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a)

b)

a)

b)

estion 1

Prove that for a 2 x 2 contingency table, the chi-square test for independence is given
by

N(ad-bc)2
(a+b)(c+d a+c)(b+d)

(12 Marks)

Suppose that independent random variables Y1, Y3, ..., Y, follow binomial
distributions, that is

m , .
}i Jﬂ-i.‘i (1_ ﬂ—l)'"i i .
S

Show that the binomial distribution is 2 member of the exponential family and that
natural canonical link function for this distribution in the context of generatised linear
models is given by

log il
-7, =7
Question 2

A sports equipment company has commissioned an advertising agency to develop an
advertising campaign for one of its new products. They can choose between two
particular television commercials, A and B. To aid them in their decision, an
experiment is performed in which 200 volunteers are randomly assxgned to view one
of the two commercials, 100 being assigned to each. After seeing the commercial,
each volunteer is asked to state whether they would consider buying the product, with
the following results.

Y,~B(m, 7,),i=1,2,...,n, where P(Y, =_v,)=(

(8 Marks)

Commercial
4 B
Purchase No 70 30
product Yes 30 20

Apply a chi-squared test to these data and comment on your results. What
recommendations, if any, would you make to the sports manufacturer concerning the
choice of commercial for the proposed advertising campaign?

(15 Marks)
In an industry the maintenance department wants to investigate the number of repairs
to be made to 4 different makes of compressors, which are used in the 3 areas (North,
Centre and South). The data on compressor failures are as follows:

Page 2 of 6



Compressor | North Centre South

1 17 17 12
2 i1 9 13
3 11 8 19
4 14 7 28

They engage a consultant to analyse the data and make a recommendation.
What would be your recommendation to the maintenance department?
_ (20 Marks)

estion 3

An art gallery is due to celebrate its 50th anniversary in 2005. As part of its celebrations,
it wishes to commission a new sculpture to be displayed in the gallery. To find a suitable
sculpture, it decided to run a competition in which it invited local artists to submit
designs. A panel of experts selected a short-list of three designs for the gallery to choose
from. To assist in the final decision, the gallery conducted a survey in which a random
sampie of local adults were sent copies of the three designs and asked to indicate their
preference. The replies received from male and female adults are given in the following

table.

Preferred design
4 B C
Males 129 24 47
Females 126 44 55

Carry out a suitable analysis to test whether or not the preference of design is the same
for males and females.
(20 Marks)

Question 4

Given the following table with a set of models with values of G* (Likelihood Ratio
Criterion) and p-value which relate to;

- Defendant’s race D : W (White), B (Black) = Z variable

- Victim’s race V : W {White), B (Black) =Y variable

- Death Penalty P : Y (yes), N (No) = X variable

Model G p-value
D.V.P) 1379 0.001
(DV.P) 8.1 0.04
(VP,DV) 1.9 0.39
(DP,VP.DV) 0.70 040
(DVP) 0 —
a) Select two models that provide the best fit for the data and state the reasons for your
choice. (2 Marks)
b) From the two models select the best model and derive its log-linear model and give
reasons for selecting it. (6 Marks)
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c) I ny11=19, ny12=0, mz=11, m2=6, 1211=132, m;=9, m21=52, and nyp=97, for the
best model chosen in b) calculate ﬁ ﬁom and ﬁnvm)'
{12 Marks)

estion 5

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

A research team from the U.S. measured all wells in an area of Araizahar upazila and
labetled 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 of hundreds of micrograms 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 of water needed for drinking
is low encugh that adding users to a well woukl 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 househokds 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 (ug/L)

logas = log-arsenic

edcXdistnc = (ed-med)*(distnear-mdistn}

med = mean of ed

mdist = mean of distnear

Model 1

Number of obs = 3020
LR chi2(3) = 239,95
Prob > chi2 = 0.0000

Log likelihood = -1939.077
T switch | Coef. std. Err. z  P>lz| [95% conf. Intervall
distnearest T -.0097893 0010616 -9.22 0.000 -.0118699 -.0077087
Togas . 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

3020
253.48

Number of obs
LR chi2(4)
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Prob > chi2 0.0000

Ltog tikelihood = -1932.3102

—————— . e b

switch | Coef. std. Err. z P>{z{ [95% Conf. Interval]

- _'.. - - - ————— 7y —— - ——
distnearest | -.010078% .0010827 -9.31 0.000 -.0122005 -.0079565
logas .9046483 069253 13.06 0.000 .7689149 1.040382
ad .04431139 0096605 4.57 0.000 .0251797 .063048
edexdistne 0009318 .0002568 3.63 0.000 . 0004284 .0014351
_cons .333031 -11.54 -4.495775 ~-3.180318

-3.843047 0.000

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 of respondents.
(8 Marks)

Question 6

In the data from the US 1996 Generat Social Survey, say they were primarily interested
in volunteer, a variable representing the number of volunteer 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 chiz2(7) = 121.96
Prob > chi? = 0.0000

tog Tikelihood = -1675.116
volteer | Coef. std. Err. z P>|21 [95% conf. Interval]
_____________ e e e e e e e o e e P - —_
female 1 .2071766  .0843299 2.46 0.014 .0418931 .3724602
nonwhite -.6738627 .2013554 -3.3%5 0,001 -1.068512 -.2792134
nonwfemale I 6123789 .239987 2.55 0.011 .1420129 1.082745
educate .1250034 .0189202 6.61 0.000 0879206 .1620862
educatecsqg l -.0131087 0048738 -2.69 0.007 -.0226612 ~-.0035562
income 1054104 0270514 3.80 0.000 .0523906 .1584302
incomecsq ' .0112797  .0048598 2-32  0.020 .0017547 0208048
_cons .3626887 -10.88 0.000 -4.655304 ~3.233651

~3.944508

a)

Wald test. (Note that we could do

for simplicity.)

b)

quadratic term and testing its significance.

9

log-income doesn't help in this case.)

d)

estimated coefficients.
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Interpret the coefficients and comment briefly on their significance on the basis of the
likelihood ratio tests but we'll stick to Wald tests

(5 Marks)

Check if it was appropriate to treat education as a linear effect by introducing a

(5 Marks)

Verify that you also need to introduce a quadratic term for income. (Working with

(5 Marks)

Test whether the female effect differs by ethnmicity and interpret carefully your
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bE] 43 M 33 An i 12 k64 1297 1080 963 889 838 MO0 LTI 146 700 679 663 631 640
14 3.7 s A3 an .06 13 1782 12 1021 907 833 1A 49 72 o9 631 &31 63 &0} AP
15 an 303 301 298 19 14 1704 1178 57 BE2 191 744 708 680 6358 613 M8) ATE A86 53
I3
16 102 293 190 296 281 18 1639 1134 94 035 751 709 6 647 636 531 361 546 835 WM
17 252 203 28 1% M i 1612 1097 901 794 737 680 646 619 A9 33 33 320 0% 499
18 .M 115 21 168 162 17 1872 Y066 £7) 768 101 63 622 5% AT 331 513 49% 487 4B
1] 1% 167 164 160 28 18 1538 1039 049 746 6Bl 635 602 576 056 A1) 4 480 468 48
10 .69 261 157 25 4 9 I508 1016 B2 727 662 613 583 339 A9 497 4T 464 452 A
164 155 231 248 244 242 % MBI 995 810 710 646 6M1 369 N4 AN 481 464 449 A 4
158 130 246 2141 138 236 It 1439 977 1M 693 63F S 5% 531 Al 470 431 437 428 A7
D 18 3.8 245 141 237 23 2M2 12 138 961 1M 631 619 376 M L1y 499 438 440 426 413 406
U264 249 240 227 233 2y A7 13 MM 947 767 670 608 363 133 509 49 448 430 4le 40} 1%
;2% 243 36 2133 2119 118 11 M 1403 934 TSy 639 19 53 51 499 AW 439 €21 407 29 w7
% 247 242 233 219 335 M 8 28 jA 921 43 649 5B9 346 515 491 4TI €31 413 3% e AT
I 254 1.3 229 1% 11 uie LI6 6 1394 211 736 641 330 538 30T AN 464 424 406 392 A Im
25 ] ¥ 113 119 k13 213 17 1361 902 127 633 3T} 531 500 476 487 417 399 3IB6 AY5 366
9 148 233 213 320 2116 Li2 LG I 1350 89 LIS 625 S66 MM 49 459 4M 410 33 180 169 160
0 245 13 1 217 213 209 A % 1338 BAS 711 619 5359 A0 48T 464 A4S 403 188 1T 363 M
a8 138 219 110 106 A02 188 196 30 1339 BTT 03 611 $5) S11 4B 458 43 400 382 &Y 150 )4y
48 FAH 102 193 1M 1% 187 35 1290 B47 67% 388 LM 4By 450 436 4B M 361 340 338 19
8% 217 M 181 18 1 1N 1% . 48 1261 B25 65% 50 513 4 44 421 402 Jé 47T A4 A A
& )0 194 1 179 L7 1T 158 ! 30 1232 79 6.3 46 490 451 43 400 M1 I 31 34l I 295
w108 159 L7 LM L70 183 (162 0 197 TIT 617 AN 476 43 408 336 369 iR 311 e 19 2B
0 201 .8 L5170 168 161 15 % LMD 764 606 AW 466 421 3 i1 s 3B 16 1M Im 1M
L IR 1.0 172 167 161 137 159 B0 1567 34 497 LI2 438 40 392 iTe 39 316 200 287 136 268
w157 1.80 169 165 160 133 152 %0 1137 74T 3L 306 453 415 AN )6 44 31 298 ez 1T 263
i 15 L% 166 161 136 131 1A 100 1156 741 486 302 448 411 183 361 A 3 1 1T 268 058
1% 1% LI3 162 L3 15 146 143 120 1138 732 AT 495 442 404 AT 383 338 0 188 272 261 1M
%0 187 169 158 183 148 142 139 %8 iL¥T 724 AT 488 433 346 17 349 332 196 B0 267 236 248
%0 188 L67 136 L5 146 140 D6 00 1113 703 583 4BF 429 152 165 343 206 M L% 181 28 42
e 184 1.66 133 1% 14 1% 135 % 103 710 338 47 415 A8 361 340 AD W 1IN 238 248 2139
400 182 1.64 153 148 141 136 132 3M 11p4 70T 356 475 410 3B AW a3 32) 135 169 2% 46 237
0 18l 1.63 132 147 14l i 131 400 1099 Y03 AN 4 4D w.-u 1% 135 i 18 266 133 243 M
@ 180 163 151 146 140 134 L 300 1096 700 331 469 40F AWM 1M 3133 A6 28 264 282 141 183
e 180 1.62 L350 145 135 133 )a9 0 1094 699 349 468 406 280 1® 332 20l 180 243 251 140 1M
w1 L6l 13 14 134 132 128 01091 697 S4B 467 405 1 3M 131 M 198 26 24y 239 221
100 1089 696 446 465 414 378 31 230 303 137 161 248 23 230
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Tascn A} (continued)
Tanis A4
F Diatrivation: Critieal Values of F (0.1% signifioanes level)
W15 @ 35 W M 6 1B i 18 10 . 2 (ChI-8quared) Distribution: Gritical Values of 3
443
T 6I401 AINO G10603 G293 £3M0Y 33e03 GI2ebS 410 up!ur-. 633008 Signlficonce lval
3 999,46 999.47 999,47 999,47 999.40 994N 39049 99949 99949 9049
3 12514 12545 13507 124.96 124.66 12447 124.27 12407 12287 12377 Degraesef 3% "% o1%
4 4570 4342 4323 4309 44BE 447 A6 447 4433 4426 Feedom
S 2508 2487 MU 60 M4 2433 W M2 M40) 13 1 1841 6635 10.820
& 1683 1657 1634 1644 [631 1621 §6.11 1603 1593 1409 1 3841 s.210 18le
T 1269 1233 1241 1233 1120 1112 1204 3095 1087 1182 3 im18 STRTLY 16.266
B 1626 1001 1000 932 930 %73 963 93T 549 B4
¥ 869 855 M6 037 526 819 Wil A 796 793 4 2413 1am 18467
10 760 747 737 130 19 13 105 638 €31 637 H 1L.0% 15.086 20513
11 6Bl GSR 65 632 642 635 62 621 64 GIC ‘ 12.592 16.812 11438
12 621 609 600 593 383 376 A% 363 336 352 7 14.067 18478 14372
13173 563 3 347 537 530 AM AT Ll A0
4835 53 317 S10 300 454 487 4K 4T 4TI L 13.507 0,090 %124
15307 495 486 AN 470 464 437 431 448 A4l [ 16519 21.666 27477
16 482 470 461 434 445 439 432 46 419 416 1 18.307 B 19548

BT 460 448 440 433 44 400 401 408 398 393
W 442 430 42 413 405 4DD 393 187 s 377
19 426 44 406 19 350 M 178 37T 165 A6
20 412 400 397 3 AT AN A4 138 351 348

11 400 388 380 AW 154 M 332 346 339 236
21 389 AW AT 36) 334 348 341 135 a8 198
23 379 360 160 38 344 33 IR 123 19 L6
MO371 358 3 345 3 32y A 317 A0 AW
35 363 252 343 337 A1 AN A3 309 303 2.9

W 3% 344 336 130 32 A5 A0E 302 295 182
27 349 33 130 3B 3104 308 202 19 189 186
2B 343 332 3M 300 309 02 1% 190 218 W
2% A3 31 38 302 303 297 291 1M 1M LM

233 3n 31 300 1% L 8 2w 1 249

313 301 293 280 178 172 266 18y 282 249
258 187 1% 1M 164 137 181 244 238 104
379 268 160 183 244 2N 131 223 Lis L4
167 233 247 240 233 115 119 12 205 101
158 2147 239 13 11 216 LM 203 193 19

252 14l 131 226 246 210 200 196 139 188
247 23 217 1n XM 203 19 19 1§ 1
243 132 1M 217 208 201 1M 187 179 LTS
237 2 210 2il 102 195 pM 1M 173 168
196 189 182 174 1866 162

126 215 207 200 150 183 L7 L6k 160 135
213 21 L0} 19 187 18 L1712 L6S 138 131
2l 210 0L 194 1B LT LT 162 133 14%
218 207 193 L9 182 175 167 139 130 L4
17 205 187 1% LBO LT3 165 LA 148 14D

116 204 1% EB 179 LT 164 1% 146 148
113 202 193 188 L7E 1M 163 13 143 140
M 207 184 187 LT 169 L6215 ldd 18
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