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Question 1

Define the role of the following concepts in modelling categorical data;
a) Poisson Sampling

b) Multinomial Sampling

¢) Product Multinomial Sampling

- d) Hypergeometric Sampling

Question 2

(20 Marks)

In a psychological experiment to investigate the effects of stress on the ability to perform
simple tasks, 90 volunteers were asked to perform a simple puzzle assembly task under
normal conditions and under conditions of stress. Each subject was given three minutes to
complete the task and on each occasion it was recorded whether or not they were successful,
The order of the conditions under which each subject performed the task was determined at
random. The results of the experiment are given in the following table.

Normal conditions
Successful Unsuccessful
Under Successful 52 9
stress Unsuccessful 20 9
a) Apply McNemar's test to the above results,
(8 Marks)

b) Use the conventional 2x2 chi-squared test on the above results, without using Yates'
correction. How does any difference in the outcome of the two tests (a) and (b) arise?

Question 3

{12 Marks)

In a trial of anti-inflammatory drugs in the treatment of eczema, each member of a sample
of 500 adults suffering from eczema was allocated at random to receive one of two
treatments. After one month, the patients were asked to state whether their eczema
improved. They replied as follows.

Improved

Not Improved

Treatment A

205

45

Treatment B

180

70

Test the statistical significance of the saturated log-linear model for the data given in the

above table.
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Question 4

What are xy, X, and xz in Newton’s method for finding the solution to f(x) = x*cos(2mx)
using starting value x, = 27 What is f(x3)?

Question 5

For a nonlinear regression problem having mean function f; express the gradient and Hesstan
in terms of the Jacobian, residual vector, and the matrices of second derivatives of f with
respect to parameters. What is the difference between Newto-Raphson and Gauss-Newton in
this situation? '
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A22 Appendix Il Tabl
ppenex . anle TABLE 5(a) contihusd
; z .0 Lo 03 .04 05 06 07 b8 .08
TABLE 5 Areas of a Standard Normal Distribution d
- 0.0 5000 5080 5239
{3} Table of Arées to the Left of 2 - 5838 5536
£ 600 017002 03 06 - 07 .08 - .09 5832 5026
—-3.4 000 0003 .0003 L0003 0003 .S:H_ .m“wm
—33 .0005 .0005 .0005 6004 0004 ,...men.. gkl
0007 0006 0008 0005 15,7 B9s 2
000 0008 0009 007 The table entry for  is the 7387 et 7454
0013 0013 0012 L0010 ares o the left of 2 HM
Tho table entry for z is the 00187150017 o014 ’
arez to the keft of 2. 0024 00237 o020 8315

8568 9573
,9649. 9656
2718, 9726 .
9778 9783
3826 3830
9864 9868

3896 9898 9909

9922 5931

79941 ‘9948’

9956 5981

9867 9973

997E" 3579

9982 9985

9987 9988

TABLE 5 continved 31 5390 9991 9991 9932

30507 3015 .m0 276 b, Confidence mteredt 32 9993 9993 9934 2994 9394
—04 3445 3409 3372 3300 328 319 3156 3121 - Critical Values z; 3% 9995 9995 .3995 5995 9998

=03 387 3783 3745
=02 4207 .418B 4129

3669
4052

3584 3557 3520 3433 Teelot S gl 34 9997 9997 9957 8997 9997 9997 9997 3998
3974 3936 3897 3859 " Confidence ¢ ¢ . Value z. For x valycs grester than 3.45, use 1,000 to dpproximate tha srea,

—0.1 4502 4562 4522 443 4364 4325 4286 A247 0,70, or 70% 108
~—0.0 5000 2950 4920 4580 4840 A761  .AT7IT 4681 4541 e ) i
681 .4 0.75, o T5% 143 TABLE 5 continued
Far values of ¥ |e3s than =345, use 0,000 to approximate the area.

0.80, or 80% RE ' () Hypothesis Testing, Critical Values zg
0.8, or 25% o Level of Signifl : 0.05 0.01
0.90, or 90% 1645 avel ignificance ) o = o =0
8,95, or 85% 1.95 Critical value 2, for 2 left-tailed test —1.845 -232
0.98, or 8% 233 Critical value 2y, for 2 right-tailed test 1.64% 2.33
0.99, or 95% 2.58 Critical valuas +x;, for a two-tailed test =196 *2.58

o —o—
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- 0.674 1150

1.282

1440 1645 1360

2326 576

For degrees of freadom d.f. not In the table, use the closest d. that Is smolier.
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A24 Appendix il Tables Appendin il Tables A5
TABLE & Critical Vatues for Student’s ¥ Distribution TABLE 7 The x* Distribution
¢ls a confldance leve! - - — -~ -~ . . - - . -
ome-tall ares | 0.250: 0,125 £ 8,100 &075, 0050 - 425 0610 - 0.005 - Righttal sl - Right-tail Area’ ]
wo-tall area | 0.5007 8250 0200 0150 0100 . 410507 0.020 0.010° aroa : ":.895 0 7880 -k 75 8507 . .200 100 © 850 ¢ 025 Cloos .
U4 NG | 0500 70950 .80 0.850 0900 0.950 0580 0.390; ¥ 0.0%393 007157 0.0°582 0.0°393 0.0158 71 384 502 663 T8
2414 1.078 2165 6315 12.706 31.82¢ 6657 Fordfx3 08100 00201 0.0506 0.103 0211 481 55% 738 8521 1068
1605 1886 2282 2920 4303 6365 9925 0115 0216 0352 0584 635 781 935 1134 1284
1423 1638 1524 2353 382 4541 5aM 0297 0484 07T 1064 278 54% 1134 1338 1485
1344 1533 1778 24132 2776 3747 4604 0831 1450161 824 0T 12 675
1301 1476 2015 2571 3365 4032 47464 220 1 10841258
3 9482487 E) (1eR T Lndy 283 412,02 11e0F
TR 3e9 1336 T 1851 :
One-tali eroa UBEE O aa7 488 1652 1802 1,67 2
z 3984 487 1599 1831 2048 2321 1519
2211372 : fordfedor2 457 558 1738 1966 2192 2077 3676
Ptz MM“ HMM “HM ““H Hw MMH WHM 523 630 1855 2103 BM 2622 2830
- 1204 1350 1530 4”...: N”;o Nummo w..oﬁ 589 R04 A 236 24 2768 B2
1200 1385 1523 1751 2145 2,624 2977 LB ‘.:q.‘qu... 06 265 20a2 Boae B
o ' LIST R34 1517 153 2B 2602 2547 126 BES S 220 280
— L 786 2630
| 867, : Enss;
m £39 1208731 45
1012 30,147 32857 36,197 38,58
Leftad <4725 2086 1085 341 337 INST 4000
area 1711 2.080 .59 3267 3543 3853 41.40
o= 1982 1321 1492 1717 2074 2508 2819 1234 3392 36.78 402 4230
—t o 1180 1315 1589 1714 2069 2500 2,807 13.09 3517 3808 4164 4418
nI79 1318 1487 1711 2084 2432 2797 1385 3642 3936 4295 45.56

1708 2,060 1451 ‘3065

{2,058 1538 36,56 3689

16.15 L A6P4 aba1

Two-tall area 1633 T3ns 9134

1730 1! 39,05 4256

1370 1306 ._.AVN. ,a.mun 2030 2438 2724 1849 080 s028 4377
22,16 2651 2905 S180 $576 5934 6369 6677
1167 1303 1468 1.684 2011 2423 1704 %N 34.76 3263 6317 6T.50 T14Z 7615 7349

1165 1.30%1 1485 1,678 2.0%14 2412 2690

1164 1295 1462 1,676 2009 2403 2678 ..mq.ﬁ. | f3aa 864G 7440 TR08 um....m.a bl mﬂ,.,mm
P Fagan Csuae s ssan” 8583 - 50537 88Ty T0RA 11042
53.8¢.7 5718 || 603% - . 6428 °15658 101911066 - 1123 1763

- §1I5 69,130 7328 TO7.6° 1124 .

TRE 77930 8236 11B5 12430

Source: From H. L Herter, Slometska, luhe 1984, rinted by pormission of the Blometrika Trusices.
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; - A2e Appendix 1l Tabies Appendix It Tables A27
, TABLE B Critical Values For F Distribution ) TABLE & continued :
. ) : - I Degrees of freedom numerator, d.fy o R R Y - Degrees of freedom numerator, dfy . E R T “. ;
y . Right- i N ] L S Righte g e - P v
: Carea | -1 ] 4 § 7 & -3 U carea i1 1z 2§ 30 500 6D 120071000 T o
. 0100 3986 43.50 5359 S5.83  Sr24  SH20  SA91 5944 5986 0100 ] 6019 6071 6122 6174 6205 6226 6251 6269 G279 606 6330 :
0.050 | 161,45 19350 21571 22458 2306 23399 23677 23838 24054 0.050 | 241.88 243,91 24595 24801 248326 250,10 25114 2§1.77 QW20 25325 25449
! k 1 0025 | 642,78 79850 86415 89958 92189 93711 94822 95666 96328 1 0.025 | 96B.63 97671 98487 95310 3$985.08 100T.4 100556 10081 1009.6 1040 14T
. ome | 40522 49935 54034 SE246  S7636  SBS9.0 59284 S9BLT GOIXS 0010 (60558 61083 1573 52087 62398 E260,6 62868 G305 63130 63304 G36RT 3
’ . 405284 500000 540379 562500 576405 585937 5§2873 S9R144 602284 0.001 | 605621 BIOEER 615Y64 50908 624017 6ZE0SY 628712 630205 631337 E3IIENZ €363 :
A U 8y 824 770 927 038 537 a3 JERCRY 5T BRI &+ SR B FEE ¥ g 3 S8BT AT 8y 8 9680 7ga8 " L
s Rgheia | 7 0050|151 1800 ] 530" 18377 1338 L0050 | 190 19417 1845 1947 Taganiiodods T
Lo area 20025 |7 U3B8T; 39,0070.039.97 003925 3530 3936 . 39.57 7 3839, 2-0.025 {39 7139 A5 3946 394753048 3948 1730480 39800 T
st £ 0030 | gmsn 99007 799,y 1995 19520 <0933 7 9936 9937~ /9639 Sk a0 | o9, 9542 99,45 :99.46 - 9547 . 8947 99457, 98.49. 7 ; 9550
: . cricavake £ 1 - |- 998,50+ 599,00 569,47 59925 59530 99933 999.36 - 899,37 - 99939 7 gut | 999.40° 99542 90043, 59945 99945 99347 799947 | 399.48 99948 938437 998.50°.
e s56 46 538 534 831 528 527 525 524 vaoo | 523 522 520 538 537 Sa7 516 5I5 535 514 533
1013 955 928 932 801 884 389 B85 BSI 0050 | 873 &7 B0 846 863 882  BSI 858 &57  BSS 85D
17.44 16.04 1544 1510 1488 1473 14.52 14,54 1447 3 oo 14.42 34,34 14825 14.47 1432 14,08 14.04 14.01 13.9% 1395 1351
3402 3082 2946 281 28,24 2781 27.67 2749 27,35 G010 2732 27.05 26.87 26.83 26.58 26.50 2641 2635 2632 2822 26,14

384 383 3.82 380 - 330 37950 378

0.001 167.03 14B50 14111 13710 13458 13285 13156 13062 129.86 6,001 | 12625 128327 127.37 12642 12584 2545 12496 12466 12047 12397 12333

419577 a8

4017 39870, 39570 3.9 -

2920 380 .07 3.87

Lo 0080|598 59 HisaE

616 L 609

5800877 55 - .591 5.70

604 B0,

-

92005 9.07- 898 536, 470,025 B75.:: 8.66° 0 MSE 7BS0- BAET CR4T. 438

1552015310 14,88 1 14807 11466 Sl e |- 18377718207 140F 0 1381 13.84 12.69

- .14 - 6125 - 5611 STy 505370 4965 0 49,0077 aRdY " ’ 0.001 a7at s 4678 600 45T0 453 4888
. a06 378 362 352 345 340 3% 33 3R ‘0100 37 324 an 3 A ERE :
661 579 541 513 505 A5 aB3 4B A7 wose | &Fa ake 462 456 452 4SO 4.4 .

1em B.A3 T8 ¥.39 745 698 6,85 78 E.5B
1828 1327 1206 11392 10.97 10.67 10,48 1929 1016
4138 3320 3109 2975 2883  28A6 2765 2724
L TIERTE BT R i3 3
: 421

5 00| 682 652 643 633 627 623
o010 | 1005 983 872 955 %45 938
oom | 26852 2591 2539 2508 2087

X Tiozag

614 £.42 £07
9.24 9.20 aan
24,44 24,31 2405
w2l Y
375 :

Degrees of freadom denominator, Ao
Degrécs of freadom denominator, dis

ERVRENEE

a1 ams e
LEUSSTE s 507 5010, 4398

T4 T30 733 74 70
171271685 1667 T 1544 - 1631
267 262 2§9 257 256 254 .82

Sa%.09: 7 avse]

278 2,75 n
474 435 387 a7 N 373 3.88 .57 .51 344 3.40 332 2.34 332
5.54 5.89 5.52 5.2% 512 493 430 482 a4.67 4.57 447 a4 435 31 428
9.55 845 7.85 748 718 5.93 684 6.72 6.62 6.47 631 6.1% 6,08 5.9% 5.51 5.86 5.82 574 .66 ;

G 268 W77 1720 621 1S5z 1542 1483 W33 oot} ta0e 137 133z 1293 iz6s TRST 13 2 Ini2 MA TR ;
. L NS TzE2T 288 L ABAT AseT s Uladel 2380 236 235 234 UIMRTIT2se Ll
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289 384 -
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Tables AZ9

TABLE 8 continued TABLE 8 continued

_Degrees of freedom numerater, dfy .

Right

aan | : S ER o
arca 1 Z g ~15 n 28 0 ©.ag 50 ©UED. - 1200
2.100 251 2.69 261 255 st 247 a4 225 223 222 221 218 215
0.050 .88 3.53 3.48 337 229 323 3.18 .86 282 2.80 279 75 A
9 0,025 508 472 448 43 420 418 403 355 351 347 345 13 LM
0010 655 542 GO6 580 561 547 533 465 457 45z &4 a0 4R
2001 B0 1256 1171 Ha3 I 1037 10 355 837 826 BI13  BOD 784
ke BT SRR X : 3 338 ! 245 243 212 f o 208 208
. "7 0050 e z70 265 284
o T 10:0,0285 ‘44T 2317 326 3
T YT 595 a25 a7 uaz
L < e 15284 108" ) 247 73 T8
0.100 254 245 35 230 a7 08 205 .04
0.050 33¢ 320 301 295 2.50 257 253 5
11 D.025 4.28 4.04 76 3.66 3.59 312 308 3.03
4.010 547 532 2,89 a7a 463 3.94 386 s
o801 1835 958 o 658 £52 642
Exe Fag¥ o iEg 7 o

BT IR IR k2
U267 243240 !
296 0. 281, 287
who. -362 . - 357
609 593 583
195 192 182
238 234 ¥

TLBIE LA

F R R R 3 J
z 54T 506
9,637 T8RS,
243 235
318 303
400 377

351 a3 s
5.83 547 537
T IPREE T T RREY
231 227 224
2730 267, 284
/335 2273
5325 . 5300 500
187 185 183
Z.25 .20 218

_ Degrees of freedom QEQDm}nalcu dip
bregrees of fleedom denominatar,

230

380 358 312 15 0,025 286 264 am 255
4.3% 4.56 3.8% 0.010 3.52 321 a3 302
554 4.95 AB0 4.70

J184 . 184 181 179

1255 29, a5

RE Y sy 24T

aar 3.10° 297

Car0 asalaAs
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TABLE & continued

Tables

- Dagrees of freedom numerator, ¢y

Coper

21 0.025

Degrees of freedom denominator, d.ip

0.100
0.050
17 0,025
0.010
2.001
4300

S ady

0.0t

2.100
0.050
15 0.028
8.010
.00
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Appendix Il Tables A1
TRBLE & continued
EETEN Begrees of froedam numerator, .y
" - Right- .
tail R o 5
area P10 o1z 15 e lz0 30 40 50 ] 120 1006
o100 [ 200 198 191 1.86 181 178
0.050 231 223 215 20
17 0,025 72 262 250 244
0,010 a3 316 700 252
0.001 448 433
‘aad 178 0 s
FXTRENE 1'%
244 238
292 284
430 a1
175 173
07 203
233 133
280 276
o3 A4 3.99
T 1
s 204 - 1997
€ 2350 2297
& 278 269"
£ T 400 . 3BG
I 1z 169
2 210 201 188
© 242 231 225
m, 272 284
A 388 374




