Project #2 
STAT 705		
Fall 2026


The potency values for Project #1 were obtained by sampling from one batch of a drug. When stability testing is performed in actual practice, parts of three batches are put into storage. An item (like a pill) is taken out of storage at regular time points for EACH batch and testing is performed on it.  

Below is a simulated data set where the potency of a drug has been measured over time in months.  Suppose a single pill has been measured at each time point for each batch.     

	Time
	Potency
	Batch
	
	Time
	Potency
	Batch
	
	Time
	Potency
	Batch

	3
	1.009166
	1
	
	3
	0.992527
	2
	
	3
	1.024106
	3

	6
	1.002971
	1
	
	6
	0.973032
	2
	
	6
	0.993926
	3

	9
	0.980395
	1
	
	9
	1.012433
	2
	
	9
	1.058894
	3

	12
	0.986608
	1
	
	12
	1.011277
	2
	
	12
	1.019807
	3

	15
	1.012001
	1
	
	15
	0.990576
	2
	
	15
	0.976561
	3

	18
	1.005669
	1
	
	18
	0.995276
	2
	
	18
	0.982859
	3

	21
	0.991233
	1
	
	21
	0.948351
	2
	
	21
	1.009975
	3

	24
	0.967089
	1
	
	24
	0.982853
	2
	
	24
	0.978247
	3

	30
	1.006640
	1
	
	30
	1.008000
	2
	
	30
	1.004217
	3

	36
	0.954065
	1
	
	36
	0.989702
	2
	
	36
	0.975727
	3

	48
	0.957294
	1
	
	48
	0.965077
	2
	
	48
	0.968716
	3

	60
	0.914203
	1
	
	60
	0.939663
	2
	
	60
	0.955092
	3



For example, the pill taken out of storage at time 3 months for batch #1 had a potency of 100.92% of the pharmaceutical company’s desired potency level. The data are available from the projects web page in the file called project2.csv.  

Complete the following problems using  = 0.05 for all inference procedures. Include your R program output with code inside of it for each part and any additional information needed to explain your answer. Your R code and output should be formatted in the same manner as in the course notes.

1) (53 total points) Consider the population regression model of 

E(potency) = 0 + 1time + 2batch2 + 3batch3 

where 

batch2 = 1 for batch #2 and 0 otherwise 
batch3 = 1 for batch #3 and 0 otherwise. 

a) (5 points) Create a factor in R for the batch variable and use this form of the variable for the remainder of the project. Insert this variable into the data frame containing the data. Use the class(), levels(), and contrasts() functions to verify the variable is a factor, to show the three levels of the variable, and to show how the variable is coded with indicator variables.  


b) (3 points) Write out the population regression model for when 
i) Batch = 1
ii) Batch = 2
iii) Batch = 3
c) [bookmark: _Ref241522650](4 points) What does 2 and 3 compare relative to the batches?
d) [bookmark: _Ref241666449](5 points) Find and state the estimated regression model.
e) (3 points) Compute CIs for E(potency) for time = 30 and batches 1, 2, and 3. Note that batch needs to be factor when using predict()!
f) The purpose of this part is to examine the calculations via matrix algebra.
i) (2 points) What is X? Rather than create it yourself, use a function in R that extracts it from the results of lm(). Show the first two rows and last two rows only. 
ii) (2 points) Create Y in R. Print the first two elements and the last two elements only. 
iii) 
(2 points) Compute  using matrix algebra computations with Y and X. 
iv) (3 points) Compute the CI for E(potency) at time = 30 and batch = 2 using matrix algebra computations with Y and X.
g) (5 points) Construct a scatter plot of the data where the plotting point color and character correspond to the batch. Include an appropriate legend. There are a number of ways to get different colors and plotting points for the batches. Before my plot() function code, I included 

  my.color <- ifelse(test = set1$batch == 1, yes = "red",
         ifelse(test = set1$batch == 2, yes = "blue", no = "darkgreen"))

where set1 contains the data. In my plot() code, I included the following:

pch = as.numeric(set1$batch),
col = my.color

h) [bookmark: _Ref241666676](3 points) Add the estimated regression model from d) to the plot. Because there are three batches, there should be three lines on the plot. Make sure the plotted lines for each batch correspond to the same colors as used for the plotting characters. Include a new plot here for your answer.    
i) [bookmark: _Ref241522795](5 points) The FDA procedure to find the shelf life (number of months the drug can be made available for purchase past its manufacture date) uses the same process as described in Project #1. The one difference is CI bands are found for each batch. Add the lower bands to the plot from the last part (include a new plot here for your answer). Also, add a horizontal line at 0.95. The shelf life is the first time that a lower band intersects this horizontal line. What is the shelf life? 
j) (6 points) Perform an F test to evaluate the importance of the batch variable. Describe how the F test result corresponds to what the plot shows from h) shows.
k) (5 points) Examine if there are mean potency differences among the batches when time is in the model. Use the emmeans package. Note that each pairwise combination of the batches needs to be compared! Properly summarize the results. 

2) (5 total points) Include the time and batch interaction term in the model given in 1). Find and state this model. While this project does not have you examine anything further with this model, you should think about how to do other parts of 1) with it! 

3) (3 points) Below is the code that I used to simulate the data. Write out one population regression model from this code. Is there a batch and time interaction present? If not, does batch have an effect on potency? Explain.  

  # Batch #1
  set.seed(9192)
  time <- c(3,6,9,12,15,18,21,24,30,36,48,60)
  epsilon <- rnorm(n = length(time), mean = 0, sd = 0.014)
  
  beta0 <- 1
  beta1 <- -0.001
  potency <- beta0 + beta1*time + epsilon

  set1 <- data.frame(time, potency)
  set1
  
  #Batch #2 and #3
  set.seed(1991)
  epsilon <- rnorm(n = length(time), mean = 0, sd = 0.014)
  potency <- beta0 + beta1*time + 0.01 + epsilon
  set2 <- data.frame(time, potency)
  
  epsilon <- rnorm(n = length(time), mean = 0, sd = 0.014)
  potency <- beta0 + beta1*time + 0.015 + epsilon
  set3 <- data.frame(time, potency)

  set.3batch <- rbind(data.frame(set1, batch = 1),
        data.frame(set2, batch = 2),
        data.frame(set3, batch = 3))
  set.3batch
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