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DEPARTMENT OF STATISTICS AND DEMOGRAPHY

MAIN EXAMINATION, 2013/14

COURSE TITLE: DESIGN AND ANALYSIS OF EXPERIMENTS

COURSE CODE: ST 404

TIME ALLOWED: THREE (3) HOURS

INSTRUCTION: 1. ANSWER QUESTION ONE AND ANY THREE
QUESTIONS;

2. QUESTION 1 CARRIES 40 MARKS AND QUESTIONS
2 - 5 CARRY 20 MARKS EACH.

SPECIAL REQUIREMENTS: SCIENTIFIC CALCULATORS AND STATISTICAL TABLES

DO NOT OPEN THIS PAGE UNTIL PERMISSION HAS BEEN GRANTED BY THE CHIEF
INVIGILATOR '
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Question 1
(a)State the assumptions for doing a valid ANOVA, and how would you check for their validity.

(6 marks)
(b) Give the two reasons for running an experiment in blocks. (4 marks)

(c) Briefly define the following terms and explain their importance in experimental design:
(Randomization, Blocking and Replication (6 marks)

(d) The financial structure of a firm refers to the way the firm’s assets are divided by equity and debt, and
the financial leverage refers to the percentage of assets financed by debt. It has been claimed that financial
leverage can be used to increase the rate of return on equity. The following data show the rates of return

on equity using 3 different levels of financial leverage and a control level (zero debt) for 24 randomly
selected firms.

Financial Leverage

Control Low Medium High

2.1 6.2 9.6 10.3

5.6 4.0 8.0 6.9

3.0 8.4 5.5 7.8

7.8 2.8 12.6 5.8

5.2 42 7.0 7.2

2.6 5.0 7.8 12.0
(i) Perform the analysis of variance the 0.05 level of significance. (10 marks)
(ii) Test at 0.01 level of significance to determine whether the mean rates of return on equity at the low,
medium and high levels of financial leverage are higher than at the control level. (7 marks)
(iii) Use an appropriate test to test the assumption of equal variances. (7 marks)
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Question 2

In a recent study by the Department of Health Science, 3 diets were assigned for a period of 3 days to
each of the 6 subjects in a randomized block design. The subjects, playing the role of blocks, were
assigned the following 3 diets in a random order: ’

Diet I: mixed fat and carbohydrates
Diet II: high fat
Diet I1I: high carbohydrates

At the end of the 3-day period each subject was put on a treadmill and the time to exhaustion, in seconds,
was measured. The following data were recorded:

Subject
Diet 1 2 3 4 5 6
1 84 35 91 57 56 45
I 91 48 71 45 61 61
I 122 53 110 71 91 122
Perform the analysis of variance. Use a 0.01 level of significance fo determine if there are significant
differences among the diets. (20 marks)
Question 3

An engineer is interested in the effect of cutting speed and tool geometry on the life in hours of a machine
tool. Two cutting speeds and two different geometries are used. Three experimental tests are
accomplished at each of the four combinations. The data are as follows:

Tool Geometry Cutting Speed
Low High
1 22 34
28 37
20 29
2 18 11
15 ‘ 10
16 10
(a) Test at 5 per cent level of significance for main and interaction effects. (15 marks)
(b) Graphically display the interaction effect. (5 marks)



Question 4

The following data are obtained from a 2° factorial experiment replicated three times:

Treatment Combination Replicate 1 Replicate 2 Replicate 3
(1) 12 19 10
a 15 20 16
b 24 16 17
ab 23 17 27
c 17 25 21
ac 16 19 19
bc 24 23 29
abc 28 25 20
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Evaluate the sums of squares for all factorial effects using the contrast method. Draw conclusions.

Question S

(20 marks)

An experiment is conducted to determine the breaking strength of a certain alloy containing five metals,
A, B, C, D and E. Two different percentages of each metal are used in forming the 2°=32 different alloys.
Since only eight alloys can be tested on a given day, the experiment is conducted over a period of 4 days
during which the ABDE and the AE effects are confounded with days. The experimental data were
recorded as follows:

Treatment Combination Breaking Strength  Treatment Combination Breaking Strength
€)) 214 e 29.5

a 32.5 ae 313

b 28.1 be 33.0

ab 25.7 abe 23.7

c 342 ce 26.1

ac 34.0 ace 25.9

be 235 bee 35.2

abc 24.7 abce - 304

d 326 de 28.5

ad - 29.0 ade 36.2

bd 30.1 bde 24.7

abd 27.3 abde 29.0

cd 22.0 cde 31.3

acd 35.8 acde 34.7

bed 26.8 bede 26.8

abed 36.4 abcde 23.7

(a) Set up the blocking scheme for the 4 days. (8 marks)
(b) What additional effect is confounded with days? (2 marks)
(c) Obtain the sums of squares for all main effects. (10 marks)

END OF EXAM!!
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IV. Percentage Points of the F Distribution®
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IV. Percentage Points of the F Distribution {(continued)
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20 810 588 494 443 4.10 3.87 370 3.56 3.46 3.3 123 3.09 94 286 278 265 261 252 242

“ 2 8.02 $.78 487 437 4.04 381 364 351 340 33 3.7 303 2.88 280 7 264 255 246 236
2 795 512 482 4.31 399 376 339 345 335 3.26 392 298 283 275 267 2.58 250 240 231
§ 3 7.88 5.66 476 426 354 3 3.54 341 130 321 .07 293 278 270 262 254 245 2.35 226
#* 782 361 4an 422 350 367 350 3.36 326 37 3.03 289 214 266 2.58 249 240 231 221
25 137 557 4.68 4.18 385 363 346 A7) in an 29 285 270 262 254 245 2.36 227 217
2% 11 533 4.64 414 32 3359 342 329 3.18 309 296 281 266 258 250 242 233 223 213
k4 7.68 549 450 411 378 356 339 326 3.15 3.06 293 278 263 255 247 238 229 220 2.10

28 .64 545 4.51 407 375 3s3 136 32 312 3.03 .90 75 2.60 252 244 234 226 217 206
2% 760 342 454 404 373 350 s 3.0 30 3.00 287 s 5 248 24 233 223 214 203
30 7.56 3% 431 4.0 370 347 330 397 g2 298 284 270 235 247 239 230 2 wn 20
40 kA 518 431 3.83 351 32 312 299 289 2.80 266 252 237 229 220 PR3 202 13 180
£0 188 498 413 368 334 312 295 282 .72 283 250 235 220 212 203 154 184 1713 168
120 635 479 355 348 317 29 275 266 56 47 234 219 203 195 1.88 178 1.66 153 138

. o 6.63 441 318 332 3. 2808 264 25 8 32 218 204 ‘188 L7 170 158 147 132 1.00
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F ity of ing tha hypathesi
Prohsbiiity of accepting the hypothesis . _g
vt ol C s a ieimiaie B . ® s § 2pReR S § b eREN B [B
e & Beazdes & wbpEBuER 2 T 8 e7 1 E
] dam |
" - g P
X < 2 .
fw A éw 98 ¢
8 ER i
3 L N i |
o 2 (12 - NN EEIIN 2
{izs \ 1
\ggsm'?.l”\l o \:Bgs 1|\ &
il 1§ Al
-} Sin = 24 g
»
- / ,’;/&1 » // 2Z 3
== e it d
a= e i !
o2 ///::// - = %/// o E
// - //4/ g
~ G /
i H
| g
%
VIL Percentage Points of the Studentized Range S i e
oulp. f)
.
f 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 17 18 19 26

90 135 164 186 202 216 27 31 246 253 260 266 21”2 Mm% 286 290 294 208

140 190 223 247 266 282 285 307 317 326 334 314 348 354 360 365 370 315 318
826 106 122 133 142 150 156 162 167 171 175 179 182 185 188 181 193 195 198
651 812 917 9% 106 1Ll 11§ 119 123 1246 128 131 133 135 137 139 141 142 144
570 697 780 842 891 932 967 997 1024 1048 1070 1089 11.08 1124 1140 1155 11.68 11.81 11.93

1

2

3

4

5

6 524 633 703 156 197 832 861 887 010 930 949 965 981 995 1008 1021 1032 1043 1054
7 495 552 654 701 737 768 794 817 837 855 871 886 900 912 924 935 946 955 945
8 474 563 620 663 696 724 747 168 787 803 818 831 844 855 866 876 B85 834 003
9 460 543 596 635 666 691 713 732 749 765 178 791 803 813 823 £33 841 49 857
10 448 521 577 614 643 667 687 705 121 136 748 760 771 781 791 79 807 815 822
11 439 514 562 597 635 648 667 684 69 713 725 136 746 7156 765 173 181 788 7195
12 432 504 550 584 610 632 651 667 681 694 106 7TA7 126 736 144 152 158 166 11
13 426 496 540 573 598 619 637 653 667 679 680 701 10 719 727 134 742 48 7155
14 A21 489 532 563 588 608 626 641 654 666 6T 687 696 705 702 1MW 12T 133 139
15 417 483 535 556 580 599 616 631 644 655 666 676 684 693 700 707 T4 120 7126
16 413 478 519 S49  ST2 592 608 622 635 646 6356 666 674 682 690 697 103 709 7IS
17 410 474 514 543 566 585 601 615 627 638 648 657 666 673 680 687 694 700 705
18 407 470 S09 538 560 579 594 608 620 631 641 650 658 665 672 679 68 691 6396
19 405 467 S05 533 555 573 S89 602 614 625 63 643 651 658 665 672 678 684 6589

20 402 464 502 529 551 569 584 557 609 619 629 637 645 652 659 665 671 676 682
24 396 454 491 517 537 554 569 581 592 602 611 619 626 633 639 645 651 656 661
30 389 445 480 505 524 540 554 565 576 585 593 601 608 614 620 6326 631 636 641
40 382 437 470 493 SI11 527 539 550 560 569 577 584 590 59 60z 607 612 617 621
60 376 428 460 482 49 513 525 536 545 553 560 567 573 S19 584 58 593 598 6.02
120 370 420 450 471 487 501 512 521 530 538 544 551 556 561 566 571 575 579 583
o 364 412 440 460 476 488 499 508 516 523 529 535 540 545 549 554 557 561 565
[ = degresa of freedom.
“From J. M. May, “Extended and Corrected Tubles of the Upper Perceatage Poinis of the Studentized Range.” Biometriks, Vol. 39, pp. 192193, 1952, Reproduced by pecmission of the
trustees of Biometrika,
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APPENDIX 625

624 APPENDIX
VI Critical Values for Dunnett’s Test for Comparing Treatments with 2 Contral (continued) -
dogsla — L) @ fm8nyY T oM
One-Sided Comprisons ’
‘ 4 — 1= Number of Tr t Means (excluding control) olFteeny~ g R
; f 1 2 3 4 s s 7 8 9 gnmgwmmoegam g g
: 20z 244 268 285 298 308 316 374 330 R R S AT rresST g RIE
1% 23 256 2m 28 22 300 307 Ext) i =
§ I w248 2 273 282 28 295 3D 1 I olprroeen~ge g
§ 18 2z 24 255 266 274 281 28 292 7| TTT R i P&
5 1s 218 237 25 260 268 275 28 286 -t - i
o 181 215 234 247 256 26 270 276 24 gloemymen g | |BCTTT 7T TEEZE gk
1 - 180 %13 231 24 25 260 267 21z 2 t I & E
12 178 1 228 241 2% 258 % 260 274 x - 4
‘ 2 % Je  am 23 2@ 255 261 266 2 Slpgremen g o~ olfrAAAIRATE 8"
D 176 208 225 23 246 253 239 26 2.69 L .
; s 175 207 224 236 244 251 237 162 2.67 ol - - N - - B
5 1% 206 22 2 24 250 256 261 26 QTNREY g e SCTTOTTVTTT 8 ]
| 17 174 g.os 232 233 242 249 234 258 264 - ;
| 18 173 ‘4 221 232 241 248 253 258 282 - . dormmemmnea @ o
o i} 203 220 -23: 240 241 252 257 261 o AU g e S L a S
] 20 1! 203 219 239 246 251 256 260 e N e sl
24 1m 200 217 P 3% 241 248 23 257 GRS clTERTRTREY g . i
30 1o 1% 215 330 233 240 245 250 234 i - = 5
' 168 , L 213 2 231 237 242 241 231 £ e - - Jesmvaocaen 4
! o 18 1es oz 221 228 235 239 244 148 3 I R B B T wT2TT=o gy § %
g 120 , 166 193 208 218 226 232 23 241 245
i. o 1% 1 206 216 223 229 23 238 242 clommmon g o« J¥moomeagE g e
‘ [ &~ al & 1 T ) §
i dygi(a = 1,f)  § it .
One-Sided Comperisons f $ R A e ae =n:.§"_,r‘53a~¢::c.nc_lqtl~: §N-¢£
a — 1 = Number of Treatment Means (excluding control) 8 z
i 1 2 3 4 s 6 1 8 9 El LT T E SgTrmgn TR g |8
5 337 1.90 4.21 443 460 4.73 4.85 4.94 503 &l UL & 3
2 314 361 388 407 421 433 - a4 451 459 3l rlole o « - &
7 300 342 366 38 396 407 4ls 423 430 1 = Cjypqre-nms g |-
1 s 290 329 351 36 379 388 3% 403 409 ¥ 3
, s 28 319 340 355 366 375 38 389 3.94 Clf e a - N -5
d 10 zzs 3.(1)(1; 3.% 345 3.56 364 k) 3.78 3.83 & ! b ! g -
1 2! 306 3 338 348 356 363 360 374 - -
i noor o S0 3w 3p 34 3% 3% 3@ 367 § STTT ] = lfaseengr g e
i 13 2.65 291 . 318 327 337 3.44 351 356 361 - Pt I & 2
; 14 2.62 2.94 311 323 332 3,40 3.46 351 3.56 S alinlinlie RS- el T X 0 e ‘%
f s 260 291 308 320 329 336 34 341 35 = w [ f B 3
l6 258 zs 305 317 326 333 339 34 348 , [ P wl PR a
: 5 3m  7se 303 314 323 330 336 34l 3.45 1T & ol 4 MR A 3 ™
: 18 23 284 301 312 321 3z 33 33 342 &
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20 | 253 2m 297 38 317 323 3 3 338 ) & Peat = 1%
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