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PLS205 Winter 2015 

 

Homework Topic 9 
 

Due TUESDAY, February 24, at the beginning of lecture.  Answer all parts of the questions 

completely, and clearly document the procedures used in each exercise.  To ensure maximum points for 

yourself, invest some time in presenting your answers in a concise, organized, and clear manner. 

 

 

Question 1 [50 points] 

 

An investigator would like to test if different sources of protein have different effects on weight gain 

when consumed at different protein levels. The investigator prepared 60 rat cages with 15 rats in each 

cage. Ten cages were randomly assingned to each of the 6 treatments. Treatments included all possible 

combinations of two factors: protein level (high and low) and protein source (beef, cereal, pork). After a 

month of providing each cage with the respective feed type the investigator weighed the 15 rats in each 

cage and calculated the average weight gain. The data is reported in the table below: 

 

High protein Low protein 

Beef Cereal Pork Beef Cereal Pork 

60 84 80 76 90 35 

88 60 65 62 81 68 

104 42 81 76 83 59 

90 97 84 50 66 72 

67 81 88 72 84 67 

93 74 88 37 60 83 

86 68 94 58 60 92 

73 63 77 76 53 56 

103 72 106 81 75 51 

97 78 91 64 44 68 

 

 [A POST-MIDTERM GIFT:  DO NOT WORRY ABOUT TESTING ASSUMPTIONS] 

 

1.1 Describe in detail the design of this experiment [see appendix at the end of this problem set].  

 

1.2 Perform the appropriate ANOVA and report the results below. Briefly discuss what effects are 

significant. 

 

1.3 Use SAS, Excel, or R to create a plot of the interactions between level of protein and source and 

interpret the results of the plot. 

 

1.4 Perform the appropriate contrast to answer the following questions: 

 1.4.1 Is there a difference in weight gain when the mice were fed a high level of protein compared 

to a low level of protein? 
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 1.4.2 Is there a difference in weight gain when mice were fed a vegetable source of protein (cereal) 

compared to an animal source of protein (beef and pork)? 

 

 1.4.3 Is there a difference in weight gain when mice were fed a protein source made of beef 

compared to a protein source made of pork? 

 

 1.4.4 Is the difference between animal and vegetable sources of protein different at high levels of 

protein compared to low levels of protein? 

 

 1.4.5 Is the difference between beef and pork sources of protein different at high levels of protein 

compared to low levels of protein? 

 

1.5 Take the sum of the SS of contrast 1.4.2 and 1.4.3 and compare it to the SS in the ANOVA in 1.2 to 

test for differences between the sources of protein. 

 

1.6 Take the sum of the SS of contrast 1.4.4 and 1.4.5 and compare it to the SS in the ANOVA in 1.2 to 

test for interactions between the source of protein and the level of protein. 

 

1.7 Discuss why the significance of the the interaction in the overall ANOVA is not the same as in the 

interaction contrasts. 
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Question 2 [50 points] 

 

An investigator in a seed company would like to test how seed germination in the field of 4 new varieties 

of carrot is affected by different formulations of pelleting (FYI: some seed is coated with a combination 

of pesticide, nutrients, and inert ingredients to improve germination and make it easier to plant, 

particularly very small seed). The 12 different seed treatments include 4 different pellet formulations in 

combination with 3 different pesticide formulations. To conduct the experiment the investigator prepared 

two fields in two different farms. The research has no particular interest in these two farms that can be 

considered as blocks. In each field the investigator prepared 48 plots and randomly assigned one  of the 

48 combinations of variety, pellet formulation, and pesticide combinations to each plot. Each plot 

received the same number of coated seed. After three weeks the investigator visited the field and scored 

stand establishment using a scale that varied from 0 to 100, where 0 is no stand establishment and 100 is 

maximum stand establishment. The data are summarized below: 

 

          
 

PelletA PelletB PelletC PelletD 

       pest1 pest2 pest3 pest1 pest2 pest3 pest1 pest2 pest3 pest1 pest2 pest3 

Farm1 Var1 72 76 76 63 67 87 64 67 77 87 78 68 

Farm1 Var2 67 52 62 80 79 89 64 65 64 67 70 60 

Farm1 Var3 57 66 69 72 72 73 63 66 67 56 75 87 

Farm1 Var4 57 56 78 60 67 68 61 79 68 73 86 72 

Farm2 Var1 48 76 65 62 70 69 73 66 78 55 67 73 

Farm2 Var2 44 58 54 77 79 81 62 61 79 60 78 82 

Farm2 Var3 53 50 56 81 86 86 55 56 66 56 58 64 

Farm2 Var4 46 55 64 56 59 67 64 66 62 59 58 86 

 

(THE GIFT CONTINUES: DO NOT WORRY ABOUT TESTING ASSUMPTIONS) 

 

2.1 Describe in detail the design of this experiment [see appendix at the end of this problem set]. 

 

2.2 Conduct the correct ANOVA analysis of the above data and report the results below. Briefly 

mention what effects are significant. 

 

2.3 Present and analyze a plot of the main effects for pesticide. Explain why is the analysis of the main 

effects of pesticide justified. Conduct a REGWQ multiple comparison test on the main effects of 

pesticide.  

 

2.4 Present and analyze a plot of the interaction between the varieties and the pellet formulation. Based 

on the plot and on the ANOVA results, explain why is the analysis of the simple effects of variety 

and pellet formulation justified.  

 

2.5 Based on your response to question 2.4 conduct all 8 simple effect ANOVAs, and for the 

significant ones perform an REGWQ analysis. For each test describe which combination of variety/ 

pellet formulation would you recommend if high vigor is desired.  For each recommendation 

indicate which other combinations are not significantly different from the recommended ones.  

 

 

2.6 How would the ANOVA model differ if the experiment was done in only one farm (i.e. you only 

have one replication of all the treatment combinations)? Perform the ANOVA  by only using the 
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data from farm 2 and report the results below. Provide a brief discussion of the overall ANOVA 

results (you are not asked to do mean comparisons here). 

 

 

Appendix 

 

When you are asked to "describe in detail the design of this experiment," please do so by 

completing the following template: 

 

Design:   

Response Variable:   

Experimental Unit:   

    

Class 

Variable 

Block or 

Treatment 

No. of 

Levels 
Description 

1       

2       

↓       

n       

    

  Subsamples? YES / NO   

 
NOTICE:  There is a new column in the above table ("Block or Treatment").  Now, for each class 

variable in your model, you need to indicate if it is a "Block" variable or a "Treatment" variable. 


