Exam 2 - Linear Regression Models 
Name 




Spring 2003 - Brad Hartlaub

You have six hours to complete the exam once you open the sealed envelope.  Write the date and time you start and complete the exam on the top of the first page of your solutions.  Please remember the honor code we discussed in class and show all of your work for each of the problems.  You may use any printed materials, including other textbooks, but you must provide appropriate citations.  Oral, written, electronic, or any other form of communication with other individuals is strictly prohibited. The point values for each problem are provided in parentheses.  Good Luck!

1. The figure below contains a symbolic scatter plot of the lattice spacing (nm) and the shell radius (nm) for a carbon onion (concentric spheres of carbon layers, like an onion).  Different symbols are used to identify the core of the carbon onion (graphite or diamond).
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a. Specify the general linear model that can be used by an analyst to estimate the two separate linear relationships without splitting the data into two groups and doing two separate analyses.  Clearly identify all parameters and variables in your model.  (10)

b. Explain how to test whether or not the regression functions are the same for the two different cores.  Your explanation should include the null hypothesis, alternative hypothesis, test statistic, and a description of how to compute the appropriate p-value.  (15)

2. An environmental engineer wants to develop a model for predicting the air quality in a large city during the summer months, with results expressed as an air pollution index (API).  The engineer has obtained readings of the API and the corresponding readings of wind velocity, temperature, and humidity for 20 randomly selected summer days.  Use the SAS program pollution.sas and a scatter plot matrix to answer the following questions.

a. Specify and estimate the general linear model to describe the relationship between the dependent variable (API) and the independent variables wind, temperature, and humidity.  (10)

b. Do you think that some of the variables should be eliminated from the model in part (a)?  Conduct variable-added-last tests (partial F tests based on the appropriate extra sums of squares or squared partial correlation coefficients) to justify your response.  (15)

c. Does there appear to be any problem with multicollinearity?  Explain.  (10)

d. Do any observations seem bothersome?  Explain  (20)

In an attempt to find a better model, the engineer has made transformations and used automatic search procedures on a second-order regression model with three predictor variables.

e. Write the estimated regression equation corresponding to the stepwise analysis.  (10)

f. Does the stepwise analysis result in a better model?  Explain.  (10)

g. Does the backward regression analysis result in the same model as the stepwise regression analysis?  If not, identify the model.  (10)

h. If the engineer wanted to use Mallow's Cp to select a model using the all-possible-subsets approach, how many models would she have to consider?  (5)

i. The engineer made a common mistake when considering the second-order polynomial model.  Identify this error and suggest an alternative approach that tends to alleviate computational problems.  (10)

3. Why do statisticians use weighted least squares regression models?  Be sure to describe the purpose of the weight functions in your explanation.  (20)
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