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Question 1 

A marketing research firm was engaged by an automobile manufacturer to conduct a pilot 
study to examine the feasibility of using logistic regression for ascertaining the likelihood 
that a family will purchase a new car during the next year. A random sample of 33 
suburban families was selected. Data on annual family income and the current age of the 
oldest family automobile were obtained. A follow-up interview conducted 12 months 
later was used to determine whether the family actually purchased a new car or did not 
purchase a new car. The model in Appendix I was fitted; 

a) State the response function. 
(3 Marks) 

b) Using the output in Appendix I (coefficients) advise appropriately. 
(10 Marks) 

c) What is the estimated probability that a family with annual income of ESO,OOO and an 
oldest car of 3 years will purchase a new car next year? 

(3 Marks) 
d) Using the output Appendix II, state whether the two-factor interaction effect between 

annual family income and age of oldest automobile should be added to the regression 
model containing family income and age of oldest automobile as first-order terms; 
use a =0.05. What is the approximate p-value? 

(4 Marks) 
Question 2 

In the 2002 Winter Olympic Games held at Salt Lake City there was concern that figure 
skating judges may have judged with bias for certain skaters according to geopolitical 
preferences. Consider Table B which presents the results of the 9 judges of the "long 
program" in women's figure skating. All judges rated these two skaters first or second; 
the first place rating, or preferred skater, is reported in the table. Each judge is placed into 
a region based upon herlhis country of origin: EE refers to Belarus, Russia and Slovakia; 
WE refers to Denmark, Finland, Italy, and Germany; and NA refers to Canada and the 
United States. 

TABLE B. Number of First place ratings 

Figure Skater 
Region Slutskaya Hughes 
EE 3 0 
WE 1 3 
NA 0 2 
Total 4 5 

Total 
3 

·4 

2 
9. 

Briefly, summarize your results for a report to the International Olympic Committee 
(IOC). What do you conclude about the charge of geopolitically based bias in figure 
skating judging? Explain any assumptions of the statistical methods that led you to this 
conclusion (the IOC will consult a statistician to independently review your findings.) 

(20 Marks) 
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Question 3 

The table below displays a 4-way cross-classification ofdata related to complaints of 
symptoms of a respiratory disease, byssinosis, which occms among textile mill workers. 

Table. Frequency table of Byssinosis Complaints 

WORKPLACE YEARS COMPLAINTS 
CONDITIONS EMPLOYMENT SMOKING yes no 

Dusty <10 yes SO 203 
Dusty <10 no 7 119 
Dusty >=10 yes 57 161 
Dusty >=10 no 11 81 
Not Dusty <10 yes 14 1340 
Not Dusty <10 no 12 1004 
Not Dusty >=10 yes 24 1360 
Not Dusty >=10 no 10 986 

Create 2 x 2 tables stratified by years ofemployment and test for independence between 
Workplace conditions and complaints of byssinosis by comparing the Pearson Chi square 
test and Mantel- Haenszel Chi-Square test. 

(20 Marks) 

Question 4 

a) Ifwe write the probability density function (p.d.f.) for the GLM in the form 

(10 Marks) 

b) 	If the random variable Yi follows a Gamma distribution, with scale parameter 9 
and shape parameter 0, then it has a p.d.f. 

Show that the distribution is a member ofthe exponential family, and find E(Yi) and 
Var(Yi). 

(10 Marks) 
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Question 5 

Many of the wells used for drinking water in Bangladesh and other South Asian countries 
are contaminated with natural arsenic, affecting an estimated 100 million people. Arsenic 
is a cumulative poison, and exposure increases the risk ofcancer and other diseases. 

A research team from the U.S. measured all wells in an area of Araizahar upazila and 
labelled them with their arsenic level as well as a characterization as "safe" or "unsafe", 
depending on whether the arsenic level was above or below the national standard of 0.5 
in units ofhundreds ofmicrograms per litre. 

People with unsafe wells were encouraged to switch to nearby private or community 
wells or to new wells of their own construction. The amount ofwater needed for drinking 
is low enough that adding users to a well would not exhaust its capacity. The surface 
water in this area is contaminated, hence the desire to use deep wells. 

A few years later the researchers returned to see who had switched wells and found that 
57.5% of the 3020 households with unsafe wells had switched. The team performed a 
series of analyses to understand the factors predictive of well switching among users of 
unsafe wells. 
Variables: 
distnear = the distance to the nearest safe well 
ed =years of education 
as = arsenic levels (ugIL) 
logas = log-arsenic 
edcXdistnc =(ed-med)*( distnear-mdistn) 
med = mean of ed 
mdist = mean ofdistnear 

Modell 

Number of obs 3020 
LR chi2(3) = 239.95 
prob > chi2 0.0000 

Log likelihood = -1939.077 

switch I coef. std. Err. z p>lzl [95% Conf. Interval]
. -------------+---------------------------------------------------------------

distnearest I -.0097893 .0010616 -9.22 0.000 -.0118699. -.0077087 
logas I .888925 .068873 12.91 0.000 .7539365 1.023913 

ed .0431016 .0096435 . 4.47 0.000 .0242007 .0620024 
_cons -3.776544 .3315441 -11.39 0.000 -4.426358 -3.126729 

. . 

Model 2 

Number of obs = 3020 
LR chi2(4) = 253.48 
prob > chi2 0.0000 

: Log likelihood = -1932.3102 

switch I Coef. Std. Err. z p>lzl [95% Conf. Interval]
; -------------+---------------------------------------------------------------

distnearest -.0100785 .0010827 -9.31 0.000 -.0122005 -.0079565 
logas .9046483 .069253 13.06 0.000 .7689149 1.040382 

ed .0441139 .0096605 4.57 0.000 .0251797 .063048 
edcXdistnc .0009318 .0002568 3.63 0.000 .0004284 .0014351 

_cons -3.843047 .333031 -11.54 0.000 -4.495775 -3.190318 
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a) Define the two models and their hypotheses. Also, justify the appropriateness of the 
modelling procedure used. 

(6 Marks) 
b) How does model 1 compare with the models 2 in terms of parsimony and goodness of 

fit? 
(6 Marks) 

c) Explain the effect of education on well-switching, including how it varies for 
different types ofrespondents. 

(8 Marks) 
Question 6 

In the data from the General Social Survey, say they were primarily interested in 
volunteer, a variable representing the number ofvolunteer activities in the past year. Note 
that gender is a dummy for females best called female and race is.a dummy for non
whites best called nonwhites. Two other predictors of interest are education and income. 
A GLM was fitted and results are: 

Number of obs = 1944 
LR chi2(7) = 121.96 
prob > chi2 = 0.0000 

Log likelihood = -1675.116 

volteer I coef. Std. Err. z p>lzl [95% Conf. Interval)
-------------+---------------------------------------------------------------

female I .2071766 .0843299 2.46 0.014 .0418931 .3724602 
nonwhite 

nonwfemale 
I 
I 

-.6738627 
.6123789 

.2013554 
.239987 

-3.35 
2.55 

0.001 
0.011 

-1.068512 
.1420129 

-.2792134 
1.082745 

educate I .1250034 .0189202 6.61 0.000 .0879206 .1620862 
educatecsq

income 
I 
I 

-.0131087 
.1054104 

.0048738 

.0270514 
-2.69 

3.90 
0.007 
0.000 

-.0226612 
.0523906 

-.0035562 
.1584302 

incomecsq 
_cons 

I 
I 

.0112797 
-3.944508 

.0048598 

.3626887 
2.32 

-10.88 
0.020 
0.000 

.0017547 
-4.655364 

.0208048 
-3.233651 

a) 	 Interpret the coefficients and comment briefly on their significance on the basis of the 
Wald test. (Note that we could do likelihood ratio tests but we'll stick to Wald tests 
for simplicity.) 

(5 Marks) 
b) Check if it was appropriate to treat education as a linear effect by introducing a 

quadratic term and testing its significance. 
(5 Marks) 

c) Verify that you also need to introduce a quadratic term for income. (Working with 
log-income doesn't help in this case.) 

(5 Marks) 
d) Test whether the female effect differs by ethnicity and interpret carefully your 

estimated coefficients. 
(5 Marks) 
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Normal Distribution 

Table C-1. Cumulative Probabilities of the Standard Nonnal Distribution. 
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Chi-Square Distribution 

Table C-2. Percentiles of the ·l Distribution 
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Student's Distribution (t Distribution) 

Table C4 Percentiles of the t Distribution 
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Table C-4 (Continued) Percentiles of the t Distribution 
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Table C-5 (Continued) Pe~ntlles of the F Distribution 	 Table C-5 (Continued) Percentile. of the F Distribution 
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Table c.a (ContInued) PercentIles of the F DIstribution 
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APPENDICES 


APPENDIX I 
> data <- read. table ("car_tab1e.txt", header=T) 

> attach(data} 


n> glml <- glm(purchase-income+age, family=flbinomial ) 

> summary(glm1) 

Call: 

glm(formula = purchase'" income + age, family = "binomial") 


Deviance Residuals: 

Min 1Q Median 3Q Max 


-1.6189 -0.8949 -0.5880 0.9653 2.0846 


Coefficients: 
Estimate Std. Error z value Pr(>lzl) 

(Intercept) -4.73931 2.10195 -2.255 0.0242 * 
income 0.06773 0.02806 2.414 0.0158 * 
age 0.59863 0.39007 1.535 0.1249 


