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Question 1

a) Explain how the principles of design of experiments are applied in case of Randomised Block Design.
(5 marks)

b) The Hidden Valley Construction Company is interested in knowing whether landscaping increases the
sales price of property by an amount that exceeds the cost of the landscaping. The company is developing
five different subdivisions in Siteki. In each subdivision the salesman of the company chose tree lots that
were similar in size, location, surrounding property and also had identical houses built on them. In each
subdivision, he chose, at random, one property that was left without any landscaping, one for which some
(but not much landscaping was done, and one for which extensive landscaping was done. The sales prices,
minus the cost of landscaping follows. What conclusions can be drawn on the basis of these data?

Subdivision Landscaping
None Some Extensive
1 43.1 2.3 45.6
2 27.6 29.3 35.1
3 27.0 26.5 29.3
4 31.0 32.3 34.5
5 21.3 20.2 25.6
(15 marks)
Question 2
(a) State three assumptions for doing a valid ANOVA, and how you would check for their validity.
(6 marks)
(b) List two reasons for doing a factorial experiment rather than a one-factor-at-a-time experiment.
(4 marks)
(c) How do you decide that a factor in your experiment is a random factor?
(6 marks)
(d) When do we say treatment effects are confounded with blocks? Explain. (4 marks)
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Question 3

The response time in seconds was determined for four different types of circuits that could be used in an
automatic valve shutoff mechanism. The results are shown in the following table:

Circuit type Response Time

1 13 9 12 10 8 15
2 25 20 21 23 17 30
3 10 6 5 8 16 7
4 14 18 12 17 15 13

(a) Test the hypothesis that the four circuit types have the same average response time. Use 1% level
of significance. (10 marks)

(b) Assuming all assumptions are satisfied, conduct pair wise comparisons using Fisher’s LSD test
and state conclusions using @ = 0.05.

(10 marks)

Question 4

A study was undertaken to investigate the water holding capacity of the soil in three different areas of
Woodlands. In each area, a number of soil samples were collected randomly and sent to the same

laboratory for analysis. The following table gives the water holding capacity (in millilitre per gram) of
soil samples collected in each area.

Woodland A: 72 51 38 87 77 65 70 66 64 74
Woodlands B: 35 33 29 50 44 17 47 58
Woodlands C: 54 62 88 65 80 53

(a) State and explain a linear model, which can be used for a one-way analysis of variance. Explain
clearly what each term in the model represents and state any assumptions required for the analysis

to be valid. (10 marks)
(b) Carry out a suitable analysis of the data, stating the assumptions you have made and explaining
what you conclude as a result of your analysis. (10 marks)
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Question S

Four chemists are asked to determine the percentage of methyl alcohol in a certain chemical compound.
Each chemist makes three determinations and the results are the following:

Chemist Percentage of Methyl Alcohol
1 84.99 84.04 84.38
2 85.15 85.13 84.88
3 84.72 84.48 85.16
4 84.20 84.10 84.55

(a) Write out the model for this problem and explain clearly what each term in the model represents and
state any assumptions required for the analysis to be valid.

(b) Set up the null and alternative hypotheses
(c) The following is part of the ANOVA table for this data, complete the table and state the appropriate
conclusions at alpha = 0.05. If appropriate, perform a Duncan’s test on the treatment means.

Source SS DF MS F
Chemist 0.268
Error
Total 1.903
(20 marks)
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IV. Percentage Points of the F Distribution (continued)
F 0.025,v,,,

Degrees of Freedom for the Numerator (»,)

¥, 1 2 3 4 5 6 1 8 9 10 12 15 20 24 30 40 60 120 o
1 647.8 7995 864.2 899.6 921.8 937.1 9482 956.7 963.3 968.6 976.7  984.9 993.1 997.2 1001 1006 1010 1014 1018

2 38.51 39.00 39.17 39.25 3930 3933 3936 39.37 39.39 39.40 39.41 39.43 39.45 39.46 39.46 3947 3948 3949  39.50
3 17.44 16.04 15.44 15.10 14.88 1473 14.62 14.54 14.47 14.42 14.34 1425 1417 14.12 14.08 14.04 13.99 13.95 13.90
4 12.22 10.65 9.98 9.60 9.36 9.20 9.07 8.98 8.90 8.84 8.75 8.66 8.56 8.51 8.46 8.41 8.36 8.31 8.26
5 10.01 8.43 1.76 7.39 7.15 6.98 6.85 6.76 6.68 6.62 6.52 6.43 6.33 6.28 6.23 6.18 6.12 6.07 6.02
6 8.81 1.26 6.60 6.23 5.99 5.82 5.70 5.60 5.52 5.46 5.37 527 517 5.12 5.07 5.01 4.96 4.90 4.85
7 8.07 6.54 5.89 5.52 5.29 5.12 4.99 4.90 4.82 4.76 4.67 4.57 4.47 4.42 4.36 431 4.25 4.20 4.14
8 151 6.06 542 5.05 4.82 4.65 4.53 443 4.36 4.30 4.20 4.10 4.00 395 3.89 3.84 3.78 313 3.67
9 121 5n 5.08 4.72 4.48 4.32 4.20 4.10 4.03 3.96 3.87 3.717 3.67 3.61 3.56 3.51 345 3.39 333
10 6.94 5.46 4.83 4.4 4.24 4.07 395 3.85 3.78 372 3.62 3.52 342 337 331 3.26 3.20 3.14 3.08
11 6.72 5.26 4.63 4.28 4.04 3.88 3.76 3.66 3.59 3.53 343 3.33 323 317 3.12 3.06 3.00 2.94 2.88
< 12 6.55 5.10 4.47 4.12 3.89 373 3.61 3.51 344 3.37 328 3.18 3.07 3.02 2.96 2.91 2.85 2.79 2.72
lm.\ 13 6.41 497 4.35 4.00 3.1 3.60 3.48 3.39 3.31 3.25 3.15 3.05 2.95 2.89 2.84 2.78 2.72 2.66 2.60
.m. 14 630 4.86 424 3.89 3.66 3.50 338 329 321 3.15 3.05 2.95 2.84 2.79 2.73 2.67 2.61 2.55 2.49
m 15 6.20 a7 4.15 3.80 3.58 341 3.29 3.20 312 3.06 2.96 2.86 2.76 2.70 2.64 2.5 2.52 2.46 2.40
A 16 6.12 4.69 4.08 3.73 3.50 3.34 3.22 3.12 3.05 2.99 2.89 2.79 2.68 2.63 2.57 2.51 2.45 2.38 2.32
£ n 6.04 4.62 4.01 3.66 3.4 3.28 3.16 3.06 2.98 2.92 2.82 272 2.62 2.56 2.50 244 2.38 232 225
£ 18 598 4.56 3.95 3.61 338 3.22 3.10 3.01 293 2.87 2.7 2.67 2.56 2.50 2.44 2.38 2.32 2.26 2.19
.m 19 592 4.51 3.90 3.56 333 317 3.05 2.96 2.88 2.82 272 2.62 2.51 245 2.39 2.33 2.27 2.20 213
_m 20 5817 4.46 3.86 3.51 3.29 3.13 3.01 291 2.84 2.17 2.68 2.57 246 241 2.35 2.29 222 - 216 2.09
5 21 583 4.42 3.82 3.48 3.25 3.09 2.97 287 2.80 273 2.64 2.53 242 2.37 2.31 2.25 2.18 211 2.04
m 22 579 438 3.78 3.4 3.22 3.05 293 2.84 2.76 2.70 2.60 2.50 2.39 2.33 2.27 2.21 2.14 208 2.00
o 23 515 4.35 3.75 3.41 3.18 3.02 2.90 2.81 273 2.67 2.57 241 2.36 2.30 2.24 2.18 2.11 2.04 1.97
a 24 572 432 372 3.38 3.15 299 2.87 278 2.70 2.64 2.54 2.44 233 2.27 2.21 2.15 2.08 2.01 1.94
25 5.69 4.29 3.69 3.35 3.13 297 2.85 275 2.68 2.61 2.51 241 2.30 2.24 2.18 2.12 2.05 1.98 1.91
26 5.66 427 3.67 333 3.10 2.94 2.82 273 2.65 2.59 2.49 2.39 2.28 222 2.16 209 2.03 1.95 1.88
27 5.63 424 3.65 331 3.08 292 2.80 2n 2.63 2.57 247 2.36 2.25 2.19 213 2.07 2.00 1.93 1.85
28 5.61 422 3.63 3.29 3.06 2.90 2,78 2.69 2.61 2.55 245 2.34 223 217 2.11 2.05 1.98 1.91 1.83
29 5.59 420 1.61 3.27 3.04 2.88 2.76 2.67 2.59 2.53 243 232 221 2.15 2.09 2.03 1.96 1.89 1.81
30 557 4,18 3.59 3.25 3.03 2.87 2.75 2.65 2.57 251 241 2.31 2.20 214 2.07 201 1.94 1.87 1.79
40 5.42 4.05 3.46 313 2.90 2.74 2.62 2.53 245 2.39 2.29 2.18 207 2.01 1.94 1.88 1.80 1.72 1.64
60 5.29 393 3.34 3.01 2.79 2.63 2.51 241 233 2.27 217 2.06 1.94 1.88 1.82 1.74 1.67 1.58 1.48
120 5.15 3.80 323 2.89 2.67 2.52 2.39 2.30 2.22 2.16 2.05 1.94 1.82 1.76 1.69 1.61 153 1.43 131
© 5.02 3.69 3.12 2.79 2.57 241 2.29 2.19 2.11 2.05 1.94 1.83 1.71 1.64 1.57 1.48 1.39 1.27 1.00
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IV. Percentage Points of the F Distribution (continued)

F, 0.01.»,
v, Degrees of Freedom for the Numerator (»))
v, 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 o
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 9930 9933  99.36 99.37 99.39 99.40 99.42 9943 99.45 99.46 99.47 99.47 99.48 9949 9950
3 3412  30.82 29.46 28.71 2824 2191 27.67 2749 27.35 27.23 27.05 26.87 26.69 26.00 26.50 26.41 26.32 2622 2613
4 21.20 18.00 16.69 15.98 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 16.26 13.27 12.06 11.39 10.97 10.67 1046 10.29 10.16 10.05 9.89 9.72 9.55 9.47 9.38 9.29 9.20 9.11 9.02
6 13.75 10.92 9.78 9.15 875 847 8.26 8.10 798 7.87 172 7.56 7.40 7.31 723 7.14 7.06 6.97 6.88
7 12.25 9.55 8.45 785 7.46 719 6.99 6.84 6.72 6.62 6.47 6.31 6.16 6.07 599 591 5.82 574 5.65
8 11.26 8.65 7159 7.01 6.63 637 6.18 6.03 591 5.81 567 5.52 5.36 528 520 5.12 5.03 4.95 4.86
9 10.56 8.02 6.99 6.42 6.06 5.80 5.61 547 5.35 5.26 511 4.96 4.81 4.73 4.65 4.57 448 4.40 4.3]
10 10.04 7.56 6.55 599 5.64 5.39 5.20 5.06 4.94 4.85 4.7 4.56 441 433 4.25 4.17 4.08 4.00 3.91
11 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63 4.54 4.40 4.25 4.10 4.02 3.94 3.86 378 3.69 3.60
M_ 12 9.33 6.93 595 5.41 5.06 4.82 4.64 4.50 4.39 430 416 4.01 3.86 3.78 3.70 3.62 3.54 345 3.36
s 13 9.07 6.70 574 5.21 4.86 4.62 4.44 4.30 4.19 4.10 3.96 3.82 3.66 3.59 3351 343 3.34 325 3.17
m 14 8.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03 394 3.80 3.66 3.51 3.43 3.35 3.27 3.18 3.09 3.00
m 15 8.68 6.36 542 4.89 4.56 4.32 4.14 4.00 3.89 3.80 3.67 3.52 3.37 3.29 321 313 305 296 2.87
w 16 8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89- 3.78 3.69 3.55 341 3.26 3.18 3.10 3.02 293 284 2.5
€ 17 8.40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 346 331 3.16 3.08 3.00 292 2.83 275 2.65
& 18 8.29 6.01 5.09 4.58 4.25 4.01 384 371 3.60 3.51 337 323 3.08 3.00 292 2.84 295 2.66 2.57
E 19 8.18 593 5.01 4.50 4.17 3.94 . 3.63 3.52 343 3.30 315 3.00 292 2.84 2.76 2.67 2.58 2.49
M 20 8.10 5.85 494 4.43 4.10 3.87 3.70 3.56 3.46 3.37 3.23 3.09 2.94 2.86 2.78 2.69 2.61 252 242
s 21 8.02 5.78 4.87 437 4.04 3.81 3.64 3.51 3.40 331 3.17 3.03 2.88 2.80 272 2.64 255 246 2.36
W 22 7.95 572 4.82 4.31 3.99 3.76 3.59 345 335 3.26 3.12 298 2.83 275 2.67 2.58 2.50 240 231
@ 23 7.88 5.66 4.76 4.26 3.94 3.7 3.54 341 3.30 3.21 3.07 293 2.78 270 2.62 254 245 235 2.26
R 24 7.82 5.61 472 4.22 3.90 3.67 3.50 3.36 3.26 3.17 3.03 2.89 2.74 2.66 2.58 2.49 240 2.31 2.21
25 17 5.57 4:68 4.18 3.85 3.63 3.46 3.32 3.22 3.13 299 2.85 2.70 2.62 2.54 245 2.36 227 2.17
26 172 5.53 4.64 4.14 3.82 359 3.42 329 3.18 3.9 2.96 2.81 2.66 2.58 2.50 242 2.33 223 2.13
27 7.68 5.49 4.60 4.11 3.78 3.56 3.39 3.26 3.15 3.06 2.93 278 2.63 2.55 247 2.38 229 220 2.10
28 7.64 5.45 4.57 4.07 375 3.53 3.36 3.23 312 3.03 2.90 275 2.60 2.52 244 2.34 2.26 217 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 2.49 241 233 223 214 2.03
30 1.56 5.39 4.51 402 3.70 347 3.30 3.17 3.07 2.98 2.84 2.70 2.55 2.47 2.39 2.30 2.21 2.11 2.01
40 7.31 5.18 431 3.83 3.51 3.29 3.12 2.99 2.89 2.80 2.66 2.52 2.37 2.29 2.20 2.11 2.02 1.92 1.80
60 7.08 4.98 4.13 3.65 3.34 3.12 295 2.82 272 2.63 2.50 2.35 2.20 212 2.03 1.94 1.84 1.73 1.60
120 6.85 479 395 3.48 3.17 2.96 279 2.66 2.56 2.47 2.34 2.19 2.03 1.95 1.86 1.76 1.66 1.53 1.38
@ 6.63 4.61 3.78 332 3.02 2.80 2.64 2.51 241 232 2.18 2.04 1.88 1.79 1.70 1.59 147 132 1.00
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IV. Percentage Points of the F Distribution (continued)
F 0.05,»1

Degrees of Freedom for the Numerator (»,)

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

161.4 199.5 215.7 224.6 2302 2340 2368 2389 2405 2419 2439 2459 248.0 249.1 250.1 2511 2522 2533 2543
2 18.51 19.00°  19.16 19.25 19.30 1933 1935 19.37 19.38 19.40 19.41 19.43 19.45 19.45 19.46 19.47 19.48 19.49 19.50
3 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79 8.74 8.70 8.66 8.64 8.62 8.59 8.57 8.55 8.53
14 n 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 591 5.86 5.80 5.77 5.75 5.72 5.69 5.66 5.63
5 6.61 5.79 541 519 5.05 4.95 4.88 4.82 4.77 4.74 4.68 4.62 4.56 4.53 4.50 4.46 4.43 4.40 4.36
6 5.99 5.14 4.76 4.53 439 4.28 421 4.15 4.10 4.06 4.00 3.94 3.87 3.84 3.81 37 374 370 3.67
7 559 4.74 4.35 4.12 3197 3.87 379 373 3.68 3.64 3.57 3.51 3.44 3.41 3.38 3.34 3.30 327 3.23
8 5.32 4.46 4.07 384 3.69 3.58 3.50 3.44 3.39 3.35 3.28 in 315 312 3.08 3.04 3.01 297 293
9 5.12 4.26 3.86 3.63 348 337 329 323 3.18 3.14 3.07 3.01 2.94 2.90 2.86 283 279 275 271
10 4.96 4.10 371 348 333 3.22 3.14 3.07 3.02 2.98 291 2.85 271 274 2.70 2.66 2.62 2.58 2.54
11 4.84 3.98 3.59 3.36 320 3.09 3.01 2.95 290 2.85 2.79 272 2.65 2.61 2.57 2.53 249 245 2.40
T 12 4.75 3.89 349 3.26 ERY! 3.00 291 2.85 2.80 2.5 2.69 2.62 2.54 2.51 247 243 2.38 2.34 2.30
/m 13 4.67 3.81 341 318 3.03 292 2.83 2.77 271 2.67 2.60 2.53 2.46 242 2.38 2.34 230 225 2.21
® 14 4.60 374 3.34 3 2.96 2.85 2.76 270 2.65 2.60 2.53 246 2.39 2.35 2.31 2.27 222 2.18 2.13
m 15 4.54 3.68 329 3.06 2.90 2.79 2.71 2.64 2.59 2.54 248 2.40 2.33 2.29 2.25 2.20 2.16 2.11 2.07
A 16 4.49 3.63 3.24 3.01 285 2.74 2.66 2.59 254 249 242 2.35 2.28 224 2.19 2.15 2.11 2,06 2.01
217 445 3.59 3.20 296 2.81 270 2.61 2.55 249 245 2.38 2.31 223 219 2.15 2.10 2.06 2,01 1.96
s 18 441 3.55 3.16 293 2.77 2.66 2.58 2.51 2.46 241 2.34 2.27 2.19 215 2.11 2.06 202 1.97 1.92
m 19 4.38 3.52 313 2.90 2.74 2.63 2.54 2.48 242 2.38 231 2.23 2.16 2.11 2.07 2.03 1.98 193 1.88
.w 20 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 2.35 2.28 2.20 212 2.08 204 1.99 1.95 1.90 1.84
o2 4.32 347 3.07 2.84 2.68 2.57 2.49 2.42 2.37 2.32 2.25 2.18 2.10 2.05 2.01 1.96 1.92 1.87 1.81
2 22 4.30 34 3.05 2.82 2.66 2.55 2.46 2.40 234 2.30 2.23 2.15 2.07 2.03 1.98 1.94 1.89 1.84 1.78
ma 23 4.28 342 3.03 2.80 2.64 2.53 244 2.37 2.32 227 2.20 2.13 2.05 2.01 1.96 1.91 1.86 1.81 1.76
A 24 4.26 340 301 278 2.62 251 2.42 2.36 230 2.25 2.18 2.11 2.03 1.98 1.94 1.89 1.84 1.79 1.73
25 4.24 3.39 2.99 2.76 2.60 249 2.40 2.34 228 2.24 2.16 2.09 2.01 1.96 1.92 1.87 1.82 1.77 1.71
26 4.23 137 298 274 259 247 239 232 227 222 2,15 2.07 199 1.95 1.90 1.85 1.80 1.75 1.69
27 4.21 335 2.96 273 2.57 246 237 2.31 225 2.20 213 2.06 1.97 1.93 1.88 1.84 1.79 173 1.67
28 420 3.34 2.95 271 2.56 245 236 2.29 224 2.19 2.12 2.04 1.96 1.91 1.87 1.82 177 o 1.65
29 4.18 333 2.93 2.70 2.55 243 235 2.28 222 2.18 2.10 2.03 1.94 1.90 1.85 1.81 175 1.70 1.64
30 4.17 332 2.92 2.69 2.53 242 2.33 227 221 2.16 2.09 2.01 193 1.89 1.84 1.79 1.74 1.68 1.62
40 4.08 323 2.84 2.61 2.45 2.34 2.25 2.18 2.12 2.08 2.00 1.92 1.84 179 1.74 1.69 1.64 1.58 1.51
60 4.00 315 2.76 2.53 237 225 2.17 2.10 2.04 1.99 1.92 1.84 1.75 1.70 1.65 1.59 1.53 147 1.39
120 392 3.07 2.68 2.45 229 2.17 2.09 2.02 1.96 1.91 1.83 1.75 1.66 1.61 1.55 1.55 1.43 1.35 1.25
© 3.84 3.00 2.60 237 2.21 2.10 201 1.94 1.88 1.83 1.75 1.67 1.57 1.52 1.46 1.39 1.32 1.22 1.00
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IV. Percentage Points of the F Distribution (continued)
F 0.10,¥,,0
v, Degrees of Freedom for the Numerator (34)

v, 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 L]
1 39.86 49.50 53.59 55.83 57.24 58.20 5891 59.44 59.86 60.19 60.71 61.22 61.74 62.00 62.26 62.53 62.79 63.06 63.33
2 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 938 939 9.41 9.42 9.44 9.45 9.46 947 947 9.48 9.49
3 5.54 546 5.39 534 5.31 528 527 5.25 524 523 522 5.20 518 5.18 5.17 5.16 5.15 5.14 5.13
4 4,54 432 4.19 411 405 401 398 3.95 3.94 3.92 3.90 3.87 3.84 3.83 382 3.80 3.79 378 376
5 4.06 3.78 3.62 352 345 3.40 3.37 334 332 3.30 3.27 324 321 319 317 3.16 3.14 3.12 3.10
6 378 346 329 3.18 3.11 3.05 3.01 2.98 296 2.94 2.90 2.87 2.84 2.82 2.80 2.78 276 274 212
7 3.59 3.26 3.07 2.96 2.88 2.83 278 275 2.72 2.70 2.67 2.63 2.59 2.58 2.56 2.54 2.51 249 247
8 3.46 311 292 2.81 273 2.67 2.62 2.59 2.56 2.54 250 246 242 240 2.38 236 234 232 2.29
9 336 3.01 2.81 2.69 2.61 2.55 251 247 244 242 2.38 2.34 2.30 228 225 2.23 221 2.18 2.16
10 3.29 292 273 2.61 2.52 2.46 241 2.38 235 2.32 2.28 2.24 220 2.18 2.16 213 2,11 2.08 2.06
11 3.23 2.86 2.66 2.54 245 2.39 234 230 227 225 221 2.17 212 2.10 2.08 2.05 2.03 2.00 1.97
i~ 12 3.18 2.81 2.61 248 2.39 233 228 2.24 221 2.19 215 2.10 2.06 2.4 201 1.99 1.96 1.93 1.90
,m 13 3.14 2.76 2.56 243 235 228 223 2.20 2.16 2.14 2.10 2.05 2.01 1.98 1.96 1.93 190 1.88 1.85
m 14 3.10 N.Nu 2.52 2.39 2.31 224 2.19 2.15 2,12 2.10 2.05 2.01 196 1.94 191 1.89 1.86 1.83 1.80
m 15 3.07 210 249 2.36 227 221 2.16 2.12 2.09 2.06 2.02 1.97 1.92 1.90 1.87 1.85 1.82 1.79 1.76
m 16 3.05 2.67 2.46 233 2.24 2.18 2.13 2.09 2.06 2.03 1.99 1.94 1.89 1.87 1.84 1.81 178 175 1.72
217 3.03 2.64 2.44 2.31 222 2.15 2.10 2.06 2.03 2.00 1.96 191 1.86 1.84 1.81 1.78 1.75 172 1.69
5 18 3.01 2.62 242 2.29 220 2.13 2.08 2.04 200 1.98 193 1.89 1.84 1.81 1.78 1.75 172 1.69 1.66
m 19 2.99 2.61 240 227 2.18 2.11 2.06 202 198 1.96 191 1.86 1.81 1.79 1.76 1.73 1.70 1.67 1.63
.m 20 297 2.59 2.38 2.25 2.16 2.09 2.04 2.00 196 194 1.89 1.84 179 177 174 1.71 1.68 1.64 1.61
m 21 2.96 2.57 2.36 223 2.14 2.08 202 198 1.95 1.92 1.87 1.83 178 1.75 1.72 1.69 1.66 1.62 1.59
M 22 295 2.56 235 222 2.13 2.06 2.0 1.97 1.93 1.90 1.86 1.81 1.76 1.73 1.70 1.67 1.64 1.60 1.57
ma 23 2.94 2.55 2.34 2.21 2.11 2.05 1.99 1.96 1.92 1.89 1.84 1.80 1.74 1.72 1.69 1.66 1.62 1.59 1.55
n.uv 24 293 2.54 233 2.19 2.10 2.04 1.98 1.94 1.91 1.88 1.83 1.78 173 1.70 1.67 1.64 1.61 1.57 1.53
25 292 253 2.32 2.18 2.09 2.02 1.97 193 1.89 1.87 1.82 1.77 1.72 1.69 1.66 1.63 1.59 1.56 1.52
26 2.91 2.52 2.31 2.17 2.08 2,01 1.96 1.92 1.88 1.86 1.81 1.76 171 168 1.65 1.61 1.58 1.54 1.50
27 2.90 2.51 2.30 217 2.07 2.00 1.95 191 187 1.85 1.80 1.75 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 1.84 179 1.74 1.69 1.66 1.63 1.59 1.56 1.52 1.48
29 2.89 2.50 228 2.15 2.06 1.99 1.93 1.89 1.86 1.83 1.78 1.73 1.68 1.65 1.62 1.58 1.55 1.51 147
30 2.88 249 2.28 2.14 203 1.98 193 1.88 1.85 1.82 177 1.72 1.67 1.64 1.61 1.57 1.54 1.50 1.46
40 2.84 244 223 2.09 2.00 1.93 1.87 1.83 1.79 1.76 1.71 1.66 1.61 1.57 1.54 1.51 147 142 1.38
60 279 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74 1.71 1.66 1.60 154 1.51 148 144 1.40 1.35 1.29
120 2.75 2.35 2.13 1.99 1.90 1.82 1.77 1.72 1.68 1.65 1.60 1.55 148 145 141 1.37 1.32 1.26 1.19
L] 271 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.63 1.60 155 1.49 1.42 1.38 134 1.30 1.24 1.17 1.00
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IV. Percentage Points of the F Distribution®

Muo.mm.c_.v.,
v, Degrees of Freedom for the Numerator (v))
vy 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 ®
1 5.83 71.50 8.20 8.58 8.82 8.98 9.10 9.19 9.26 9.32 941 9.49 9.58 9.63 9.67 N 9.76 9.80 0.85
2 2.57 3.00 3.15 3.23 3.28 331 3.34 335 3.37 3.38 3.39 341 3.43 343 3.44 345 3.46 3.47 3.48
3 2.02 2.28 2.36 2.39 2.41 242 243 244 2.44 2.44 245 246 2.46 246 247 247 2.47 247 2.47
© 4 1.81 2.00 2.05 2.06 2.07 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08
5 1.69 185 1.88 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.88 1.88 1.88 1.88 1.87 1.87 1.87
6 1.62 1.76 1.78 1.79 1.79 1.78 1.78 1.78 1.77 1.77 1.77 1.76 1.76 175 1.75 1.75 1.74 1.74 1.74
7 1.57 1.70 172 1.72 1.71 1.71 1.70 1.70 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 1.61 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 1.59 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 1.55 1.54 1.53 1.52 1.52 1.51 1.51 1.50 149 1.48
11 1.47 1.58 1.58 1.57 1.56 1.55 1.54 1.53 1.53 1.52 1.51 1.50 1.49 1.49 1.48 1.47 147 146 1.45
T 12 1.46 1.56 1.56 1.55 1.54 1.53 1.52 1.51 1.51 1.50 1.49 1.48 1.47 1.46 1.45 145 144 143 142
lm\ 13 1.45 1.55 1.55 1.53 1.52 1.51 1.50 1.49 1.49 1.48 1.47 1.46 1.45 1.44 143 1.42 1.42 141 1.40
2 14 1.44 1.53 1.53 1.52 1.51 1.50 1.49 148 1.47 1.46 145 1.44 1.43 1.42 1.41 1.41 140 1.39 1.38
m 15 1.43 1.52 1.52 1.51 1.49 1.48 147 1.46 1.46 1.45 1.44 143 1.41 1.41 1.40 1.39 1.38 1.37 1.36
A 16 1.42 1.51 1.51 1.50 1.48 1.47 1.46 1.45 1.44 1.44 1.43 141 1.40 1.39 1.38 1.37 1.36 1.35 1.34
& n 1.42 1.51 1.50 149 147 1.46 145 1.44 1.43 1.43 1.41 1.40 1.39 1.38 1.37 1.36 1.35 1.34 1.33
S 18 1.41 1.50 1.49 1.48 1.46 145 1.44 1.43 1.42 1.42 1.40 1.39 1.38 1.37 1.36 1.35 1.34 1.33 1.32
m 19 1.41 1.49 1.49 1.47 1.46 L4 143 142 1.41 1.41 1.40 1.38 1.37 1.36 1.35 134, 1.33 132 1.30
.m 20 1.40 1.49 1.48 1.47 1.45 1.44 143 142 1.41 1.40 1.39 1.37 1.36 1.35 1.34 133 132 1.31 1.29
ol 1.40 1.48 1.48 1.46 1.44 1.43 142 141 1.40 139 1.38 1.37 1.35 1.34 1.33 1.32 1.31 1.30 1.28
e 2 1.40 1.48 147 1.45 1.44 142 1.41 1.40 1.39 1.39 1.37 1.36 1.34 1.33 1.32 1.31 1.30 1.29 1.28
M 23 1.39 1.47 1.47 1.45 1.43 1.42 141 1.40 1.39 1.38 1.37 1.35 1.34 1.33 1.32 1.31 130 1.28 1.27
& 24 1.39 1.47 1.46 1.44 1.43 141 140 139 1.38 1.38 1.36 135 1.33 1.32 1.31 1.30 129 1.28 1.26
25 1.39 1.47 1.46 1.44 1.42 1.41 1.40 1.39 1.38 137 1.36 1.34 1.33 1.32 1.31 1.29 1.28 127 1.25
26 1.38 1.46 1.45 1.44 1.42 141 1.39 1.38 1.37 1.37 1.35 134 1.32 1.31 1.30 1.29 1.28 1.26 1.25
27 1.38 1.46 1.45 1.43 1.42 1.40 1.39 1.38 1.37 1.36 1.35 1.33 1.32 1.31 1.30 1.28 1.27 1.26 1.24
28 1.38 1.46 145 1.43 1.41 1.40 1.39 1.38 1.37 1.36 1.34 1.33 1.31 1.30 1.29 1.28 127 1.25 1.24
29 1.38 1.45 145 143 1.41 1.40 1.38 1.37 1.36 1.35 134 1.32 1.31 130 1.29 1.27 1.26 1.25 1.23
30 1.38 145 144 1.42 1.41 1.39 1.38 1.37 1.36 1.35 134 1.32 1.30 1.29 1.28 1.27 1.26 1.24 1.23
40 1.36 144 142 1.40 1.39 1.37 1.36 1.35 1.34 1.33 131 1.30 1.28 1.26 1.25 1.24 122 1.21 1.15
60 1.35 1.42 1.41 1.38 1.37 135 133 132 1.31 1.30 1.29 1.27 1.25 1.24 1.22 1.21 1.19 1.17 1.15
120 1.34 1.40 1.39 1.37 135 1.33 1.31 1.30 1.29 1.28 126 1.24 1.22 1.21 1.19 1.18 1.16 1.13 1.10
Ld 1.32 1.39 1.37 1.35 1.33 1.31 1.29 1.28 1.27 1.25 1.24 122 1.19 1.18 1.16 1.14 1.12 1.08 1.00

» = degrees of freedom

*Adapted with permission from Biometrika Tables for Statisticians, Vol. 1, 3rd edition by E. S. Pearson and H. O. Hartley, Cambridge University Press, Cambridge, 1966.
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