
PLS205 Winter 2015 

Homework Topic 3 

Due Thursday, January 22, 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. SAS generates prolific 

output; it is your responsibility to wade through that output and submit only that which is relevant to the 

question being asked. Quantity ≠ Quality 

Question 1 [30 points] 

The following table presents weed biomass collected from plots planted to one of four cover crops. 

 

Sample 
Vetch Oats 

Oats + 
Vetch 

Tillage 
Radish 

1 626 633 622 623 

2 634 645 627 616 

3 632 629 634 625 

4 623 632 629 619 

Average 628.8 634.8 628 620.8 

Overall Mean 628.1 

 

1.1 Test the normality of the observations within each treatment using the Shapiro-Wilk test [ST&D p. 

567]. To do this most easily, first sort according to treatments (Proc Sort) and then use the ‘By’ 

statement to perform separate analyses for each level of the classification variable. 

 
1.2 Is there a significant difference among the cover crops? What is the probability this ‘difference’ is 

really just the result of random sampling from a population with no differences among cover crops? 

 

1.3 Calculate the residuals of each observation by hand or using Excel:  

 

Example: Residuali = Observationi – Mean of the Treatment for Observationi 

 

Then, calculate the squares of each residual by hand or using Excel. 
 
1.4 Use SAS to perform an ANOVA of the squared residual values. Compare the result of this ANOVA 

with the result of the Levene option in the ‘Means’ statement for Proc GLM: 

 
Proc GLM; 

  Class Cover; 

  Model Biomass = Cover; 

Means Cover / HovTest = Levene; 
 

Are the variances homogeneous among cover crops? How does the result of Levene’s test compare 

with the ANOVA of the squared residuals? 
 
1.5 Present a box plot of the data.  

 



Question 2 [10 points] 

Just this once in this course, we are going to ask you to do an ANOVA by hand or Excel with the 

definition formulas for sum of squares treatment (SST) and total sum of squares (TSS). You can 

calculate the error sum of squares SSE as a difference.  Use the data from Question 1, take a deep breath, 

and go to it.  Show all calculations (e.g. Excel columns indicating the intermediate calculations). 

Source df Definition SS MS F 

Treatments t - 1 
 

i

i YYr
2

... )(

 

SST SST/(t-1) MST/MSE 

Error t(r-1) = n - t 
 

ji

i
ij

YY

,

2
. )(  

TSS - SST SSE/(n-t)  

Total n - 1 
 

ji

ij
YY

,

2
.. )(  

TSS   

 

Question 3 [25 points] 

You have been asked to review a USDA report measuring the effects of different cooking techniques on 

beta-carotene content in sweet potato. You do not have access to the raw data but have the means and 

standard deviations for each treatment. Prior to processing, the sweet potatoes were divided into 30 bins, 

each containing 2 kg of produce. Each bin was randomly assigned one of five cooking treatments for a 

total of 6 replicates per treatment. The beta-carotene content in 3 extract samples from each bin of the 

processed sweet potatoes was measured using HPLC. The averages of these 3 subsamples are shown 

below: 

Cooking Method N Mean (μg/g) Standard Deviation 

Raw 6 347 32 

Boiled 6 278 18 

Steamed 6 291 25 

Roasted 6 320 26 

Deep-fried 6 262 21 

 

3.1 From these values, calculate MST, MSE, the F-value of the ANOVA, and the p-value. 

 

3.2 Explain in words the meanings of the F-value and the p-value. 

 

3.3 Estimate the power of this ANOVA using the appropriate tables and assuming α = 0.01.  Was the 

number of replications sufficient for this test? Calculate the approximate value using the table and then 

the exact value using PROC POWER.  

 

 

 

Question 4 [25 points] 

 

Two new zucchini varieties have been released with claims of some resistance to squash bugs. 

Apparently, an abundance of trichomes on the lower leaf surfaces deters mature females from laying 



eggs. To evaluate their effectiveness, the two varieties plus a control were planted randomly into 45 pots 

in a lath house. Each pot contained one plant. At the end of six weeks, 3 leaves were removed from each 

plant, and the number of eggs on the underside of each leaf was recorded:   
 

  
Control Variety 1 Variety 2 

Pot 1 

Leaf 1 54 51 42 

Leaf 2 50 44 47 

Leaf 3 52 49 48 

Pot 2 

Leaf 1 49 42 47 

Leaf 2 45 46 57 

Leaf 3 52 44 48 

Pot 3 

Leaf 1 52 42 45 

Leaf 2 45 45 44 

Leaf 3 48 42 42 

Pot 4 

Leaf 1 59 54 46 

Leaf 2 49 45 43 

Leaf 3 57 44 45 

Pot 5 

Leaf 1 57 53 47 

Leaf 2 58 50 43 

Leaf 3 51 48 49 

  

 
4.1 Describe in detail the design of this experiment. 

 

4.2 Use SAS to test if there are significant differences in number of eggs per leaf among the three 

zucchini cultivars. Present an edited and annotated output.  

 

4.3 What percent of the total variation is explained by: a) The variation among leaf samples from each 

pot? b) The variation among pots within a variety? Which is more variable? 

 

4.4 If each leaf sample determination costs $5 dollars and each potted plant costs $35, what would have 

been the optimal number of subsamples? If you have the same amount of money to repeat the 

experiment, how many potted plants and leaf subsamples would you use? 
 

Question 5 [10 points] 

 

Repeat the previous analysis using the averages of the three leaves from each potted plant as the variable, 

instead of the individual leaf values themselves. What is the relationship between the F- and p-values for 

the treatment effect in this case and the treatment effect in the complete nested analysis from question 4? 

 

 

 

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   

 

We will present you tables like this, and of increasing complexity, throughout the quarter.  As our 

experimental designs become more complicated, you will find these tables helpful in organizing your 

thoughts. 

 

 
 


