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NAME  _______________________ 

 

PLS 205 Midterm 2015 

Due February 17, 2015 at 9:00AM lecture 

 

Include your SAS programs, include only the relevant parts of the SAS output, and discuss each result.  

NO POINTS WILL BE AWARDED TO OUTPUTS WITHOUT A SENTENCE EXPLAINING 

THE CONCLUSION. 

 

Clarification questions should be directed only to Miguel or Dr. Dubcovsky by e-mail.  No consultation 

with other students is allowed during the exam period (including SAS programming questions).  Exams 

with more than one unlikely identical mistake will receive zeroes, and the incident will be referred 

to the Office of Student Judicial Affairs. 

 

Problem 1 [30 points] 

 

A new disease has appeared in the rich agriculture valley of Salinas, CA. The characteristic of the fungus 

is that it reduces the amount of viable seed harvested from an infected plant. This has become a serious 

problem for seed companies in the area because  it decreases their production of viable seed. To control 

the disease a systemic fungicide is sprayed on the plants. A chemical company has made two new 

formulations of the fungicide. The investigator would like to test if there are differences between the two 

new fungicides (New1 and New2) and the commonly used fungicide (C). Each fungicide was applied at 

different rates, which include: 

0.5 oz / gallon 

1 oz / gaollon 

1.5 oz / gallon 

 2 oz / gallon 

A no-fungicide treatment was also included in the experiment (NT). The investigator picked a field and 

divided the field into 3 sections that are known to have differences in soil characteristics. The scientist is 

not particularly interested in the effect of the soil and just wants to extend the conclusions across these 

different soil types. In each section the researcher plants 26 plots of lettuce and randomly assigns the 13 

treatments (i.e. in each section there are two plots that received the same treatment). The randomization 

procedure is repeated independently in each area. After harvesting 100 seeds from each plot the 

investigator counted the number of viable seeds. The data are summarized below: 

 

  

Count of Viable Seed 

Treatment replication Section1 Section2 Section 3 

NT 1 4 6 5 

NT 2 3 6 4 

C_0.5 1 12 18 15 

C_0.5 2 11 18 14 

C_1.0 1 64 75 67 

C_1.0 2 65 74 70 

C_1.5 1 87 95 88 

C_1.5 2 86 94 90 

C_2.0 1 89 92 90 

C_2.0 2 88 92 89 
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New1_0.5 1 27 38 31 

New1_0.5 2 25 36 29 

New1_1.0 1 55 68 57 

New1_1.0 2 52 65 58 

New1_1.5 1 67 79 75 

New1_1.5 2 66 76 71 

New1_2.0 1 67 78 71 

New1_2.0 2 63 73 68 

New2_0.5 1 50 64 53 

New2_0.5 2 49 65 54 

New2_1.0 1 81 89 85 

New2_1.0 2 84 91 86 

New2_1.5 1 93 96 94 

New2_1.5 2 95 98 97 

New2_2.0 1 94 97 95 

New2_2.0 2 94 97 94 

 

1.1. [3 points] Describe in detail the design of this experiment [see appendix]  

. 

1.2. [7 points] Test all of the assumptions of the ANOVA. If the assumptions of ANOVA are violated 

perform a proper transformation of the data and demonstrate that the data meets the assumptions after 

transforming the data. 

 

1.3. [7 points] Analyze the data and report if there are significant differences between the treatments using 

the appropriate model and transformation if necessary. Indicate the % of variation explained by this 

model. 

 

1.4. [9 points] In the ANOVA model you constructed for question 1.3, conduct the appropriate test to 

answer the following questions: 

 

 1.4.1 Did the seeds treated with no-fungicide have different viability than the seeds treated with 

fungicide? 

 

 1.4.2 Did the seeds treated with the common fungicide have different viability than the seeds 

treated with the new fungicides? 

 

 1.4.3 Is the viability of the seeds different between the seeds treated with the New1 fungicide 

compared to the New2 fungicide? 

 

 1.4.4 Does the response of seed viability to increasing fungicide rate have a linear component? 

 

 1.4.5 Does the response of seed viability to increasing fungicide rate have a quadratic component? 

 

 1.4.6 Does the response of seed viability to increasing fungicide rate have a cubic component? 

 

 1.4.7 Does the quadratic response of seed viability to increasing fungicide rate change when using 

the common fungicide compared to using the new fungicides? 
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 1.4.8 Does the quadratic response of seed viability to increasing fungicide rate change when using 

the New1 fungicide compared to the New2 fungicide? 

 

 1.4.9 Have we asked all possible orthogonal questions? How many more orthogonal questions can 

we ask? Provide two more questions/contrasts that are orthogonal to all the previous contrasts 

(present both the question and the contrast).  

 

1.5. [4 points] Create a plot using Excel, SAS, or R to plot the results of the experiment where the Y axis 

represents the detransformed means of the treatments, the X axis represents the fungicide rate and the 

plotted points are color coded by treatment. EXCLUDE THE CONTROL FROM THE GRAPH. Visually 

analyze the plot and interpret how the conclusions from contrasts 1.4.5, 1.4.7 and 1.4.8 are represented in 

the plot. 

 

  

Problem 2 [25 points] 

 

An animal scientist conducted a pilot study on dairy cows to test if there are differences in milk yield (Kg 

/ day) between different feeds. The different feeds consisted of: 

 

OaP = Oats mixed with a protein mix 

OaAl = Oats with alfalfa 

CoP = Corn with protein mix 

CoAl = Corn with alfalfa 

 

To conduct the experiment the scientist picked four random cows from the station that were in lactation. 

The scientist randomly assigned the type of feed to the cows and fed the cows for a 19 day period. On the 

9th day the scientist started measuring the milk produced by each cow per day until the 19th day and took 

an average of kilograms of milk per day for each cow. The cows were returned to the same standard diet 

for 1 month to avoid carry over from the previous treatment. After this period , the scientist randomly 

assigned the type of feed to the same cows again with the restriction that none of the cows repeated a diet. 

As done previously, he fed them for a 19 day period and on the 9th day started measuring milk production 

for 10 days to calculate the average kilograms of milk per day for each cow. The scientist repeated the 

same procedure twice more to a total of four periods. The scientist has no particular interest in the 

differences between cows or periods but thinks that this can help him to reduce variability. Each treatment 

occurs once in each period x cow combination. Below is a table summarizing the experimental design: 

 

 

 

 

 

perd1 perd2 perd3 perd4 

cow1 OaP OaAl CoP CoAl 

cow2 OaAl OaP CoAl CoP 

cow3 CoP CoAl OaP OaAl 

cow4 CoAl CoP OaAl OaP 

(Note: Period has been abbreviated to “perd”) 
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The data collected from this experiment is reported below: 

Period Cow Feed 
Yield 

(Kg / day) 

p1 cow1 OaP 15.57 

p1 cow2 OaAl 12.97 

p1 cow3 CoP 15.67 

p1 cow4 CoAl 14.36 

p2 cow1 OaAl 11.74 

p2 cow2 OaP 10.51 

p2 cow3 CoAl 9.7 

p2 cow4 CoP 12.7 

p3 cow1 CoP 13.97 

p3 cow2 CoAl 11.04 

p3 cow3 OaP 13.12 

p3 cow4 OaAl 13.75 

p4 cow1 CoAl 13.04 

p4 cow2 CoP 13.78 

p4 cow3 OaAl 14.64 

p4 cow4 OaP 16.75 

 

2.1 [5 points] Describe in detail the design of this experiment [see appendix]. 

 

2.2 [5 points] Perform the appropriate ANOVA model given the experimental design described. Based 

on your ANOVA results are there significant differences between the the feed type, cows, and feeding 

period?  

 

2.3. [5 points] Check the following assumptions (others are not required): normality of residuals and 

multiplicative cow*feed and period*feed interactions.  

 

2.4. [5 points] After the experiment, the researcher notices that the milk yield mean for CoAl is lower 

than the other three means (2.4.1.). He also notices that the means of the samples with additional protein 

(CoP and OaP) are higher than the other two (2.4.2.). Choose the statistical mean comparison procedure 

that is appropriate for differences suggested by the data (a posteriori) and that can make multiple group 

comparisons controlling MEER to answer the question below: 

  2.4.1. Test if the mean of CoAl is different from the average of the three other treatments. 

     2.4.2. Test if the means of the treatments with protein mix (CoP and OaP) are different from the 

means of the other two treatments (OaAl and CoAl). 

 

2.5. [5 points] Was it worth accounting for variation due to cow effects in the model? To answer this 

question conduct a relative efficiency analysis. 

 

Problem 3 [25 points] 

 

An FDA researcher is interested in checking the validity of the claims of four companies (A, B, C, and D) 

that claim that their additives to maize silage result in significant increases of conjugated linoleic acid 

(CLA) content in cows’ milk. She randomly assigns twenty-five cows to diets containing either the 

control without additives or the control plus the additivies (5% of the weight of the forage), such that each 
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diet is assigned to five cows. After two weeks on the diet, each cow is milked and three aliquots of 50 ml 

from the same milking are separately collected and sent for analysis of the butterfat components to the 

FDA lab. The results of the analysis, expressed as μl CLA/ml butterfat are reported below. 

  

  

Percent Diet from Pasture 

Cow Sample Control +A +B +C +D 

  1 41.25 49.04 46.51 54.29 54.18 

1 2 39.13 48.72 42.81 48.81 54.76 

  3 37.60 45.92 46.44 60.32 46.03 

  1 31.46 37.74 43.82 48.22 52.54 

2 2 31.05 34.55 39.18 50.29 47.26 

  3 29.25 43.51 40.94 56.99 50.93 

  1 34.14 42.05 44.52 52.14 54.01 

3 2 33.19 45.21 40.19 50.23 49.08 

  3 39.67 35.50 39.27 46.97 51.00 

  1 39.59 45.22 50.62 57.37 54.54 

4 2 35.69 48.32 42.44 52.92 51.32 

  3 40.07 42.83 42.55 51.29 55.04 

  1 41.03 43.27 39.84 55.34 53.24 

5 2 35.71 40.20 44.31 53.53 50.98 

  3 31.74 40.88 35.91 52.97 51.01 

 

3.1. [3 points] Describe the design of this experiment in detail [see appendix]. 

3.2. [3 points] Analyze the data and report if there are significant differences among  treatments. Present 

and explain a box plot of the treatment means in relation to the results of your analysis. 

3.3. [3 points] Determine if each of the additives is significantly different from the control at =0.01. Use 

a test that controls for experiment wise error rate. Use the most sensitive test for the specific question 

asked. 

3.4. [3 points] Test if the data meet the assumptions of ANOVA using the appropriate model. 

3.5. [3 points] Establish the power of the ANOVA at  =0.01. 

3.6. [5 points] What percent of the total variation is explained by the cows’ diet? The cows? The samples? 

3.7. [5 points] Each cow costs $200 during the two-week period, and each milk sample costs $25 to 

analyze. The researcher wants to repeat the experiment and, if possible, save some money. How 

might she do this without sacrificing her ability to detect differences among pasture treatments? Show 

your calculations.  

 

 

 

Problem 4 [20 points] 

 

4.1. [5 points] The authors of an experiment reported that the power of their analysis to differentiate two 

means separated by two pooled standard deviations was 95% with 6 replications per treatment. Based on 

this data estimate BY HAND the Type I error they used assuming it was a two-tailed test. 
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4.2. [9 points] Four companies are trying to release new pesticide products A, B, C and D to replace the 

standard in the market that is product E. All companies claim that their products have smaller residual 

activity than the standard. The residual activity after one week is measured in 6 replications of each of the 

5 treatments in a completely randomized design: 

  

Company N Mean in ppm Standard deviation (s) 

A 6 350 20  

B 6 449 37 

C 6 410 24 

D 6 432 30 

E 6 459 35 

 

4.2.1. [3 points] Calculate the LSD =0.01 for this test and present an appropriate comparative table 

for all the means. 

 

4.2.2. [3 points] Assuming that the only different treatment from the standard E was treatment A 

calculate the maximum experiment-wise error rate (MEER)  under this partial null hypothesis 

(µE=µB=µC=µD). Is this acceptable? If not, suggest the most sensitive test for this question that will 

control MEER. 

 

4.2.3. [3 points] These data suggest a violation of the assumptions of ANOVA. Which one? Which 

transformation would you suggest? (You do not need to do the actual transformation of the data or 

modify the previous questions) 

 

4.3. [6 points] An extension specialists performs a study of the effect of the rate of Nitrogen application 

on the yield of soybeans.  Is this response lineal, quadratic or cubic? Show your program and conclusions.  

You do not need to test any assumptions. 

50 150 200 300 

320 450 420 430 

300 400 465 470 

335 420 415 420 

310 415 425 435 
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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 
  

 

 

 


