Project #2	Due:  Wednesday 3/9/22
R. Lock    3/2/22	Value: 25 points
Multiple Regression Models for Car Prices
Continue with the data you collected for modeling the price of a certain model of used car (in $1,000’s), based on the age (in years) and mileage driven (coded in 1,000’s).  Please provide whatever computer output is needed as you answer each question.  You do not need to replicate by hand any computations that the computer provides (unless specifically directed to do so).
Model #1:  Use age and mileage as predictors. 
1. Run the model with two predictors (age and mileage) for price as the response variable and provide the output (both the summary and the anova or slunova for the model). 
2. Find the residual for the first the car in your sample.  Show the actual computation for this part, based on your prediction equation and the data for that car.  Clearly identify the price, age, and mileage for that car. 
3. Assess the importance of each of the predictors in the model - be sure to indicate the specific value(s) from the output you are using to make the assessments.  
4. Assess the overall effectiveness of this model (with a formal test).  Be sure to include hypotheses and the specific value(s) you are using from output to make a conclusion (in context).
5. Compute (by hand or with R) and interpret the variance inflation factor (VIF) values for your two predictors. 
Model #2: Polynomial models
One of the drawbacks of the linear model in the first project was the “free car” phenomenon where the predicted price is eventually negative as the line decreases for older cars. Also, several car brands showed some curvature.  Let’s see if adding one or more polynomial terms might help with this.
6. Fit a quadratic model using age to predict price.  Give the prediction equation and show a scatterplot of the data with the quadratic fit drawn on it. (Hint: Use the “curve” function or plot predictions.)
7. You are looking at a 3-year old car of your make/model and want to find an interval that is likely to contain its price using your quadratic model.  Include the R code and an interpretive sentence in context. 
8. Does the quadratic model allow for some age where a car has a zero or negative predicted price?  Justify your answer using a calculation or a graph. R hint: You can control/expand the x or y-axes on a graph by adding a command like xlim=c(0,20)  or ylim=c(0,50) to the plot command. 
9. What happens in your quadratic model for cars that are very old?  Can you think of a plausible “real world” explanation for this- or is it a flaw of the quadratic model?
10. Would the fit improve significantly if you also included a cubic term?  Justify your answer.
Model #3: Complete second order model
11. Write down the complete second order model for predicting a used car price based on age and mileage. Note: This is model before estimating the fit, so use general coefficients  (or Bi if you can’t type a beta) but don’t use generic  for the variable names (use age and mileage)
12. Use R to estimate the coefficients in this model.  Include the summary and anova output and write down the fitted prediction equation with good statistical notation. 
13. Show the details of a nested F-test for the importance of just the second order terms (quadratic and interaction) that involve age in this model.  Include the output needed to get the information to complete the test.  Show all the usual details (hypotheses, test statistic, p-value and an informative conclusion in context).  In particular, show how the test statistic is computed by putting values into a formula (although you may confirm the result with R). 
Wrap-up:  Based on the various models you have considered for predicting the price of a used car, which would you recommend using in practice?  Give some justification for your answer. 
