Data Analysis (Math 206) Exam 2
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Spring 2007 - Hartlaub

Solve all of the problems below and be careful not to spend too much time on a particular part.  The point values for each part are in parentheses.  All of the files mentioned below, including the data and SAS programs, are in the directory p:\data\math\hartlaub\dataanalysis.
1.  The ICU data set (icu.dat) consists of a sample of 200 subjects who were part of a much larger study on survival of patients following admission to an adult intensive care unit (ICU).  The major goal of this study was to develop a logistic regression model to predict the probability of survival to hospital discharge of these patients and to study the risk factors associated with

ICU mortality.  A number of publications have appeared which have focused on various facets of the problem.  A complete description of the variables is provided in icu.txt.  
The primary outcome variable is vital status at hospital discharge, STA.  Clinicians associated with the study felt that a key determinant of survival was the patient’s age at admission, AGE.  Use the SAS program icu.sas to answer the questions below.

a. Write down the equation for the logistic regression model of STA on AGE.  Write down the equation for the logit transformation of this logistic regression model.  What characteristic of the outcome variable, STA, leads us to consider the logistic regression model as opposed to the usual linear regression model to describe the relationship between STA and AGE?  (15)
b. Write down the equation for the fitted value, that is, the estimated logistic probabilities.  (5)

c. Assess the significance of the slope coefficient for AGE using the appropriate test.  Be sure to state your hypotheses, test statistic, p-value, and conclusion.  (15)

d. Provide a point and interval estimate for the odds ratio.  Be sure to identify the odds ratio and interpret your interval for the clinicians.  (10)

e. Consider the multiple logistic regression model of vital status, STA, on age (AGE), cancer part of the present problem (CAN), CPR prior to ICU admission (CPR), infection probable at ICU admission (INF), and race (RACE).  Write down the equation for the logistic regression model of STA on AGE, CAN, CPR, INF, and RACE.  How many parameters does the model include?  (10)

f. Write down the equation for the fitted values, that is, the estimated logistic probabilities.  (5)

g. Assess the significance of the slope coefficients for the variables in the model using the likelihood ratio test.  (10)

h. Use the Wald statistics to assess the significance of the individual slope coefficients for the variables in the model.  Would you suggest using a reduced model that eliminates certain variables?  Explain.  (15)

i. Would you be willing to use the chi-square test to assess the independence of vital status (STA) and race (RACE)?  If so, conduct the test.  If not, explain why not.  (10)

j. A clinician was interested in predicting heart rate at admission (HRA) using a subset of the predictor variables.  Do the automatic search procedures (forward, backward, and stepwise) identify the same set of predictor variables for the final model?  (10)

2.  A pharmaceutical company has received approval from the Food and Drug Administration to market RogaineTM, a 2% minoxidil solution, for the treatment of male pattern baldness.  The company's advertising campaign for Rogaine includes the results of double-blind studies conducted with 1431 patients in 27 centers across the United States.  In this double-blind study, only the people in charge of the experiment know which patients receive Rogaine and which receive a placebo--a preparation containing no Rogaine.  Neither the patients nor the people recording the results of the experiment have access to this information.  The results at the end of four months are summarized in a 2 x 5 contingency table.  The row classification represents patients treated with Rogaine and those treated with a placebo, and each row can be regarded as a random sample from these respective populations.  The column classification represents the degree of hair growth reported.  The table entries are the approximate counts for each row and column classification.  Based on the results below, can the company conclude that Rogaine is an effective treatment for male pattern baldness?  State the appropriate null and alternative hypotheses and carry out the test at significance level α=.01.  (20)


   Degree of Hair Growth

	
	No

Growth
	New

Vellus
	Minimal

Growth
	Moderate

Growth
	Dense 

Growth
	Totals

	PRIVATE 
Rogaine
	301
	172
	178
	58
	5
	714

	Placebo
	423
	150
	114
	29
	1
	717

	Totals
	724
	322
	292
	87
	6
	1431


3.  Tar fumes containing polycyclic aromatic hydrocarbons (PAH) are released from coke ovens in which coal is fired into coke, and workers are exposed to high levels of PAH.  Jongeneelen et al. (1990) made sample measurements of PAH concentrations in the air during three consecutive morning shifts, using filters in masks worn by each of 47 coke oven workers.  Urine samples were used to determine the level of pyrene (one of the hydrocarbons obtained in the dry distillation of coal) for each worker.  The total PAH (μg/m3) from the three measurements and the amount of pyrene (μg/m3) were used to perform a linear regression analysis of the dependent variable (pyrene) on the independent variable (total PAH).  Use the SAS program tar.sas to answer the following questions.

a.
State the estimated regression equation.  (5)
b.
State and interpret the value of R2 for the regression model.  (10)
c.
Find a 95% confidence interval for β1.  (5)
d.
Use the CI in part (c) to test H0: β1 = .08 against the appropriate alternative.  Please make sure you state the appropriate alternative.  (5)
e.
Predict the mean of pyrene when total PAH is 45 (μg/m3).  (5)
f.
Find a 95% confidence interval for the mean in part (e).  (5)
g.
Find a 95% prediction interval for pyrene when total PAH is 45 (μg/m3).  (5)
h.
Comment on the residual plots.  Are there any unusual observations?  If so, identify them.  (10)
4. Many exercise bikes, elliptical trainers, and treadmills display basic information like distance, speed, calories burned per hour (or total calories), and duration of the workout. Data were collected from the treadmill display’s claimed calories per hour by speed for a 175-pound male using a Cybex treadmill at inclines of 0%, 2%, and 4%. The relationship between speed and calories is different for walking and running, so we need an indicator for slow/fast. The variables created from the data are
Calories = calories burned per hour

MPH = speed of the treadmill

Incline = the incline percent (0, 2 or 4)

Ind slow = 1 for MPH 
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3 and Ind slow = 0 for MPH > 3.0

Part of the Minitab output from fitting a multiple regression model to predict Calories from MPH, Ind slow, and Incline for the Cybex treadmill is shown on the next page.  Use this output to answer the multiple choice questions below.  Each question is worth 5 points.

Predictor     Coef  SE Coef      T      P

Constant    -80.41    18.99  -4.24  0.000

MPH        145.841    2.570  56.74  0.000

Ind_slow    -50.01    16.04  -3.12  0.003

Incline     36.264    2.829  12.82  0.000

S = 33.9422   R-Sq = 99.3%   R-Sq(adj) = 99.3%

Analysis of Variance

Source          DF       SS       MS        F      P

Regression       3  8554241  2851414  2475.03  0.000

Residual Error  50    57604     1152

Total           53  8611845

Predicted Values for New Observations

New

Obs     Fit  SE Fit       95% CI             95% PI

  1  940.09    5.28  (929.49, 950.69)  (871.09, 1009.08)

Values of Predictors for New Observations

New

Obs   MPH  Ind_slow  Incline

  1  6.50  0.000000     2.00

The number of parameters in this population multiple regression model is

(a)  4

(b)  5

(c)  6
The equation for predicting calories from these explanatory variables is 

(a) Calories = – 80.41 + 145.84 MPH – 50.01 Ind_slow + 36.26 Incline
(b) Calories = – 4.24 + 56.74 MPH – 3.12 Ind_slow + 12.82 Incline
(c) Calories = 18.99 + 2.57 MPH + 16.04 Ind_slow + 2.83 Incline
The regression standard error for these data is
(a)  .993
(b) 33.94 
(c) 1152

To predict calories when walking with no incline use the line

(a)
–80.41+ 145.84 MPH
(b)
(–80.41 – 50.01) + 145.84 MPH
(c)
(–80.41 + 2*36.26) + 145.84 MPH
To predict calories when running with no incline use the line

(a)
–80.41+ 145.84 MPH
(b)
(–80.41 – 50.01) + 145.84 MPH
(c)
(–80.41 + 2*36.26) + 145.84 MPH
To predict calories when running on a 2% incline use the line

(a)
–80.41+ 145.84 MPH
(b)
(–80.41 – 50.01) + 145.84 MPH
(c)
(–80.41 + 2*36.26) + 145.84 MPH
Is there significant evidence that more calories are burned for higher speeds?  To answer this question, test the hypotheses

(a)
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Confidence intervals and tests for these data use the t distribution with degrees of freedom
(a)  3

(b)  50

(c)  53

Orlando, a 175 pound man, plans to run 6.5 miles per hour for one hour on a 2% incline.  He can be 95% confident that he will burn between

(a)
871 and 1009 calories.

(b) 929 and 950 calories.

(c) 906 and 974 calories.
Suppose we also had data on a second treadmill, made by LifeFitness.  An indicator variable for brand of treadmill, say Treadmill =1 for Cybex and Treadmill = 0 for LifeFitness, is created for a new model.   If the three explanatory variables above and the new indicator variable Treadmill were used to predict Calories, how many 
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parameters would need to be estimated in the new multiple regression model?

(a)  4

(b) 5

(c) 6
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