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PLS205 Homework 9 Winter 2015 

 

Topic 13: Analysis of Covariance (ANCOVA) 
 

Due Tuesday, March 10, at the beginning of lecture.  Include your SAS codes, answer all parts of the 

questions completely, and interpret all results.  To ensure maximum points for yourself, invest some time 

in presenting your answers in a concise, organized, and clear manner. 

 

Your Last PLS205 HW Question *sniff!* [100 points] 

A grower would like to test the effect of three different pesticides on yield in common bean. The grower 

plants a large field with common bean and divides the field into 6 homogeneous field sections. Each 

section is divided into 3 equal subsections, which are randomly assigned to one of the 3 pesticides. The 

grower knows that the field has small patches with different levels of organic matter that can affect yield 

potential. Before starting the experiment, he measured the organic matter content of each subsection in 

grams of organic matter per kilogram of soil. At the end of the season, the grower measured grain yield of 

each experimental unit in bushels per acre. The data is reported in the table below: 

 

 

Field 
section Pesticide 1 org. mat. 1 

Pesticide 
2 

org. mat. 
2 

Pesticide 
3 

org. mat. 
3 

1 28.1 0.8 36.2 1.02 31.6 0.78 

2 37.8 1.22 28.4 0.7 27.3 0.87 

3 36.9 1.43 40.3 1.39 30.6 1.08 

4 41.6 1.45 47.1 1.68 36.3 1.40 

5 35.2 1.33 38.6 1.27 38.2 1.54 

6 41.6 1.8 36.1 1.12 37.3 1.48 

 

NOTE:  For the following questions, exclude all block interactions from your models. 

 

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

 

1.2 Test all of the assumptions of the ANCOVA. 

 

1.3 Create a new variable Z (response variable corrected for the covariable) and test all the assumptions 

of the ANOVA. 

 

1.4 Perform the ANCOVA analysis where the covariable is included in the model. Are there significant 

differences in yield between the pesticides? Perform a Tukey-Kramer multiple comparison test to 

see which pesticide treatments are significantly different. 

 

1.5 Perform a similar analysis as in Question 1.3 but this time excluding the covariable from the model 

(i.e. run an ANOVA instead of an ANCOVA): 

 

a. Why is the pesticide F-value smaller in the ANOVA than in the ANCOVA? 

b. Quantify the increase in variation explained by the ANCOVA model relative to that 

explained by the ANOVA model. 

c. Is it likely that the effect of field section on yield is due to differences in organic matter? 
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1.6   Estimate the relative efficiency of having the covariable relative to not having the covariable 

in this experiment. 

 

 

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 

Number of 

Levels 

Fixed or 

Random 
Description 

1         

2         

↓         

n         

     

 
Subsamples? YES / NO   

Covariable? YES / NO   

 

NOTE:  There is a new section in the above table ("Covariable?").  Declare whether or not the analysis 

includes a convariable; if it does, provide a description. 


