Project #1 Answers – Part 1
STAT 705
Fall 2026


Complete the following problems below. 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.

Description

Stability testing is performed by pharmaceutical companies to determine the expiration date on drug products. Part of a drug batch (e.g., pills) is put into storage in a controlled temperature and humidity environment. At regular time points, one item in the drug batch is taken out of storage and tested. A common response measured on each item is potency. Over time, the potency of a drug will change (usually degrade) so the FDA has set up 95% to 105% limits of the pharmaceutical company’s desired potency level that the drug needs to remain within. The time point where the potency is at these limits is used to calculate the expiration date (manufacture date + time can be available = expiration date). This time point is estimated through the use of regression models, but not through the ways that you may expect.    

Data

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. Each time point is for a different pill.     

	Time
	Potency

	3
	1.009166

	6
	1.002971

	9
	0.980395

	12
	0.986608

	15
	1.012001

	18
	1.005669

	21
	0.991233

	24
	0.967089

	30
	1.006640

	36
	0.954065

	48
	0.957294

	60
	0.914203



For example, a pill taken out of storage at time 3 months had a potency of 100.92% of the pharmaceutical company’s desired potency level.  

Questions

Use  = 0.05 for all inference procedures where needed.  
1) (2 points) Read the data into R and print the resulting data frame.  

> set1 <- read.csv(file = "C:\\chris\\unl\\Dropbox\\NEW\\STAT870\\projects\\Fall2015\\
    project1.csv")
> set1
   time  potency
1     3 1.009166
2     6 1.002971
3     9 0.980395
4    12 0.986608
5    15 1.012001
6    18 1.005669
7    21 0.991233
8    24 0.967089
9    30 1.006640
10   36 0.954065
11   48 0.957294
12   60 0.914203
 
2) (5 points) State the estimated regression model with time as the explanatory variable and potency as the response variable. Interpret the relationship between time and potency as given by the model.

> mod.fit <- lm(formula = potency ~ time, data = set1)
> summary(mod.fit)

Call:
lm(formula = potency ~ time, data = set1)

Residuals:
      Min        1Q    Median        3Q       Max 
-0.022208 -0.012464 -0.002842  0.010939  0.033473 

Coefficients:
              Estimate Std. Error t value Pr(>|t|)    
(Intercept)  1.0152180  0.0087523 115.994  < 2e-16 ***
time        -0.0014017  0.0003042  -4.608 0.000968 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Residual standard error: 0.0175 on 10 degrees of freedom
Multiple R-squared:  0.6799,    Adjusted R-squared:  0.6479 
F-statistic: 21.24 on 1 and 10 DF,  p-value: 0.0009676


The estimated regression model is .

There is a negative relationship between time and potency. For every one month increase in time, the potency is estimated to decline by 0.14%. For example, over one year, the estimated potency is estimated to decline by 1.68%.  

3) The purpose of this problem is to examine regression with matrices.
a) (2 points) Create the Y and X matrices in R. Print these matrices. 

> X <- as.matrix(data.frame(Ones = 1, time = set1$time))
> # X <- model.matrix(model.fit) # This also works
> Y <- as.matrix(set1$potency)

> X
      Ones time
 [1,]    1    3
 [2,]    1    6
 [3,]    1    9
 [4,]    1   12
 [5,]    1   15
 [6,]    1   18
 [7,]    1   21
 [8,]    1   24
 [9,]    1   30
[10,]    1   36
[11,]    1   48
[12,]    1   60

> Y
          [,1]
 [1,] 1.009166
 [2,] 1.002971
 [3,] 0.980395
 [4,] 0.986608
 [5,] 1.012001
 [6,] 1.005669
 [7,] 0.991233
 [8,] 0.967089
 [9,] 1.006640
[10,] 0.954065
[11,] 0.957294
[12,] 0.914203

b) 
(2 points) Compute  using matrix algebra computations with Y and X. 

> beta.hat <- solve(t(X)%*%X)%*%t(X)%*%Y
> beta.hat
             [,1]
Ones  1.015218001
time -0.001401709

This matches what lm() computed!

c) 
(2 points) Compute H and  using matrix algebra computations with Y and X. You may print just part of H in your answer. 

> # Hat matrix
> H <- X%*%solve(t(X)%*%X)%*%t(X)

> H[1:2,1:2] # Part of H
          [,1]      [,2]
[1,] 0.2103354 0.1917498
[2,] 0.1917498 0.1758840

> Yhat <- H%*%Y
> Yhat
           [,1]
 [1,] 1.0110129
 [2,] 1.0068077
 [3,] 1.0026026
 [4,] 0.9983975
 [5,] 0.9941924
 [6,] 0.9899872
 [7,] 0.9857821
 [8,] 0.9815770
 [9,] 0.9731667
[10,] 0.9647565
[11,] 0.9479360
[12,] 0.9311154

> # Check
> options(width = 60)
> predict(object = mod.fit, newdata = set1)
        1         2         3         4         5         6 
1.0110129 1.0068077 1.0026026 0.9983975 0.9941924 0.9899872 
        7         8         9        10        11        12 
0.9857821 0.9815770 0.9731667 0.9647565 0.9479360 0.9311154

4) 
(3 points) What is ? Interpret this value relative to the data. 

> sum.fit <- summary(mod.fit)
> sum.fit$sigma^2
[1] 0.0003061353


 = 0.000306






We would expect all potency values to be within 2 or 3 of . For example, all of the potency values are within 2!

> low <- mod.fit$fitted.values - 2*sum.fit$sigma
> up <- mod.fit$fitted.values + 2*sum.fit$sigma
> check <- ifelse(test = set1$potency > low, yes = ifelse(test = set1$potency < up,
    yes = 1, no = 0), no = 0)
> data.frame(potency = set1$potency, low, up, check)
    potency       low        up check
1  1.009166 0.9760194 1.0460063     1
2  1.002971 0.9718143 1.0418012     1
3  0.980395 0.9676092 1.0375961     1
4  0.986608 0.9634040 1.0333909     1
5  1.012001 0.9591989 1.0291858     1
6  1.005669 0.9549938 1.0249807     1
7  0.991233 0.9507887 1.0207755     1
8  0.967089 0.9465835 1.0165704     1
9  1.006640 0.9381733 1.0081602     1
10 0.954065 0.9297630 0.9997499     1
11 0.957294 0.9129425 0.9829294     1
12 0.914203 0.8961220 0.9661089     1

5) 
(2 points) State the estimated variance-covariance matrix for . 

> vcov(mod.fit)
              (Intercept)          time
(Intercept)  7.660320e-05 -2.174125e-06
time        -2.174125e-06  9.251594e-08





7) 
(4 points) After a thirteen month period of time, what would the estimated potency be? Provide just a point estimate (). Show how to do the calculation with the predict() function and also with using the estimated regression model equation.  




> # The as.numeric part removes a label that would be printed otherwise
> as.numeric(mod.fit$coefficients[1] +  mod.fit$coefficients[2]*13) 
[1] 0.9969958
> predict(object = mod.fit, newdata = data.frame(time = 13))
        1 
 0.9969958
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