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Question 1

(A) The breaking strength of a fibre is required to be at least 150 psi. Past experience has indicated that
the standard deviation of breaking strength is ¢ = 3. A random sample of four specimens is tested, and the
results are y; = 145, y, = 153, y3 = 150 and y, = 147.

(a) State the hypotheses that you think should be tested in this experiment and test these hypotheses

using a = 0.05. What are your conclusions? (9 marks)
(b) Find the P-value for the test in part (b) (3 marks)
(c) Construct a 95 per cent confidence interval on the mean breaking strength. (4 marks)

(B) (1) Many cardiac patients wear implanted pacemakers to control their heartbeat. A plastic connector
module mounts on the top of the pacemaker. Assuming a standard deviation of 0.0015 and an
approximate normal distribution, find a 95% confidence interval for the mean of all connector modules
made by a certain manufacturing company. A random sample of 75 modules has an average of 0.310 inch.

(5 marks)
(ii) How large a sample is needed if we wish to be 95% confident that our sample mean will be within
0.0005 inch of the true mean? (4 marks)
Question 2

@A taﬁ company is trying to decide whether to purchase Brand A or brand B tyres for its fleet of taxis.
To estimate the difference in the two brands, an experiment was conducted using 12 of each brand. The
tyres were run until were worn out. The results were:

Brand A: X, = 36,300 kilometres,
s, = 5000kilometres.

Brand B: x, = 38,100 kilometres,
s, = 6100 kilometres.

Construct a 94% confidence interval for u, — 4 assuming the populations to be approximately normally
distributed. You may not assume that the variances are equal. (15 marks)

(b) Construct a 90% confidence interval for o} / o2 for question (a) above. Were we justified in assuming
that o # o2 when we constructed our confidence interval for u, — p5? (10 marks)
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Question 3

A criminologist conducted a survey to determine whether the incidence of certain types of crimes varied
from one part of a large city to another. The particular crimes of interest were assault, burglary, larceny
and homicide. The following table shows the numbers of crimes committed in four areas of the city
during the past year. me T

Type of crime
District Assault Burglary Larceny Homicide
1 _ 162 118 451 18
2 310 196 996 25
3 258 193 458 10
4 280 175 390 19
Can we conclude from these data at 0.01 level of significance that the occurrence of these types of crimes
is dependent on the city district? (25 marks)
Question 4

Six model kitchens were rated for style and convenience by independent interior designers and by
potential customers. The scale ran from 1 to 100 points. The data are as follows;

Kitchen A B C D E F
Designer 48 76 30 88 61 93
Customer 35 44 28 50 75 85

At 5% level of significance, is there a significant relationship between the two ratings? (25 marks)



s Page 4 of 4
Question

(a) A large chain retailer purchases a certain kind of electronic device-from a manufacturer. The.- .
manufacturer indicates that the defective rate of the device is 3%. The inspector of the retailer randomly - - - -

picks 20 items from the shipment. What is the probability that there will be at least one defective item
among these 207 (5 marks)

(b) An electrical firm manufactures light bulbs that have a length of life that is approximately normally
distributed, with mean equal to 800 hours and a standard deviation of 40 hours. Find the probability that a
random sample of 16 bulbs will have an average life of less than 775 hours. (6 marks)

(c) The probability that a patient recovers from a rare disease is 0.4. If 100 people are known to have
contracted this disease, what is the probability that less than 30 survive? Use the Normal approximation to
the Binomial to answer this question.
: (7 marks)

(d) Among 5000 marriage license applications chosen at random in a given year, there were 48 in which
the woman was at least one year older than the man and among 400 marriage license applications chosen
at random six years later, there were 68 in which the woman was at least one year older than the man:
Construct a 99% confidence interval for the difference between the corresponding true proportions of
marriage license applications in which the woman was at least one year older than the man.

(7 marks)

END OF EXAM!!
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TABLE 4
! Critical Values % tien tosa toas fono Lous df
: of ¢t 1 3.078 6314 12.706 31.821 63.657 7
B 3 2 1.886 2.920 4.303 6.965 9925 2
: 3 1.638 2.353 3.182 4.541 5.841 3
: 4 1533 2132 2776 3.747 4604 4
i 5 1.476 2.015 257 3.365 4,032 5
: [ 1.440 1,943 . 2.447 3.143 3707 3
i 7 1415 1.895 - 2.365 © 2998 3.499 7
! 8 1.397 1.860 2.306 2,896 3.355 8
g 1.383 1.833 2.262 2821 3250 9
‘ 10 1.372 1.812 2228 2,764 3.169 10
; 1 1.363 1.796 2.201 2718 3.106 11
. 12 1.356 1.782 2.178 2681 3,055 12
13 1,350 1M 2.160 2650 3012 13
14 1.345 1.761 2.145 2624 2977 14
- 15 1.341 1.753 2431 2602 2.947 15
16 1.337 1.746 2.120 2.583 2921 16
17 1.333 1.740 2110 2.567 2.898 17
18 1.330 1,734 2,101 2.552 2878 18
19 1.328 1.729 2,093 2539 2,861 19
20 1325 1.725 2.086 2528 2845 20
21 1.323 1721 2.080 2518 2.831 21
2 1.321 1717 2,074 2,508 2819 22
° 23 1.319 1.714 2.069 2500 -2.807 23
24 1.318 171 2.064 2.492 2,797 24
25 1.316 1,708 2,060 2.485 2.787 25
26 1.315 1.706 2.056 2.479 2779 26
27 1.314 1.703 2,052 2473 277 27
28 1313 1.701 2.048 2467 2,763 28
29 1311 1.699 2.045 2.462 2,756 29
« 1.282 1.645 1.960 2.326 2576 o
Souace: From "Table of Percentage Points of the Distribution,* Biometrika 32 (1941):300. Reproduced
by permission of the 8ic ka T
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3 ! - : 19
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21 8.03366 8.89720 10.28293 11.5913 13.2396 , 596151 n 1696 37.5662 39.9968 20
] 22 8.64272 3.54249 10.9823 12,3380 14,0415 08133 Dges | B 38,9321 41,4010 2
i Booame owme e mE 3D . L R -
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Rohee  omne o oam am L « ame oz oman gew o wm e
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Source: From “Tables of the Percentage Points of the K -Distribution, * Biometrika Tables for Statist-

cians, Vol. 1, 3rd ed. (1966). Reproduced by peemission of the Biometrika Trustees.
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TABLE 8 Percantage Points of the F Distribution 0 ¥,
dfy
dfy a 1 2 3 4 5 6 7 8 9
1 100 33.86 48.50 53.59 55.83 §7.24 58,20 58.91 59.44 59.86
050 161.4 199.5 2157 2246 2302 2340 236.8 2388 240.5
025 647.8 798.5 864.2 899.6 9218 937.1 948.2 956.7 963.3
010 4052 4998.5 5403 5625 5764 5859 5928 5982 6022
.05 1621 20000 21615 22500 23056 23437 23715 23925 24081
2 100 a.53 9.00 9.16 924 9.29 . 833 9.35 9.37 9.38
050 18,51 19.00 19.16 19.25 19.30 1833 19.35 19.37 19.38
025 38.51 39.00 38.47 39,26 3830 3933 39.36 38.37 39.39
.010 98,50 99.00 99,17 99.25 95.30 99.33 99.36 99.37 99.3%
005 198.5 199.0 199.2 199.2 199.3 199.3 198.4 159.4 199.4
3 100 5.54 5.46 5.39 5.34 s 5.28 5.27 5.25 5.24
050 10013 9,55 9.28 $.12 9.01 8.94 8.89 8.85 881
025 17.44 16.04 15.44 15.10 14.88 14.73 14.62 14.54 14.47
010 34.12 30.82 2946 2871 28.24 2791 27.64 27.4% 27.35
L0085 55.55 49 80 4747 46.19 45.39 44.84 44.43 44.13 43.88
4 100 454 4.32 419 41 4.05 4.01 388 385 394
050 7 6.94 6.59 6.39 6.26 6.16 6,08 6.04 6.00
028 12.22 10.65 5.98 9,60 9.36 9.20 9.07 8.98 8.90
010 21.20 18.00 16.69 1598 15.52 15.21 14.58 14.80 14.66
005 31.33 26.28 24.26 2315 22.46 2197 - 21862 21.35 21.14
5 100 4.06 3.78 3.62 352 345 3.40 337 3.34 3.32
.050 661 5.79 5.41 5.19 5.05 4585 4.88 4.82 4.77
025 100 8.43 7.76 7.39 7.15 6.98 685 6.76 6.68
010 16.26 1327 12.06 11.39 10.97 10.67 10.46 10.29 10.16
05 2278 18.31 16.53 15.56 1494 14.51 14.20 13.96 13.77
& 100 378 346 329 3.18 ERR 3.05 301 2.98 256
050 5.99 5.14 476 453 439 428 4.1 415 4.10
028 8.81 7.26 6.60 8.23 5.99 5.82 5.70 5.60 5.52
010 13.75 10.92 9.78 9.15 875 847 8.26 810 7.88
. 005 18.63 14.54 1292 1203 11.46 1107 10.78 1057 10.39
7 100 358 3.26 307 296 288 283 278 275 272
{050 559 474 435 412 3397 3.87 378 373 3.68
025 8.07 6.54 5.89 5.52 528 5.12 4.99 4.90 4.82
010 12.25 9.83 845 785 7.46 7.19 6.59 6.84 672
005 16.24 1240 10.88 1008 952 9.16 8.89 8.68 8.91
8 100 3.48 an 292 2.8t 2.73 2.67 262 2.59 2,56
0s0 | 532 4.46 407 384 3.69 358 3.50 3.44 3.39
028 7.57 6.06 542 5.05 482 465 453 443 4,36
me - 1126 8.65 7.5¢ 7.0 6.63 637 6.18 6.03 5.91
00§ i 14.69 11.04 9.60 8.81 830 7.95 7.68 7.50 7.34
9 100 3.36 3.01 281 2.69 2.61 2.55 251 247 2.44
050 512 426 3.86 3.63 3.48 337 3298 3.23 3.8
Rired 7.21 571 5.08 472 4.48 432 420 410 403
.010 10.56 am 6.99 6.42 6.06 §.80 5.61 5.47 5.35
005 13.61 0.1 872 7.86 7.47 713 1 6.88 6.69 6.54
Souace: A portion of *Tables of Percentage Points of the Inverted Beta (F) Distribution,” Biometrika, Vol. 33 (1943) by M. Merrington
and C.M. Thompson and from Table 18 of Biometrika Tables for Statisticans, Vol 1, Cambridge University Press, 1954, edited by E.5.

Pearson and H.O. Hartley, Rep!

roduced with permission of the authors, editors,

and Biometrika Trustees.
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TABLE 8 {continued)
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4:.:3 4330 4308 4278 4260 4247 4231 RyT 24%5 ne Igztzg
292 150 39 g.m 283 382 3.80 378 378 376 100 4
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1455 1437 1420 1410? 13'3; 13'3 12‘;; 13’22 by s o
2:.:; 070 2044 2017 2003 1983 1875 196 }2;3? }3:;? fgég
330 227 32 321 3.19 347 316 314 312 310 .00 5
474 468 461 4 453 450 4.46 443 440 436 050
582 652 643 33 6.28 623 6.18 6.12 6.07 602 025
1005 o s 9.55 9.47 538 .29 930 911 302 01
6 3 345 1200 1278 1266 1253 1240 1227 1214 005
294 290 267 284 2.82 2.80 278 2.76 2.74 272 00 6
406 400 134 287 384 381 377 374 3.70 367 050
7.87 772 7.56 7}1; 3:11% 3 4 706 Py se - o
uz).zs 1003 981 9.59 9.47 9.36 9.24 o5 g:gg S'S.f g
70 a
270 267 gg? 2.59 258 256 2.54 2.51 2.49 247 100 7
364 387 351 244 341 338 3.34 330 327 323 050
478 a7 a7 . 442 436 431 425 420 414 025
662 547 . 6.16 607 5.99 591 582 574 565 010
- ) 7.97 7.75 7.65 753 7.42 7.31 718 708 005
254 250 ;gg 242 2.40 238 2.36 234 232 229 100 8
338 338 1z 315 312 308 3.04 301 297 293 050
430 420 410 400 3.95 388 384 378 373 367 025
581 567 55 36 5.28 5.20 512 5.03 495 285 010
2.42 . 81 6.61 6.50 6.40 6.29 6.18 6.06 595 005
242 23 234 2.30 2.28 2.25 2.23 2.21 218 246 100 9
314 307 301 284 2.30 2.86 283 2.79 275 271 050
396 2487 a7 367 361 356 3.51 3.45 33 333 .025
526 s11 X 481 473 465 457 448 4.40 431 010
8. : 6.03 583 573 562 5.52 541 530 519 005
“
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sABLE 8 (continued) TABLE 8 (continusd)

; = o,
1 9 ;
= : : : : . : - ’ : i 10 12 15 20 24 30 40 60 120 ® 2 o,
p . 29 292. 273 261 2.52 246 241 238 2.35 ; am 528 "y
‘ ° 250 496 410 371 348 333 322 3.14 307 302 ; 358 291 224 220 2 1% e 2.1 208 206 .10 10
1 025 694 5.46 483 4.47 424 407 385 385 378 ' 372 362 i e . 2.70 2.66 262 258 154 050
. 010 10,04 7.56 £.55 5.99 5.64 539 520 5.06 454 i .85 a1 a5e e 3.37 33 3.26 3.20 314 308 025
i 005 1283 9.43 8.08 734 6.87 654 6.30 6.12 5.97 : 585 566 547 527 g?; ‘5‘-(2); i»;; :.gs 4.00 391 ‘010
4 1 100 323 286 266 254 245 239 234 2.30 227 ! 225 221 a1 12 . 86 475 464 005
- 050 484 398 359 336 320 3.09 3.01 295 290 ‘ 285 279 7 Y6 249 208 208 203 2.00 1.97 100 1
4 025 672 5.26 463 4.28 4.04 3.88 3.76 3.66 359 ' 353 543 i 5 61 257 253 249 245 240 050
g 00 9.65 721 6.22 5.67 532 5.07 4.89 474 463 : 454 440 235 TS 347 312 3.06 3.00 294 288 025
005 1223 891 7.60 5.88 542 5.10 5.86 568 554 d i M B AR %GB B e 3ss 360 .om
12 100 3.8 281 261 248 23 23 2.28 224 220 : 219 215 210 206 204 : 438 423 005
050 4.75 3.89 349 3.26 EXD 3.00 291 2.85 280 ‘ 275 269 28 254 3 201 1.99 1.96 193 1.90 100 12
025 6.55 510 . 447 412 388 373 361 3.51 3.44 i 53 328 318 307 30 247 243 238 238 230 050
010 9.33 6.93 585 . 541 506 482 4.64 4.50 439 : 230 216 201 I86 2 296 2.9t 2.85 279 272 025
008 1175 851 7.23 652 6.07 5.76 5.52 5.35 520 ; sh ¢ ‘491 472 st A 30 382 15 3.45 336 010
13 100 314 276 256 243 2.35 228 223 2.20 2.16 ] 214 210 205 S0 158 - 401 390 005
050 467 381 341 3.18 3.03 292 283 277 2n i Se7 T80 23 2 ¥ 196 1.93 190 1.88 185 100 13
05 * 84l 497 435 400 377 3.60 3.48 339 33 ! 328 345 y Fypss 2035 238 234 230 225 221 050
010 9,07 6.70 574 5.21 486 462 4.44 430 4.19 : 4.10 3.96 EY:5 36 : 284 278 272 266 260 ‘025
005 11.37 819 693 6.23 5.79 5.48 5.25 5.08 494 e 482 464 445 ; 359 351 343 334 3.25 317 010
' ; ' ' 427 a7 a7 %7 387 376 365 005
14 100 3.10 273 252, 239 231 224 219 215 2.12 ] 210 2.05 2.01 1.96 194 - : ;
050 4.60 3.74 334 EX] 296 285 2.76 2.70 265 : 260 253 5 i 158 191 1.89 1.86 183 1.80 100 14
025 6.30 486 424 3.8% 3.66 350 3.38 3.28 3 ; 3.15 305 205 284 33 231 227 2.22 2.18 2.13 050
010 8,86 6.51 5.56 5.04 4.69 445 4.28 4.14 4.03 { 394 380 Tee 5 5 273 2.67 2.61 2.55 249 025
005 11.06 782 668 6.00 5.56 526 5.03 486 472 ! 460 443 a0 3 3.3‘35 338 321 318 3 e T
15 .100 3.07 270 2.49 236 2.27 221 216 212 2.09 ! 2.06 2,02 197 1.92 196 55 3.44 005
050 454 3.68 3.29 3.06 2.90 2.79 271 264 259 r 254 348 240 233 338 187 1.85 1.82 179 1.76 100 15
025 6.20 477 415 3.80 358 341 3.29 3.20 31 3 3.06 296 386 376 350 225 220 216 211 207 ‘050
010 8.68 6.36 5.42 4.89 456 4.32 414 4.00 3.89 3.80 367 352 337 3 264 2.59 2.52 2.46 2.40 025
005 10.80 7.70 648 5.80 537 507 485 467 454 £ 442 425 207 388 3 2t g;g 08 256 287 010
1% .100 305 267 246 - 233 2.24 218 243 209 206 2.03 1.99 1.94 1.89 1.87 84 2 326 008
050 4.4% 363 324 301 285 274 266 2.59 2.54 i 249 2.42 235 228 224 i 181 178 175 172 100 16
025 6.12 4.69 4.08 3.73 3.50 334 322 312 3.0% ¥ 299 289 279 268 ‘ 2.19 2.15 2.1 2.06 2,01 050
010 853 6.23 5.29 477 4.44 420 4.03 3.89 378 2 3.69 355 341 396 .63 257 251 245 2.38 232 025
00 1058 751 6.30 564 521 431 469 4.52 4.38 ¥ 39 3% a6 e M0 3% IR 284 275 00
A7 400 3.03 264 2.44 X )] 222 215 2.10 206 2.03 5 3.00 196 191 186 o4 - 322 an 005
050 4.45 3.59 3.20 296 2.81 270 2.61 258 243 ' 245 238 231 273 218 181 178 175 1.72 169 100 17
025 6.04 4.62 401 3.6 3.44 3.28 3.16 306 2.98 7 292 282 N Y . 215 210 2.06 2,01 196 050
[ 010 8.40 6.11 5.18 467 434 410 393 379 3.68 i 358 346 33y Fer 3'02 250 242 238 2.32 225 025
005 1038 7.35 6.16 5.50 5.07 478 456 439 4.25 i 214 397 3% 361 3o g-g? %gi §§f g.?s 265 010
18 1100 3.0 2.62 242 229 2.20 213 208 204 2.00 P 158 193 189 T84 Ton 10 2.98 005
: 050 441 355 116 293 277 266 258 2.51 246 : 2.41 234 2277 218 3 178 175 172 1.69 1.66 100 18
28 5.98 4.56 395 361 338 3.22 3.90 3.01 293 H 287 277 267 se 2-15 N 2.06 2.02 197 192 ‘050
1010 8.29 6.01 5.08 458 4.25 400 3.84 n 360 351 337 33 308 o 244 2.38 232 226 218 025
1005 w2 12 50 3% G ase  4ee 4 4 ; A AR S A+ SR+ <S4S 257 010
19 L.100 299 2.61 280 227 218 211 206 202 198 186 181 186 . '79 : 99 287 005
1050 4.38 3.52 313 280 2.74 2.63 2.54 248 242 238 3 223 218 M 178 173 1.70 167 1.63 100 19
025 592 4.51 3.90 356 333 3.7 3.05 296 288 282 272 762 281 w1 207 2.03 1.98 193 188 1050
010 8.18 593 5.01 450 417 3.94 377 363 3.52 ; 343 330 315 300 e 239 233 221 220 213 025
005 1007 7.09 582 527 485 456 434 418 4.04 4 393 376 I5 3 192 :3!%: 218 267 258 240 10
20 100 297 259 238 225 216 2.09 204 2.00 196 184 189 18 ' 79 . ; ‘ : 218 1005
050 4.35 349 3.10 287 27 2.60 2.51 2.45 239 ‘ 235 228 270 It Yo 174 n 168 1.64 161 100 20
025 587 446 3.86 351 329 3.13 3.01 291 284 - 77 268 257 P 208 204 199 1.95 190 184 ‘050
010 8.10 5.85 454 443 410 387 370 3.33 g‘gg 337 523 Ep i 2 2.33 ;.23 iéf i;ﬁ 209 625
005 9.94 699 5.82 517 476 447 426 . . 385 368 350 33 322 312 3.02 2.92 281 %‘éﬁ :&1)2
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5
b

- g TABLE 6 (continued)
5 TABLE 68 (continuad)
N ”
!
i df, -
. 0 12 15 20 24 30 20 60 120 ® 2 o,
dfy a 1 2 3 4 5 5 7 8 3 2
1.92 1.87 183 1.78 178 1.72 169 1.66 1.62 159 100 21
21 100 296 257 236 223 2.14 208 2.02 198 ;gg 232 2.25 218 . 210 205 201 1.96 192 1.87 1.81 050
050 432 3.47 3.07 2.84 2.68 2.57 249 2-87 ) 273 2.64 2.53 2.42 2.37 2.31 2.25 2.18 20 2,04 025
025 . 583 4.42 3.82 348 3.25 3.09 297 2. Sao 3.31 3.17 3.03 2.88 2.80 2.72 2,64 2.55 2.46 2.36 010
; 010 8.02 5.78 4.87 4.37 404 EX:)) 3.84 351 - 377 3.60 3.43 3.24 315 3.05 295 284 2.7% 2.61 005
: 005 2.83 6.89 5.73 5.09 468 439 4.18 4.01 3.88
i s ot 197 1.93 150 1.86 1.81 1.76 173 1,70 187 164 1.60 157 100 b)
g 2 100 2.95 2.56 235 2.2 213 206 Z § a4 230 223 235 207 203 1.98 1.94 189 1.84 1.78 050
: 050 430 3.44 3.05 282 266 255 2.46 2‘34 234 2.70 2.60 250 239 2.33 2.27 22 214 2.08 2.00 025
4 025 579 4.38 3.78 344 3.22 3.05 2.93 2. i 3.26 312 2.98 2.83 275 267 2.58 2.50 240 231 010
E 010 795 5.72 482 431 3.99 376 3.59 345 : 370 354 336 318 308 298 288 277 266 255 008
- 005 9.73 6.81 5.65 5,02 4.61 432 a.11 394 381 283 \
1 195 12 , 1.89 1.84 1.80 1.74 1.72 1.69 166 . 162 1.59 1.55 100 23
g 23 100 2.94 2.55 234 0 1 2.05 199 : 23 ‘ 227 220 233 205 201 1% 191 18 1.8 176 050
H 050 4.28 3.42 3.03 2.80 2.64 253 244 2.37 335 267 2.57 247 2.36 2.30 2.24 218 2.1 2.04 1.97 025
4 025 5.75 435 3.75 a4 3.18 3.02 2.0 28 i 321 307 293 278 230 262 254 245 235 226 010
K| 010 7.88 5.66 4.76 426 3.94 371 3.54 3 - < 3.64 347 330 312 302 292 282  1n 260 248 005
f 005 9.63 673 5.58 495 454 426 4.05 3.88 375 i ;
i : s 104 191 1.88 1.83 178 1.73 1.70 1.67 1.64 161 1.57 153 100 2
§ 24 100 293 254 2.33 2.19 210 204 1.9 % 330 . 2.5 2.18 21 203 198 194 1.89 1.84 1.79 1.73 050
i 050 4.26 3.40 301 278 262 251 242 3 ) 264 254 244 2.33 227 2.21 215 2.08 201 194 025
i - 025 5.72 4.32 372 338 - 3.5 2.99 2.87 27 3o 317 3.03 2.89 274 266 258 2.49 2.40 231 221 010
b 010 182 5.61 472 4.2 3.80 3.67 3.50 336 - 359 3.42 3,25 3.06 297 287 277 2,66 255 243 005
b 005 9.55 6.66 s52 4589 449 420 3.59 3.83 3.69
i 5 1.89 1.87 1.82 177 172 169 186 163 159 156 152 100 25
X 25 100 292 253 232 218 2.09 202 197 18 s 224 2.16 2,09 201 1.96 1.92 1.87 1.82 177 1.71 050
E 050 4.24 339 2.99 276 2.60 2.49 240 2.34 Seg 261 2.51 2.41 2.30 2.24 2.18 2.12 2,05 1.98 1.91 025
3 025 569 429 169 335 3.13 297 2.85 275 o 3.13 259 2.85 270 2.62 2.54 2.45 2.36 2.27 237 010
g 010 7.77 5.57 468 418 3.85 363 3.48 332 3. 354 337 3.20 301 292 2.82 2.72 2,61 250 238 005
Hi 005 9.48 6.60 5.46 484 4.43 4.15 394 3.78 364
! 188 186 1.8 1.76 171 1.68 1.65 161 1.58 1.54 1.50 100 26
: 26 100 291 252 231 217 208 201 198 192 i 222 215 207 1.99 195 180 1.85 1.80 1.75 1.69 50
050 4.23 337 298 274 2.59 247 239 232 - 259 249 2.39 2.28 2.22 2186 2.09 2.03 1.95 188 025
025 5.66 427 3.67 3.33 3.10 294 2.82 273 2-‘;’2 309 296 281 266 258 250 2.42 233 223 213 010
4 010 7.72 5.53 4.64 4.14 3.82 3,58 3.42 3.29 3. 349 3.33 3.15 2.97 2.87 277 267 256 245 233 005
3 005 9.41 6.54 5.41 479 438 410 3.89 373 | 360
. 187 1.85 1.80 175 1.70 167 1.64 1.60 1.57 153 1.49 100 27
27 100 2.90 2.51 2.30 217 2.07 2.00 195 181 3 2,20 2.13 2.06 1.97 1.93 1.88 1.84 1.79 173 167 050
050 4.21 338 2.96 273 257 246 237 23 2'53 2,57 247 236 2.25 2.19 213 207 2.00 193 1.85 025
! 025 5.63 4.24 3.65 331 3.08 2.92 2.80 27 2 : 306 2.93 278 2.63 255 247 238 2.29 220 2.10 010
o010 7.68 5.49 4.60 411 378 356 3.39 3.26 31 3.45 3.28 311 293 283 273 2.63 252 2.41 2.29 005
005 9.34 6.43 5.36 474 434 4.06 3.85 3.69 356
187 1.84 179 1.74 1.69 1.66 1.63 159 1.56 1.52 148 100 28
| 28 1100 2.89 250 2.29 218 2.06 2.00 1.94 1.80 o4 2.19 2.12 2.04 1.96 1.91 1.87 1.82 177 171 1.65 050
! . 050 4.20 334 295 27 256 245 2.36 229 g‘m 258 2.45 234 223 247 21 205 1.98 1.91 1.83 025
i 025 . 56 4.22 363 329 308 290 278 269 o 3.03 250 275 50 252 248 235 226 217 206 010
010 7.64 5.45 457 4.07 375 3.53 3.36 3.23 31 34 325 307 89 338 Sea S5a Sa8 337 538 008
005 928 6.44 532 4.70 430 4.02 3,81 3.65 3.52 ‘
laead 1.83 178 1.73 1.68 165 1.62 1.58 155 151 147 1100 29
29 100 2.89 250 2.28 2.15 2.06 1.93 1.93 189 ‘-gg 2.18 2.10 2,03 1.94 1.90 1.85 1.81 1.75 1.70 164 050
: o0 418 333 293 270 255 243 2.35 2.28 2 253 243 m 220 235 209 203 19 189 18 025
! 08 . 559 4.20 - 3.61 327 304 288 276 267 2.59 3.00 287 273 257 2.49 2.41 233 2.23 214 2.03 010
010 . 7.60 5.42 4,54 4.04 373 3.50 333 3.20 3.09 3.38 321 3.04 2.86 276 2.66 156 245 2.33 2.21 005
005 9.23 6.40 5.28 466 426 3.98 377 . 361 3.48 i
! . % . - ) 185 1.82 177 172, 167 164 1.61 157 . 154 150 1.46 100 30
i 30 10 288 249 228 214 2.05 tee . 193 188 : . 216 209 200 193 189 184 179 174 188 162 050
| 050 417 3.32 2.92 269 253 242 233 227 zg; 2.51 2.41 2.31 220 214 207 201 1.94 1.87 1.79 025
; 025 5.57 418 3.59 325 303 287 275 265 e 298 284 270 255 247 239 230 2.21 211 2.01 010
| 010 7.56 5.39 4.51 4.02 3.70 347 3.30 3 30 33¢ 318 301 | 28 273 263 25 242 230 218 005
005 9.18 635 5.24 4.62 423 395 374 3.58 345 ‘
l
1l
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2
; TABLE 6 (continued) TABLE 8 (continuscdl)
; . ' of, ) dfy
o a 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 a0 50 120 @ a dfy
?ﬁ 0 100 2.84 2.44 2.23 2.09 2.00 1.83 1.87 1.83 1.79 176 171 1.66 1.61 157 154 1.51 1.47 142 138 100 40
g 050 4.08 3.23 284 2.61 2.45 2.34 2.25 218 212 2.08 2.00 1.92 1.84 179 1.74 1.69 1.64 1.58 1.51 050
4 025 5.42 4.05 3.46 313 2.90 2.74 262 2.53 245 ' 2.33 229 2.18 2.07 201 1.94 1.88 1.80 1.72 1.64 025
b 010 7.31 5.18 431 383 3.51 3.29 3.12 2.99 2.83 2.80 2.66 2.52 2.37 229 220 1 2.02 1.92 1.80 010
005 8.83 6.07 4.98 437 399 3.7 3.51 335 3.22 : 312 2.85 278 2.60 2.50 2.40 2.30 2.18 2.06 1.93 005
it 50 100 2.79 239 2.18 2.04 1.95 1.87 1.82 1.77 1.74 i 171 1.66 1.60 1.54 1.51 1.48 1.44 1.40 135 129 100 60
050 4.00 3.1 2.76 2.53 2.37 225 217 2.10 204 ! 1.99 192 1.84 1.75 1.70 1.65 1.59 1.53 1.47 139 050
025 529 393 3.34 3.01 2.79 2.63 2.51 2.41 233 i 227 247 2,06 1.94 1.88 1.82 1.74 167 1.58 1.48 025
5 010 7.08 498 413 365 3.34 312 2.95 2.82 272 2.63 2.50 2.35 220 212 2.03 1.94 1.84 1.73 1.60 010
i 00§ 849 5.79 473 4.14 376 3.49 3.29 3.13 101 : 2.90 274 257 2.39 2.26 218 2.08 1.96 1.83 169 005
E: 120 . .100 2.75 235 213 198 - 190 182 177 172 188 : 165 1.60 155 148 . 145 1.41 1.37 1.32 1.26 119 -.100 120
3 050 392 307 2.68 245 229 247 2.09 202 196 191 1.83 1.75 1.66 1.61 1.55 1.50 1.43 1.35 1.25 050
025 5.15 380 3.23 289 267 2.52 2.39 2.30 2.22 2.16 2.05 1.94 1.82 1.76 1.69 1.61 1,53 1.43 1.31 025
A 010 6.85 479 3,95 3.48 3.17 2.95 279 2.66 2.56 i 247 2.34 219 2.03 195 1.86 1.76 1.66 1.53 1.38 010
| 005 818 5.54 4.50 3.92 355 328 309 2.93 281 o 2.7 2.54 237 2.19 2,09 1.98 1.87 1.75 1.61 143 005
¢
B .100 an 230 2.08 1.94 1.85 177 1.72 1.67 1.63 1.60 1.55 1.49 1.42 138 1.34 130 - 124 117 1.00 100 @
050 - 3.84 3.00 2.60 237 2.2t 2.10 2.01 1.94 1.63 1.83 175 1.67 157 152 1.46 139 1.32 1.22 1.00 050
025 5,02 3.69 3.12 2.79 257 2.41 2.9 218 2.14 2.08 1.84 1.83 1N 1.64 1.57 1.48 1.39 1.27 1.00 025
N 010 6.63 4.61 3,78 3.32 302 2.80 264 - 251 241 : 2.32 2.18 204 1.88 1.79 1.70 1.59 1.47 1.32 1.00 010
! 005 7.88 530 4.28 3.72 3.35 308 . 280 2.74 2.62 1 2.52 2.36 219 2,00 1.80 1.79 1.67 1.53 1.36 1.00 005

S R S W P S
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TABLE 7 Critical Values of T for the Wilcoxon Rank Sum Test, n; = no TABLE 7{c)

. 1% Left-Tailed M
3 TAR a Critical Values -
‘ 5% Left-Talled ™ ~ ! m 2 3 4 S 6 7 8 3 10 11 12 13 14 15
Critical Values n, 2 3 4 s 6 7 8 3% W N 12 13 4 15 : PR
; Y-

f i - 2 11 : 5 — — 10 16

5 3 7 12 18 : 6 — — 11 17 24

6 3 8 13 2 28 : 7 -~ 6 1118 23 34

Sl E n N 3% g — 6 12 19 27 35 45

i3 9 15 2 o: a4 s : 9 — 7 13 20 28 37 47 59
| A o 15 .2 3 4 st e 10— 7 13 21 29 38 49 61 74
‘ 19 4 10 17 26 35 45 56 69 B2 Mo~ 7 14 2 30 40 5 6 7 9

o4 11 o8 27 W 4 s 72 8 100 : ' 12— 8 15 23 32 € 53 6 79 M 09
' 2 5 11 19 28 38 49 62 75 89 104 120 B3 os o2 34 % s 2 e 1130

13 5 12 20 30 40 52 64 78 92 108 125 142 : 45 58 71 8 100 116 134 152
i 14 6 13 21 31 42 sS4 67 & 9 112 129 147 166 : 15 3 9 17 26 36 47 60 73 88 103 120 138 156 176

15 6 13 22 33 44 56 69 84 99 116 133 152 171 192 i

i : TABLE 7{d)

i TABLE 7{b] ) 5% Left-Talled n
K ﬁt‘
i 2.6% Left-Tailed i 4 ~ . Critical Values . 3 4 s 6 7 8 s 10 1 12 13 14 1s
: Critical Values  ,, ; 3 4 s 6 7 8 9 10 M 12 13 14 15 3 -

4 — — 10 : s 2 Z s

» 5§ — 6 1 17

| S I : I I I
i P07 8 e nomo® e : 8 — nowmoIs a4
| : s 6 11 18 26 35 45 56
; g 3 8 14 2 3N 40 S5t 62 ;

0 3 8 15 23 32 4 53 65 78 w6 12 19 27 3 4 58 7
! , ) 1M 6 12 M B 38 49 61 73 8
! 11 3 9 16 24 34 44 55 68 81 96

12 4 10 17 26 35 46 58 71 B4 99 115 27 1321 30 40 51 63 76 90 105
I 13 4 10 18 27 37 48 e6¢ 73 88 103 119 136 137 13 2 3 4 53 65 79 93 03 125

M 7 W4 22 32 43 5S4 67 81 9 112 129 147
14 4 11 15 28 38 S0 6 76 St 106 123 141 160 ‘ L - <
5 4 11 20 29 40 52 65 79 94 110 127 145 164 184 : 69 84 99 115 133 51 N

I Souace: Data froem ”An Extended Table of Critical Values for the Mann-Whitney (Wilcoxon) Two-
Sample Statistic” by Roy C. Mitton, pp. 925-934 in the Journal of the American Statistical Association, N
Volume 59, New, 307, Sept. 1964. Reprinted with permission from the Joumal of the American Statistical .
Association. Copryright 1964 by the American Statistical Association. All rights reserved.
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TABLE B . TABLE 9
Critical Values One-Sided Two-Sided neS n=6 ne=7 n=g n=9g n=10 ’ Critical Values n a= 05 a= (25 a= 01 « = 005
of T for the a= 050 a= .10 1 2 4 [} 8 11 of Spearman’s H 900 —_ — —
Wilcoxon  a= 025 o= 05 1 2 4 & 8 Rank & 828 886 943 —
Signed-Rank  « =010 a=.02 0 2 3 5 Correlation 7 714 : 786 893 —_
Test, n = S(1)BG  a=~.005 a=01 0 z 3 Coefflciant for 8 643 738 833 .881
) N a One-Tailled 9 600 683 783 833
One-Sided Two-Sided n= 11 n=12 n=13 n= 14 n=15 n=16 Test 10 584 648 745 794
E a= 050 a=.10 14 17 21 26 30 36
a=.025 =05 1 14 17 21 25 30 " 523 623 736 - 818
a=.010 a=.02 7 10 12 16 20 24 12 437 591 703 780
; a= 005 a=.01 5 7 10 13 16 19 H :Z g; '262 673 745
- 54 646 716
e One-Sided Two-Sided n=17 n=18 n=19 n=20 n=21 n=722 i 15 441 525 .623 689
a=050  a=.10 a1 a7 54 60 68 7 i 1 425
‘ a=025  «=.05 35 " 46 52 59 &6 , he e = ot o
’ a= 010 o= .02 28 33 38 43 49 56 : 18 ‘399 ‘478 ‘Ses et
5 a=005  a=.01 23 28 R 43 s ! 19 388 462 549 608
] . .
E Onesided  TwoSided n=23 n=24 n=25 n=26 n=27 n=28 ; 0 377 450 534 591
a =050 a= .10 83 92 101 110 120 130 ; 21 .368 438 521 576
a= 025 a= .05 73 81 90 98 107 17 . 22 359 428 .508 562
,  a=Q10 a= 02 62 ] 77 85 93 102 23 351 418 496 549
a= 005 a=.01 55 68 68 76 84 92 24 343 409 .485 .537
25 .336 .400 AT5 526
One-Sided Two-Sided n=29 n=30 . n=31 ne32 n=33 n=34
26 329
a=050  a=.10 141 152 163 175 188 201 3 > el pes e
am= 025 a=.05 127 1377 148 159 171 183 28 317 77 s 298
a= 010 a= .02 T 120 130 141 151 162 29 311 370 440 g
a= 005 a=.01 100 109 118 128 138 149 0 308 364 Pos it
OneSided  TwoSided n=35 pn=36 =37 n=38 n=39
- - Source; From *Distribution of Sums of Squares of Rank Differences for Small Samptes® by £.G. Olds,
a =050 a=.10 214 228 242 256 n Annals of Mathematical Statistics 9 (1938). Reproduced with the permission of the editor, Annals of
a= 025 a= 05 195 208 222 235 250 Ma sical Statistics .
= 010 a=.02 174 186 198 m 224 thema "
a= 00S a= 01 160 171 183 195 208
One-Sided Two-Sided n =40 n=d41 n=42 n =43 ne44 n=45
a= 050 a=.10 287 303 319 336 353 n
= 025 a=.05 264 278 295 311 327 344
a=010 a=.02 238 252 267 281 297 313
a= 005 a=.01 21 234 248 262 277 292
- One-Sided Two-Sided n=48 na 47 nw= 48 n=49 n =SS0
P a= 050 a= 10 389 408 427 446 466
cor a= 025 = 05 361 379 397 415 434
S a= 010 a= 02 329 45 362 380 398

Lo a= 005 a=.01 307 323 339 356 373

Source: From “Some Rapid Approximate Statistical P}ocedures' {1964} 28, by F. Wilcoxon and R.A.
Wilcox, Reproduced with the kind permission of Lederle Laboratories, 2 division of American Cyanamid
Company.




