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Question 1

The data that follow are observations collected from an experiment that was compared four treatments, A,
B, C, and D, within each of three blocks, using a randomized complete-block design.

. : Treatment
Block A B c D Total
1 6 10 8 9 33
2 4 9 5 7 25
3 12 15 14 14 55
Total 22 34 27 30 113
(a) Do the data present sufficient evidence to indicate differences among the treatment means? Test
using a = 0.05 (10 marks)
(b) Do the data present sufficient evidence to indicate dlfferences among the block means? Test using
a=10.05 : (3 marks)
(c) Perform paired comparisons using Tukey’s test with a = 0.05 ) (6 marks)
(d) Find a 95% confidence interval for the difference in means for treatments A and B. (4 marks)
(e) Does it appear that the use of a randomized block design for this experiment was justified?
Explain. : (2 marks)

Question 2

A study was conducted to assess cardiorespiratory fitness level among youth aged 12 to 19 years.
Estimated maximum oxygen uptake (VO;max) Was used to measure a person’s cardiorespiratory level. The
focus of the study investigated the relationship between levels of physical activity (more than others, same
as others, or less than others) and gender on VO3pa. The data that follows are based on this study.

Physical Activity

L More = Same - 1.ess
Males 50.1 457 40.9
47.2 442 413

497 46.8 39.2

504 449 40.9

Females 412 37.2 36.5
398 394 35.0

41.5 38.6 37.2

38.2 37.8 35.4

(@) Is this a factorial experiment or a randomized block design? Explain
(b) Is there a significant interaction between levels of physical activity and gender? Are there
significant differences between males and females? Levels of physical activity? (25 marks)
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A study was conducted to determine whether or not there is a significant difference in the amount of
aluminium achieved in the analysis between certain levels of certain processing variables. The variables
and data are given below:
A: mixing time level 1 —2 hours
, level 2 — 4 hours
B: blade speed level 1 ~36 rpm
level 2 — 78 rpm
C: condition of nitrogen passed over propellant
level 1 —dry
level 2 — 72% relative humidity
D: physical state of propellant
level 1 — uncured
level 2 — cured

Observation Physical State Mixing time Blade speed Nitrogen condition Aluminium
1 1 1 2 2 16.3
2 1 2 2 2 16.0
3 1 | 1 1 16.2
4 1 2 1 2 16.1
5 1 1 1 2 16.0
6 1 2 1 1 16.0
7 1 2 2 1 15.5
8 1 1 2 1 15.9
9 2 i 2 2 16.7
10 2 2 2 2 16.1
11 2 1 1 1 16.3
12 2 2 1 2 15.8
13 2 1 1 2 15.9
14 2 2 1 1 15.9
15 2 2 2 1 15.6
16 2 1 2 1 15.8

The data in the table were recorded. Assuming all two-, three-and four-factor interactions to be negligible,
estimate all the main effects and interpret the results. (25 marks)



Question 4 Page 4 of 4

(a) A router is used to cut locating notches on a printed circuit board. The vibration level at the
surface of the board as it is cut is considered to be a source of dimensional variation in the notches.
Two factors are thought to influence vibration: bit size (A) and cutting speed (B). Two bit sizes
(1/16 and 1/8 inch) and two speeds (40 and 90 rpm) are selected, and four boards are cut at each
set of conditions shown below. The response variable is vibration measured as the resultant vector
of three accelerometers (x, y and z) on each test circuit board.

Replicate
A B treatment combination 1 i1 11 1V
- - §)) 18.2 18.9 12.9 14.4
+ - a 272 24.0 224 225
- + b 15.9 14.5 15.1 14.2
+ + ab 41.0 43.9 363 39.9
Analyse the data from this experiment and draw conclusions on both the main and interaction effects. Use
5% level of significance. . (25 marks)
Question §

(a) Divide the treatment combinations of a 2° factorial experiment into four blocks by confounding ABC
and BCD. What additional effect is also confounded with blocks? (12 marks)

(b) Consider a 2 experiment where the experimental runs are on 4 different machines. Use the machines
as blocks, and assume that all main effects and two-factor interactions may be important.

(i) Which runs would be made on each of the 4 machines?

(ii) Which effects are confounded with blocks?

(13 marks)

END OF EXAM!!
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F1} 1.68 549 4.60 411 378 358 33 32 313 106 293 273 263 258 247 238 28 20 2.10
i 1.64 543 457 4.07 TS 1583 336 i3 382 3m 250 273 260 252 244 334 2.26 a7 206
2 760 542 454 404 373 350 833 330 309 300 287 273 25T 248 241 233 223 114 203
3B 736 53% 4.351 402 370 347 330 3.7 pEie] 258 234 27 253 A 247 239 50 221 2t 2.01
40 13 518 43 383 331 11 in 2358 283 280 65 2352 237 229 20 wmn 202 192 180
4] 7.08 498 4.13 3.65 334 2 293 232 272 253 250 235 220 242 203 154 134 L7 1.60
120 6.8 475 193 348 KXy 296 278 266 2.58 247 23 219 203 195 1.86 176 1.66 153 138
@ §.63 4.61 i i k3:73 2.80 264 251 241 ¥ 218 2.04 188 179 170 139 147 132 1.00
Yyt R e b ET PR e AT § e e 2T & 3 e ke e S e bt Feee s e 3 kNGB e T R A
& < . Probability of accepting the hypothesis Probability of accepting the hypothesis
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£ = degress of freedom,
“From J. M. May, “Extended and Corrected Tables of the Upper P

trustees of Biomelrika.

ge Points of the S

Range,” Biometrike, Vol. 39, pp. 192-193, 1952, Reproduced b permission of the
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VIL.  Percentage Points of the Studentized Range Statistic*
0P f)
. »
2 37 40 % [ 7 8 5 10 11 12 13 14 15 16 17 18 19 20
1 %0 135 164 186 202 216 27 237 246 253 260 266 272 R 282 286 290 254 298
2 140 190 223 247 26.6 282 295 30.7 317 32.6 334 314 3438 354 360 36.5 37.0 315 3719
3 826 106 122 133 142 150 156 162 167 171 115 178 182 185 188 19.1 193 135 198
4 651 8.12 - 817 996 106 111 115 11.9 123 12.6 128 «13.1 133 135 137 13.9 14.1 142 144
§ 570 697 780 842 831 932 967 997 1024 1048 1070 1089 1108 1124 1140 1155 11.68 1181 1193
6 524 633  7.03 156 157 832 861 8.87 9.16 930 949 9.65 9.81 995 1008 1021 1032 1043 1054
7 495 592 634 70t 737 768 7% 817 837 855 871 B8 900 912 924 935 946 955 965
8 474 563 620 663 696 724 747 168 1.87 8.03 8.18 8.31 844 8.55 §.66 8.76 8.85 894 903
9 460 543 596 635 666 681 713 732 748 745 178 181 203 8.13 823 §32 8.41 849 857
16 448 527 577 614 643 667 687 705 721 736 748 760 171 781 781 7.99 8.07 815 822
11 439 514 562 3597 625 648 667 6834 659 713 725 736 746 7156 165 173 7.81 788 195
12 432 504 3550 5384 £.10 632 651 6.67 681 694 706 717 7.26 736 144 1.52 1.5% 766 173
13 426 496 540 573 588 619 637 653 667 679 680 101 L0 719 727 734 742 748 15§
14 421 489 532 583 5.88 608 626 641 654 666 6717 6.87 §96° 705 712 720 1.27 733 139
15 417 483 525 55 580 599 616 631 644 655 666 676 684 693 700 7.07 714 7200 126
16 413 478 519 549 572 592 608 622 635 646 6.56 6.66 6.74 682 690 697 1.03 109 7115
17 410 474 514 543 566 585 601 615 627 638 648 657 666 673 680 687 634 00 705
18 407 470 509 538 560 579 594 608 620 631 641 650 658 665 672 6.79 6.85 691 696
19 405 ,4'6? 505 533 555 573 589 602 614 625 634 643 651 658 6.65 6.72 678 634 6.89
20 402 464 502 329 5.5 568 584 597 609 619 629 637 645 652 659 6.65 671 676 682 -
24 3,96 454 491 517 537 554 549 i 581 592 602 611 619 6.26 633 639 6.45 6.51 656 681 o
30 389 445 480 505 524 540 554 565 576 585 593 601 608 614 620 6.26 631 636 641 ;g
40 382 437 470 483 5.1t 527 539 550 560 589 577 584 590 596 602 6.07 612 617 621 %
60 376 428 460 482 499 ) 513 525 536 545 553 560 567 573 579 584 589 593 598 602 5
120 370 420 450 471 487 501 5.}2 5.21 530 538 544 551 556 561 566 5.7 5.5 579 583
w 364 412 440 460 476 4838 499 508 516 523 529 535 540 545 549 554 557 561 565
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V1. Percentage Points of the Studentized Range Statistic (continued) ‘%\
. goss( P f) o
2
7 2 3 4 5 [ 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 181 267 328 372 405 431 454 473 4901 506 S19 532 543 554 563 512 580 588 596
2 T609 B28 980 1089 1L73 1243 1303 1354 1399 1439 1475 1508 1538 1565 1591 1614 1636 1657 1677 %
3 450 588 68 751 804 847 885 9.8 946 972 995 1016 1035 1052 1069 1084 1098 112 1124 D
4 393 500 576 631 673 706 735 760 7.83 803 821 837 852 867 880 892 903 914 924 4
5 364 460 522 567 603 633 658 680 699 717 732 747 760 772 783 793 803 812 82
6 346 434 490 531 563 589 612 632 649 665 679 652 704 704 724 7134 743 151 159
7 334 416 468 506 535 559 580 599 615 629 642 654 665 675 684 693 701 708 116
8 326 404 453 48 517 540 560 577 592 605 618 629 639 648 657 6.65 673 680 687
9 320 395 44 . 436 502 524 543 560 574 587 598 609 619 628 636 644 651 658 665
10 315 388 433 466 491 512 530 546 560 572 583 593 603 612 620 627 634 641 647
11 311 382 426 458 482 503 520 535 549 561 S71 581 590 598 606 614 620 627 633
12 308 377 430 451 475 495 532 527 540 551 561 571 580 582 595 602 609 615 621
13 306 373 415 446 469 488 505 519 532 543 553 563 571 579 586 593 600 606 61l
14 303 370 411 441 464 483 499 513 525 536 546 556 564 572 579 586 592 598 603
15 301 367 408 437 459 478 494 - 508 520 531 540 549 557 565 572 579 585 581 596
16 300 365 405 434 456 474 498 S03 515 526 535 544 552 559 566 573 579 584 590
17298 362 402 431 452 470 486 49 S11 521 531 539 547 555 561 568 574 579 584
18 297 361 400 428 445 467 483 49 507 517 527 535 5430 550 557 563 569 574 579
19 296 359 398 426 447 484 479 492 504 514 523 532 539 546 553 559 565 570 575
20 295 358 396 424 445 462 477 49 501 511 520 528 536 543 550 556 561 566 571
24 292 353 390 417 437 454 468 481 492 501 510 518 525 532 538 544 550 555 559
30 289 348 384 411 430 446 460 472 483 492 500 508 515 521 527 533 538 543 548
4D 286 344 379 404 423 439 452 463 474 482 490 498 505 511 507 522 527 532 536
60 283 340 374 398 - 416 - 431 444 455 465 473 481 488 484 500 L SO6 51T 515 520 524
120 280 336 369 392 410 424 436 447 456 464 471 478 4B4 490 495 SO0 504 509 513
o 277 332 363 386 403 417 429 439 447 455 462 468 474 480 484 498 493 457 501
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624 APFENDIX
APPENDIX 625
V1L  Critical Values for Dunnett’s Test for Comparing Treatments with a Control {continued)
dygsla =~ 1. . TP agaYyY " 3 F8
One-Sided Comparisons 3 1 N
a-1 = Number of Treatment Means {excluding control) r . i v.'? o w 7 - 3 8
. f 1 2 3 4 5 6 7 8 9 0w w e O
i 2 @ — 5
: G 24 268 285 288 308 36 3 330 ' IR L Rl £|TTRETTEEST 8 R
*‘ 6 104 234 256 271 283 192 300 . 307 312 « i ! = !
j 7 189 2271 248 262 2713 182 289 --295 301 - ' sl Weg mmven g g 5
s 18 2z 242 255 266 274 28l 287 292 P el S o RN TR TTIE
: 9 1.83 218 237 250 260 268 275 281 286 ; £
10 1.81 215 234 247 2.56 2.64 270 216 2.81 gremvmon g — el mgmmmenngn g o9
; 11 T30 213 231 244 253 260 267 272 271 ] P ® s b I ]
] 12 178 211 229 241 250 258 264 269 274 « &
; 217 Ze am 23 2w 255 281 260 271 : , Lo Te e g o~ o§TRFESREEE 8 ™8
- 14 1.76 2.08 225 237 2.46 2.53 259 - 264 2.69 : ! b 2 g
j s 175 207 224 236 244 251 257 262 267 : . . . - 5
s B G 2z 14 248 2% 256 260 280 STUEET g CPNTTITTITY® &8 "l s
! 17 174 g.os 2.2;; 2.33 242 2.49 2.54 259, 264 - 2
18 L7 04 . 22 232 24] 248 253 258 262 o docnmmmmn 43
l; B M 2 220 231 240 247 252 29 261 A O I L T8 "3
20 203 o219 2 239 246 251 256 260 e - - : 5
1 24 1m0 200 217 ey 236 143 248 2% 257 S|y T 8 el TERTRTASEY g W
30 170 1.99 215 A25,Y 233 240 245 250 254 gl = ~ f ! 2 =
, 40 168 , 197 213 2 231 237 242 247 251 =z ol G OO °
60 1.67 195 210 221 228 235 239 244 248 & M TYVTYO& S IR n T8 B E
120, 166 193 208 218 226 232 237 241 245 ! E 3
B 1.64 1.92 2.06 2.16 223 229 2.34 2.38 2.42 ) P AR R R @ « dEgomoeme tow le| &
1 — T 3 g v T o BTG T = § g
ool T b . a
: One-Sided Comparisons 4 fg N A S e as ”QE"T‘"“:";‘QTE gmug
i a — 1 = Number of Treatment Means (excluding countrol) % ! ) ! & -y
f 7 1 2 3 4 5 6 7 8 9 1 IR E i o = clarengnreg o o B
! 33 390 421 4@ 40 473 485 4% 503 € ryT 8 3
! I 3.14 3.61 3.88 407 421 4.33 443 4.51 4.59 g 1) I PR o - B
! 5 300 342 266 38 396 407 A3 423 430 * o B = Clem e noanme g - =
| 130 3w 3s s 319 3 3% 4@ A0 2 P LI
! 9 282 319 340 355 366 375 382 389 394 e e - R I %
' 10 276 311 331 345 356 364 171 378 383 - L) A g e
| 11 272 306 325 338 348 356 361 36 374 | IS
{ 12 2.68 301 3.19 332 342 3.50 156 362 367, 3 L & i 8 & ofannunge < e
i 13 265 297 . 315 127 337 344 351 336 36l 1 ; < ‘ ST i = &
. 14 2.62 294 311 323 332 340 346 351 356 . _ I Rk « - glropeanan < wp| S
{ 15 260 291 3.08 3.20 329 336 342 347 382 3 : . = w T 'Y z | E
! 16 2.58 2.88 3.05 17 3.26 333 339 3.44 3.48 : : N R, 4 F
i 17 2% 286 303 34 323 3% 336 341 345 ' I ] Bl ol e o osne % o 4
B 2% 2% 30l 312 321 327 333 338 34 P 8 '
19 254 283 2 310 318 325 331 336 340 et w o
a ) f o WY WY O k
| o 25 2@ 297 308 317 3; o 329 3 38 ‘ ¥ < rrETTT 8 7is
' 24 249 271 2R 3.03 3 317 322 327 331 - ‘ el o £
| 30 246 272 281 297 305 3.1 316 321 324 = : a7l R clfp oy oes g «
% 40 241 268 282 2m 299 305 310 314 318 , k ‘ =
‘} 60 T 284 278 287 294 300 304 308 312 o . . IR R ~< = memonoag
; 120 236 280 273 282 289 29 289 303 306 - . - ~
= 1 %S 2es 21 28 289 293 297 3 ; ‘ ' o =
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