design compared to the RCBD where cows are 

removed as a blocking variable first it is necessary to estimate the MSE of having an RCBD where we 

remove cows as a blocking variable. This could be done by using the flowing equation: 

 

MSE RCBD if facilities is removed =  
𝑑𝑓𝐶𝑜𝑤 𝐿𝑆×𝑀𝑆𝐶𝑜𝑤𝐿𝑆+(𝑑𝑓𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝐿𝑆+𝑑𝑓𝑒𝑟𝑟𝑜𝑟 𝐿𝑆)×𝑀𝑆𝐸𝐿𝑆

𝑑𝑓𝐶𝑜𝑤 𝐿𝑆+𝑑𝑓𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝐿𝑆+𝑑𝑓𝑒𝑟𝑟𝑜𝑟 𝐿𝑆

 

 

Where: df Cow LS = 3, df Treatment LS = 3, df error LS = 6, MSCow LS = 3.6845, MSE LS = 0.2782. 

MSE RCBD if facilities is removed =  
3 × 3.6845+(3 + 6)×0.2782

3 + 3 + 6
 =1.1298 

 
Now we can calculate the relative efficiency of the Latin Square design with a RCBD where the cows were 

removed as a blocking variable. To do this we use the following equation: 
 

RE LS : RCBD facilities removed = 
(𝑑𝑓𝑀𝑆𝐸 𝐿𝑆+1)(𝑑𝑓𝑀𝑆𝐸 𝑅𝐶𝐵𝐷+3)𝑀𝑆𝐸𝑅𝐶𝐵𝐷 𝑐𝑜𝑤𝑠 𝑟𝑒𝑚𝑜𝑣𝑒𝑑

(𝑑𝑓𝑀𝑆𝐸 𝑅𝐶𝐵𝐷+1)(𝑑𝑓𝑀𝑆𝐸 𝐿𝑆+3)𝑀𝑆𝐸𝐿𝑆
 

 

Where: df MSE LS = 6, df MSE RCBD = 9, MSE RCBD cows removed = 1.1298, MSE LS = 0.2782 

 

RE LS : RCBD facilities removed = 
(6+1)(9+3)1.1298

(9+1)(6+3)0.2782
 = 3.7904 

 

The relative efficiency of the Latin square design where we included cows as a blocking variable was more 

efficient than an RCBD where we remove cows as a blocking variable. Based on the result above it would 

take ~4 replications in an RCBD without blocking for cows to produce the same information as 1 replication 

in a LS design. The results of the relative efficiency suggest that it was worth to account for variation due to 

cow in the model. 

 

Problem Nested CRD [?? points] 
 

With averages to test assumptions and power (and as a control of using the 

correct error term) 

 
Title 'Nested CRD';                                                                                                                      

Data cows;                                                                                                                               

Input Feed $ Cow CLA;                                                                                                                    

Cards;                                                                                                                                   

Control      1      39.3267                                                                                                              

Control      2      30.5867                                                                                                              

Control      3      35.6667                                                                                                              

Control      4      38.4500                                                                                                              

Control      5      36.1600                                                                                                              

TrtA         1      47.8933                                                                                                              

TrtA         2      38.6000                                                                                                              

TrtA         3      40.9200                                                                                                              

TrtA         4      45.4567                                                                                                              

TrtA         5      41.4500                                                                                                              

TrtB         1      45.2533                                                                                                              

TrtB         2      41.3133                                                                                                              

TrtB         3      41.3267                                                                                                              

TrtB         4      45.2033                                                                                                              

TrtB         5      40.0200                                                                                                              
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TrtC         1      54.4733                                                                                                              

TrtC         2      51.8333                                                                                                              

TrtC         3      49.7800                                                                                                              

TrtC         4      53.8600                                                                                                              

TrtC         5      53.9467                                                                                                              

TrtD         1      51.6567                                                                                                              

TrtD         2      50.2433                                                                                                              

TrtD         3      51.3633                                                                                                              

TrtD         4      53.6333                                                                                                              

TrtD         5      51.7433                                                                                                              

;                                                                                                                                        

Proc GLM data=Cows Order=data;                                                                                                           

      Class feed;                                                                                                                        

      Model CLA = feed;                                                                                                                  

      Means feed/Dunnett  alpha=0.01;                                                                                        

      Output out=Residual p=pred r=res;                                                                                                  

Proc Univariate Normal Plot data=Residual;                                                                                               

      Var res;                                                                                                                           

Proc GLM data=Cows;                                                                                                                      

      Class feed;                                                                                                                        

      Model CLA = feed;                                                                                                                  

      Means feed/hovtest=Levene;                                                                                                         

Proc Power;                                                                                                                              

      onewayanova test=overall_f                                                                                                         

      groupmeans=36.038|42.864|42.6233|52.7787|51.728                                                                                    

      stddev=2.715608                                                                                                                    

      npergroup=5                                                                                                                        

      alpha=0.01                                                                                                                         

      power=.;Run; Quit; 

 

3.1. Describe the design of this experiment in detail. 
 

Design:  Nested CRD with 5 replications and 3 subsamples per replication. 

Response Variable:  CLA content in milk (μl/ml) 

Experimental Unit:  Cow 

Class 

Variable 

Block or 

Treatment 

No. of 

Levels 
Description 

1  Treatment 5  Control and different additives 

  Subsamples?  Yes 3 milk samples taken per cow 

 

3.2. Analyze the data and report if there are significant differences among  treatments.Present and 

explain a box plot of the treatment means in relation to the results of your analysis. 
 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 4 980.442295 245.110574 33.24 <.0001 

Error 20 147.490545 7.374527     

Corrected Total 24 1127.932840       

 

R-Square Coeff Var Root MSE CLA Mean 

0.869238 6.007132 2.715608 45.20640 

 

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

Feed 4 980.4422954 245.1105738 33.24 <.0001 

 

There are significant differences among feeds P<0.0001 
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It appears that all treatments are diffferent form the control and that 2 and 3 are similar to each other, 

as are treatments 4 and 5. These differences will require additional tests that are not required in this 

problem.   
 

 

3.3.   Determine if each of the additives is significantly different from the control at =0.01. Use a 

test that controls for experiment wise error rate. Use the most sensitive test for the specific question 

asked. 

 

Dunnett's t Tests for CLA 

  

Alpha 0.01 

Error Degrees of Freedom 20 

Error Mean Square 7.374527 

Critical Value of Dunnett's t 3.39551 

Minimum Significant Difference 5.8318 

Comparisons significant at the 0.01 level are indicated by ***. 

Feed 

Comparison 

Difference 

Between 

Means 

Simultaneous 99% Confidence 

Limits 

  

TrtC - Control 16.741 10.909 22.572 *** 

TrtD - Control 15.690 9.858 21.522 *** 

TrtA - Control 6.826 0.994 12.658 *** 

TrtB - Control 6.585 0.754 12.417 *** 

 

      

Each of the treatments is significantly different from the control at alpha 0.01. 

 

3.4. Test if the data meet the assumptions of ANOVA using the appropriate model. 
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Tests for Normality 

Test Statistic p Value 

Shapiro-Wilk W 0.984619 Pr < W 0.9589 

The residuals follow a normal distribution. 
 

Levene's Test for Homogeneity of CLA Variance 

ANOVA of Squared Deviations from Group Means 

Source DF Sum of Squares Mean Square F Value Pr > F 

Feed 4 355.7 88.9295 1.62 0.2079 

Error 20 1096.9 54.8465   

 

The data meet the assumption of homogeneity of variance.  
 

The test for Normality and for homogeneity of variance (Levene) show no 

significant differencs so the data meets the assumptions of the ANOVA.  

 

3.5. Establish the power of the ANOVA at  =0.01 

The POWER Procedure 

Overall F Test for One-Way ANOVA 

Fixed Scenario Elements 

Method Exact 

Alpha 0.01 

Group Means 36.038 42.864 42.6233 52.7787 51.728 

Standard Deviation 2.715608 

Sample Size Per Group 5 

 

Computed Power 

Power 

>.999 

The power test indicates the this experiment had adequate power (>0.999) for testing the effects of 

the additives. 
 

 

TO determine the components of variance we need to use the full model. 

 

Title 'Nested CRD'; 

Data Cows; 

 do cow = 1 to 5; 

  do sample = 1 to 3; 

   do feed = 1 to 5; 

    Input CLA @@; 

    Output; 

   end; 

  end; 

 end; 

Cards; 

41.25 49.04 46.51 54.29 54.18 

39.13 48.72 42.81 48.81 54.76 
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37.60 45.92 46.44 60.32 46.03 

31.46 37.74 43.82 48.22 52.54 

31.05 34.55 39.18 50.29 47.26 

29.25 43.51 40.94 56.99 50.93 

34.14 42.05 44.52 52.14 54.01 

33.19 45.21 40.19 50.23 49.08 

39.67 35.50 39.27 46.97 51.00 

39.59 45.22 50.62 57.37 54.54 

35.69 48.32 42.44 52.92 51.32 

40.07 42.83 42.55 51.29 55.04 

41.03 43.27 39.84 55.34 53.24 

35.71 40.20 44.31 53.53 50.98 

31.74 40.88 35.91 52.97 51.01 

; 

Proc GLM data=Cows; 

 Class feed cow; 

 Model CLA = feed cow(feed); 

 Random cow(feed); 

 Test h=feed e=cow(feed); 

 Means feed/Dunnett Alpha=0.01 e=cow(feed); 

 Output out=Residual p=pred r=res; 

Proc Varcomp data=Cows Method=Type1; 

 Class feed cow; 

 Model CLA = feed cow(feed); 

Run; Quit; 

 
 

3.6. What percent of the total variation is explained by the cows’ diet? The cows? The samples? 
 

Type 1 Analysis of Variance 

Source DF Sum of Squares Mean Square Expected Mean Square 

feed 4 2941.336781 735.334195 Var(Error) + 3 Var(cow(feed)) + 15 Var(feed) 

cow(feed) 20 442.473613 22.123681 Var(Error) + 3 Var(cow(feed)) 

Error 50 551.553533 11.031071 Var(Error) 

Corrected Total 74 3935.363928     

 

Type 1 Estimates 

Variance Component Estimate 

Var(feed) 47.54737 

Var(cow(feed)) 3.69754 

Var(Error) 11.03107 

 

By using Proc VarComp, we can estimate the variation due to percent pasture, cows, and samples. 

The total variation in the experiment was 47.54737 + 3.69754 + 11.03107 = 62.27598. The 

variation due to feed was 47.54737 / 62.27598 = 76.3%. The variation due to cows was 3.69754 / 

62.27598 = 5.9%. Lastly, the percent variation due to the samples was 11.03107 / 62.27598 = 

17.7%. There was more variation explained by samples, indicating that it was a good idea to take 

multiple samples from each cow.  
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3.7. Each cow costs $200 during the two-week period, and each milk sample costs $25 to analyze. 

The researcher wants to repeat the experiment and, if possible, save some money. How might she 

do this without sacrificing her ability to detect differences among pasture treatments? Show your 

calculations.  
 

Where Ceu = $200, Csub = $25, S
2

sub = 11.03107, and S
2

eu = 3.69754: 

 

2

..

2

..

uesub

subue

s

SC

SC
N  = 4.9 ≈ 5 subsamples 

 

Previous budget = Ceu * (neu) + Csub * (nsub) * (neu) 

                           = $200 * 25 + $25 * 3 * 25 = $6875 

With 5 subsamples:  

$6875 = $200 * ne.u. + $25 * 5 * ne.u. = $325 * ne.u.  ne.u. = 21.2 cows 

 

The researcher can optimize the experiment by using 4 cows per treatment, each with 5 subsamples. 

 

New budget = $200 * 20 + $25 * 5 * 20 = $6500 

 

 

  
 

Extra Questions [?? points] 

4.1. The authors of an experiment reported that the power of their analysis to differentiate two means 

separated by two pooled standard deviations was 95% with 6 replications per treatment. Based on this data 

estimate BY HAND the Type I error they used assuming it was a two-tailed test. 

To test if the Type I error is correct we must calculate the value of α when we know the number of 

replications, the difference of the means in standard deviations, and the power of the test. To 

calculate the Type I error we can use the following formula: 

𝑛 = 2 (
𝜎𝑝𝑜𝑜𝑙𝑒𝑑

𝛿
)

2

(𝑡𝛼
2,𝑛1+𝑛2−2

+  𝑡𝛽,𝑛1+𝑛2−2 )2 

Where n = the number of replications , σpooled = pooled variance, δ = the difference between the 

treatments, 𝑡𝛼

2
,𝑛1+𝑛2−2 = the t-value given α and its degrees of freedom, and 𝑡𝛽,𝑛1+𝑛2−2 = the t-value 

given β and its degrees of freedom. 

 

Whe can rearrange the equation to calculate 𝑡𝛼

2
,𝑛1+𝑛2−2 

𝑡𝛼
2,𝑛1+𝑛2−2

=  
√

𝑛

2 (
𝜎𝑝𝑜𝑜𝑙𝑒𝑑

𝛿
)

2 −  𝑡𝛽,𝑛1+𝑛2−2  

Where n = 6, δ = 2σpooled, σpooled = σpooled, tβ, n1 + n2 – 2 = t0.05, 6 + 6 – 2 = 1.8125 (the value of tβ is always 

one tailed) . Now we solve for 𝑡𝛼

2
,𝑛1+𝑛2−2: 
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𝑡𝛼
2,𝑛1+𝑛2−2

=  √
6

2 (
𝜎𝑝𝑜𝑜𝑙𝑒𝑑

2𝜎
)

2 –  1.8125 = 1.6516   

𝑡𝛼

2
,𝑛1+𝑛2−2= 1.6516 now we can look up what is the α value of a two-tailed t- value equivalent to 

1.6516 with 10 degrees of freedom, which is 0.1296. Therefore the Type I error is equivalent to 

0.1296. 

 

4.2. Four companies are trying to release new pesticide products A, B, C and D to replace the 

standard in the market that is product E. All companies claim that their products have smaller 

residual activity than the standard. The residual activity after one week is measured in 6 replications 

of each of the 5 treatments in a completely randomized design: 

  

Company N Mean in ppm Standard deviation (s) 

A 6 350 20  

B 6 449 37 

C 6 410 24 

D 6 432 30 

E 6 459 35 

 

4.2.1. Calculate the LSD =0.01 for this test and present an appropriate comparative table for all 

the means 

MSE s2/5=894  

MSE df=25 

 

One side test 

 

LSD  

Correct one side P=0.01 2.485 SQRT(894*2/6)=42.9 

(incorrect two side 2.787 SQRT(894*2/6)= 48.11. Partial credit)   

 

          2 side     1side 

A 350 a a        

C 410 b b 

D 432 bc bc 

B 449 bc bc 

E 459 c c 

 

4.2.2. Assuming that the only different treatment from the standard E was treatment A calculate the 

maximum experiment-wise error rate under this partial null hypothesis. Is this acceptable? If not, 

suggest the most sensitive test for this question that will control MEER. 

Calculations for MEER: 

t(t-1)/2 = 5(4) / 2 = 10; 1 – (0.95)
10

 = 0.40 Not acceptable 



 21 

Dunnett would be the appropriate test [df 24 /2=0.99 (there is no =0.99, so good approximation) 

~3.3=57] 

 

4.2.3. These data suggest a violation of the assumptions of ANOVA. Which one? Which 

transformation would you suggest? (You do not need to do the actual transformation of the data or 

modify the previous questions) 

 

There is a strong correlation between mean and standard deviation suggesting that a log 

transformation might be useful 

350 20    449 37    410 24    432 30    459 35;  b=4.51569 a=-1.257 R=0.93 

 

 

A square root transformation would also be considered an appropriate answer (although the linear 

response of means and standard deviations suggests that log might be better.  

 

4.3. An extension specialists performs a study of the effct of the rate of Nitrogen application on the yield of 

soybeans.  Is this response lineal, quadratic or cubic? Show your program and conclusions.  You do not need 

to test any assumptions. 

50 150 200 300 

320 450 420 430 

300 400 465 470 

335 420 415 420 

310 415 425 435 

 

Title 'Unequally spaced';                                                                                                                
Data Nit;                                                                                                                                
Input rate yield;                                                                                                                        
Cards;                                                                                                                                   
50      320                                                                                                                              
50      300                                                                                                                              
50      335                                                                                                                              
50      310                                                                                                                              
150      450                                                                                                                             
150      400                                                                                                                             
150      420                                                                                                                             
150      415                                                                                                                             
200      420                                                                                                                             
200      465                                                                                                                             
200      415                                                                                                                             
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200      425                                                                                                                             
300      430                                                                                                                             
300      470                                                                                                                             
300      420                                                                                                                             
300      435                                                                                                                             
;                                                                                                                                        
Proc GLM data=Nit;                                                                                                                       
  Model yield= rate rate*rate rate*rate*rate;                                                                                            
      Means rate;                                                                                                       
      Output out=Residual p=pred r=res;                                                                                                  
Run; Quit; 

Dependent Variable: yield  

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 3 39718.75000 13239.58333 31.93 <.0001 

Error 12 4975.00000 414.58333     

Corrected Total 15 44693.75000       

 

R-Square Coeff Var Root MSE yield Mean 

0.888687 5.066580 20.36132 401.8750 

 

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

rate 1 29808.17308 29808.17308 71.90 <.0001 

rate*rate 1 9506.25000 9506.25000 22.93 0.0004 

rate*rate*rate 1 404.32692 404.32692 0.98 0.3429 

 

There are significant lineal and quadratic responses but not cubic. The response is quadratic.  


