
 

PLS205 2014 1 HW 8 (Topic 12) 

PLS205  Winter 2015 

 

Topic 12: Split-plot design and its relatives 
 

Due Thursday, March 5, at the beginning of lab.  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. 

 

Question 1 [50 points] 

 

A baker would like to study how the rise of baked bread is affected by three oven temperature, two yeast 

strains, and two different kneading times. To perform the experiment the baker chose 3 ovens in the 

kitchen. On day one the baker randomly assigned an oven temperature of 320°F, 335°F, and 350°F to 

each oven. The baker prepared four doughs. Each dough was prepared using one of four different recipes, 

which consisted of different combinations of one of two yeasts strains (yeast 1 or yeast 2) and one of two 

knead times (10 or 5 minutes). The 4 dough types were split into three portions and one of each dough 

type was placed to cook on the three ovens. The order in which each dough type was positioned in the 

oven was completely random. After the dough was cooked the baker took out the bread and measured the 

volume of each bread in cm2 (i.e. rise of bread). The baker repeated this for two more days. The data 

collected is summarized in the table below: 

 

 

 

10 minutes 5 minutes 

 
Yeast 1 Yeast 2 Yeast 1 Yeast 2 

Day Temperature 
Recipe 

1 
 Recipe 

2 
Recipe 

3 
Recipe 

4 

1 320°F 1138 1143 1176 1170 

1 335°F 1415 1435 1335 1399 

1 350°F 1217 1161 1226 1294 

2 320°F 1220 1203 1172 1198 

2 335°F 1442 1412 1348 1409 

2 350°F 1204 1288 1317 1305 

3 320°F 1128 1110 1117 1147 

3 335°F 1293 1271 1185 1316 

3 350°F 1174 1170 1231 1277 

 

1.1 Describe in detail the design of this experiment please specifiy the experimental unit for the main 

plot and the experimental unit for the sub-plot(s) [see appendix at the end of this problem set]. 

 

1.2 Perform the appropriate ANOVA and describe if there are significant interactions between 

temperature and recipe. 

 

1.3 For each recipe, test if bread rise has a linear and/or a quadratic component with increasing 

temperature. 

 

1.4 For each temperature test if yeast one is different from yeast 2, if kneading time 10 min is different 

from kneading time 5 minutes, and if there is a significant interaction between yeast type and 

kneading time. 
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1.5 By using the LSD test, test if there is a significant bread rise difference between recipe 4 at 350°F 

compared to recipe 1 at 335°F? If you were to do this test using the Tukey-Kramer procedure, what 

would you change in the procedure you did for the LSD test? 

 

1.6    If the initial interaction between temperature and dough recipe would have not been significant and 

you were trying to test the lineal and quadratic response of temperature. Would this be correct? 
Class Day Temp trtmt; 

Model volume = Day Temp Day*Temp trtmt trtmt*Temp; 

 contrast 'linear' Temp -1 0 1; 

      contrast 'quadratic' Temp 1 -2 1; 

Question 2 [50 points] 

An investigator would like to test the effect of 3 new prescription drugs on the heart rate of humans. The 

investigator has picked 24 volunteers to perform the experiment. One of the three drugs was randomly 

assigned to each volunteer in such a way that 8 volunteers received the same drug. After taking the 

medication the heart rate of the volunteers was measured every hour up to four hours. The data is 

summarized in the table below: 

 

 
Drug 1 Drug 2 Drug 3 

Rep T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 

1 72 87 84 81 79 91 86 83 73 81 77 79 

2 79 86 89 85 84 89 96 86 72 69 71 80 

3 73 86 82 77 76 88 87 79 91 95 96 91 

4 72 84 86 72 80 89 90 74 87 87 84 77 

5 69 83 78 69 70 85 82 71 79 80 76 75 

6 75 84 86 80 82 87 90 83 69 69 70 68 

7 63 74 78 71 67 79 82 77 81 75 73 75 

8 71 77 77 71 76 80 83 77 78 77 72 70 
 

 

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

 

2.2 Analyze the data from this experiment in the following three ways and discuss if the results support 

significant differences between prescription drugs, time of measurement, and if there are significant 

interactions between prescription drugs and times [NOTE: if the interactions are significant you do 

not have to look at the simple effects]: 

 

a. Generate an ANOVA table assuming no correlation among the heart rate measurements 

of any given individual (i.e. an ANOVA with full degrees of freedom). 

b. Generate an ANOVA table assuming perfect correlation (i.e. an ANOVA with 

conservative degrees of freedom).   

c. Present ANOVA tables for mainplot (Diet) and subplot (Time) effects using the 

"Repeated" option under Proc GLM.  Present the Sphericity test result and comment on 

its meaning. 
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2.3 Present an interaction plot between the mainplot and subplot effects, putting the subplot levels 

along the x-axis.  Use this plot to help you express in words the largest likely component of the 

Mainplot*Subplot interaction.   

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   

 

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

in your model, you need to indicate if it is a "Fixed" effect or a "Random" effect. 

 

 


