Exam 2 - Linear Regression Models 
Name 




Spring 2005 - Brad Hartlaub

Solve all four problems, and be careful not to spend too much time on a particular problem.  The point values for each part are in parentheses.  To receive maximum credit, show all of your work.  Good luck!

1. Set up the 
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 matrix and the 
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 vector for the following equation:
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2. In a regression analysis of on-the-job head injuries of warehouse laborers caused by falling objects, 
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is a measure of severity of the injury, 
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 is an index reflecting both the weight of the object and the distance it fell, and 
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 are indicator variables for nature of head protection worn at the time of the accident, coded as follows:
	Type of Protection
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	Hard hat
	1
	0

	Bump cap
	0
	1

	None
	0
	0


The response function to be used in the study is 
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a. Identify the response function for each type of protection category.  (9)

b. For each of the following questions, specify the hypotheses 
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 and 
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 for the appropriate test:  (1) With 
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fixed, does wearing a bump hat reduce the expected severity of injury as compared with wearing no protection?  (2) With 
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fixed, is the expected severity of injury the same when wearing a hard hat as when wearing a bump cap?  (10)
c. With 
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fixed, the three response functions in part (a) all have the same slope.  Specify a more general response function that would allow each type of protection category to have a different slope and identify the slope for each type of protection category.  (10)
3. A large, national grocery retailer tracks productivity and costs of its facilities closely.  Data in the file Grocery.dat were obtained from a single distribution center for a one-year period.  Each data point for each variable represents one week of activity.  The variables included are the number of cases shipped
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, the indirect costs of the total labor hours as a percentage 
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, a qualitative predictor called holiday that is coded 1 if the week has a holiday and 0 otherwise 
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, and the total labor hours 
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.  Use the SAS program Grocery.sas and a scatter plot matrix to answer the questions below.
a.
State the regression model using only the three predictor variables.  Be sure to specify any assumptions.  (5)

b.
Identify the estimated regression function using only the three predictor variables and interpret each parameter estimate.  (10) 
c.
Do the residual plots indicate any potential problems?  (10)

d.
Test whether there is a regression relation, using 
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  Be sure to state the hypotheses, test statistic, p-value, and your conclusion.  (10)

e.
Estimate 
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 and 
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 using a 95% family confidence coefficient.  (10)
f.
Identify and interpret the coefficient of multiple determination.  (5)

g.
Three new shipments are to be received, each with
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.  Identify the appropriate 95% interval estimate for the mean handling time for these shipments and then convert this interval into a 95% interval estimate for the total labor hours for the three shipments.  (10)
h.
Test whether 
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 can be dropped from the regression model given that 
[image: image27.wmf]1

X

 and 
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 are retained.  Use 
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 and be sure to state your hypotheses, the test statistic
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, p-value, and your conclusion.  (10)

i.
Does 
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?  Explain.  (10)

j.
Identify any outlying observations by using the Bonferroni outlier test procedure with 
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k.
Identify any outlying observations by using the diagonal elements of the hat matrix.  (5)

l. 
Would you identify any observations as influential?  Explain.  (10)

m.
Do the variance inflation factors indicate serious problems with multicollinearity?  Comment.  (10)

4. The rise in abundance of algae in costal waters is thought to be due to increases in nutrients such as nitrate and other forms of nitrogen.  It is theorized that the excessive amounts of nitrate are due to human influences.  Researchers gathered the data provided in the file RiverNO3.dat to gauge the evidence that nitrates in the discharges of rivers around the world are associated with human population density.  Human populations can affect nitrogen inputs to rivers through industrial and automobile emissions to the atmosphere (causing the nitrogen to enter the river through rainfall), through fertilizer runoff, through sewage discharge, and through watershed disturbance.  The ten variables in the data set are: (1) a code for river; (2) discharge, the estimated annual average discharge of the river into an ocean (in m3/sec); (3) runoff, the estimated annual average runoff from the watershed (in liters/(sec*km2); (4) precipitation (in cm/yr); (5) area of watershed (in km2); (6) density (in people/km2); (7) nitrate concentration (in 
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); (8) nitrate export, which is the product of runoff times nitrate concentration; (9) deposition, which is the product of precipitation times nitrate concentration; (10) nitrate precipitation, the concentration of nitrate in wet precipitation at sites located near the watersheds (in 
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.  The response variables of interest to the researchers are nitrate concentration and nitrate export, but we will focus only on nitrate concentration.  Use a scatter plot matrix and the SAS program RiverNO3.sas to answer the questions below.
a.
Do you think a model should be fit using the original observations or log transformations?  Explain.  (10)
b.
Will the variable selection techniques based on the MSE and the 
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 criteria yield different models?  Explain. (10)
c.
Do the automatic search procedures (forward, backward, and stepwise) identify the same set of predictor variables for the final model?  (10)
d.
Based on the output from RiverNO3.SAS what would you suggest as the best model?  (10)
e.
The researcher needs your advice on how to proceed with the analysis.  What would you suggest as the next step?  (10)
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