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DEPARTMENT OF STATISTICS AND DEMOGRAPHY

SUPPLEMENTARY EXAMINATION, 2013/14

COURSE TITLE: DESIGN AND ANALYSIS OF EXPERIMENTS
COURSE CODE: ST 404

TIME ALLOWED: THREE (3) HOURS

INSTRUCTION: 1. ANSWER ANY FOUR QUESTIONS

2. EACH QUESTION CARRIES 20 MARKS

SPECIAL REQUIREMENTS: SCIENTIFIC CALCULATORS AND STATISTICAL TABLES
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INVIGILATOR
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Question 1

A field trial on soya bean was conducted to compare four seed treatments with treatment control. The data
are the number of plants, which failed to emerge out of 100 planted on each plot.

Blocks
Treatment I 11 111 v A\
Control 8 10 12 13 11
Arason 2 6 7 11 5
Spargon 4 10 9 8 10
Sameson 3 5 9 10 6
Fermate 9 7 5 5 3

Construct an ANOVA table and carryout an appropriate hypothesis test, multiple comparisons and draw
up conclusions about this study. Use 5% level of significance. (20 marks)

Question 2

Suppose that a manufacturer of electronic golf carts is interested in the resistance to wear of four brands
of ball bearings. He decides to test the bearings under actual conditions of use, rather than in laboratory
simulation. Four golf carts are used in the experiment. Wear is measured by decrease in weight of the ball
bearing after 50 hours of use. One ball bearing is required is required for each wheel of a golf cart; 16 ball
bearings (4 of each brand) are used in the experiment. Suppose that the data were obtained using the Latin
Square Design with rows representing wheel positions (in the order right front, left front, right rear, left
rear), columns representing golf carts and treatments representing brands of ball bearings. Is there any
evidence that the brands of ball bearing differ in resistance to wear? Use alpha = 0.05.

Wheel Position Golf Carts
I 1l 11 v
1 B=3 C=1 D=-2 A=1
2 A=2 =- C=-3 D=-3
3 D=0 A=4 B=-2 C=-4
4 C=1 D=-1 A= B=-5

(20 marks)



Page 2 of 4
Question 3

The following data represent the final grades obtained by 5 students in Mathematics, English, French and
Biology:

Subject

Student Mathematics English French Biology

1 68 57 73 61

2 83 94 91 86

3 72 81 63 59

4 55 73 77 66

5 92 68 75 87
At 5 per cent level of significance, test the hypothesis that the courses are of equal difficulty. Discuss your
findings. (20 marks)
Question 4

(a) What is confounding? Explain the difference between a completely confounded and partially
confounded experiment. (6 marks)

(b) When we say the higher-order interaction, say ABCDE is confounded with blocks, what do we mean?

(4 marks)
(c) Use the linear combination method to construct two blocks of the 2° design with ABC confounded

with blocks. Specify clearly the defining contrast corresponding to ABC. Which is the principal block?

(10 marks)
Question 5
(a) List the effects that can be estimated with a 2* factorial experiment. | (4 marks)

(b) An engineer wants to run a 2° factorial experiment in four blocks. Suppose that both ABCD and ACE
are confounded with blocks.
(i) Determine the generalized interaction (2 marks)

(i1) Write down the treatment combinations for each of the four blocks. (8 marks)
(c) In a 25 design with four blocks, the treatment combinations in the principal block are:

() be ae abd bde cde acd abce

Write out the treatment combinations in the other three blocks. (6 marks)

END OF EXAM!!
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K 136 538 4.5 402 1 347 330 317 am 298 234 270 255 247 2.39 230 22 21 2.01
40 731 518 431 3.8 35 328 332 29 285 2.80 2.66 2.52 237 229 220 2.1l 202 192 1.80
0 708 498 412 3465 34 312 295 282 272 263 2350 35 220 212 .03 194 184 L3 1.60
120 6.85 49 195 348 17 2.96 239 266 236 247 234 218 203 L85 1.86 1.76 166 1.5 138
o

4.63 441 378 3 30 2480 2.64 2351 241 232 218 204 188 179 1.70 159 147 132 1.00
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Probebility of accepting the hypothesi o
Probability of sccepting the hypothesis ! .
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VIL Percentage Points of the Studentized Range Statistic®
ool P )
: N
f 2 3 4 5 6 7 8 8 10 11 12 13 14 15 16 17 18 19 20 i

90 135 164 186 202 216 227 237 246 253 260 266
140 150 223 247 266 282 205 307 317 326 334 314
826 106 122 133 142 150 156 162 167 171 175 179

272 272 282 286 290 294 298
348 354 360 365 370 35 379

182 185 1B8 19.1 193 195 198
651 812817 99 106 111 115 119 123 126 128 131 133 135 137 1395 141 142 144

1

2z

3

4

5 570 697 780 842 851 932 967 997 1024 1048 1070 1089 1108 1124 1140 1155 11.68 1L81 1193
&

7

8

524 633 703 756 797 832 861 887 910 930 949 965 981 995 1008 1021 1032 1043 1054
495 592 654 701 737 768 794 B17 837 835 871 88 900 912 924 935 946 955 965
474 563 620 663 69 724 747 768 787 803 818 831 B44 BS55S B66 876 885 894 903
9 460 543 59 635 666 651 713 732 749 765 778 791 803 813 823 832 841 849 857
10 448 527 577 614 643 667 687 105 721 736 748 760 771 181 791 7% 807 B15 822

11 43% 514 3562 597 625 648 667 684 699 713 125 136 746 756 165 113 181 788 785
12 432 504 550 S5B4 610 632 651 667 681 694 706 117 726 136 744 752 158 .66 173
13 426 496 3540 573 558 619 637 653 667 679 650 101 710 719 727 134 742 748 155

14 421 489 532 563 588 608 626 641 654 666 677 687 68 705 742 720 727 733 739 J
15 417 483 525 556 580 59 616 631 644 655 666 676 684 69 700 707 TI4 720 726

16 413 478 519 549 572 592 60B 622 635 646 656 666 674 682 650 697 703 109 7115 )
17 410 474 514 543 566 585 601 615 627 638 648 657 666 673 680 687 694 700 7.05 '
18 407 470 505 538 560 579 594 608 620 631 641 650 658 665 672 679 685 691 696
19 405 467 505 533 555 573 589 602 614 625 634 643 6351 658 665 672 6.78 684 6.89
20 302 464 502 529 551 569 S5B4 597 609 619 620 637 645 652 659 665 671 676 682 .
24 396 454 491 517 537 554 569 5Bl 552 602 611 619 626 633 639 645 651 6356 6.61
30 389 445 480 S05 524 540 554 565 576 585 593 601 608 614 620 626 631 636 641
40 382 437 470 493 511 527 539 550 560 569 577 584 590 556 602 607 612 617 621
60 376 428 460 482 499 513 525 536 545 553 560 567 573 579 584 589 593 598 602
120 370 420 4350 471 487 501 512 321 530 538 544 551 556 561 566 571 575 579 583
w 364 412 440 460 476 488 49%  5.08 516 523 5206 535 540 545 549 554 557 561 565
£ digress of froodom.

XIHANIdY

“From J. M. May, “Extended and Corrected Tables of the Upper Percentage Points of the Studentized Range,” Biometrika, Yol. 39, pp. 192-193, 1952, Reproduced by permission of the
trustees of Biometrika,
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VI Percentage Points of the Studentized Range S e d)
: goos(P. f)
?
;2 3 4 5 6 1 8 5 10 11 12 13 14 15 16 17 18 19 20
1 181 267 328 372 405 431 454 413 491 506 519 532 543 554 563 512 SBO SRR 596
2 "600 828 980 1089 1173 1243 1303 1354 1399 1439 1475 1508 1538 1565 1591 1614 1636 1657 1671
3 450 588 683 751 804 847 B85S 9.8 046 072 995 1016 1035 1052 1069 1084 1008 1112 1124
4 393 S00 S76 631 673 706 735 760 783 803 8210 837 85 867 380 852 905 914 924
5 364 460 532 567 603 633 658 680 699 717 732 747 760 172 183 793 803 812 821
6 346 434 490 531 563 589 612 632 649 665 679 652 04 114 724 134 743 T51 159
7 334 416 468 S06 535 559 SB0 599 615 620 642 654 665 675 684 693 701 .08 716
8 326 404 453 489 517 540 560 577 53 605 618 6207 639 648 657 665 673 680 687
9 320 395 442. 476 502 524 543 SE0 574 587 598 609 619 628 636 644 651 658 665
10 315 388 433 466 491 512 530 546 560 ST2 583 593 603 612 620 627 634 641 647
1311 382 426 458 482 503 520 535 549 561 571 58l 580 598 606 614 620 627 633
12 308 377 420 451 475 495 S12 527 5S40 551 s561 571 SB0 538 595 602 609 615 621
13 306 373 415 446 469 488 505 519 532 543 553 56 ST 579 586 593 600 606 611
140303 370 411 441 464 483 499 513 525 536 546 556 S64 572 579 586 552 598 603
15 301 367 408 437 459 478 404 508 520 531 540 545 557 565 5T2 579 585 591 596
16300 365 405 434 456 474 498 503 SIS 526 S35 544 552 539 566 573 579 584 590
17 298 362 4Mm 431 452 470 486 499 511 521 531 539 547 555 561 568 574 S0 584
18 297 361 400 428 445 467 483 496 SO7 517 527 S35 S43.c S50 557 563 569 574 §79
19 296 359 398 426 447 464 479 492 504 514 523 532 539, 546 553 555 565 570 575
20 295 358 396 424 445 48 477 480 S01 511 520 528 536 543 550 556 561 566 571
24 292 353 390 417 437 454 468 48 4% S0l 510 518 525 532 538  S44 550 5355 559
30 285 348 3B4 411 430 446 460 472 483 4;m 500 508 515 521 527 533 538 543 548
40 286 344 370 404 . 423 430 4S5z 463 474 482 490 498 505 511 517 S22 521 532 536
60 283 340 374 358 - 416 - 431 444 455 465 473 481 A8 494 500 506 SI1 SIS 520 sS4
120 280 336 360 397 410 424 436 447 456 464 4TL 478 484 490 495 500 S04 509 513
© 277 337 363 386 403 417 429 439 447 455 462 468 474 4830 484 498 493 497 501
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6 APPENDIX
24 APPENDIX 625
VIIL Critical Values for D tt’s Test for Comparing Tt with a Control {continued) . o @
dygela — 1.1) ‘ A RS - B
One-Sided Comparisons ‘ '
: & — 1 = Number of Treatment Means (excluding control) AR e 3 -8
| f 1 2 3 4 5 6 7 8 9 clmngergeezn g g
' T30 244 268 285 298 3.08 316 324 330 N R Bl S i I T8 T g
: Tos 234 256 2m 28 252 300 307 302 ' = <
2 18 a2m 28 262 21 282 280 - 285 301 N ooz poyea—~ze g =3
s 186 222 242 235 266 274 281 - 287 192 5 a7 el 1 T B £
i 9 183 218 23 25 260 268 275 281 286 o o 50 50 &
- ; o - is1 215 234 247 256 264 270 276 281 I A Sl B SR 8= g g
11 180 213 2.31 244 2.53 2.60 zgv4 2.72 2.3}? o " | E
* 12 17 211 229 241 25 258 2. 269 274 = .
* 2 Im 2w 2 23 24 235 28 266 21 clpgre-en g - clgrRsNIad Tg g™ g
} 14 1.76 2.08 2.25 2.31 246 2.53 259 - 264 269 i tr & 5
J s 175 zo7 224 236 244 231 257 262 267 ' ‘e o - - I e - -
15 175 Z0s 223 234 24 250 2% 24 7.65 o TEEY g o rTTYITTTYT 8 NS
i 17 17 205 222 233 242 249 234 258 264 ]
i s 1m 204, 221 32 24l 248 253 25 262 : ] B o s erT oo g 0
i 19 1. 303 220 231 240 247 252 29 2.61 : al i & "¢ " °
1 -
! 20 172 203 219 23 239 246 251 256 280 Al - e
| 24 am o200 21 Ny 236 243 248 233 29 VW elprTryre 8™ QTERTR-ART 8 8 E
i 3 170 1989 215 25Y 233 240 245 250 254 gl " = = e
. a0 e, 197 213 : 231 231 242 241 251 = - - Jvmvaocawow = :
o1& 1ss 210 221 28 235 139 244 248 K IS i O SRR B T T g Eé
20 , 166 193 208 218 926 232 237 241 248 Fl _
P 164 1es 206 216 223 229 234 238 242 R T S N A Szos *ow % g g
1
l : dogla = L.S) 4 I . < .
Onc-Si&dCompaﬁsom é wl=ye T o Al '=ﬂ:~“‘!‘20*¢=c'1\¢3tr3 gm.z
‘ % i
| a — 1 = Number of Treatment Means {excluding coutrol) g « ! Ey
s i 2 3 4 5 6 7 8 5 ¢ E1 IR LS R g = LR R -kl Emé
350 2l 443 as0 41 485 4M 20 : g v & |3
i 314 36 38 407 420 4B 44 451 459 H gl =lalo gy <+ — . 2
] 7 300 342 366 3.83 396 407 415 423 430 ¥ ; Pt - Slregre-enT g g
] s 29 329 351 36 319 38 396 403 409 : % g
, o 282 319 340  3S5 366 375 282 389 394 ! clgmem o ~ I P 3 =8| §
‘ 1 276 311 331 345 356 364 371 378 383 ‘ s ! & ]
5 2m 306 325 33 348 336 363 369 374 : | P N - 3
! 12 2.68 3.01 3.19 332 342 150 3.56 362 3.67 A i . & A Nl Il [ s Rl S R 3 e
t 2 s 2w . 315 3; 33 344 3% 356 3.6l " ra ! 3 “
B %8 2w 3 am 3 340 346 351 356 . ‘ glai™ T T " * - clroneenas © | B
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