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PLS205 Winter 2015 

 

Homework Topic 8 
 

Due TUESDAY, February 10, at the beginning of discussion.  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 irrigation and fertilization methods affect potato 

yield. The irrigation and fertilization treatments in question are: 

 

SpEvO = Sprinkler irrigation with even spread of organic fertilizer 

SpBaO = Sprinkler irrigation with a banded localization of organic fertilizer 

DrBaO = Drip irrigation with a banded localization of organic fertilizer 

DFert = Drip irrigation with fertigation of inorganic fertilizer 

 

For the experiment the investigator divided a field into 6 even sized sections of 80 m
2
. Each field 

section was divided into four plots of 20 m
2
 that were randomly assigned to each of the four 

treatments. When the crop reached maturity a section of 10 m
2
 in the middle of each plot was 

harvested and weighed. The yield per 10 m
2
 was then converted to yield per hectare in units of 

tons per hectare. The results of the experiment are reported below, each value represents yield in 

tons per hectare: 
 

 
Sec1 Sec2 Sec3 Sec4 Sec5 Sec6 

SpEvO 14.7 16.7 16.7 17.4 17.5 20.6 

SpBaO 18.3 19.7 21.8 23.2 23.4 23.9 

DrBaO 18.0 18.9 19.7 20.8 21.1 23.9 

Dfert 17.8 20.4 23.2 27.1 27.9 29.5 
 (NOTE: The table above does not represent the actual field layout) 

 

 

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

 

1.2 Test all necessary assumptions and produce a plot that shows the residuals vs. the predicted values. 

 

1.3 Perform the most appropriate transformation on the data to continue with the ANOVA analysis. 

Show your work and report the value of a (i.e. the value of your power transformation). 

 

1.4 Test all necessary assumptions using the transformed data and produce a new plot of residuals by 

predicted values.  Show the results of your test and compare the residual by predicted plots of the 

original and transformed data. 

 

1.5 Perform an ANOVA on the transformed data, and then use a multiple range test that controls for 

MEER to test all pairwise differences between the treatments. Report the results of the multiple 

range test with the detransformed data and provide an interpretation of the results. 
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Question 2 [50 points] 

 

A chef would like to test if four different spices (A, B, C, and D) are perceived differently using a scale 

from 1 to 100 (from mildest to hottest). To conduct his experiment the chef prepares 4 different dishes: 

enchiladas, lamb curry, pad thai, and chili. Each dish is divided in four equal parts and each part receives 

one of the spices. The chef brings in 4 tasters into a professional sensory lab and conducts his experiment 

where each person tastes 1 sample of each dish with one of the spices in a way that each person tastes all 

4 spices. After tasting the sample the volunteers rate the food from 0 (i.e. not spicy at all) to 100 (i.e. 

extremely hot). The next day the chef repeats the experiment with the same dishes and spices but with 4 

different tasters. 

 

The figure below summarizes the experimental procedure: 

 

 
 

DAY 1 DAY 2 

 

Tasters > 1 2 3 4 5 6 7 8 

Type of 
Dish 

Enchiladas C D A B D C A B 

Lamb 

Curry 
A B C D C B D A 

Pad Thai B C D A A D B C 

Chili D A B C B A C D 

 

The results of the experiment are summarized below: 

Day Food Taster Spice Score 

1 Enchiladas 1 C 49 

1 Enchiladas 2 D 25 

1 Enchiladas 3 A 14 

1 Enchiladas 4 B 51 

2 Enchiladas 5 D 27 

2 Enchiladas 6 C 89 

2 Enchiladas 7 A 21 

2 Enchiladas 8 B 72 

1 LambCurry 1 A 14 

1 LambCurry 2 B 35 

1 LambCurry 3 C 73 

1 LambCurry 4 D 28 
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2 LambCurry 5 C 86 

2 LambCurry 6 B 68 

2 LambCurry 7 D 32 

2 LambCurry 8 A 22 

1 PadThai 1 B 16 

1 PadThai 2 C 49 

1 PadThai 3 D 15 

1 PadThai 4 A 4 

2 PadThai 5 A 6 

2 PadThai 6 D 17 

2 PadThai 7 B 59 

2 PadThai 8 C 99 

1 Chili 1 D 11 

1 Chili 2 A 5 

1 Chili 3 B 33 

1 Chili 4 C 76 

2 Chili 5 B 53 

2 Chili 6 A 11 

2 Chili 7 C 93 

2 Chili 8 D 27 

 

 

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

 

2.2 Test the assumption of normality of residuals and homogeneity of variance. Produce a residual by 

predicted plot and describe any trends in the residual by predicted plot. Compare the relationship 

between means and variances and indicate how this is related to the recommended square root 

transformation. 

 

2.3 Use a square root transformation and repeat the tests for normality of residuals and homogeneity of 

variances with the transformed data. Compare the residuals by predicted plots from the original and 

transformed data and describe any changes from the plot of question 2.2. 

 

2.4 Perform the ANOVA and test if there are significant differences in the spicy scores among spices. 

Based on the ANOVA results, are there significant differences between dishes, tasters, or days? 

 

2.5  Perform the most sensitive fixed range test that controls the MEER to make all possible pair-wise 

comparisons between means. Report the results with the detransformed means. Describe if any of 

the spices are significantly stronger or weaker than the other ones. 

 

2.6 Perform the Tukey test for the transformed and untransformed data. Report any difference in 

significance. Explain the origin of the difference. 

 

Appendix 



HW 8 4 

 

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. 

 

 


