UNIVERSITY OF SWAZILAND

EXAMINATION PAPER 2014
TITLE OF PAPER . TOPICS IN STATISTICS
(STATISTICAL MODELLING)
COURSE CODE : ST 405
TIME ALLOWED : TWO (2) HOURS
REQUIREMENTS : CALCULATOR AND STATISTICAL TABLES
INSTRUCTIONS : ANSWER ANY FIVE QUESTIONS
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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)

¢) What is the estimated probability that a family with annual income of E50,000 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 her/his 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 Total
EE 3 0 3
WE 1 3 4
NA 0 2 2
Total 4 5 9.

Briefly, summarize your results for a report to the International Olympic Committee
(I0C). 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 of data related to complaints of
symptoms of a respiratory disease, byssinosis, which occurs among textile mill workers.

Table. Frequency table of Byssinosis Complaints

WORKPLACE YEARS COMPLAINTS
CONDITIONS EMPLOYMENT SMOKING yes no
Dusty <10 yes 30 203
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 of employment 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) If we write the probability density function (p.d.f.) for the GLM in the form
7(5:16,.2) = exp {yigi ;(:)(8‘) ] (8
then prove that E(Y;) = m'(8) and Var(Y;) = m"(8,) h(@).
(10 Marks)

b) If the random variable Y; follows a Gamma dlsmbutlon, w1th scale parameter 6
and shape parameter @, then it has a p.d.f.

B-198 , B;
y;_ i ¢

f(yi8,. 0= ——}:(33'—

Show that the distribution is a member of the exponential family, and find E(Y;) and
Var(Y;).

(10 Marks)
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Question S

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 of cancer 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 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 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 (ug/L)

logas = log-arsenic

edcXdistne = (ed-med)*(distnear-mdistn)

med = mean of ed

- mdist = mean of distnear

Modelr e
Number of obs = 3020
: LR chi2(3) = = 239.95
; Prob > chi2 = 0.0000

. tog likelihood = -1939.077

"""" switch | Coef. std. Err. 2z P»lz|  [95% conf. Intervall
L i e o e s =
distnearest | -.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

D g " - —_ - ] S - - - 0 it e Mo " ] o ot - G ] - -

Model2

: Number of obs = 3020
‘ LR chi2(4) = 253.48
{ Prob > chi2 = 0.0000

“Log Tikelihood = -1932.3102 ,
T switch | coef. std. Err. z  P»lz|  [95% Conf. Intervall
} e e e e it e i o S . B o S T T B T S
i 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

- - " - - - - Y ] o ] T T~ " o W~ TS W WA W T " W - o " T " "
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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)
¢) 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 General 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.
AGLM wasfitted and resultsare:

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

: Log likelihood = -1675.116
volteer | coef std. Err Z P>zl [95% conf. Interval]
female .2071766  .0843299 2.46 0.014 .0418931 .3724602
nonwhite -.6738627 .2013554 -3.35 0.001 -1.068512 -.2792134
nonwfemale .6123789 .239987 2.55  0.011 .1420129 1.082745
educate .1250034  .0189202 6.61 0.000 .0879206 .1620862
educatecsq ~.0131087 .0048738 -2.69  0.007 -.0226612 -.0035562
income .1054104  .0270514 3.90 0.000 .0523906 .1584302
incomecsq .0112797  .0048598 2.32 0.020 .0017547 ,0208048
-cons -3.944508 .3626887 -10.88 0.000. -4.655364 -3.233651

L T i L T R T e ——

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)

¢) Verify that you also need to introduce a quadratlc 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 Normal Distribution.

Entry 15 aren A under the standard normul curve from —o to z{A4)

z 00 01 02 03 04 05 06 07 L8 R

L] 5000 5040 5080 5120 .S160  S199 5239 5270 L5310 .S35%
L 5308 5438 5478 5317 8857 5536 5636 5678 54 5783
2] 5793 3832 5871 3910 5948 5987 6026 6064 BE03 6Lt
31 6179 6217 6255 6293 633 6368 6406 6443  GABD 6517
4| 6554 .65 628 6664 6700 6736 6772 6803 6844 .6BTS
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Bi%  M186 8212 4238 8204 B2R9 8315 B340 .8)GY B3G9

B413 8438 B4S1 (8485 8508 8531 8354 8577 8599 8421
8642 8565 2 B6B6 8708 BT AN49 A7 8790 8810 8830
$dq
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14| 992 s207 . ; !
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L35 ] 9332 935 9357 9370 9382 94 9406 MIE 9429 8441
1.6 ] 9452 M63 74 94B4 MO9S 9503 9318 9525 9533 AMS
1L.7] 9554 9564 9573 9582 9591 9599 9608 9616 9625 9633
18] 9641 9649 9656 D664 9671 S67R 9686 9693 999 906
1.9 | 57113 5712 9732 9738 94 9750 9156 9TEl 9TEY
201 8772 9N 973 988 9193 998 9803 9808 9RIZ 9817
21 9821 9826 9830 583 9838 9842 9846 985D 9854 9887
22| 9861 9864 SBER  IRTI 9875 9878 .98E] 9884 9887 .9BWO
23] 5893 8% 938 .99 . 906 .99%9 9911 9913 9916
24 | 9918 9920 9922 9925 9927 9920 9931 9932 .99 M3
251 9938 90 9941 9943 95 996 9948 9949  9PSI 9952
26 ] 9953 9935 99356 9957 9959 9060 9961 9962 9963 9954
27 | 9965 8966 9967 9968 9968 99 9971 9972 9973 94
28 | 9974 9975 9576 9977 9977. 9978 9070 S979 9980 9981
29 | 9981 9982 9982 9083 9084 U84 98BS 9985 9986 9986
20 | 9987 9987 9987 9988 9988 9985 99R9 99E% 9990 9990
a1 | 9990 9991 9991  999] 9982 9992 9992 5992 9983 9993
32| 5993 9993 9994 0904  9OM 9994 9954 9995 0995 9095
33 | 9995 9995 9995 9996 999G 9996 9996 9906 9996 .

34 9997 9987 9997 9997 9987 9007 9987 - 9997 9997 9998
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Chi-Square Distribution

Table C-2. Percentiles of the x° Distribution

Entry is xXA; v) where P{x¥(v) 5 x*(4; p)} = A

.
%88

2 oy

vy | 008 010 028 00 100 S0D 9% 975 90 .99
©.0'393 0.0%157 0.0'982 007193 0,018 271 384 502 663 7.8

Q0100 00201 00306 0.103 0211 461 599 TH 921 1060
007 Q113 0216 0382 0584 425 781 835 1K 12

0207 0297 O4B4 ON1 (054 178 948 114 1328 1486

0412 09854 O 1145 (4l 924 1107 1283 13.08 1675
0616 082 11U 14 1D 1068 12355 445 1681 1839
09 124 16 217 18 1202 07 160] 1848 2028
LM  L6s iE 1B I 13.36 1581 17.5} 2009 2.9
g 11 200 27 33 47 1468 1692 1902 20.67 BN

.1 256 325 396 487 1599 B3l 2048 2321 2599
i 305 28 4ST 558 1128 1968 2192 2473 .76
12 357 440 323 630 1885 I1L03 BM 261 BN
13 410 SOI 3B 704 ISl 1236 244 2769 982
14 466 563 657 1% 2106 1368 262 P14 N
i5 $23 626 726 BAS 2131 2500 2749 3058 32N
15 SE 69t 796 931 2354 2630 288 3200 347
17 641 756 E67 1009 WU 78 WIS N4 BN
18 700 . 823 93 (086 2999 2887 NS3 M8 2716
19 763 891 1042 1165 2120 30314 3285 3619 3858
20 326 95 1085 1246 2841 341 M1 NS 4000
21 890 1028 QLS9 (34 2962 1267 3548 B33 4140
2 554 1098 1234 1404 081 3382 3678 4029 4200
n 1020 1160 13.09 1485 3201 3517 3808 4164 4eas
% 1085 1240 1385 . 1566 3320 3642 13936 4258 43.%6
15 1152 1312 1461 1647 3438 3765 4065 4431 46.9)
% 1220 1384 1538 1720 3536 3SP 4192 4564 4829
n 1288 1457 16185 IB41 3674 4011 4319 4696 4964
28 1356 1531 1693 1854 3792 41.M 4446 4828 5009
29 1426 1605 1771 BT 3909 4256 452 9 234
3 495 1679 1840 2080 0B 37T 648 VB [BE
0 216 2443 2651 2905  HBl 5576 BM 66 677
0 VN VW M6 TG 6T 60 T4 IS By
0 1748 4048 4319 #4646 A0 08 B30 8838 9195
0 4544 4376 174 5303 8353 0N SIAC 1004 (042
B $384 SIS 6035 6428 96SB 1019 MOGE 1123 1163
50 6175 &565 613 TP 1076 N30 MRLD 1244 1283
100 0060 7422 7199 B.36 (185 1243 $96 1358 1402

Volume Il, Appendix C: page 3



Student’s Distribution (f Distribution)

Table C4 Percentiles of the t Distribution

Entry is 1{A; ¥) where PP (3) = s(A; »)) = A

A
» 65 S0 30 85 o0 R 98

1 0.323% 0.727 1.376 1.963 34078 6314 12.708
2z 0.289 0.617 1.064 1.386 1.886 2.920 4.303
3 0.277 0.584 0.978 1.2%0 1.638 2.353 3.2
4 0.271 0.569 0941 1.19% 1.533 2432 2.7716
5 0.267 0.559 0.920 L6 1.4706 2.015 am
5 0.265 0.553 0.906 1.134 1.440 1,943 2.447
7 0.263 0.549 0.896 1.119 1.415 1.89% 2.365
8 0,262 0.546 0.889 1.108 1397 1.860 2.306
] 0.261 0.543 0.882 1100 1,383 1.5 2.262
10 0. 260 0.542 0.879 1.093 1372 1L.812 2.228
11 0.260 0.340 0.876 1.088 1.363 1.796 2.201
12 0.25% 0.53% 0873 1.083 1.356 1.762 2.179
13 0.259 0.337 0.870 1.099 1.350 1.7 2.160
14 0.23% 0.537 0,868 1076 1.345 1,761 2,245
15 0.258 0.536 0.866 1.074 1.341 1753 2.
15, 0.252 0.533 D.865 £.07% 1.337 1,746 2.120
17 Q.257 0.534 0.863 1.069 1.333 1.740 2.110
18§ Q.257 0.534 0862 1.067 1.330 1,734 2.101
19 D57 0.533 0.861 1.066 1.328 .79 2.093
20 0.257 0.533 0,860 1.004 3,325 1.728 2.086
Zy 0.257 0.532 0.859 1.063 1.323 1.721 2.080
22 0,256 0.532 0.858 1.061 1.324 1.717 2.074
23 0.256 0.532 0.858 1.060 1.319 1.714 2.069
A4 0.256 0.331 O.B37 1.03% 1318 L7l 2.064
25 0.256 0.531 0.856 1.058 1.316 1.708 2.060
26 0.256 0.531 0.856 1.05% 1.315 1.706 2.056
27 0.256 0.531 0.855 1.057 1.314 1.703 24052
22 0.256 0.530 0.858 1036 1.313 1.301 2.048
i d 0.256 0.530 0.85¢ 1.058 Lan 1.69% 2.045
30 Q.296 0.330 0.834 1.053 1316 1.697 2.042
40 0,258 0.5 0.881 1.050 1.30% 1.654 2.02%
60 0.254 0.527 0.848 1.043 1.296 1.671 2.000
120 0.2%4 1.526 0.845 1.041 1.289 1.658 1.980
= 0.253 0.524 0.842 1.036 1282, 1.645 1.960
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Table C4 (Continued) Percentiles of the { Distribution

A
v 98 985 s s ;5 9995
1| 15895 21205 31821 42434 G167 120322 636590
2 | 489 5643 6965 3473 9.925 M08 3L5%
3 3.482 3.896 4.541 §.047 3.841 7.453 12.9%4
4 | 259 32 ST 4088 4604 5598 860
S| 2757 308 3365 3634 402 4T 6.869
6 | 262 289 3M3 332 307 4317 5.959
7 | 257 TS 2998 3203 3499 4029 5408
8 | 2449 2634 2896 308 335 3.833 5.041
O | 23% 254 282 2998 3250 360 438
0| 23% 257 276 2932 346 3381 458
1| 238 ze 278 28T BI06 347 443
22 | 2% 2460 2681 2836 3088 34% 4318
13 | 2282 243 263 2808 3012 332 422
4 | 2264 2415 264 2 297 336 4140
15 | 2249 27 26m 26 2947 326 403
16 | 2235 23,2 2583 214 28 3252 A0IS
17 | 224 2368 25677 2706  28%  3m 3965
18 | 2214  235% 252 2689 28M 3¢ 3om
19 2.205 2.6 1.339 2574 2.861 3.474 3.883
20 | 2497 2336 258 2661 2845 53 3849
2 | 248 2m8 2518 2640 283 a3 2.819
2 [ 2483 230 2508 26 2819 39 37
3| 27 M3 250 269 280 .04 3768
24 | 2am 2300 2492 260 2797 309 3.743
25 | 2167 2301 245 28612 2787 30% M5
26 | 2062 229 247 2605 279 3067 390
z7 | 2158 2291 2413 258 27N 3057 3.6
28 | 2154 2386 2467 232 27683 30T 36N
29 | 2450 2282 2462 2586 2756 308 369
0 | 247 298 2457 2381 270 300 3646
4 | 2323 2250 243 22 27 29m 3.551
@ | 209 2223 2390 250 2660 2615 3460
120 | 28% 239 2358 2468 2617 2860 331
® 2054 2570 2.326 2432 2.3 2.807 329
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Table C-5 (Continued) Percentiles of the F Distribution Table C-5 (Continued) Percontiles of the F Distribution

Numestor of
Numernbor df Den
D " 3 3 3 P Py 5 2 5 & A 0 12 15 o * 30 [ 120
1 .5 206 287 29 21X 213 25 207 218
1 1.00 1.50 v 1.3 L8 154 198 2460 10 Y 802 0.7 a2 .7 2.0 a3 £2.8 Py
2% OB NS oRw Bl mom ow w e wm e W
: 75 S8 977 a0 10W 1044
par S o S S . S S~ Y+ S0 | apse &106 6152 6IM 62X 6281 BN 83N
G S s e ahm o a s Bol ddm i % atde dan A Sim
403 7H0 SOU000 30360 36200 STEAC0 SE3MO SH2EIO 96140 $0F.260 999 | 805,620 410,670 613,760 620510 623,300 636,100 631,240 632970
0657 100 533 L@ 125 128 130 032 L33 2 50 LM 136 L3 139 140 e 1) 1A
53 .00 TS 924 DS $.33 938 937 938 S0 M .4 o4 A4 9.43 9.46 247 S48
185 19.0 9.2 9.2 93 193 194 194 194 23 194 19.4 19.2 194 193 5% "ns (L' %3
3BSOI90 W2 M2 393 93 W4 Wd B4 975 WA 4 a4 T IS5 39S W3
983 950 Mz 93 993 993 94 P4 94 k) N4 WA W4 S B3 9SS 905
199 199 199 499 19 199 199 198 1% 9% 199 199 199 19 19 199 199 199
Y353 RO P2 92 w93 PR3 D004 DISY W4 S99 00 4 Youa MoA 004 90,35 999.5 RS ) s
BSES RAM 100 LO6 140 LI3 A5 406 5N 3 .30 EOL® Bl 123 LB LM LIS 126
556 346 3 33 53 28 527 3B S 50 323 33 8520 38 3I8 SIT 515 a4
6.1 553 2.8 9,32 .04 254 889 w8y $n o5 Py e 270 868 5.64 262 8.8 &.5%
74 160 194 183 148 147 146 143 143 e 194 143 143 142 141 141 140 338
31 03 3 287 ot W my o ma e 2 271 269 287 266 265 M3 262
S56 AUB 475 462  AS4  A4E A4 441 Y o5 23 a4 4 oy ey 2
1670 MRS ML DG 1346 123 36 104 19 98] %2 123 12T4 1368 1258 1234 1245 1240
039 0828 0SH1 LD 104 106 163 4P Lie
ASS A3E  #1%  Adl  ARS 4@l 398 395 3Ipe i .30 LI L1300 L4 LI3 136 a6 LIS 148
I 694 6% % 616 £0% L0A &0 90 392 39 X7 3% 383 182 AW Am
322 106 9S8 P  $36 920 07 K9S B ‘ o $96 591 386 S80 STF IS SO%  S.ek
22 380 167 188 IS5 133 150 3 147 7 884 BIS B6E K38 BM 348 EXT]
NI M3 M3 B2 w3 ne 216 A 24 5 W3 a4 142 40 139 134 137 136
748 61,2 362 N4 N7 503 457  H0 483 %8 29 07 We 202 2106 199 186 193
o w7 096 100 1o 1ot 105 1oe 99 481 474 4B 460 438 454 M7 M
@ s 0 0, K 1
406 37 342 AR 343 340 X A4 AW 3 .50 10 09 L0 LN 132 112 L LM
461 37 sl SI9 505 4% AR 4l A 50 330 327 324 32 39 3T e Az
DG B43 T I A5 698 645 6%  eed o8 A ASE 482 A6 453 430 443 4%
13 133 R4 14 G 17 03 103 102 e 652 643 633 618 523 &12 &4
25 3 6.3 150 143 143 142 14D 138 ey ny Y %] 9.55 o7 9.38 ey
12 B2 M B Mme B2 ns T2 Sos| 138 134 133 128 128 127 124 123
0318 Q;z % ai“: a.;n ; g ;:gf ;: a %‘ .{g: 599 . % 2558 34 351 b R M3 240
378 3, ¥ 1
S9%  Si4 A 433 A3 43 435 ase 350 103 Lﬁ ;.m ;-: ;J:; i: ;}’z ;;3
31 X 633 359 m 5™ 2352 0 294 7 ?
B33 09 sk LIS 83 R4 BXW B0 1S 53 400 394 387 384 M 1M IM
85 3 29 138 s B 1 104 E3a) 546 531 ST 347 s12 450
353 20 37 285 »ne ns 20 1y :& :ﬁ ’]Iﬁ ;,:: ;.: ;.j; ;.g ;:g fyad
a.506 0.11;7‘ oﬂ; "‘3“ om uzn 3‘;3 1ot ;‘g EL we @8 16 101 169 87 162 o
159 ;
3% 47 43 4Bz 3w 3® i 7 = 103 1 J0S 107 10T 108 1% Lag
207 654 589 552 529 312 429 490 40 0 2m 287 7263 2.59 sy
122 935 245 2B T4 TP 6W &M &M »s 364 AT 351 34 34 338 130 1y
62 124 109 a A Al 93| A A aw a7 23% 43 a4
293 27 9183 2 162 133 130 146 14 ) 682 647 631 616 807 3m S53 st
95 832 813 79T IS 188 I3 LM Ay
M1 137 133 2% 127 1ZS 120 ks
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Yable C-§ {Continued) Percentiles of the F Distribution

Numwator af
D,
af 4 1 2 3 4 5 & 7 ] [

3 .50 DAY G237 O3B0 0913 OME 091 0988 .00 i
K] 346 AN 292 281 21 267 242 1M 1%

93 532 446 407  AB4 3469 3SE 1306 1A 339
T57 606 342 505 482 465 433 ¢4 A%

35 153 885 1 01 S&d A &1 &8 3
995 7 MO 96 B 83W 7195 L& I 1M

K 254 IBS 158 144 133 129 124 12O N3

» 0 0404 049 ONSZ OS06 093 0961 0918 D50 L0
50 33 305 2% 280 26f 2885 231 24 244

33 302 426 386 3.63 148 n x5 32y 398
98 220 5N 808 AT 448 432 AN AW 46

] 106 202 699 642 608  SB0 561 547 333
995 136 104 832 7196 747 LI} 638 &40 654
%0 28 184 1B 326 LY 113 167 J08 100

0 50 AWM D) 0343 0899 092 09M O 098I o9
90 I 292 27 261 12 246 A 238 23

98 49 410 3n A3 322 e 30T 102
975 694 346 433 447 4 407 A5 38 AT
99 0.4 756 6.93 A9y 564 1.9 5.20 206 A58

. 123 #0874 BT &M 6I2 397
99 290 s ”s 113 3a.x 593 9.52 220 .96
[P 488 0735 0835 DG OS5 G943 09  0Ir2 o9
e 348 28 281 248 233 228 23 A
93 473 349 3 3a1 0 300 2% as 280
978 635 S 447 442 3R 373 36F 331 44

: %43 693 398 54l 482 466 €30 439
995 HE S 7 652 697 58 35T 3 AW
599 e 130 B 953 AR 838 300 7 748

is %0 0478 0IM O3 04 O 8513 054 090
0 367 LW 24 2M6 2T 2 2a8 2z A

o8 454 358 3.2 3.06 2.7 7 264 2.59
973 420 4 443 380 AR AL 31 30 AR

£ BB 635 542 489 435 432 414 SO0 AW
98 e 448 S0 237 307 485 487 AM
999 WE I3 934 RIS 787 708 A4 64T 626

2 .50 Q812 AN 6816 0856 0900 0922 AYIE D90 099
20 297 239 238 235 216 208 204 200 136

33 435 349 AW 28, a7t 260 251 245 2B
978 S8 446 38 35 329 343 FX Y

) RIG S84S5 AM 443 410 387 LI Asé D4k

R .M - .52 L R A5 447 A2 409 356
599 MA 998 830 110 646 602 36» 3 3N

24 6 A VTIA OBI2 D6} OMIS  OFIT /I 09 O
50 25 2% 233 219 20 138 1o4 i

93 426 340 301 255 241 23 W
975 ST 43 IR 3 35 299 257 ;@ AW

K% 282 S8l 432 422 3% 347 XS0 A 32
05 (YT X 4.6 319 1 M
99 e RM 755 63 538 555 %23 499 4m
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Table C-§ {Continued) Percentiles of the F Distribution

Numerwror 3
Deers.
& A 0 12 1 20 24 ] @ 120 -
3 .% o2 103 104 105 .08 107 108 a8 1.0%
50 254 2358  as 242 240 238 232 2
83 3is i X 34 3 3m 29 23
973 430 423 AN 385 3 37 2433 ey
A 3.8 57 3 3% .20 495 85
S8 1.2 EEo) 687 &1 43 &40 6B 608 595
599 1.3 H2  Ws 103 103 w.l & 33y WM
8 % 1.0} i 108 104 .08 1,08 L 1o} .08
S0 238 2M 230 22 22 231 238 216
93 34 3 A 154 29 286 27% 278 am
515 396 A7 347 p3 ) 1.56 4s ER ] i
59 3.26 3 ASS 484 4.13 4.83 448 440 43
3935 42 &3 0 .83 393 362 a0 530 s
599 85 .57 .24 LR B2 2.19 800 wm
10 .30 10D 1L 1.02 1.03 1O 1.03 1.06 [ Y-
90 2 2N 22 2 2w A 208 206
95 298 29 207 24 262 2358 254
9IS ir sz xR A2 AW an 3 3.4 3R
E 485 4N 436 A 425 408 400 AW
598 383 166 347 .23 b3 X 0 4.86 *73 268
999 £75 %4y 31} 180 744 T47 112 &% &7
.50 106 101 102 103 1.0 1.08 108 106
E 219 238 210 206 204 20 136 193 1.90
95 271 28 2.54 5 247 24 2%
573 3.3 328 M8 367 302 2% ¥ 2m 1M
B 4.4% am 380 3.8 S ] 354 343 33
593 5.08 AN 4,72 4.53 443 433 412 401 a0
95 7.2 700 &n £ Az £09 1.76 559 342
1% S0 2577 0589 o0 101 a2 102 103 1.04 105
S0 206 202 397 192 1.9 187 .82 129 1.7
35 254 A% 2223 X329 235 216 EX] ] 207
R L) 306 256 18 ATE 230 264 252 246 A
Bcd 3.5 AST X132 357 3.2 an 3ns .96 2R
08 442 425 407 3| A X 243 n 2%
R 608 AR 334 328 500 495 4 a4t 4
xn 0 0966 0977 QWO 150 1.01 [E:] 1.02 183 103
50 L. L 1.84 [ .77 1,34 1.08 .04 Lel
K 2.33 .28 212 204 1.98 1.90 1.54
975 27 168 237 246 24 23 222 206 209
59 337 233 Awe 2 28 2B 261 232 142
R cd 335 aex A A A 342 292 28 240
E 508 4R A A2 4 00 3W X4 A
24 .30 8961 0BIAN OSO VAN 100 1.0t 02 102 1.3
0 3.8 183 1.7 178 L% 187 L4 137 1.33
S5 225 218 21 a0 1.98 104 1854 [ B4 +.23
S7S 264 2 244 233 2N 22 2m 208 194
Rl XI17 303 R M 16 B 24D 23t b A
B 329 34 5 06 28 AW 268 253 243
k 458 43 414 37 M 3% 33 M4 2w
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Table C.& (Continued) Percentiles of the F Distribution

Nuwerstor &f
Des.
af A i 2 3 4 5 6 7 8 ]
0 .5 0466 ON9 0807 0858 03830 0912 G927 093 0M8
.90 288 249 13 214 288 iR 193 188 138
98 417 332 O 269 253 xd2 233 27
978 55T 418 38 325 03 Q@7 213 265 LS?
99 7.5 5.39 +.51 402 10 an 3.30 a7 o
993 948 A35 324 462 423 A% I IS8 s
999 133 8.7 705 612 553 S0 482 458 4%
60 .30 046 0700 098 0840 0830 DI OMT G928 DYIY
R ] 21/ 21® 218 2 L9 1.37 1.82 1.77 1.4
93 4,00 s % 2,33 .37 2.25 287 210 2.04
978 53X A9 1M A 29 283 2.51 24 233
K 08 498 41) 368 33 32 295 2@ n
998 849 580 4.7 4.14 ¥ 349 329 an M
999 120 237 617 SN 476 431 40% I IS
130 .50 0458 Q697 O3 OB44 0875 0886 052 OSB3 o
90 238 235 213 1.99 1.96 i L7? L2 .68
95 392 A07 288 245 229 28 209 2O 1.96
98 315 s B .89 267 252 239 2.3 222
9 685 479 195 348 317 296 27 246 256
Lok #18 S 4S50 392 335 328 309 2183 28
999 14 2132 31 495 442 404 377 AN W8
w 50 0458 ©693 0789 083 0370 0891 0907 0918 0%
90 rn 30 208 1.54 1.85 .77 1.72 167 1.6
k2 364 300 260 237 22 2 201 194 188
575 50 38 iz 2P 27T 4 2% 219
] 663 4061 8 332 o 280 264 23] 2.41
393 TR OS5M 42 32 338 308 290 XM 1A
998 s 69 342 462 430 3M 3 3@ AMe
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APPENDICES

APPENDIX |

> data <- read.tabie("car_table.txt", header=T)

> attach(data)

> glml <- glm{purchase~income+age, family="binomial"}
> summary {glml) ‘

Call:
glm(formula = purchase ~ income + age, family = "binomial”)

Deviance Residuals:
Min 1@ Median 3Q Max
-1.6189 -0.8949 -0.5880 0.9653 2.0846

Coefficients: :
Estimate Std. Error z value Pr{>|zl}
{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



