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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
 each 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) 
 

Data potato; 

Input Block $ Trtmt $ badYield; 

Yield = badYield**-1.356; 

cards; 

1 SpEvO 14.7 

1 SpBaO 18.3 

1 DrBaO 18.0 

1 Dfert 17.8 

2 SpEvO 16.7 

2 SpBaO 19.7 

2 DrBaO 18.9 

2 Dfert 20.4 

3 SpEvO 16.7 

3 SpBaO 21.8 

3 DrBaO 19.7 

3 Dfert 23.2 
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4 SpEvO 17.4 

4 SpBaO 23.2 

4 DrBaO 20.8 

4 Dfert 27.1 

5 SpEvO 17.5 

5 SpBaO 23.4 

5 DrBaO 21.1 

5 Dfert 27.9 

6 SpEvO 20.6 

6 SpBaO 23.9 

6 DrBaO 23.9 

6 Dfert 29.5 

; 

Proc Print Data = potato; 

title 'print'; 

Proc GLM Data = potato; 

title 'ANOVA'; 

Class Block Trtmt; 

Model Yield = Block Trtmt; 

Output Out = potatoPR r = res p = pred; 

Means Trtmt; * used to get values for the power transformation; 

Means Trtmt / REGWQ; 

Proc GLM Data = potato; 

title 'Levene'; 

Class Trtmt; 

Model Yield = Trtmt; 

Means Trtmt / HovTest = Levene; 

Proc GLM Data = potatoPR; 

title 'Tukey 1-df test for nonadditivity'; 

Class Block Trtmt; 

Model Yield = Block Trtmt pred*pred; 

Proc Univariate Normal plot Data = potatoPR; 

title 'Test for Normality'; 

var res; 

Proc plot Data = potatoPR; 

title 'res*pred'; 

plot res*pred = Trtmt; 

run; quit; 

 

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

Design:  RCBD with one replication per block (i.e. field section) 

Response Variable:  Yield of potatoes (t / -ha)  

Experimental Unit:  20 m2 plot 

    

Class 

Variable 

Block or 

Treatment 

No. of 

Levels 
Description 

1 Block   6  80 m2 field sections 

2 Treatment   4  4 treatments of a combined irrigation and fertilization method 

    

  Subsamples? NO   
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1.2 Test all necessary assumptions and produce a plot that shows the residuals vs. the predicted values. 

Test for homogeneity of variances: 

Levene's Test for Homogeneity of Yield Variance 

ANOVA of Squared Deviations from Group Means 

Source DF Sum of Squares Mean Square F Value Pr > F 

Trtmt 3 901.5 300.5 4.30 0.0171 

Error 20 1399.0 69.9515     

Levene’s test suggests that the variances are not homogeneous (P = 0.0171). 

 
Test for nonadditivity: 

 

Source DF Type III SS Mean Square F Value Pr > F 

Block 5 8.23135102 1.64627020 1.52 0.2463 

Trtmt 3 8.32349459 2.77449820 2.56 0.0967 

pred*pred 1 18.09331190 18.09331190 16.70 0.0011 

The Tukey 1-df test for non-additivity suggest that the there are non-additive effects in our residual error 

(P = 0.0011). 

 

Normal distribution of the residuals: 

Tests for Normality 

Test Statistic p Value 

Shapiro-Wilk W 0.977146 Pr < W 0.8380 

The Shapiro-Wilk test suggests that the residuals follow a normal distribution (p = 0.8380). 

 

Residuals by predicted plot: 

 

 

The residuals by predicted plot 

show a pattern where the 

observations with small means 

have positive residuals then 

gradually decrease with 

increasing with larger means 

and then again increase with the 

largest means (“smile” pattern). 

This suggests the presence of a 

multiplicative effect. 
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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). 

 

The “smile” patter in the plot of residuals by predicted values, the significant non-additive effects, and the 

significant heterogeneity of treatment variances indicate the need of transformation. The log10, square 

root, and arcsine transformations do not restore all the assumptions, so a power transformation is tested to 

find the most appropriate transformation for the data. 

 

Power transformation: 

First we need to calculate the means and variances of each of our treatments: 

 
Trtmt Mean Variance 

Dfert 24.3167 
21.302 

DrBaO 20.4 
4.280 

SpBaO 21.7167 
5.110 

SpEvO 17.2667 
3.683 

 

Now, perform a regression of the log10 values of the variances to the log10 values of the means as shown 

below: 
 

Data hw8_1power; 

input means var; 

logmean = log(means); 

logvar = log(var); 

cards; 

24.3166667 21.302 

20.4 4.280 

21.7166667 5.110 

17.2666667 3.683 

; 

Proc GLM data = hw8_1power; 

Model logvar = logmean; 

run; quit; 

 

Obtain the estimated slope of the regression from the regression results: 

 
Parameter Estimate Standard 

Error 
t Value Pr > |t| 

Intercept -12.434 6.73010631 -1.85 0.2059 

logmean 4.71298 2.21683089 2.13 0.1674 

 

And calculate the value of the power transformation using the following formula: 

 

𝑎 = 1 −  
𝑚

2
 

Where: a = the value of the power transformation, m = the slope of the regression between log10 

variances and log10 means. 
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𝑎 = 1 −  
4.71298

2
 = -1.356 The value of our power transformation is -1.356. 

 

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. 

 

Test for homogeneity of variances: 

Levene's Test for Homogeneity of Yield Variance 

ANOVA of Squared Deviations from Group Means 

Source DF Sum of Squares Mean Square F Value Pr > F 

Trtmt 3 2.81E-10 9.36E-11 1.01 0.4084 

Error 20 1.851E-9 9.26E-11     

Levene’s test suggest that the variances are homogeneous (p = 0.4084). 

 

Test for nonadditivity: 

 

Source DF Type III SS Mean Square F Value Pr > F 

Block 5 8.1109532E-6 1.6221906E-6 1.26 0.3327 

Trtmt 3 7.7571105E-6 2.5857035E-6 2.02 0.1581 

pred*pred 1 5.9065243E-7 5.9065243E-7 0.46 0.5085 

The Tukey 1-df test for non-additivity suggests that the there are no significant multiplicative effects (P = 

0.5058). 

 

Normal distribution of the residuals: 

Tests for Normality 

Test Statistic p Value 

Shapiro-Wilk W 0.974704 Pr < W 0.7821 

The Shapiro-Wilk test continues to suggest that the residuals follow a normal distribution (P = 0.7821). 

 

Residuals by predicted plot: 

 

The transformed date results in a more random distribution of the residuals compared with the un-

transformed data. The “smile” pattern disappeared which agrees with the non-significant Tukey 1-df test 

for non-additivity. . 



HW 8 6 

 
 

 

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. 

 

Source DF Type III SS Mean Square F Value Pr > F 

Block 5 0.00015788 0.00003158 25.52 <.0001 

Trtmt 3 0.00018118 0.00006039 48.82 <.0001 

 

The ANOVA results of the transformed data suggest that there are significant differences between the 

different combinations of irrigation and fertilization methods (P < 0.0001). 

 

The multiple range test REGWQ controls the MEER. Although the significance results are reported as in 

the transformed data (that is the one that meets the ANOVA assumptions), the means need to be presented 

in the original scale to help the readers understand the results. Means are de-transformed by performing 

the inverse operations of the transformation. In this case take the -1.356 root of the transformed mean 

(e.g. √0.0213
−1.356

 which is equivalent to 0.0213
1

−1.356⁄ ). Below are the results of the REGWQ analysis 

with the de-transformed means: 

 

Means with the same letter 

are not significantly different. 

REGWQ  Gro
uping 

Mean N Trtmt 

A 17.06742554 6 SpEvO 

B 20.20502753 6 DrBaO 

B 21.47016524 6 SpBaO 

C 23.39146602 6 Dfert 
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The results demonstrate that the Dfert treatment produced the highest potato yields and was significantly 

different from all other treatments. The treatments DrBaO and SpBaO are not significantly different from 

each other. The SpEvO treatment was the lowest and is significantly different from all other treatments. 

These results suggest that drip irrigation with fertigation is the best agronomic practice to maximize yield 

in this experiment. 

 

 

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 

 
Data hw8_2; 

Input Day Dish $ Taster Spice $ badheat; 

heat = badheat**0.5; 

cards; 

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 

2 LambCurry 5 C 86 

2 LambCurry 6 B 68 
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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 

; 

Proc Print data = hw8_2; 

Proc GLM data = hw8_2; 

title 'ANOVA'; 

Class Day Dish Taster Spice; 

Model heat = Day Taster(Day) Dish Spice; 

Output out = PRhot r = res p = pred; 

Means Spice; 

Means Spice / Tukey; 

Proc GLM data = hw8_2; 

title 'Levene Spice'; 

Class Spice; 

model heat = Spice; 

Means Spice / HovTest = Levene; 

Proc Univariate Normal data = PRhot; 

title 'Normality'; 

var res; 

Proc GPlot data = PRhot; 

title 'res*pred'; 

plot res*pred = Spice; 

run; quit; 

 

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

Design:  Replicated Latin Square with shared dishes but not tasters 

Response Variable:  Spice perception in a scale from 0 to 100 

Experimental Unit:  Food sample 

    

Class 

Variable 

Block or 

Treatment 

No. of 

Levels 
Description 

1 Block 2   Day 

2  Block 4  Dish 

↓  Block 8  Tasters nested within days (4 levels per day) 

N Treatment  4   Spices A, B, C, and D 

    

  Subsamples? NO  No 
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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. 

 

Test for homogeneity of variances: 

Levene's Test for Homogeneity of heat Variance 

ANOVA of Squared Deviations from Group Means 

Source DF Sum of Squares Mean Square F Value Pr > F 

Spice 3 597734 199245 3.51 0.0281 

Error 28 1590151 56791.1     

Levene’s test suggest that the variances are not homogeneous (P = 0.0281). 

 

    

Normal distribution of the residuals: 

Tests for Normality 

Test Statistic p Value 

Shapiro-Wilk W 0.974231 Pr < W 0.6233 

The Shapiro-Wilk test suggest that the residuals follow a normal distribution (p = 0.6233). 

 

Residuals by predicted plot: 

 
 

The residual by predicted plot does not show a very obvious trend, but an increased variability with larger 

means is apparent. This is reflected in increased variances associated with larger means (see Table below) 

and a significant Levene’s test for the homogeneity of variances. Therefore a square root transformation is 

suggested. THe square root transformation expands the variability of the samples with smaller means and 

reduces the variability of the samples with larger means. 
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Level of 

Spice 

N badheat 

Mean Std Dev 

A 8 12.1250000 6.9577808 

D 8 22.7500000 7.4210126 

B 8 48.3750000 19.0783160 

C 8 76.7500000 19.0843990 

 

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. 

Test for homogeneity of variances: 

Levene's Test for Homogeneity of heat Variance 

ANOVA of Squared Deviations from Group Means 

Source DF Sum of Squares Mean Square F Value Pr > F 

Spice 3 8.2299 2.7433 1.23 0.3171 

Error 28 62.4133 2.2290     

Levene’s test suggests that the variances are homogeneous (P = 0.3171). 

 

Normal distribution of the residuals: 

Tests for Normality 

Test Statistic p Value 

Shapiro-Wilk W 0.967766 Pr < W 0.4401 

The Shapiro-Wilk test suggests that the residuals follow a normal distribution (P = 0.4401). 

 

Residuals by predicted plot: 
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The residuals by predicted plot shows more uniform distribution of variability among smaller and larger 

predicted values compared to the plot of the original data. The residuals appear to be independent of the 

means and this is reflected in a non-significant Levene’s test. 

 

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? 

 

 

Source DF Type III SS Mean Square F Value Pr > F 

Day 1 15.0438161 15.0438161 38.99 <.0001 

Taster(Day) 6 6.5423854 1.0903976 2.83 0.0406 

Dish 3 8.6582275 2.8860758 7.48 0.0019 

Spice 3 132.7851245 44.2617082 114.71 <.0001 

The ANOVA results of the transformed data demonstrate that there are significant differences in heat 

level between the different spices. There are significant differences between days (p < 0.0001), tasters (p 

= 0.0406), and dish (p = 0.0019). 

 

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. 

 

The fixed range test that controls MEER, makes all possible comparisons between means, and is most 

sensitive is the Tukey-Kramer test. The means reported in the multiple comparison test must be 

transformed back to the original values and this can be done by raising each mean to the second power 

(e.g. 8.69542). The results of the Tukey-Kramer test are reported in the table below: 

 

Means with the same letter 

are not significantly different. 

Tukey Grouping Mean N Spice 

A 75.60998116 8 C 

B 46.40198161 8 B 

C 22.15302489 8 D 

D 11.18768704 8 A 

 

The results suggest that all of the spices are different from each other. Spice C is the hottest and A is the 

mildest. 

 

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

Explain the origin of the difference. 

 

 

Tukey's Studentized Range (HSD) Test for badheat 

 

Note: This test controls the Type I experimentwise error rate, but it generally has a higher Type II error 

rate than REGWQ. 
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Alpha 0.05 

Error Degrees of Freedom 18 

Error Mean Square 91.16667 

Critical Value of Studentized Range 3.99697 

Minimum Significant Difference 13.493 

 

Means with the same letter 

are not significantly different. 

Tukey Grouping Mean N Spice 

A 76.750 8 C 

B 48.375 8 B 

C 22.750 8 D 

C 12.125 8 A 

 

The Tukey test for the original data fails to differentiate spices D and A, whereas these differences are 

significant in the transformed data. A and D are the smallest means and the square root transformation 

provides more sensitivity for the detection of differences between smaller means (the ones that carry more 

information because of the correlation between means and variances). 

 

 

 

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 

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. 


