Mith 416 — Exani 2 Name SOL.LLT\ ON'S

Spring 2009 — Marian Frazier

Solve all problems, and be careful not to spend too much time on a particular problem. All
necessary SAS files are in our usual folder (P:\data\math\Frazier\Regression). You may only use
the SAS files mentioned below. You may not alter these SAS files in any way. You may also
use a calculator (or a calculator on the computer, like Maple). You may not use any other
computer application, including Minitab and Excel. The exam is worth a total of 205 points;
point values for each part are in parentheses. To receive maximum credit, show all of your work.

Good luck!

1. (80 pts) Is brain weight (in grams) associated with gestation period (in days) and/or litter size
after accounting for the effect of body weight (in kg)? The data are provided in mammal.xls.
Use the SAS program Mammal.sas to help vou answer this question.

PART I: The first-order model

a. Specify the appropriate first-order regression model for this research question. (The
theoretical model — not the estimated regression function.) (5)

b. Would you classify any of the Y observations as outliers? Explain. (5)

¢c. Would you classify any of the X observations as outliers? Explain. (5)

d. Estimate the parameters in the regression model you provided in part (a). (5)

g. Report and interpret the coefficient of multiple determination. (5)

f.  Suppose that a model includes only body weight and litter size. What percent of the
additional unexplained variation in brain weight is accounted for by adding gestation
period to the model? (5)

g. Do you think that logarithms should be used in this situation? Explain. (10)

PART II: Answer the next several parts using the model
E{lbrain} = B, + B lbody + B,lgest + Bllitter .

h. Comment on the appropriateness of this new model. Is it superior to the one in parts (a)
and (d)? Be specific and make sure to discuss fit, model assumptions, etc. (20)

i. The researchers decided to study a fifth deer mouse. This mouse had a body weight of
0.024 kg, a gestation period of 24 days, and a litter size of 5. Using the new model,
calculate and interpret a 99% prediction interval for the brain size of this mouse. (10)

J. Test the hypothesis H, : 8, and 8, =0. Make sure you interpret your results in terms of
the problem. (10)
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2. (45 pts) In a regression analysis of flower growth for different flower families, ¥V isa
measure of flower height, X is an measure of the brightness of the light available to each

flower, and X, — X, are indicator variables for the flower family, coded as follows:

Type of flower X, X, X,
Oxalidaceae 1 0 0
Primulaceae 0 1 0
Apocynaceae 0 0 1
Scrophulariaceae | 0 0 0

The response function to be used in the study is E(Y)= g, + B.X, + B,.X, + B X; + B, X,.

a. Identify the response function for each type of tlower. (16)

b. Interpret the following coefficients: (4 each)

D B
2) B

c. For each of the following questions, specify the hypotheses [/, and H, for the
appropriate test: (4 each)

1) With X, fixed, is the expected flower height the same for Oxalidaceae as
Apocynaceae?

2) With X fixed, is the expected flower height the same for all four families?
d. With X fixed, the four response functions in part (a) all have the same slope. Specify a

more general response function that would allow each type of flower to have a different
slope and identify the slope for each type of flower. (13)
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3. (80 pts) Healthy bones are continually being renewed by two processes. Through bone
formation, new bone is built; through bone resorption, old bone is removed. If one or both of
these processes is disturbed. by disease, aging, or space travel, for example, bone loss can result.
The variables VOPLUS and VOMINUS measure bone formation and bone resorption,
respectively. Osteocalcin (OC) is a biochemical marker for bone formation: higher levels of
bone formation are associated with higher levels of OC. A blood sample is used to measure OC,
and it is much less expensive to obtain than direct measures of bone formation. The units are
milligrams of OC per millimeter of blood (mg/ml). Similarly, tartrate resistant acid phospahtase
(TRAP) is a biochemical marker for bone resorption that is also measured in blood. It is
measured in units per liter (U/l). These variables were measured for 31 healthy women aged 11
to 32 and are provided in the file biomarkers.dat. Use a scatter plot matrix (attached) and the
SAS program biomarkers.sas to answer the questions below regarding the prediction of
VOPLUS, the measure of bone formation.

PART I: The analyst, Brian, decided to fit the regression model with all three predictor variables.

a. Identify the estimated regression function for this model and comment on the fit. Would
vou suggest any changes to this model? (15)

PART II: Marian is another analyst. She suggested the regression model with all three predictor
variables, the squared predictor variables, and all possible pairwise interaction terms.

b. Do you prefer this second-order model over the model in part (a)? Explain. (10)

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

PART III: Yet another analyst, Brad, decided to use the second-order model with the centered
variables.

d. Looking at all the output, what model do vou feel is the best? Justify your selection. (20)

¢. Brad chose the (partial) second-order model using the following centered variables:
mvom moc mvomtrap mocsq mtrapsg

Derive expressions for the estimated regression coefficients (b0, bl, etc) for these five
variables in terms of the uncentered variables. (That is, Brad has the estimated
coefficients b using the centered variables. Derive expressions for the uncentered
variables’ coefficients b’ in terms of b.) (25)
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