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Question 1 

a) 	 Consider the following data from a women's health study (MI is myocardial infarction, i.e. 
heart attack). 

MI 

Oral contraceptives Yes No 

Used 23 34 
Never Used 35 132 

(i) 	 Construct a 95% confidence interval for the population odds ratio. 

(ii) 	 Suppose that the answer to part (a) is (1.3, 4.9). Does it seem plausible that the variables 
are independent? Explain. 

b) 	 For adults who sailed on the Titanic on its fateful voyage, the odds ratio between gender 
(female, male) and survival (yes, no) was 11.4. 

(i) 	 What is wrong with the interpretation, "The probabil ity of survival for females was 11.4 
times that for males"? 

(ii) 	 When would the quoted interpretation be approximately correct? Why? 

(iii) The odds of survival for females equalled 2.9. For each gender, find the proportion who 
survived. 

(4+4+4+4+4 Marks) 
Question 2 

The following table and subsequent analysis are based on sample survey data on the usage of 
alcohol, cigarettes and marijuana among high school students; 

Alcohol Cigarette 
Marijuana Use 

Use Use Yes No 
Yes Yes 911 538 

No 44 456 
No Yes 3 43 

No 2 279 

Rcode 



A<-c(l,l,l,l,O,O,O,O); ## l--Alcohol use O--other~ise 

C<-c(l,l,O,O,l,l,O,O); ## 1 -Cigarette use 0- otherwise 

M<-c(1,O,l,O,l,O,l,O); ## i-Marijuana use O-otlI-erwise 

count<-c(91i,538,44,456,3,43,2,279); 

AC<-A*C; AM<-A*M; CM<-C*M; ACM<-A*C*M; 

##Model (AM,CM,AC) fit 


drug. log<-glm (count-A+C+M+AM+CM+AC. family=poisson(link.=Hlogil» 


summary (drug. log) 


## output 

Call: glm(formula = count - A + C + M + AM + CM + AC. family = 

poisson(link = "loglt» Coefficients: 

Estimate Std. Error z value Pr(>lzl) 

(Intercept) 5.63342 0.05970 94.361 < 2e-16*** 

A 0.48772 0.07577 6.437 1.22e-10 *** 

C -1.88667 0.16270 -11. 596 < 2e-16 *** 

M -5.30904 0.47520 -11.172 < 2e-16*** 

AM 2.98601 0.46468 6.426 <1.31e-10*** 

CM 2.84789 0.16384 17.382 < 2e-16 *** 

AC 2.05453 0.17406 11. 803 < 2e-16 *** 

Null deviance: 2851.46098, Residual deviance: 0.37399 

##Estimated covariance matrix between AM and CM 

AM CM 


AM 0.215925578 -0.004968391 


CM -0.004968391 0.026843349 


Let X; Y and Z denote the variables Alcohol, Cigarette and Marijuana use respectively. 

a) Write down the loglinear regression model and identify the associated estimates. 
(5 Marks) 

b) Compute the estimated odds ratio between any two variables of Alcohol, Cigarette, and 
Marijuana use controlling for the third variable. 



(5 Marks) 
c) Construct the 95% confidence interval for the true odds ratio between Alcohol and Cigarette 

use controlling for Marijuana use. 
(5 Marks) 

d) 	 Test if the true odds ratio between Alcohol and Marijuana use controlling for Cigarette use 
equals the true odds ratio between Cigarette and Marijuana use controlling for Alcohol use at 
a 5%. 

(8 Marks) 

Question 3 

a) 	 For each of the following densities for a random variable Y, show that Y or some 
transformation of Y has an exponential family distribution. Derive the mean and variance of 
the exponential family distributed quantity in each case using the mean and variance 
formulas that hold in general within the exponential family distribution. 

y,A,J1 > O. 

y > a,e > O,a > O. 

(20 Marks) 

Question 4 

For a classical linear model Xp + E , where y, E are n vectors, p has dimension p, X has nxp, 
and Ei I S are i.i.d. N(0,a 2), show that the information matrix of p is a-2XT X. 

(20 Marks) 
Question 5 

If the goal for this software expert is to build an email spam filter: based on observed 
characteristics of an email message she wants to build a classification rule for assigning the 
message either as spam(marked with a "1") or not spam ("0"). To build the filter she has data of 
4601 emails, and for each message she has a human-assigned to label 1 for spam, 0 for not spam, 
and the following characteristics: 

• 	 caps_avg the average of the lengths of strings of capital letters used in the email (e.g. 
"The" I, "HELLO" := 5) 

• 	 c_paren, c_exclaim, c_dollar := the percentage of characters in the message which 
are parentheses ("(", "[", ")", "r), exclamation point ("!"), and dollar sign ("$") 
respectively. (Percentages are between 0 and 100.) 



a) 	 In the current context, what are the two types of errors that a classifier can make? In the 
present context, is one type of mistake "worse" than the other? Explain your reasoning. 

Use the following output to answer parts (b) - (e). 

Call: 
glm(formula = spam caps_avg + c_paren + c_exclaim + c_dollar, 

family == "binomial", data == spam) 

Coefficients: 

Estimate Std. Error z value Pr(>lzl) 


(Intercept) -1. 75 0.07 -25 <2e-16 
*** 
caps_avg 0.21 0.02 12 <2e-16 *** 
c_paren -1.66 0.23 -7 2e-13 *** 
c_exclaim 1.38 0.11 12 <2e-16 *** 
c_dollar 11.86 0.62 19 <2e-16 *** 

Null deviance: 6170.2 on 4600 degrees of freedom 
Residual deviance: 4160.7 on 4596 degrees of freedom 
AIC: 4171 

Number of Fisher Scoring iterations: 15 

b) 	 Provide a precise, numerical interpretation of the coefficient estimate for c_dollar. Do you 
and this result credible? Why or why not? 

c) 	 Provide a precise, numerical interpretation of the coefficient estimate for caps_avg. Do you 
find this result credible? Why or why not? 

d) 	 For a message that is 2% parentheses, 2% exclamation points, has zero dollar signs, and 
never strings together more than one capital letter, what estimated probability this message is 
spam? 

e) 	 If she uses the regression in above to build a classification rule based on the predicted 
probabilities. For some number K, we will flag a message as spam if the estimated P[spam 
IIX] > K. Referring to your answer in part (a), would you prefer to choose K 1/4, K 1/2, 
or K = 3/4? Why? 

(4+3+3+5+5 Marks) 



Question 6 

a) If the hazard function is h(t) aFt, where a> 0, what are the survival and density 
functions? 

(10 Marks) 
b) If survival times in the absence of censoring are distributed according to a Wei bull 

distribution with parameters K and ).., the hazard and survival functions can be written as 

1h(t) AXtk ­

Set) = exp(-Atk) 

respectively. Ifwe observed data of the form (ti' 8i ), where 8i = 1 if individual i fails at 
time tiand 8/ = 0 if i is right-censored at ti, for i = 1, ... ,m. What is the log-likelihood 
function? Explan briefly how you might find the maximum-likelihood estimates of k and 
A. 

(10 Marks) 

Question 7 

150 female rats were bought in 50 litters of3 and randomly given a placebo (2 rats per litter) or a 
new drug (1 rat per litter). The rats were followed for 4 months, and the time at which they 
developed tumours was recorded. Some rats died without developing tumours and were recorded 
as right-censored at the time of death. The following R commands and output have been used to 
test whether rats given the drug have the same survival function as those given the placebo. 

(20 Marks) 



> survdiff(Surv(t,delta)-treat) 

Call: 

survdiff(formula = Surv(t, a) - treat) .' 


N Observed Expected (O-E)-2/E (O-E)~2/V 
treat=O 100 19 27.5 2.65 8.6 
treat=l 50 21 12.5 5.86 8,6 

Chisq= 8.6 on 1 degrees of freedom, p= 0,00337 

> coxph(Surv(t,delta)-treat) 

Call: 

coxph(formula = Surv(t, delta) - treat) 


coef exp(coef) se(coef) z p 

treat 0,905 2.47 0.318 2.85 0.0044 


Likelihood ratio test=7.97 on 1 df, p=0.00474 n= 150 

What do you conclude? 

http:test=7.97


Normal Distribution 

Table C-1. Cumulative Probabilities of the Standard Normal Distribution. 

Entry is area A under the standard normal (;\lrve frofll "" to .. (A) 
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Chi-Square Distribution 

Table C-2. Percentiles of the -l Distribution 

... 
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Binomial Distribution 

Table C-3. Binomial Distribution 

R{x;n,p) Ii(y; n,p) 

The values of B(x;n.p) forO.S <: p <: 1.0areubtainedbyusingthefurmula 
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Student's Distribution (tDistribution) 

Table C-4 Percentiles of the t Distribution 

Entry is r(A; v) whereP{t(v) :s;; t(A; I')J = A 
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0.553 
0.549 
0.S46 
0 . .54'3 
0.542 

0.906 
0.896 
0.889 
0.&83 
0.179 

1.134 
1.119 
1.108 
J.100 
1.()93 

1.440 
1.41~ 
l.m 
\.383 
1.312 

1.943 
],895 
1.860 
U\33 
UIl2 

2..441 
2.36$ 
2.306 
2.lta 
2.228 

11 
12 
J3 
\4 
lS 

'6. 
17 
18 
19 
20 

0.260 
O.2..W 
0.259 
0.258 
0.258 

0.1$8 
0.257 
0.257 
0.251 
0.257 

0.540 
0.539 
0.5)1 
0,537 
0 • .536 

0.""0 . .534­
0.534 
0.513 
0.533 

0.876 
0.873 
0.870 
0.868 
0.866 

Q.86S 
0.863 
0.862 
0.86. 
0,860 

1.088 
1.083 
1.019 
•.076 
1.014 

1.0'11 
1.069 
l.061 
1.066 
1.0(i4 

1.363 
1.356 
I.l~ 
1.345 
1.341 

1.337 
1.333 
1.330 
1.328 
1.:U5 

L796 
1.782 
L771 
5.761 
1.753 

1.746 
1.740 
1.734 
1.729 
J.725 

1.20l 
2.179 
2.1tiO 
2.145 
2.ll. 

2.120 
2.110 
2.101 
2.093 
2.086 

21 
22­
23 
1.4 
25 

0.257 
0.1$6­
O.2!56 
O.2!!6 
0.256 

0.532 
0.532 
0 . .532 
0.531 
D.SJ.l 

0.859 
0.858 
0.~8 
Q.8.51 
0.856 

1.063 
1.06. 
1.0150 
1.059 
1.058 

l.l23 
1.32.1 
1.319 
1.)18 
1.316 

1.721 
1.717 
1.114 
'-711 
1.708 

2.080 
2..074 
2.069 
2.004 
2.000 

l6 
27 
23 
29 
30 

0.256 
0.256 
0.2S6 
0.256 
0.256 

o...s:u 
0.531 
0.'30 
0.530 
0.530 

0.856 
0.855 
O.8S5 
0.854 
0.854 

1.058 
1.057 
1.056 
I.OSS 
'.OS5 

1.315 
1.314 
1.31.3 
1.311 
1.310 

1.706 
1.703 
1.701 
1.699 
1.697 

2.0.$6 
2,052 
2.041 
2.045 
2.042 

40 
60 

120 
dO 

0.25:5 
0.154 
0.254 
0.2.-';3 

0.529 
0.52.7 
0.526 
0,524 

0.&51 
0.$48 
O.84S 
(I.~.'2. 

'.050 
1.045 
1.041 
].036 

1.303 
1.296 
1.289 
1.282 

1.684 
Ui71 
1.6511 
1.64:5 

2.021 
2.000 
1.980 
1.960 
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Table C-4 (Continued) Percentiles of the t Distribution 

A 

II I .98 .98.i .99 .9925­ .995 .ms .9995 

1 
I! 
3 
4 
5 

6 
7 
8 
9 

10 

Jj 

12 
13 
14 
15 

16 
17 
18 
19 
20 

Zi 
22 
23 
24 
2S 

26 
21 
28 
29 
30 

40 
60 

120 
G':> 

15.89'S 
4.349 
3.482 
2.999 
2.751 

2.612 
2.517 
2.«9 
2.398 
2.359 

Z.328 
2.103 
2.232 
2.264 
2.249 

2.235 
2.224 
2:214 
2.205 
2.Z91 

2.\89 
2.183 
un 
2.172 
Z.167 

U62 
2.158 
2.154 
2.150 
:U47 

2.123 
2.099 
2.076 
2.054 

11.2JJ5 
S.CS43 
3.896 
3.293 
3.003 

2.829 
2.115 
2.634 
2.514 
2.S21 

2.491 
2,461 
2.436 
1.415 
2.m 
2.382 
2.368 
2.356 
2.346 
2.336 

2.328 
1.32Ct 
1.31.3 
2.301 
2.301 

1.296 
2.191 
2.236 
2.282 
2.213 

2.250 
2.223 
2.195 
2.110 

31.821 
6.965 
4.5041 
3.747 
3.3M 

3.143 
2.998 
2.896 
2.821 
2.764 

2.1J8 
2..681 
2.650 
2.624 
2.002 

2.583 
2.561 
2-'52 
2.5:,9 
2.51.8 

2.518 
2.508 
2.s<lO 
2.492 
2.4&5 

2.479 
2.473 
2.467 
2.462 
2.457 

2.423 
2.390 
2.3SB 
2.326 

42.434 
8.013 
5.041 
4.088 
3.634 

.3.312 
3.203 
3.0&5 
2'.998 
2.912 

2.819 
2.836 
2.11(11 
2.771 
2.146 

2.124 
2.106 
2.689 
2.674 
2.~1 

:t649 
2.639 
2.629 
2.620 
2.612 

2.605 
2.598 
2.592 
2.586 
:l.SS. 

2,,42 
2.504 
2.468 
2.432 

63.6,51 
9.925 
5.84t 
4.604 
4.032 

3.m 
3.499 
3.355 
3.lSO 
3.Hi9 

3.106 
3.0SS 
l.612 
2.917 
2.947 

2.92& 
2.898 
2.878 
2.861 
2.845 

2.831 
2.1U9 
2.801 
2.791 
1.18' 

2.719 
2.711 
2..763 
2.156 
2.750 

2.704 
2.600 
2.617 
2.516 

121.322 
14.089 
1.453 
S.S98 
4.173 

4.317 
4.029 
3.&33 
3.690 
3.SS1 

3.497 
).428 
3.372 
3.326 
3.286 

'.252 
3.222 
3.197 
3.174 
3.tS3 

).135 
3,119 
3.104 
1.091 
3.018 

3.1)67 
3.057 
3.047 
3.033 
3.030 

1.971 
2.91S 
2.86) 
2.1101 

636.590 
31.598 
J2.924 
iL6l0 
6.869 

5.959 
5.0 
S.041 
4.71U 
4.5S7 

4.431 
4.318 
4.221 
4.140 
4.073 

4.015 
3.965 
3.922 
3.883 
3.849 

3.819 
3.192­
3.768 
3.745 
3.725 

3.101 
3.690 
3.674 
3.659 
3.646 

3.551 
3AtiO 
3.373 
3 • .291 
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