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DEPARTMENT OF STATISTICS AND DEMOGRAPHY

SUPPLEMENTARY EXAMINATION, 2015/16

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

TIME ALLOWED: TWO (2) HOURS

INSTRUCTION: 1. ANSWER ANY THREE QUESTIONS;

2. EACH QUESTION CARRIES 20 MARKS.

SPECIAL REQUIREMENTS: SCIENTIFIC CALCULATORS AND GRAPH PAPER
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INVIGILATOR
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Question 1

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

52 4.2 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. (5 marks)
(iii) Use an appropriate test to test the assumption of equal variances. ' (5 marks)
Question 2

A building contractor employs three construction engineers, A, B, and C, to estimate and bid on jobs. To
determine whether one tends to be more conservative (or liberal) estimator than the others, the contractor
selects four projected construction jobs and has each estimator independently estimate the cost (in
Emalangeni per square foot) of each job. The data are shown below in the Table:

Construction Job

Estimator 1 2 3 4 Total

A 35.10 34.50 29.25 31.60 130.45
B 37.45 34.60 33.10 34.40 139.55
C 36.30 35.10 3245 3290 136.75
Total 108.85 104.20 94.80 98.90 406.75

Analyse the experiment using appropriate methods. Identify the blocks and treatments, and investigate
any potential differences in treatment means. If any differences exist, use an appropriate method to
specifically identify where the differences lie. Has blocking been effective in this experiment? What are
the practical implications of the experiment? Present your results in the form of a report. (20 marks)
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Question 3

(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 4
(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)
(¢) In a 2° 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)
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There are various ways to bake a cake. An experiment was conducted to determine how pan material, the

brand of cake mix and the stirring method affect the taste of cakes. The factor levels are:

Factor Low (-) High (+)
A = pan material glass aluminum
B = stirring method spoon mixer

C = brand mix cheap expensive

The response variable was taste, a subjective measure derived from a questionnaire given to the subjects
who sampled each batch of cakes. An eight-person panel sampled each batch and filled out the
questionnaire. The complete set of data is shown below:

Test Panel Results

Cake A B C 1 2 3 4 5 6 7 8 Total
1 - - - 11 9 10 10 11 10 8 9 78

2 + - - 15 10 16 14 12 9 6 15 97

3 - + - 9 12 i1 i1 i1 11 i1 12 88

4 + + - 16 17 15 12 13 13 11 11 108
5 - - + 10 11 15 8 6 8 9 14 81

6 + - + 12 13 14 13 9 13 14 9 97

7 + + 10 12 13 10 7 7 17 13 89

8 + + + 15 i2 15 13 12 12 9 14 102
Total 98 96 109 91 81 83 85 97 740
(a) Analyse the data from this experiment and draw conclusions. (20 marks)

END OF EXAM!!



1V. Percentage Points of the F Distribution (continued)
F, D053,
v, Degrees of Freedom for the Numerator (v,)
" 1 2 3 4 5 [ 7 8 9 10 12 15 20 24 30 40 60 120 w
1614 199.5 2157 2246 230.2 2340 236.8 238.9 240.5 2419 243.9 2459 248.0 2491 250.1 251.1 2522 2533 254.3
2 18.51 19.00- 19.16 19.25 19,30 19.33 18.35 19.37 16.38 19.40 19.41 19.43 19,45 19.45 19,46 19.47 19.48 10.49 19.50
3 10.13 9.55 9.28 9.12 9.01 8.94 £.89 8.85 8.81 879 874 270 8.66 8.64 8.62 8.59 8.57 8.55 8.53
2] 71 6.94 6.59 6.39 6.26 6.16 6.0% 6.04 6.00 5.96 591 5.86 5.80 51 5.75 572 5.69 5.66 5.63
5 6.61 5.19 541 519 5.05 495 4.88 482 4.7 4,74 4,68 4.62 4.56 4,53 4.50 4.46 443 440 4.36
6 599 5.14 4.76 4.53 439 — 428 421 4.15 4,10 4,06 4.00 3.94 387 184 3.81 n 374 370 3.67
1 5.59 4,74 4,35 4,12~ 397 3.87 3.79 3.73 3.68 3.64 3.57 3.51 3.44 3.41 3.38 334 3.30 327 3.23
8 5.32 4.46 4.07 384 3.69° 3,58 3.50 144 3.39 3.35 328 2 3.15 312 31.08 3.04 3.01 297 2.9
9 5.12 426 386 3.63 348 337 3.29 323 3.18 114 3.07 3.01 2.94 2.90 2.86 2.83 279 275 21
10 496 4.10 i 348 333 322 314 3.07 3.02 2.98 291 2.85 271 2.74 270 266 2.62 2.58 2.54
11 4.84 3.98 3.59 3.36 3.20 109 3.01 295 2.90 2.85 279 2.72 2.65 2.61 2.57 2.53 249 245 2.40
T 12 475 3.89 3,49 3.26 3.11 .00 291 2.85 2.80 2.75 2.69 2.62 2.54 2.51 247 243 2.38 2.34 230
‘g 13 4,67 381 341 3.18 3.03 2.92 2.83 2.1 271 2.67 2.60 2.53 246 . 242 2.38 2.34 2.30 2.25 221
g 14 4.60 374 334 311 2.96 2,85 2.76 2.70 265 . 2.60 2.53 2.46 2.39 235 231 2.27 222 218 213
E 15 4,54 3.68 3.29 3.06 2.90 2.719 271 2.64 259 - 254 248 240 233 229 2.25 2.20 2.16 2.11 2.07
§ 16 449 3.63 324 3.01 2.85 274 2.66 2.5% 2.54 2.49 242 235 228 2.24 2,19 2.15 211 2.06 201
g 17 445 3.59- 3.20 2.96 2.81 270 2.61 2.55 2.49 245 2.38 23 2.23 2.19 2.15 210 2.06 201 1.96
.§ 18 441 3.55 3.16 293 2mnm 2.66 2.58 2.51 2.46 241 2.34 2.27 219 2.15 2.11 2.06 2.02 1.97 192
g 19 438 152 3,13 290 274 2.63 2.54 2.48 242 2.38 231 2.23 2.16 2,11 2.07 203 198 1.93 1.88
g 20 4,35 349 3.10 2.87 271 2.60 2.51 245 239 2.35 228 220 212 2,08 2.04 1.99 1.95 190 1.84
& 21 432 3.47 3.07 2,84 268 257 2.49 242 2.37 232 225 218 2.10 205 2.01 1.96 1.92 1.87 1.81
e 22 4.30 3.44 3.05 2.82 2.66 2.55 2.46 240 2.34 1230 2.23 2.15 207 203 1.98 1.94 1.89 1.84 1.78
g 23 4.28 342 3.03 2.80 2.64 2.53 2.44 2.37 2.32 227 2.20 213 205 201 1.96 191 1.86 181 1.76
tg 24 426 3.40 3.01 278 2.62 2.51 2.42 236 2.30 225 218 2.1 203 198 1.94 1.89 1.84 1.79 1713
25 424 3.39 2.99 216 2.60 249 2.40 234 228 2.4 2.16 209 201 1.96 192 1.87 1.82 L1 .71
26 4,23 3.37 298 2.4 2.59 247 2.39 2.32 227 222 2.15 2.07 1.9¢ 195 1.90 1.85 1.80 175 1.69
27 421 3.35 2.96 2.13 2.57 2.46 2.37 231 2.25 2.20 213 206 157 1.93 1.88 1.84 1.79 1.73 1.67
28 . 420 3.34 \2"9§ 27 2.56 245 2.36 229 0224 2.19 212 2.04 1.96 1.91 1.87 1.82 1.77 1.71 1.65
29 4,18 3.33 2,93 2.70 2.55 243 2.35 228 222 218 2.10 2,03 1.94 1.80 1.85 1.81 1.75 170 1.64
30 4.17 3.32 2.92 2.69 2.53 242 2.3 227 2.2 2.16 209 201 1.93 1.89 1.84 1.7 1.74 1.68 1.62
40 408 323 2.84 2.61 245 234 2.25 2.18 2.12 2.08 2.00 192 1.84 1.79 .74 1.69 1.64 1.58 1.51
60 4.00 3.15 2.76 2.53 2.37 225 2.17 210 2.04 1.99 1.92 1.84 1.75 1.70 1.65 1.59 1.53 1.47 1.39
120 3,92 3.07 2.68 2.45 2.29 2.17 2.08 2.02 1.96 1.91 1.83 1.75 1.66 1.61 1.55 1.55 143 135 1.25
o« 184 3.00 2.60 2.37 221 2.10 2.01 1.94 1.88 1.83 1.75 1.67 1.57 1.52 146 1.39 1.32 1.22 1.00
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IV. Percentage Points of the F Distribution {continued)
] F, 0.025,¥,,
» Degrees of Freedom for the Numerator ()
vy 1 2 3 4 s 6 7 8 9 10 12 15 20 24 30 40 60 120 @
1 647.8 799.5 864.2 899.6 921.8 937.1 9482 956.7 9631.3 G68.6 976.7 9849 993.1 997.2 1001 1006 1010 1014 1018
2 3851 3500 3947 39.25 3930 3933 3936 3937 3939 3940 3941 3943 3945 3946 3946 3947 3948 3949 3950
3 1744 1604 1544 1500 1488 1473 1462 454 1447 1442 1434 1425 1417 1412 1408 1404 1399 1395 1390
4 1222 10.65 9.98 9.60 8,36 9.20 9.07 8.98 8.90 8.84 8.75 8.66 8.56 8.51 8.46 841 8.36 8.31 826
5 10.01 843 1.6 7.3% 115 6.98 6.85 6.76 6.68 6.62 6.52 643 6.33 6.28 6.23 6.18 6.12 6.07 602
6 8.81 126 6.60 6.23 5.99 5.82 5.70 5.60 5.52 5.46 537 5.27 5.17 5.12 507 5.01 4956 490 4.85
7 8.07 6.54 5.89 552 529 512 499 4.90 4.82 4,76 467 4.57 447 4.42 436 4.3 4,25 4.20 4.14
8 757 6.06 542 5.05 482 4.65 4.53 4.43 4.36 4.30 4,20 4.10 4.00 3.95 3.89 .84 3.78 ENE) 3.67
9 721 571 5.08 4.72 443 4.32 420 4.10 403" 396 3.87 3717 3.67 3.61 356 3.51 345 339 3.33
10 694 546 4.83 4.47 4.24 4.07 3.95 385 378 372 3.62 3.52 342 337 331 3.26 320 3.14 3.08
11 672 526 4.63 4.28 4.04 3188 3.76 3.66 3.59 3.53 343 333 323 3.17 3.12 3.06 3.00 2.94 2.88
IR 12 6.55 5.10 4.47 4.12 3.89 373 3.61 3.51 3.44 337 328 ° 318 3.07 i 3.02 296 291 2.3? 279 2.72
E 13 6.41 497 4.35 4.00 3.77 3.60 348 3.39 3.31 325 3.15 3.05 295 2.89 2.84 218 272 2.66 2.60
‘g 14 6.30 4.86 424 3.89 3.66 3.50 3.38 329 321 315 3.05 295 2,84 2.79 2713 267 261 2.55 249
) § 15 6.20 417 4.15 3.80 358 341 129 3.20 312 3.06 296 2.86 2.76 2.70 2.64 2.59 .52, 246 240
& 16 6.12 4.69 4.08 373 3.50 3.34 2 3.2 ' 3.08 2.99 2.89 279 2.68 2.63 2.57 2.51 245 2.38 232
-g 17 6.04 4.62 4.01 3.66 3.44 328 3.16 3.06 2.98 2,92 2.82 272 2.62° 2.56 2.50 244 238 2.32 225
\E’. 18 594 4.56 3.95 3.61 3.38 322 3.10 3.01 293 287 277 2.67 2.56 2.50 2.44 238 232 2.26 2.19
§ 19 592 4.51 3.90 3.56 333 ¢ 317 3.05 296 2.88 2.82 272 2.62 2.51 2.45 2.39 233 2.27 220 213
2 20 5.87 446 3.86 3.51 3.29 3.13 301 291 2.84 2177 2.68 2.57 2.46 241 2.35 229 222 . 216 2.0
s 21 ‘583 4.42 3.82 3.48 3.25 3.09 2.97 2.87 2.80 273 2.64 -2.53 242 2.37 231 2.28 2,18 2.11 2.04
g 22 579 438 3.18 3.44 3.22 3.08 2.93 2.84 2.76 270 2.60 2.50 2.3% 233 2.27 221 2.14 2.08 200
B 23 578 4.35 3.75 3.41 3.18 3.02 2.90 281 2.73 2.67 2.57 247 2.36 2.30 2.24 2.18 2.11 204 1.97
24 572 432 372 3.38 3.15 299 2.87 2.78 2.0 2.64 2.54 244 2.33 227 221 2.15 .2.08 - 201 1.94
25 5.69 429 3.69 3.35 313 2,97 2.85 275 2.68 261 251 241 230 2.24 2.18 2.12 2.05 1.98 191
26 5.66 427 3.67 3.33 3.10 2.94 2.82 73 265 2.59 249 239 228 222 2.16 209 2.03 1.95 1.88
27 5.63 4.24 3.65 3.31 3.08 292 - 2.80 271 2.63 2.57 247 2.36 2.25 219 213 207 2.00 1.93 1.85
28 5.61 4722 . 3163 3.29 3.06 2.90 2.78 2.69 2.61 2.55 245 2.34 223 2.17 211 2.05 1.98 1.91 1.83
29 5.59 4.20. 1.61 3.27 3.04 2.88 2.76 2.67 2.59 253 243 2.32 221 2.15 2.09 2.03 1.96 1.85 1.81
30 5.57 418 3.59 3.25 3.03 2.87 2.5 2.65 2.57 2.51 241 2,31 220 2.14 2.07 2,01 1.94 1.87 1.79
40 5.42 4.05 346 3.13 2.90 2.74 2.62 253 245 2.39 229 2.8 2.07 201 1.94 1.88 1.80 172 1.64
60 529 3.93 3.34 3.01 219 2.63 2,51 241 233 227 2.17 2.06 194 1.88 1.82 1.74 1.67 1.58 1.48
120 5.15 3.80 323 2.89 2.67 252 2.39 230 2.22 2.16 2.05 1.94‘ 1.82 1.76 1.69 1.61 1.53 143 131
L 502 3.69 3.12 279 2.57 241 229 2.19 211 2.05 1.94 1.83 1.7 1.64 1.57 1.48 139 127 1.00
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1V. Percentage Points of the F Distribution {continued)
F 0.00Lp.9
¥ Degrees of Freedom for the Numerstor ()

¥ 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 B

1 4052 49995 5403 5625 5764 5859 5928 5982 6022 6056 6106 6157 6209 6235 6261 6287 6313 6339 6366
2 98.50  99.00 99.17 99.25 99,30 9933 993§ 99.37 99.39 99.40 9942 9943 99.45 99.46 99.47 99.47 9948 9949  99.50
3 34,12 30.82° 2946 281 28.24 2191 21.67 2149 27.35 2723 27.05 26.87 26.69 26.00 26.50 26.41 26.32 26.22 26.13
4 2120 18.00 16.69 1598 15.52 15.21 14.98 14.80 14.66 14.55 14.37 14.20 14.02 13.93 13.84 13.75 13.65 13.56 13.46
5 1626  13.27 12.06 11.39 10.97 10.67 1046 10.29 10.16 10.05 9.89 972 9.55 947 938 9.29 9.20 911 9.02
6 13.75 10.92 .78 9.15 875 .. 847 8.26 8.10 7.98 787 112 7.56 7.40 731 7.23 7.14 7.06 6.97 6,88
7 1225 9.55 845 785 . 146 7.19 6.99 6.34 6.712 6.62 6.47 6.31 6.16 6.07 5.99 591 5.82 5.74 5.65
8 11,26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 591 5.81 5.67 552 5.36 5.28 5.20 512 503 - 4.95 4.86
9 10.56 8.02 65.99 6.42 6.06 5.80 5.61 547 535 526 5.11 496 4.81 473 4.65 4.57 448 440 431
10 10.04 7.56 6.55 5.99 5.64 5.39 520 . 5.08 4.94 485 4.7 4.56 441 433 4.25 4,17 4.08 4.00 391
11 9.65 7.21 6.22 5.67 532 507 4,89 4714 4.63 4.54 440 4,25 4.0 4.02 394 3.86 378 3.69 3.80
g,' 12 9.33 6.93 595 541 5.06 4,82 4.64 4.50 439 4.30 4.16 4,01 3.86 378 370 3.62 354 345 3.36
g 13 9.07 6.70 574 521 4.86 4.62 4.44 4.30 4.19 “4.10 3.96 3.82 366 3.59 351 343 334 3.25 117
£ 14 8.86 6.51 5.56 5.04 4.69 446 4.28 4.14 4.03 3.94 3.80 3.66 3.51 343 3.35 327 318 3.08 3.00
215 8.68 6.36 542 4.89 4.56 4.32 4.14 4.00 38 | 380 3.67 3.52 337. 329 321 3.13 3,05 296 287
% 16 8.53 6.23 529 4.7 4.44 420 403 3.89- 378 3.69 3.55 3.41 3.26 3.18 310 3.0 2.93 2.84 7 275
5 17 8.40 6.11 5.18 4.67 4.34 4.10 3.93 379 3.68 3,59 346 3 3.16 3.08 3.00 2.92 283 215 2.65
& 18 8.29 6.01 5.09 4.58 4.25 4.01 3184 371 3.60 3.51 337 3.23 3.08 3.00 2.92 284 275 2.66 2.57
E 19 8.18 593 5.0 4.50 4,17 3.94 3.77 3.63 352 3.43 3.30 3.15 3.00 292 2.84 2.76 2.67 2.58 249
E 20 8.10 5.85 4,54 443 4.10 3187 .10 3.56 3.46 137 323 3.09 294 2.86 2.78 2.69 2.61 2.52 242
5 21 8.02 578 4.87 437 4.04 3.81 3.64 3.51 340 33 3.17 3.03 2.88 2.80 2712 2.64 2.55 246 2.36
22 7.95 572 4.82 431 3.99 3.76 3.59 345 335 3.26 312 2.98 283 275 2.67 2.58 2.50 240 231
§ 23 7.88 5.66 4.76 426 3.94 amn 354 3.41 3.30 32z 3.07 293 2.78 2.70 262 2.54 245 235 2.26
24 7.82 5.61 472 4.22 3.90 3.67 3.50 3.36 3.26 317 3.03 2.89 274 2.66 2.58 249 2.40 231 2.21
25 A 5.57 4.68 418 3.85 3.63 3.46 332 3.22 3.13 299 2.85 270 2.62 2.54 245 236 227 217
26 772 553 4.64 4.14 182 3.59 342 3.29 3.18 3.09 2.96 2.81 2.66 2.58 2.50 242 2.33 2.23 2.13
27 7.68 549 4,60 4.11 378 3.56 339 326 3.15 3.06 293 2.78 2.63 2.55 247 2.38 229 2.20 2.10
28 1.64 545 ‘4,57 4.07 375 3.53 3.36 3.23 312 3.03 2.90 275 2.60 2.52 2.44 2.34 2.26 2.17 2.06
29 7.60 542 4.54 4.04 373 3.50 3.33 3.20 3.09 3.00 2.87 273 2.57 249 241 233 2.23 2.14 2.03
30 7.56 539 4.51 4.02 376 347 330 3.17 3.07 258 2.84 270 2.55 247 239 2.30 221 2.11 201
40 731 518 4.31 3.83 331 3.29 3.12 2.99 2.89 2.80 2.66 252 . 237 2.29 2.20 21 2.02 1.92 1.80
60 7.08 4.98 4.13 3.65 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
120 6.85 479 3.95 348 317 2.96 .79 2.66 2.56 2.47 2.34 2.19 2.03 195 1.86 176 1,66 1.53 1.38
o 6.63 4.61 178 332 3.02 2.80 2.64 2.51 241 232 218 2.04 1.88 1.79 1.70 1.59 1.47 1.32 1.00
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IV. Percentage Points of the F Distribution (continued)
F, 0.10,v,,
¥ Degrees of Freedom for the Nurerstor ()
¥y 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 o

1 3086 4950 5350 5583 5724 5820 5891 5044 5986 6019 6071 6122  6L74 6200 6226 6253 6279 6306 6333
T2 8.53 9.00 9.16 5.24 9.29 933 935 937 9.38 9.39 9241 9.42 9.44 945 946 947 947 948 949
3 5.54 5.46 5.39 534 5.31 528 527 5.25 524 523 522 5.20 5.18 5.18 517 5.16 5.15 5.14 513
- 4 4.54 4.32 4.19 4.11 4.05 4,01 3.98 395 3.94 3.92 3.90 3.87 384 3.83 3.82 3.80 379 3.718 3.76
5 4.06 3.78 362 3.52 345 3.40 3.37 34 332 3.30 3.27 324 321 3.19 3.17 3.16 3.14 3.12 3.10
[ 378 3.46 3.9 3.18 311 3.08 3.01 298 296 2.94 2.90 2.87 2.84 2.82 ' 2.80 2.18 2.76 214 27
7 3.59 3.26 3.07 2.96 2.88 2.83 2.78 215 2. 2.70 2.67 2,63 2.59 2.58 2.56 2.54 2.51 249 2.47
g 346 3.11 292 2.81 2713 2.67 2.62 2,59 2.56 2.54 2.50 246 242 240 238 236 234 232 229
.9 3.36 3.01 2.81 2.69 2.61 2.55 251 247 244 242 238 234 2.30 228 225 2.23 221 218 2.16
10 329 292 273 2.61 2.52 2.46 241 238 235 232 228 - 224 220 2.18 2.16 2.13 21 1 2.08 2.06
i1 3.23 2.86 266 - 254 245 2.39 2.34 230 227 225 221 2.17 2.12 2.10 2.08 2.05 203 2.00 1.97
T 12 3.18 2.81 2.61 2.48 239 2.33 2,28 224 221 219 2.15 210 206 2.4 2.01 1.99 1.96 1.93 1.90
13 3.14 276 2.56 243 235 2.28 223 2,20 216 2.14 2.10 2.05 201 1.98 1.96 193 1.90. 1.88 1.85
% 14 3.10 2.:13 2.52 2.39 2.31 2.4 2.19 2.15 212 210 205 2.01 1.86 1.94 191 1.89 1.86 1.83 1.80
cE; 15 3.07 2.70 24% 2.36 2.27 221 2.16 2.12 2.09 2.06 202 1.97 162 1.90 1.87 1.85 1.82 179 1.76
g 16 3.68 167 246 233 2.24 2.18 2.13 209 2,06 203 1.99 1.94 1.89 1.87 1.84 1.81 1.78 1.15 1.72
_é! 17 3.03 2.64 2.44 231 . a2 215 2.10 206 203 2.00 1.96 191 1.86 1.84 1.81 1.78 175 1.72 1.69
5 18 3.01 2.62 242 229 220 2.13 2.08 204 2.00 1.98 1.93 1.89 1.84 1.81 1.78 1.75 172 1.69 1.66
E 19 2.99 2.61 240 2.27 2.18 2.11 2.06 2.02 1.98 1.96 191 1.86 1.81 1.79 1.76 1.73 170 1.67 1.63
g 20 297 2.59 238 225 216 2.09 2.04 2.00 1.96 1.94 1.89 1.84 1.79 1.77 1.74 | WA 1.68 1.64 1.61
f;‘: 21 296 2.57 2.36 223 2.14 2.08 2.02 198 1.95 1.92 1.87 1.83 1.78 1.75 172 1.69 1.66 1.62 1.5¢
] 295 2.56 235 2.22 213 2.06 2.01 197 1.93 1.90 1.86 1.81 1.76 1.73 170 1.67 1.64 1.60 1.57
g 23 254 2.55 234 221 211 2.05 1.99 1.96 1.92 1.89 1.84 1.80 174 1.72 1.69 1.66 1.62 1.59 1.55
a 24 293 2.54 233 2.19 2.10 2.04 1.98 1.94 1.91 1.88 1.83 178 1.73 1.70 1.67 1.64 1.61 1.57 1.53
25 292 2,53 2 2.18 2.09 2.02 197 1.93 1.89 1.87 1.82 L 1.72 1.69 166 1.63 1.59 1.56 1.52
26 291 2.52 2.31 2.17 2.08 2,01 1.96 1.92 1.88 1.86 1.81 1.76 1.7 1.68 165 1.61 1.58 1.54 1.50
27 2.90 2.51 2.30 217 207 2.00 1.95 191 1.87 1.85 1.80 175 1.70 1.67 1.64 1.60 1.57 1.53 149
28 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87 1.84 1719 L74 1.69 1.68 1.63 1.59 1.56 1.52 1.48
© 29 2.89 2.50 2.28 2.15 206 1.9¢ 193 1.89 1.86 1.83 1.78 1.73 1.68 1.65 1.62 158 155 1.51 1.47
30 2.88 249 228 214 2.03 1.98 193 1.88 1.85 1.82 1m 172 1.67 1.64 1.61 1.57 1.54 1.50 1.46
40 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79 1.76 171 1.66 1.61 1.57 1.54 1.51 147 142 138
60 2.79 239 2.18 2.04 1.95 1.87 1.82 1.77 1.74 .71 1.66 1.60 154 1.51 148 144 140 1.35 1.29
120 275 2.35 2,13 1.99 1.90 1.82 1717 1.72 1.68 1.65 1.60 1.55 148 145 141 1.37 132 1.26 1.19
L 2.7 2.30 2.08 1.94 1.85 .77 172 1.67 1.63 1.60 1.55 1.49 1.42 1.38 1.34 130 1.24 1.17 1.00
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IV, TPercentage Points of the F Distribution®

F 0.25,v.0
¥ Degrees of Freedom for the Numerator (»)
¥y 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 LJ
1 5.83 7.50 8.20 8.58 8.82 8.98 9.10 9.19 9.26 9.32 9.41 949 9.58 9.63 9.67 971 8.76 9.80 9.85 >
2 257 3.00 3.15 323 3.28 331 334 3.35 3.37 3.38 3.39 341 343 3.43 344 3.45 346 347 3.48 %
3 2.02 228 2.36 239 241 242 2.43 2.44 244 244 245 246 246 246 247 2.47 247 247 2.47 ¢l
4 1.81 2,00 2.05 ?“061 207 208 2.08 2.08 2.08 2.08 2.08 2.08 2.08 208 2.08 2.08 2.08 2.08 2.08 %
5 1.69 1.85 1.88 1.89 1.89 1.89 1.89 1.89 1.8% 1.89 1.89 1.89 1.88 1.88 1.88 1.88 1.87 1.87 1.87 R
6 1.62 1.76 1.78 1.79 179 - 178 1.78 1.78 1.77 177 1.77 1.76 1.76 L75 1.75 1.75 1.74 1.74 1.74
7 1.57 1.70 172 .72 171 171 170 170 1.70 1.69 1.68 1.68 1.67 1.67 1.66 1.66 1.65 1.65 1.65
8 1.54 1.66 1.67 1.66 1.66 1.65 1.64 1.64 1.63 1.63 1.62 1.62 161 1.60 1.60 1.59 1.59 1.58 1.58
9 1.51 1.62 1.63 1.63 1.62 1.61 1.60 1.60 1.59 159 1.58 1.57 1.56 1.56 1.55 1.54 1.54 1.53 1.53
10 1.49 1.60 1.60 1.59 1.59 1.58 1.57 1.56 1.56 155 154 1.53 152 | 152 1.51 1.51 1.50 1.49 1.48
11 1.47 1.58 1.58 1.57 1.56 1.55 1.54 1.53 153 152 1.51 1.50 1.49 149 1.48 1.47 1.47 1.46 1.45
T 12 1.46 1.56 1.56 1.55 1.54 1.53 1.52 1.51 151 150 149 148 147, 146 1.45 1.45 144 143 142 .
g 13 145 1.55 1.55 1.53 1.52 1.51 1.50 149 1.49 148 147 146 145 1.44 1‘43 1.42 1.42 141 1.40
= 14 144 1.53 1.53 1.52 151 1.50 1.49 148 1.47 1.46 145 1.44 143 142 141 1.41 1.40 1.39 1.38
g 15 1.43 1.52 1.52 1.51 1.49 148 1.47 1.46 1.46 145 144 143 1.41 141 1.40 1.39 138 137 1.36
§ 16 142 1.51 1.51 1.50 1.48 147 146 1.45 1.44 1.44 143 141 140 1.39 1.38 1.37 1.36 1.35 1.34
s 142 1.51 1.50 1.49 147 1.46 145 144 143 . 143 141 1.40 1.39 1.38 1.37 1.36 1.35 1.34 1.33
b 18 141 1.50 1.49 148 146 145 1.44 143 1.42 1.42 140 1.39 1.38 1.37 1.36 1.35 1.34 1.33 1.32
g 19 141 1.49 1.49 1.47 1.46 1.44 143 142 141 1.41 140 1.38 1.37 1.36 135 134, 1.33 1.32 1.30
3 20 1.40 149 1.48 147 1.45 1.44 1.43 142 141 1.40 1.39 137 136 1.35 134 1.33 1.32 1.31 1.29
E‘a 21 140 1.48 148 . 146 1.44 143 142 141 1.40 1.38 1.38 1.37 135 1.34 133 1.32 131 130 1.28
22 140 148 147 145 1.44 1.42 141 1.40 1.39 1.39 1.37 1.36 1.34 1.33 1.32 1.31 1.30 1.29 1.28
g, 23 1.39 1.47 1.47 145 1.43 142 1.41 1.40 1.39 1.38 1.37 1.35 1.34 1.33 1.32 1.31 1.30 1.28 1.27
A 24 1.39 147 1.46 144 143 141 1.40 139 1.38 1.38 1.36 1.35 1.33 1.32 1.31 130 128 1.28 1.26
25 1.39 147 1.46 144 1.42 1.41 1.40 139 138 1.37 1.36 134 133 1.32 1.31 1.29 1.28 127 1.25
26 1.38 146 1.45 144 142 141 1.39 1.38 1.37 1.37 1.35 134 1.32 131 1.30 1.29 1.28 1.26 1.25
27 1.38 146 = 145 143 1.42 1.40 1.39 1.38 1.37 1.36 1.35 133 1.32 1.31 1.30 1.28 1.27 1.26 1.24
28 138 146 145 143 141 1.40 1.39 1.38 1.37 1.36 1.34 133 131 1.30 1.29 1.28 1.27 125 1.24
29 1.38 145 1.45 1.43 1.41 1.40 1.38 137 - 136 1.35 1.34 1.32 1.31 1.30 1.29 1.27 1.26 1.25 1.23
30 1.38 145 144 142 141 1,39 1.38 1.37 1.36 1.35 1.34 1.32 1.30 1.29 1.28 1.27 126 124 1.23
40 1.36 1.44 1.42 1.40 1.39 1.37 136 135 1.34 1.33 131 1.30 1.28 1.26 1.25 1.24 1.22 1.21 1.19
60 1.35 142 141 1.38 1.37 1.35 133 132 1.31 1.30 1.29 1.27 1.28 1.24 122 1.21 119 L17 1.15
120 1.34 140 1.39 1.37 1.35 1.33 1.31 1,30 1.29 1.28 1.26 1.24 1.22 121 1.19 1.18 116 1.13 1.10
= 132 1.39 137 1.35 1.33 1.31 1.29 1.28 127 1.25 1.24 1.22 L19 118 1.16 1.14 112 1.08 1.00

v = degrees of freedom
*Adapted with permission from Biometrika Tables for Statisticians, Vol 1, 3rd edition by E. 8. Pearson and H. O, Hartley, Cambridge University Press, Cambridge, 1966.
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VIL Percentage Points of the Studentized Range Statistic*
Qoo 1 f)

P
I 2 3 4 5 6 7 8 9 10 11 12 13 14 5 16 17 18 19 20

1 90 135 164 186 202 216 227 237 246 253 260 266 272 272 282 286 200 294 298

2 140 190 223 247 266 282 295 307 317 326 334 314 348 354 360 365 370 315 379

3 826 106 122 133 142 150 156 162 ~ 167 171 17.5 179 182 18.5 1838 16.1 193 195 198

4 651 8.12 917 99 106 111 1.5 1.9 123 126 12.8 13.1 13.3 13.5 137 139 141 142 144

5 570 697 780 842 891 932 967 997 1024 1048 1070 -10.89 11.08 1124 1140 1155 11.68 1181 1193
6
7
8
9

524 633 703 756 797 832 861 887 910 930 949 965 981 995 10.08 1021 1032 1043 10.54
495 592 654 701 737 768 794 817 837 855 871 88 9.00 " 912 924 935 946 955 965
474 563 620 663 696 724 747 768 787 803 818 831 844 855 866 876 885 894 903
: 460 543 59 635 666 691 713 732 749 765 778 791 803 . 813. 823 832 841 849 857
10 448 527 577 614 643 667 687 705 721 736 748 760 771 781 791 799 807 8.15 822

11 439 514 562 597 625 648 667 684 699 713 725 736 746 756 765 173 181 788 795
12 432 504 550 584 610 632 651 667 681 694 706 717 726 736 744 152 159 766 773
13 426 49 3540 3573 598 619 637 653 667 679 6% 101 710 719 727 734 742 748 71355
14 421 48 532 563 588 608 626 641 654 666 677 687 696 705 71012 720 727 733 739
15 417 483 525 556 58 599 616 631 644 655 666 676 684 693 700 7.07 714 720 726

16 413 478 519 549 572 592 608 622 635 646 656 6.66 674 682 690 697 703 709 1715
17 410 474 514 543 566 58 60l 615 627 638 648 657 666 673 6.80 687 694 700 1705
18 407 470 509 538 560 579 594 608 $20 631 641 650 658 665 672 679 685 691 696
19 405 467 505 533 555 573 589 602 614 625 634 643 651 658 6.65 672 678 684 639
20 402 464 502 529 551 569 584 597 609 619 629 637 645 652 6.59 665 671 676 682

24 396 454 491 517 537 554 569 58] 592 602 611 619 626 633 639 645 651 656 661
30 389 445 480 505 524 540 554 565 576 58 593 6.0l 6.08 614 620 626 631 636 641
40 382 437 470 493 511 527 539 550 560 569 577 584 590 596 6.02 607 612 617 621
60 376 428 460 482 499 513 525 536 545 553 560 567 573 579 584 589 593 598 6.02
120 370 420 450 471 487 50t 512 521 530 538 544 551 55 561 566 571 575 579 3583
w 364 412 440 460 476 488 499 508 516 523 529 535 540 545 549 554 557 561 565

XIAONdddvV

£ = degress of freedom.

“From J. M. May, “Extended and Corrected Tables of the Upper Percentage Points of the Studentized Range,” Biomerrika, Vol. 39, pp. 192-193, 1952, Reproduced by permission of the
trustees of Biometrika, .
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VL. Percentage Points of the Studentized Range Statistic {continued)

Quus . f)
) 4

f 2 3 4 5 6 7 g 9 10 11 12 13 14 15 16 17 i8 19 20

1 181 26.7 328 372 40.5 43.1 454 47.3 49.1 50.6 519 53.2 54.3 554 563 572 580 5838 596
2 6.09 828 9.80 1089 11,73 1243 13.03 1354 1399 1439 1475 15.08 1538 1565 1591 16.14 1636 1657 1677
3 450 588 6.83 7.51 8.04 847 . 8.85 9.18 9.46 9.72 995 1016 1035 1052 10.69 10.84 1098 1112 1124
4 393 500 576 6.31 6.73 7.06 7.35 7.60 7.83 8.03 8.21 8.37 8.52 8.67 8.80 8.92 9.03 9.14 924
5 3.64 460 522 567 6.03 6.33 6.58 6.80 6.99 7.17 7.32 7.47 7.60 1.72 7.83 7.93 8.03 8.12 821
6 346 434 490 531 5.63 5.89 6.12 6.32 649  6.65 6.79 6.92 7.04 7.14 724 7.34 7.43 751 759
7 334 4,16 4.68 5.06 5.35 559 580 5.99 6.15 6.29 6.42 6.54 6.65 6.75 6.84 6.93 7.01 708 1716
8 3.26 4,04 453 4.89 5.17 540 560 577 592 605 6.18 6.29 639 648 6.57 6.65 6.73 6.80 }6.87
9 3.20 395 4.42 476 5.02 524 543 5.60 574  5.87 5.98 6.09 6.19 6.28 6.36 6.44 6.51 6.58 6.65
10 315 388 4.33 4.66 491 5.12 530 5.46 560 572 5.83 5.93 6.03 6.12 6.20 6.27 634 641 647
It 3.1 3.82 426 4.58 4.82 5.03 5.20 5.35 549 5.6l 5.71 5.81 590 598 6.06 6.14 6.20 627 633
12 3.08 377 420 451 475 4,95 5.12 5.27 540 5.51 5.61 5.7 5.80 5.88 5.95 6.02 6.09 6.15 621
13 3.06 373 415 4.46 4.69 488 5.05 5.19 532 543 5.53 5.63 5.71 579 5.86 593 6.00 606 6.1
14  3.03 370 4.11 441 4.64 483 499 5.13 5.25 5.36 546 5.56 5.64 5.72 579 586 552 598 6.03
“I5 301 367 4.08 4.37 4.59 478 494 5,08 520 531 5.40 5.49 5.57 5.65 5.72 5.79 585 591 596
16 3.00 3.65 4,05 4,34 4.56 474 490 5.03 5.15 5.26 5.35 5.44 5.52 5.59 5.66 5.73 579 584 590
17 298 3.62 4.02 4.31 4,52 470 4.86 499 5.11 5.21 5.31 5.39 5.47 5.55 5.61 5.68 574 579 584
18 297 3.61 4.00 4,28 4.49 467 4.83 496 5.07 5.17 527 5.35 543 550 5.57 5.63 569 574 579
19 296 3.59 398 4.26 4.47 464 479 4,92 504 5.14 523 5.32 5.39 546 553 5.59 565 570 575
20 295 3.58 3.96 4.24 4.45 462 477 4.90 5.01 5.11 5.20 5.28 5.36 543 5.50 5.56 5.61 566 571
4 292 3.53 380 417 4.37 4.54 4.68 481 492 501 5.10 5.18 5.25 5.32 5.38 5.44 550 555 559
30 2.89 348 384 411 4.30 446 460 4.72 483 492 5.00 5.08 5.15 5.21 5.27 5.33 538 543 548
40 286 344 379 4.04 423 439 452 4.63 474 4.82 4.90 498 5.05 5.1 5.17 5.22 527 532 536
. 60 283 340 374 3.98 4.16 4.31 4.44 4,55 4.65 473 4,81 4.88 494 500 506 5.11 5.15 520 524
120 2.80 336 369 392 4.10 424 436 447 4.56 4.64 4,71 4,78 484 - 490 495 5.00 504 509 5.13
© 277 332 3.63 3.86 4.03 4.17 429 4.39 447 4.55 4.62 4.68 474 480 4.84 4,98 4.93 497 501
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VIIL  Critical Values for Dunnett’s Test for Comparing Treatments with a Control®

dopsla = 1, )

Two-Sided Comparisons

APPENDIX

623

a — 1 = Number of Treatment Means (excluding control)

f 1 2 3 4 5 6 7 8 9
5 2.57 3.03 3.29 3.48 3.62 373 3.82 3.90 397
6 245 2.86 3.10 3.26 3.39 349 3.57 3.64 371

7 2.36 2.75 2.97 3.12 324 3.33 341 3.47 3.53
8 2.31 2.67 2.88 3.02 3.13 322 3.29 3.35 341
9 2.26 2.61 2.81 2.95 3.05 3.14 3.20 3.26 332

10 2.23 2.57 2.76 2.89 2.99 3.07 - 314 3.19 324

11 220 2.53 2.72 2.84 2.94 3.02 3.08 3.14 3.19

12 2.18 2.50 2.68 2.81 2.90 2.98 3.04 3.09 3.14

13 2.16 2.48 2.65 2.78 2.87 2.94 3.00 3.06 3.10

14 2.14 2.46 2.63 2.75 2.84 291 ~ 2.97 3.02 3.07

15 2.13 2.44 2.61 273 2.82 2.89 2.95 3.00 3.04

16 212 242 2.59 2.1 2.80 2.87 292 2.97 3.02

17 2.11 241 2.58 2.69 2.78 2.85 290 2.95 3.0

18 2.10 2.40 2.56 2.68 2.76 2.83 - 2.89 2.94 2.98

19 2.09 2.39 2.55 2.66 275 2.81 2.87 2.92 296

20 2.09 2.38 2.54 2.65 273 ©2.80 2.86 2.90 295

24 2.06 2.35 2.5 2.61 2.70 2.76 2.81 2.86 2.90

30 2.04 2.32 2.47 2.58 2.66 2.72 2.7 2.82 2.86

40 202 2.29 244 2.54 2.62 2.68 273 2.77 2.81

60 2.00 2.27 2.41 2.51 2.58 © 264 2.69 2.73 27

120 1.98 2.24 2.38 247 2.55 2.60 2.65 2.69 273

o 1.96 221 2.35 2.44 251 2.57 2.61 2.65 2,69

dyoa — 1, f)
Two-Sided Comparisons
a — 1 = Number of Treatment Means (excluding control)

f 1 2 3 4 5 6 7 8 9
5 4.03 4.63 4,98 522 541 5.56 5.69 '5.80 5.89
6 37 421 4,51 4,71 4,87 5.00 5.10 5.20 5.28
7 3.50 3.95 421 4.39 4.53 464 4.74 4.82 4.89
8 3.36 3.77 4.00 417 4.29 4.40 4,48 4.56 4,62
9 3.25 3.63 3.85 4.01 4.12 422 4.30 4.37 443

10 3.17 3.53 3.74 3.88 3.99 4,08 4.16 422 4.28

11 3.11 345 3.65 - 379 3.89 3.98 4,05 4.11 4.16

12 3.05 3.39 - 3.58 371 3.81 3.89 3.96 4.02 4.07

13 3.01 3.33 3.52 3.65° 374 3.82 3.89 3.94 3.99

14 2.98 3.29 3.47 3.59 3.69 3.76 3.83 3.88 3.93

15 2.95 3.25 3.43 3.55 364 37 3.78 3.83 3.88

16 2.92 - 322 3.39 3.51 3.60 3.67 3.73 3.78 383

17 290 3.19 3.36 347 3.56 3.63 3.69 3.74 379

18 2.88 3.17 3.33 3.44 3.53 3.60 3.66 3.71 3.75

19 2.86 3.15 3.31 342 3.50 3.57 3.63 3.68 372

20 2.85 3.13 3.29 3.40 3.48 3.55 3.60 3.65 3.69

24 2.80 3.07 3.22 3.32 340 347 352 3.57 3.61

30 275 3,01 3.15 3.25 3.33 3.39 3.44 3.49 3.52

40 2.70 295 3.09 3.19 326 3.32 3.37 341 344

60 2.66 2.90 3.03 312 319 3.25 3.29 3.33 kXY

120 2.62 2.85 . 297 3.06 3.12 3.18 322 3.26 3.20

o 2.58 2.79 292 3.060 3.06 3.1 3.15 3.19 322

f = degrees of freedom.

*Reproduced with permission from C. W, Dunnett, “New Tables for Multiple Comparison with a Control,” Biomer-
rics, Vol. 20, No. 3, 1964, and from C. W. Dunnett, “A Multiple Comparison Procedure for Comparing Several
Treatments with a Control.” Journal of the American Statistical Associarion, Vol. 50, 1935,
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A2 32, K

VIII. Critical Values for Dunnett’s Test for Comparing Treatments with a Control (continued) :

dygsla — 1.1
One-Sided Comparisons

a — 1 = Namber of Treatment Means (excluding control)
1 2 3 4 5 6 7 8 9

2.02 244 2.68 2.85 2.98 3.08 3.16 324 3.30 E
1.94 2.34 2.56 2.71 2.83 2,92 3.00 3.07 312 ¥
1.89 2.27 2.48 2.62 273 2.82 2.89 2.95 3.01 o
1.86 2.22 242 2.55 2.66 214 2.81 2.87 292
1.83 2.18 2.37 2.50 2.60 2.68 2,75 2.81 2.86

1.81 2.15 2.34 2.47 2.56 2.64 2.70 2,76 2.81
11 1.80 2.13 2.31 244 2.53 2.60 267 272 2.7
12 1.78 2.11 2.29 241 " 250 - 258 2.64 2.69 2.74
13 1.77 2.09 2.27 2.39 2.48 2.55 2.61 2.66 271
14 1.76 2.08 2.25 237 246 2.53 2.59 2.64 2.69

15 1.75 2.07 2.24 2.36 244 2.51 2.57 2.62 2.67
16 1.75 2.06 2.23 2.34 243 2.50 2.56 2.61 2.65
17 1.74 2.05 2,22 2.33 242 2,49 2.54 2.59 2.64
18 1.73 2.04 2.21 2.32 241 2.48 2.53 2.58 2.62
19 1.73 2.03 2.20 2.31 240 247 2.52 2.57 2.61

20 1.72 2.03 2.19 2.30 2.39 2.46 2.51 2.56 2.60
24 0 1L 2.01 2.17 2.28 2.36 243 2.48 253 - 257
30 1.70 1.95 2.15 2.25 2.33 2.40 2.45 2.50 2.54
40 1.68 1.97 2.13 2.23 2.31 2.37 242 2.47 2.51
60 1.67 1.95 2.10 221 2.28 2.35 2.39 2.44 248

120 1.66 1.93 2.08 2.18 2.26 2.32 2.37 241 245
% 1.64 192 2.06 2.16 2.23 2.29 2.34 238 242

dog(a — 1, 1)
One-Sided Comparisons

o \OOO\JO\M%

a — 1 = Number of Treatment Means (excluding control)
1 2 3 4 5 6 7 8 9

337 3.90 421 443 4.60 4.73 4.85 4.94 5.03
314 361 3.88 4.07 4.21 4.33 443 4.51 4.59
3.00 342 3.66 3.83 3.96 4.07 415 | 423 4.30
2.90 3.29 351 3.67 3.79 3.88 3.96 4.03 4.09
2.82 3.19 3.40 3.55 3.66 375 382 3.89 3.94

10 2.76 3.11 331 345 3.56 3.64 3.7 3.78 3.83
11 2.72 3.06 3.25 3.38 3.48 3.56 3.63 3.69 3.74
12 2.68 3.01 3.19 33 342 3.50 3.56 3.62 3.67
13 2.65 2.97 3.15 327 3.37 344 351 3.56 3.61
14 2.62 2.94 3.1 3.23 3.32 340 346 351 3.56

15 2.60 291 3.08 3.20 3.29 3.36 342 347 3.52
16 2.58 2.88 3.05 3.17 3.26 333 339 344 348
17 257 2.86 3.03 314 323 3.30 3.36 341 345
18 2.55 2.84 3.01 312 321 3.27 333 338 3.42
19 2.54 2.83 2.99 3.10 3.18 3.25 3.31 3.36 340

20 2.53 2.81 2.97 3.08 3.17 3.23 329 334 3.38
2 2.49 2.77 2.92 3.03 in 3.17 322 327 331
30 2,46 2.72 2.87 2.97 3.05 3.11 3.16 3.21 3.24
40 242 2.68 2.82 2.92 2.99 3.05 3.10 _3.14 3.18
60 2.39 2.64 2.78 2.87 2.94 3.00. 3.04  3.08 312

120 2.36 2.60 2.3 2.82 2.89 294 1299 3.03 3.06
@ 2.33 2.56 2.68 2.77 2.84 2.89 2.93 297 3.00
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