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Homework Topics 4 & 5 

Due Thursday, January 29, at the beginning of lab.  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                                                                                                                           [20 points] 

 

 

A graduate student is trying to optimize a protocol to extract a molecular compound from 

animal cells, which will be used for further study. The student wants to determine the 

amount of tissue that needs to be collected to maximize the amount of the desired 

molecular compound. In addition, the student is interested in testing if adding a supplement 

to his reaction will have an effect in the overall yield of the molecular compound. The 

student designed an experiment where he performed a total of 32 extractions using eight 

treatments that represent all possible combinations of tissue amount and presence or 

absence of the supplement: S50, S100, S150, S200, NS50, NS100, ND150, NS200. The 

student performed 32 individual extractions in a random order of supplement and tissue 

combination. The result for each combination of treatments is summarized below: 

 

 
50 g 100 g 150 g 200 g 

Supplement 

105.7 419.2 608.4 623.1 

111.6 418.4 602.9 602.9 

90.8 435.3 591.2 581.5 

92.6 424.2 589.4 594.4 

no-
supplement 

104.9 452.1 416.0 366.8 

93.5 447.3 400.6 383.3 

103.2 466.4 407.7 369.1 

109.0 449.6 405.9 370.1 
 

Note: The result is given in total nanograms of molecular compound. 

 

1.1 Describe in detail the design of this experiment [see appendix at the end of this 

problem set]. 

 

1.2 Answer the following questions by using orthogonal contrast. Show the contrast that 

was used to answer the question. 

a) Is there a lineal response of yield to increasing tissue amount? 

 

b) Is there a quadratic response of yield to increasing tissue amount? 

 



c) Is there a cubic response of yield to increasing tissue amount? 

 

d) Does adding the supplement have a significant effect on yield? 

 

e) Is the lineal response to tissue amount different in the presence or absence of the 

supplement? 

 

f) Is the quadratic response to tissue amount different in the presence or absence of the 

supplement?  

 

g) Is the cubic response to tissue amount different in the presence or absence of the 

supplement? 

Hint: the last three contrasts are interactions 

 

1.3 Test for homogeneity of variances and the power of the test. 

 

1.4 Demonstrate that all contrasts are pair-wise orthogonal. 

 

1.5 Compare the degrees of freedom and SS from the model and the contrasts. 

 

1.6 Use SAS, JMP, Excel or R to create a line plot that shows both supplement treatment 

effects on yield with increasing tissue amount. Based on the results of the plot which 

treatment combination produces the most yield using the least amount of tissue? Explain 

what is the effect of adding the supplement to the protocol? 

 

Question 2                                                                                                                           [20 points] 

 

A graduate student is interested in studying the relationship between a newly developed 

muscle building formula and lean body mass in mice. Only male mice were used in this 

study. The student took 16 cages and in each cage 4 adult mice were placed. Different 

amounts of the muscle building supplement were randomly assigned to each cage (all of 

the mice in the cage received the same amount of muscle building formula). The different 

sets of 4 cages were given 0.0, 0.4, 0.6 and 1 g per day per mouse. The experiment lasted 

one month. At the end of the experiment individual mice were euthanized and lean body 

mass was weighed. The results are summarized in the table below (NOTE: each cell reports 

the average lean body mass of the 4 mice in the respective cage): 

 

0 0.4 0.6 1 

12.16 19.97 24.68 22.93 

14.04 17.69 23.59 21.95 

16.72 19.64 21.24 25.78 

17.74 20.81 20.88 22.43 
 

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

set]. 

 



2.2 Perform a trend analysis and indicate if the response is lineal, quadratic, cubic, etc. 

Prepare a combined BoxPlot of the different treatments (be sure to put all treatment 

boxplots within one graph). 

 

Question 3                                                                                                                           [20 points] 

 

A pathologist is interested in studying the effect of a common fungicide on a common 

pathogen strain. The pathologist used three different treatments of the fungicide, which 

include no fungicide (NF), recommended rate (RR), and twice the recommended rate 

(2xRR). In addition to the fungicide the pathologist wants to experiment with different 

additives, which include an emulsifier or a surfactant. The pathologist added to the 

fungicide an emulsifier only (E), a surfactant only (S), and a combination of a surfactant 

and an emulsifier (E&S). The pathologist grew 35 potted plants. The fungus was inoculated 

on the potted plants grown in a controlled environment. Once the disease pressure reached 

a desired threshold one of nine treatments were randomly applied to the plants: 

1. no treatment (NT) 

2. recommended rate with emulsifier (RR_E) 

3. recommended rate with surfactant (RR_S) 

4. recommended rate with emulsifier and surfactant (RR_E&S) 

5. 2x rate with emulsifier (2xRR_E) 

6. 2x rate with surfactant (2xRR_S) 

7. 2x rate with emulsifier and surfactant (2xRR_E&S) 

After a week of applying the treatments the pathologist scored the disease severity by 

giving each plant a score between 0 and 10. Where 0 is no disease and 10 is very severe 

disease. 

NT RR_E RR_S RR_E&S 2xRR_E 2xRR_S 2xRR_E&S 

10.0 10.0 8.5 8.0 6.0 4.5 0.5 

9.5 9.5 9.0 9.0 5.5 5.0 0.5 

10.0 9.0 9.5 8.0 6.0 4.5 0.0 

10.0 9.5 9.5 7.0 6.0 5.5 1.0 

9.5 9.0 9.0 7.5 5.5 4.5 0.5 

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

 

3.2 Answer the following questions by using orthogonal contrast. Show the contrast that 

was used to answer the question. 

a) Does the application of fungicide affect the disease severity? 

 

For the next five contrasts exclude the “absence of treatment= NT” and focus 

on the other 6 combinations:  

 

 



b) Is there a difference between adding the recommended rate of fungicide and 

adding double the recommended amount of fungicide? 

 

c) Is the effect of the treatments with only one additive (emulsifier or surfactant) 

different from the effect of the treatment with the combined additives? 

 

d) Take into consideration the treatments that have only one additive: Is there a 

difference between the treatment with the emulsifier and the treatment with 

surfactant? 

 

e) Is the effect of fungicide rate on disease severity influenced by the effect of 

adding individual additives (either emulsifier or surfactant alone) vs. a combination 

of both additives? (Hint! This is an interaction contrast) 

 

f) Take into consideration the treatments that have only one additive: Is the effect of 

fungicide rate on disease severity influenced by the addition of adding only 

emulsifier vs. adding only surfactant? (Hint! This is an interaction contrast) 

 

3.3 Demonstrate that all of the contrast are pair-wise orthogonal. 

 

3.4 Compare the contrast SS with the Model SS. 

 

3.5 Answer the questions in contrasts c) and d) above (3.2.) using Scheffe test for 

comparison among groups (use α=0.05). Note: SAS supports Sheffé test only for pairwise 

comparison so these calculations need to be done by hand. Indicate which results are 

different or similar between Scheffe and the respective contrast.  

 

3.6 Present a boxplot of the effects of all 7 treatments on disease severity and discuss it in 

relationship with the contrasts you tested before. 

 

Question 4                                                                                                                           [20 points] 

 

Consider the following table of responses to one of five treatments 

Treatment A B C D E F 

Rep. 1 187 181 178 216 193 222 

2 183 179 188 201 196 211 

3 182 203 194 208 194 238 

 

4.1 Compare the treatment means by LSD, Tukey, Duncan, SNK, REGWQ and Scheffe 

methods using SAS and discuss the results.  

4.2 Explain the difference between the Duncan and SNK result. 



4.3 Compare the average of A and C vs. the average of B, D, E, and F using Scheffe test for 

group comparison (Remember that this needs to be done by hand since it is not available in 

SAS). 

4.4 Make the same comparison using a contrast. Compare the result with the result of 

Scheffe test from part b). Is the conclusion different? Why? 

4.5 Assume that a higher value is the more favorable. Which treatment(s) would you 

suggest is/are the best and why? Use only one analysis from question 4.1 to back up your 

conclusions. Explain why you choose that analysis to make your conclusions. There are 

several correct answers. 

 

Question 5                                                                                                                           [10 points] 

 

To practice the use of the correct error term in contrasts and mean comparisons in nested 

designs you will use the same data and SAS program from Problem 4, Hwk3 (you can also 

extract it from the HWK key). 

  

5.1 Use contrast to test if the average yields from Varieties 1 and 2 are different from the 

yield of the control variety? 

 

5.2 Use contrast to test if varieties 1 and 2 are different? 

 

5.3 Perform a Tukey-Kramer pairwise comparison test. 

 

Remember to use in all cases the correct error term  

e.g., contrast 'label' treatment 1 0 -1 / e= correct error term; 

There is an example in Lab 3 pg. 1. 

 

 

Question 6                                                                                                                           [10 points] 

 

Problem 6 (10 points) 

A researcher would like to make all possible pair-wise comparisons in an ANOVA, which 

includes 8 treatments using α = 0.05. Assuming that no significant treatments are present 

and all pair-wise comparisons are independent answer the following: 

6.1 Calculate the Upper Bound for the EER. 

 

6.2 What would be the appropriate α to obtain an upper bound EER of 0.05? 

 

6.3 What would be the EER if the scientist used the Tukey-Kramer method with α = 

0.05 for  the pair-wise comparisons? 

 

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 

Number of 

Levels 
Description 

1     

2     

↓     

n     

     

Subsamples? YES / NO   

 


