Test #1 Answers 
STAT 705
Fall 2026
Name: _________________


Complete the problems below. Use R for all calculations and plots. Make sure to fully explain all answers and show your work to receive full credit.

1) (74 total points) A study was performed to determine the effects of a drug on lowering blood cholesterol levels in people. The file cholest.csv is a comma delimited file containing the data. I read the data into R using the following on my computer:

> cholest <- read.csv(file = "cholest.csv")
> head(cholost)
   x     y
1  0 -5.25
2 27 -1.50
3 71 59.50
4 95 32.50
5  0 -7.25
6 28 23.50

There were 164 people who participated in the study, and each row in the data set represents one person. Within the data set, x is an explanatory variable indicating the amount of compliance (expressed as a percentage) over a period of time with taking the drug as specified by the study protocol. Also, y is a response variable indicating the amount of improvement in cholesterol levels (the larger the value, the more improvement). Using these data, complete the following. 
a) (10 points) Estimate and state the estimated regression model. 

> mod.fit <- lm(formula = y ~ x, data = cholest)
> summary(mod.fit)

Call:
lm(formula = y ~ x, data = cholest)

Residuals:
   Min     1Q Median     3Q    Max 
-55.83 -13.69   0.15  15.59  60.07 

Coefficients:
            Estimate Std. Error t value Pr(>|t|)    
(Intercept) -2.30725    3.44903  -0.669    0.504    
x            0.58410    0.04967  11.760   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Residual standard error: 22.11 on 162 degrees of freedom
Multiple R-squared:  0.4605,    Adjusted R-squared:  0.4572 
F-statistic: 138.3 on 1 and 162 DF,  p-value: < 2.2e-16 


The estimated regression model is .

b) (10 points) Create a scatter plot with the estimated regression model from a) on it.


> plot(x = cholest$x, y = cholest$y, xlab = "Compliance", ylab = "Improvement")
> curve(expr = mod.fit$coefficients[1] + mod.fit$coefficients[2]*x, add = TRUE)

[image: ]

c) (10 points) Interpret the estimated regression model from a). Your interpretation should focus on a TEN-unit increase in the compliance. 

For every one-unit increase in compliance, the amount of improvement is estimated to increase by 0.5841. Because the problem requested a TEN-unit increase, the interpretation becomes

For every 10% increase in compliance, the amount of improvement in cholesterol level is estimated to increase by 5.8. 

It would be best to put this into a CI. 

> 10*confint(mod.fit)
                 2.5 %    97.5 %
(Intercept) -91.181011 45.036088
x             4.860155  6.821838

For every 10% increase in compliance, the amount of improvement in cholesterol level is estimated to increase by between 4.86 and 6.82 with 95% confidence.

Points were not deducted if the CI was excluded from the answer. 

d) (10 points) Perform a hypothesis test to determine if there is sufficient evidence of a linear relationship between compliance and the amount of improvement. Make sure to show all steps and use  = 0.05. 
i) H0:1 = 0 vs. Ha:1  0
ii) t = 11.76 and p-value < 210-16
i)  = 0.05
ii) Because 210-16 < 0.05, reject H0
iii) There is sufficient evidence to indicate a linear relationship between compliance and the amount of improvement.   

Two points were assigned to each step above. 

e) [bookmark: _Ref335816691](10 points) Find the 95% prediction interval for the amount of improvement if the compliance value is 50 (50% compliance with taking the drug). Interpret the interval. 

> predict(object = mod.fit, newdata = data.frame(x = 50), se.fit = TRUE, interval = "prediction", level = 0.95)
$fit
       fit       lwr      upr
1 26.89774 -16.90064 70.69611

$se.fit
[1] 1.797873

$df
[1] 162

$residual.scale
[1] 22.1066

The 95% prediction interval is -16.9 < Y < 70.7. With 95% confidence, the amount of improvement for a person is between -16.9 and 70.7. 

Another way to interpret the interval is as follows: If the sampling process were repeated many, many times with a prediction interval calculated each time, we would expect approximately 95% of the intervals to contain Y. 

f) (8 points) Using your interval from part e), is there sufficient evidence to indicate that a 50% compliance in taking the drug will improve cholesterol levels for an individual? Explain.  

This is quite a wide interval! Because the interval contains 0, there is not sufficient evidence to indicate that a 50% compliance will improve cholesterol levels. 

g) (8 points) What is the X matrix for the estimated regression model from a)? Because this will be a large matrix, only show the first two rows and last two rows of the matrix. 

> X <- model.matrix(mod.fit)
> head(X, n = 2)
  (Intercept)  x
1           1  0
2           1 27

> tail(X, n = 2)
    (Intercept)   x
163           1  95
164           1 100




h) (8 points) Suppose there was another explanatory variable named “w” in the data frame. What would be the lm() formula argument to estimate the model with x and w as explanatory variables and y as the response variable? 

formula = y ~ x + w

2) (26 total points) Complete the problems below.

a) (8 points) Describe the relationship between generic and method functions in R.

A generic function invokes a method function corresponding to the class of an object used with the generic function. 

b) 
(8 points) Describe what  measures without using any equations. 


The MSE () represents the amount of variability of the observed response variable around the estimated regression model. 

If “variability” was not used, I would take an answer that talked about the squared distance. 
  
c) 


(10 points) Least squares estimators have the following property: E() = 0, E() = 1, …, 
E() = p. Describe what this property means and why it is desirable. 




The least squares estimators , , …,  are unbiased estimators of 0, 1, …, p, respectively. Please see the Gauss-Markov theorem. Unbiasedness is desirable because it shows that if we were to repeat the sampling process many, many times, we would expect the average of these estimators to be approximately the same as the corresponding parameters. 
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