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Question 1

Consider the two-variable linear regression model (under the usual assumptions):
E(Y, [ Xi)=p, + B, X,

The following calculations were done for a bivariate sample of size (n=10):

> X, =60, Y, =4185> X} =440,> ¥’ =1,785,011 and ) XY, = 26,732

using Ordinary Least Squares (OLS) estimation, in matrix form, calculate

0 B (4 marks)
(ii) 95% confidence interval for f,, (4 marks)
(iil) 2, (4 marks)
(iv) Coefficient of determination (4 marks)
(v) ANOVA table and test of significance of regression coefficient. (4 marks)
Question 2
(a) What is multicollinearity? Explain, with illustration, the estimation problem under perfect
multicollinearity. (8 marks)
(b) What are the practical consequences of multicollinearity? (5 marks)
(¢) Describe various methods of detecting multicollinearity, explaining clearly the weaknesses of
these methods. (7 marks)
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Question 3

The Tri-City Equipment Office sells imported desk calculators and performs preventive maintenance and
repair service on the calculators. The data below has been collected from 18 recent calls on users tp
perform routine maintenance service. For each call, X is the number of machines serviced and Y is the
number of minutes spent by the service person. Assume that the first-order regression model

Y = B, + B, X, +¢, is appropriate.

(a) Obtain the estimated regression function. (10 marks)
(b) Interpret b, in your estimated regression function. Does b, provide any relevant information here?

Explain. (3 marks)
(c) Test for the significance of the coefficients at 5% level. (7 marks)

X,

97

86

78

10

75

62
101
39

53

33
118
65

25

71
105
17

49

68

adalNlodiolo (B jlwiN|B o |lo|o [N

Question 4

(a) Explain the meaning of heteroscedasticity. What happens to the OLS estimators in a simple linear
regression model in the presence of heteroscedasticity, if all other assumptions hold?

(5 marks)
(b) When and how would the method of Generalised Least Squares (GLS) help tackle the problem of
Heteroscedasticity? (6 marks)

(c) For a simple regression model y, = g, + B, X, + u,, fitted to data with 10 sample values, the
values of X, and the respective absolute values |ej| of the residuals are:

X, 12.1 214 18.7 21.7 12.5 10.4 20.8 10.2 16.0 12.0
le, | 1.03 1.24 0.20 0.22 0.26 0.59 0.83 0.10 0.06 0.03
Perform the Spearman’s test of Heteroscedasticity. (9 marks)
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Question 5

The regression results below are obtained for linear multiple regression model fitted on data covering
twenty years.

(1) Find the values that are presented in asterisk. (8 marks)
(i1) Test for §, =0 giventhat ¢ . =2.093 (9 marks)
(ii1))  Compute the F-value for the regression model. ‘ (3 marks)

The Analysis of Variance Tables:

(a) The Regression Coefficients

Estimated Estimated

Regression Coefficient Regression Coefficient standard deviation t-value

B, 33.87407 * ok 18.68

B, * k% 0.00889 -11.44

B, 8.05547 1.45911 ek
(b) ANOVA Results
Source of variation Degrees of Freedom Sums of Squares Mean Square
Regression * ok 1504.41 * k%
Error * ok ok *kx 10.38
Total * Kk 1680.80

END OF EXAM!!
4



T . e Ml s Y b et - e s T

Appendix 1 Tables 689

e T ihatsn oo o

TABLE 9
Critical Values of n a=.05 a=.025 a=.01 a = .005
Spearman’s Rank 5 900 — — —_
Correlation 6 .829 .886 .943 —
Coefficient for a 7 714 .786 .893 —
One-Tailed Test 8 643 738 .833 881
9 .600 683 .783 .833
: 10 .564 648 .745 794
1 .523 623 736 .818
12 497 .591 .703 .780
13 475 .566 673 .745
14 A457 .545 646 716
15 .441 525 623 .689
16 425 .507 601 .666
17 412 490 .582 .645
18 .399 476 .564 625
19 .388 462 .549 .608
20 377 .450 .534 .591
21 .368 A38 521 .576
22 .359 428 .508 .562
23 .351 418 496 .549
: 24 .343 .409 .485 .537
25 336 400 475 .526
26 329 .392 465 .515
27 323 .385 .456 505
28 317 .377 448 496
29 31 .370 .440 487
30 .305 .364 432 478

Source: From "Distribution of Sums of Squares of Rank Differences for Small Samples” by E.G. Olds,
Annals of Mathematical Statistics 3 (1938). Reproduced with the permission of the editor, Annals of
Mathematical Statistics.
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Appendix 1 Tables 689

TABLE 9
Critical Values of n a = .05 a = .025 a = .01 o = 005

Spearman’s Rank 5 800 — _ —
Correlation 6 .829 .886 943 -
Coefficient for a 7 714 .786 .893 —_

One-Tailed Test 8 643 738 .833 .881

9 600 683 783 .833

] 10 .564 648 745 794

11 523 623 736 818

12 497 .591 703 .780

13 475 .566 673 745

14 457 .545 .646 716

15 441 525 623 .689

16 425 .507 601 666

17 412 490 .582 645

18 399 476 .564 625

19 .388 462 .549 .608

20 377 450 534 591

21 .368 . 438 .521 576

22 .359 428 .508 562

23 .351 418 496 549

24 .343 409 485 537

25 336 400 475 526

26 .329 .392 .465 515

27 .323 385 456 505

28 317 377 A48 496

29 311 .370 440 487

30 .305 .364 432 478

Source: From “Distribution of Sums of Squares of Rank Differences for Smail Samples” by E.G. Olds,
Annals of Mathematical Statistics 9 (1938). Reproduced with the permission of the editor, Annals of
Mathematical Statistics.
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1V. Percentage Points of the F Distribution {(continued)

F G.025.».,
¥ Degrees of Freedom for the Numerator (»)

v, 1 2 3 4 N 6 7 8 9 10 12 15 20 24 30 40 60 120 L

1 647.8  799.5 864.2 899.6 921.8 9371 9482 956.7 963.3 968.6 976.7  984.9 993.1 9972 1001 10066 1010 1014 1018
2 38.51 39.00 39.17 39.25 3930 3933 3936 39.37 39.39 39.40 3941 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 1462 14.54 1447 14.42 14.34 14.25 14.17 14.12 14.08 1404 1399 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 8.41 836 8.31 8.26
5 10.01 843 7.76 739 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 7.26 6.60 6.23 5.99 582 5.70 5.60 5.52 5.46 5.37 5.27 5.17 512 5.07 5.01 4.96 4.90 4.85
7 8.07 6.54 5.89 552 5.29 5.12 4.9 4.90 4.82 4.76 4.67 4.57 447 442 4.36 4.31 4.25 4.20 4.14
8 7.57 6.06 542 5.05 4.82 4.65 4.53 4.43 4.36 430 4.20 4.10 4.00 3.95 3.89 3.84 3.78 373 3.67
9 121 5.71 5.08 4.72 448 432 4.20 4.10 4.03 3.96 3.87 a7 3.67 3.61 3.56 3.51 345 3.39 3.33
10 6.94 5.46 4.83 4.47 4.24 4.07 395 3.85 3.78 372 3.62 3.52 342 3.37 331 3.26 3.20 3.4 3.08
11 6.72 526 4.63 4.28 4.04 3.88 3.76 3.66 3.59 3.53 343 3.33 323 3.17 3.12 3.06 3.00 2.94 2.88
T 12 6.55 5.10 4.47 4.12 3.89 3.73 3.61 3.51 3.44 3.37 3.28 3.18 3.07 3.02 2.96 291 2.85 2.79 272
i /m 13 641 4.97 4.35 4.00 377 3.60 348 339 331 325 3.15 3.05 2.95 2.89 2.84 278 272 2.66 2.60
g 14 6.30 4.86 4.24 3.89 3.66 3.50 338 329 321 315 3.05 295 2.84 2.7% 273 2.67 261 2.55 2.49

i

6.20 4 4.15 3.80 3.58 341 329 3.20 312 3.06 2.96 2.86 2.76 2.70 2.64 2.59 2.52 246 2.40
6.12 4.69 4.08 373 3.50 334 322 312 3.05 2.99 2.89 2.79 2.68 2.63 2.57 2.51 245 2.38 2.32
6.04 4.62 4.01 3.66 344 3.28 3.16 3.06 2.98 2.92 2.82 272 2.62 2.56 2.50 244 238 232 2.25
5.98 456 3.95 3.61 3.38 322 3.10 3.01 293 2.87 277 2.67 2.56 2.50 2.44 2.38 232 2.26 2.19
592 4.51 3.90 356 333 3.17 3.05 296 2.88 2.82 272 2.62 2.51 245 2.39 2.33 2.27 2.20 213

— o
GO =~ O Lh

5.87 4.46 3.86 3.51 3.29 313 301 29 2.84 277 2.68 2.57 2.46 241 2.35 2.29 222 2.16 209
5.83 442 3.82 3.48 325 3.09 2.97 2.87 2.80 273 2.64 2.53 242 2.37 231 2.25 2.18 2.11 2.04
5.79 4.38 378 344 322 3.05 293 2.84 2.76 2.70 2.60 2.50 2.3% 2.33 2.27 221 2.14 2.08 2.00
5.75 4.35 375 341 3.18 3.02 2.90 2.81 273 267 2.57 2.47 2.36 2.30 2.24 2.18 211 2.04 1.97

~n oW
[

Degrees of Freedom for the Deno
[ [ —
@ S o

24 5.2 4.32 372 3.38 3.15 2.9 2.87 2.78 2.70 2.64 2.54 244 233 2.27 2.21 2.15 2.08 2.01 1.94 >
25 5.69 4.29 3.69 335 313 297 2.85 2.75 2.68 2.61 2.51 241 230 2.24 2.18 2,12 2.05 1.98 1.91 M
26 5.66 4.27 3.67 333 3.10 294 2.82 273 2.65 2.59 2.49 2.39 2.28 2.22 2.16 209 203 1.95 1.88 3
27 5.63 4.24 3.65 331 3.08 2.92 2.80 2.71 2.63 257 247 2.36 2.25 2.19 2.13 2.07 2.00 1.93 1.85 m
28 5.61 422 3.63 3.29 3.06 2.90 2.78 2,69 2.61 2.55 245 234 223 217 2.11 2.05 1.98 1.9 1.83 m
29 5.59 4.20. 1.61 327 3.04 2.88 2.76 267 2.59 2.53 243 232 2.21 215 2.09 2.03 1.96 1.89 1.81
30 5.57 4.18 3.59 3.25 3.03 2.87 275 2.65 2.57 2.51 241 231 2.20 2.14 2.07 2.01 1.94 1.87 1.79
40 542 4.05 3.46 i 290 274 2.62 2.53 245 239 2.29 2.18 207 2.01 1.94 1.88 1.80 1.72 1.64
; 60 5.29 3.93 334 3.0t 279 2.63 2.51 241 233 2.27 217 2.06 1.94 1.88 1.82 1.74 1.67 158 1.48
120 5.15 3.80 3.23 2.89 2.67 2.52 2.39 2.30 222 2.16 2.05 1.94 1.82 1.76 1.69 1.61 1.53 143 1.31 o
; ® 502 3.6% 312 279 2.57 2.41 229 2.19 2.11 2.05 194 1.83 171 1.64 1.57 1.48 1.39 1.27 1.00 ”




IV. Percentage Points of the F Distribution (continued)
Nﬂvo_.:..vu

Degrees of Freedom for the Numerator (v,)

Vs 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 o
1 4052 4999.5 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 9936 99.37 99.39 99.40 99.42 9943 99.45 99.46 99.47 99.47  99.48 9949 9950
3 34.12  30.82 29.46 2871 2824 2791 2767 27.49 27.35 27.23 27.05  26.87 26.69 26.00 26.50 2641 26.32 2622 26.13
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  10.46 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 8.75 8.47 8.26 8.10 7.98 7.87 7.72 7.56 7.40 7.31 7.23 7.14 7.06 6.97 6.88
7 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62 6.47 6.31 6.16 6.07 5.99 591 5.82 574 5.65
8 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 591 5.81 5.67 5.52 5.36 5.28 5.20 5.12 5.03 4.95 4.86
9 10.56 8.02 6.99 6.42 6.06 5.80 5.61 547 535 5.26 5.11 4.96 4.81 4.73 4.65 4.57 448 4.40 4.31
10 10.04 7.56 6.55 599 5.64 5.39 5.20 5.06 4.94 4.85 4.71 4.56 4.4] 4.33 4.25 4.17 4.08 4.00 391
11 9.65 7.21 6.22 5.67 532 5.07 4.89 4.74 4.63 4.54 4.40 425 4.10 4.02 394 3.86 3.78 3.69 3.60
W_ 12 9.33 6.93 5.95 541 5.06 4.82 4.64 4.50 4.39 4.30 4.16 4.01 3.86 3.78 3.70 3.62 354 345 3.36
g 13 9.07 6.70 574 5.21 4.86 4.62 444 4.30 4.19 4.10 3.96 3.82 3.66 3.59 351 343 3.34 3.25 3.17
.m 14 8.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03 3.94 3.80 3.66 351 3.43 335 3.27 3.18 3.09 3.00
215 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 3.05 2.96 2.87
& 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 2.93 2.84 275
£ 17 8.40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3.46 331 3.16 3.08 3.00 292 2.83 275 2.65
S 18 829 6.01 5.09 4.58 425 4.01 3.84 3n 3.60 3.51 337 3.23 3.08 3.00 2.92 2.84 275 2.66 2.57
E 19 8.18 593 5.01 4.50 4.17 394 37 3.63 352 343 3.30 3.15 3.00 2.92 2.84 2.76 2.67 2.58 249
M 20 8.10 585 4.94 4.43 4.10 3.87 3.70 3.56 346 3.37 323 3.09 2.94 2.86 2.78 2.69 2.61 252 242
5 21 8.02 5.78 4.87 4.37 4.04 3.81 3.64 3.51 3.40 331 317 3.03 2.88 2.80 272 2.64 2.55 2.46 2.36
M 22 7.95 572 4.82 431 3.99 3.76 3.59 345 335 3.26 312 298 2.83 275 2.67 258 « 250 2.40 2.31
0 23 7.88 5.66 4.76 4.26 3.94 in 3.54 341 3.30 321 3.07 2.93 278 2.70 2.62 2.54 245 235 2.26
Q 24 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 317 3.03 2.89 274 2.66 2.58 2.49 2.40 2.31 221
25 1.1 5.57 4.68 4.18 385 3.63 3.46 3.32 3.22 3.13 2.99 2.85 270 2.62 2.54 245 236 227 217
26 172 5.53 4.64 4.14 3.82 3.59 342 3.29 3.18 3.09 2.96 2.81 2.66 2.58 2.50 242 2.33 223 213
27 7.68 549 4.60 4.11 3.78 3.56 339 3.26 3.15 3.06 293 2.78 2.63 2.55 247 2.38 2.29 2.20 2.10
28 7.64 545 4.57 4.07 375 353 3.36 3.23 312 3.03 2.90 275 2.60 2.52 244 2.34 2.26 2.17 2.06
29 7.60 5.42 4.54 4.04 373 3.50 3.33 3.20 3.09 3.00 2.87 273 2.57 249 241 2.33 2.23 2.14 2.03
30 7.56 539 4.51 4.02 3.70 347 330 3.17 3.07 2.98 2.84 270 2.55 247 2.39 2.30 2.21 211 201
40 731 5.18 431 3.83 351 3.29 312 2.99 2.89 2.80 2.66 252 237 2.29 2.20 2.11 2.02 1.92 1.80
60 7.08 4.98 4.13 3.65 334 312 2.95 2.82 2.72 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 3.17 2.96 2.79 2.66 2.56 247 234 2.19 2.03 195 1.86 1.76 1.66 1.53 1.38
L 6.63 4.61 3.78 332 3.02 2.80 2.64 2.51 2.41 232 2.18 2.04 1.88 179 1.70 1.59 1.47 1.32 1.00
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IV. Percentage Points of the F Distribution (continued)

F 0.05.v,.%
v Degrees of Freedom for the Numerator (»))

Vs 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 o
161.4 199.5 215.7 224.6 2302 2340 2368 2389 240.5 2419 2439 2459 248.0 249.1 250.1 251.1 252.2 2533 2543
2 18.51 19.00° 19.16 19.25 19.30 1933 19.35 19.37 19.38 19.40 1941 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 8.57 855 8.53

14 .1 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 591 5.86 5.80 577 5.5 572 5.69 5.66 5.63
5 6.61 5.79 541 5.19 5.05 495 4.88 4.82 41 474 4.68 4.62 4.56 453 4.50 4.46 443 440 4.36

6 599 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 3.77 3.74 370 3.67

7 5.59 4.74 4.35 4.12 397 3.87 3.79 373 3.68 3.64 3.57 351 344 3.41 3.38 3.34 3.30 327 3.23

8 532 4.46 407 384 3.69 3.58 3.50 344 3.39 335 3.28 22 3.15 3.12 3.08 3.04 3.01 297 2.93

9 5.12 4.26 3.86 363 348 137 3.29 3.23 3.18 314 3.07 3.01 294 290 2.86 2.83 2.79 275 21

10 496 4.10 37 348 333 322 314 3.07 3.02 2.98 291 2.85 2.77 2.74 2.70 2.66 2.62 2.58 2.54
11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90 2.85 2.79 272 2.65 2.61 2.57 2.53 249 245 240
12 4.75 3.89 349 3.26 i1 3.00 291 2.85 2.80 2.5 2.69 2.62 2.54 2.51 247 243 2.38 234 230
/.o..\ 13 4.67 3.81 341 318 3.03 292 2.83 2.7 2n 2.67 2.60 2.53 246 242 2.38 2.34 2.30 225 221
s 14 4.60 374 334 311 2.96 2.85 2.76 2.70 2.65 2.60 2.53 2.46 2.39 2.35 231 227 222 218 2.13
m 15 4.54 3.68 3.29 3.06 290 2.19 21N 2.64 2.59 2.54 2.48 240 233 229 2.25 2.20 2.16 2.11 2.07
& 16 4.49 3.63 324 301 2.85 274 2.66 2.59 2.54 2.49 242 2.35 2.28 224 2.19 2.15 2.11 2.06 201
&n 445 3.59- 320 296 2.81 2.70 2.61 2.55 249 245 2.38 2.31 2.23 2.19 2.15 2.10 2.06 2.01 1.96
S 18 4.41 3.55 316 293 2m 2.66 2.58 2.51 246 241 2.34 227 2.19 215 2.11 2.06 2.02 197 1.92
m 19 4.38 3.52 313 2.90 274 2.63 2.54 248 242 2.38 2.31 2.23 2.16 2.11 2.07 2.03 1.98 193 1.88
.m 20 4.35 3.49 310 2.87 27 2.60 2.51 2.45 2.39 2.35 2.28 220 2.12 2.08 2.04 1.99 1.95 1.90 1.84
_...ro. 21 432 3.47 3.07 2.84 2.68 2.57 249 242 2.37 232 2.25 2.18 2.10 2.05 2.01 1.96 1.92 1.87 1.81
w 22 430 344 3.05 282 2.66 2.55 246 2.40 234 2.30 223 2.15 2.07 2.03 1.98 1.94 1.89 1.84 1.78
me 23 428 3.42 3.03 2.80 2.64 2.53 2.44 2.37 232 227 220 2.13 2.05 2.01 1.96 191 1.86 1.81 1.76
A 24 4.26 3.40 3.01 278 262 251 242 2.36 2.30 2.25 2.18 2.11 2.03 1.98 194 1.89 1.84 1.79 1.73
25 424 3.39 2.9 2.76 2.60 2.49 240 2.34 2.28 2.24 2.16 2.09 2.01 1.96 1.92 1.87 1.82 1.77 1.7
26 423 3.37 298 274 259 247 2.39 232 227 222 2.15 2.07 1.99 1.95 1.90 1.85 1.80 1.75 1.69
27 4.21 3.35 2.96 273 2.57 246 237 231 225 2.20 2.13 2.06 1.97 1.93 1.88 1.84 1.79 1.73 1.67
28 420 3.4 2.95 2N 2.56 245 2.36 2.29 2.24 2.19 2.12 2.04 1.96 1.91 1.87 1.82 1.77 171 1.65
29 4.18 333 293 270 2.55 243 2.35 228 222 2.18 2.10 2.03 1.94 1.90 1.85 1.81 1.75 1.70 1.64
30 4.17 332 292 2.69 2.53 242 233 227 221 2.16 2.09 2.01 1.93 1.89 1.84 1.79 1.74 1.68 1.62
40 4.08 323 2.84 2.61 245 2.4 2.25 2.18 212 2.08 2.00 192 1.84 1.79 174 1.69 1.64 1.58 151
60 4.00 315 2.76 253 237 2.25 2.17 2.10 2.04 199 192 1.84 1.75 1.70 1.65 1.59 1.53 147 139
120 3.92 3.07 2.68 245 2.29 2.17 2.09 202 1.96 191 1.83 1.75 1.66 1.61 1.55 1.55 143 1.35 1.25
L 3.84 3.00 2.60 2.37 221 210 2.01 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,v,,1n
v Degrees of Freedom for the Numerator (,)
Vs 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 ©
1 39.86 49.50 53.59 55.83 57.24 5820 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 9.29 933 9.35 9.37 9.38 9.39 9.41 9.42 9.44 9.45 9.46 9.47 9.47 9.48 9.49
3 5.54 5.46 539 5.34 531 5.28 5.27 525 5.24 5.23 522 520 5.18 5.18 517 5.16 5.15 5.14 513
4 4.54 432 4.19 4.11 4.05 4.01 3.98 3.95 3.94 3.92 3.90 3.87 3.84 3.83 3.82 3.80 3.79 3.78 3.76
5 4.06 3.78 3.62 3.52 3.45 340 3.37 3.34 3.32 3.30 3.27 3.24 3.21 3.19 3.17 3.16 3.14 3.12 3.10
6 3.78 3.46 3.29 3.18 3.11 3.05 3.01 298 2.96 294 2.90 2.87 2.84 2.82 2.80 2.78 2.76 274 2.72
7 3.59 3.26 3.07 2.96 2.88 2.83 2.78 275 2.72 2.70 2.67 2.63 2.59 2.58 2.56 2.54 251 249 2.47
8 3.46 311 292 2.81 273 2.67 2.62 2.59 2.56 2.54 2.50 2.46 242 2.40 2.38 2.36 234 232 2.29
9 3.36 3.01 2.81 2.69 2.61 2.55 251 247 2.44 242 2.38 234 2.30 2.28 2.25 2.23 221 2.18 2.16
10 3.29 2.92 273 2.61 2.52 2.46 241 2.38 235 232 2.28 224 2.20 2.18 2.16 2.13 2.11 2.08 2.06
11 3.23 2.86 2.66 2.54 245 2.39 2.34 2.30 2.27 225 221 2.17 2.12 2.10 2.08 2.05 2.03 2.00 1.97
12 3.18 2.81 2.61 2.48 239 233 2.28 224 221 2.19 2.15 2.10 2.06 2.04 2.01 1.99 1.96 1.93 1.90
13 3.14 2.76 2.56 243 235 2.28 2.23 220 2.16 2.14 2.10 2.05 2.01 1.98 1.96 1.93 1.90 1.88 1.85
14 3.10 273 2.52 2.39 2.31 2.24 2.19 2.15 2.12 2.10 2.05 2.01 1.96 1.94 191 1.89 1.86 1.83 1.80
15 3.07 2.70 249 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
16 3.05 2.67 246 2.33 224 2.18 2.13 2.09 2.06 2.03 1.99 1.94 1.89 1.87 1.84 1.81 1.78 175 1.72
17 3.03 2.64 244 231 2.22 2.15 2.10 2.06 2.03 2.00 1.96 191 1.86 1.84 1.81 1.78 1.75 1.72 1.69

18 3.01 2.62 242 2.29 220 2.13 2.08 2.04 2.00 1.98 1.93 1.89 1.84 1.81 1.78 1.75 1.72 1.69 1.66
2.99 2.61 2.40 2.27 2.18 2.1 2.06 2.02 1.98 1.96 1.91 1.86 1.81 1.79 1.76 1.73 1.70 1.67 1.63

Degrees of Freedom for the Denominator (#,)
o

20 297 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96 1.94 1.89 1.84 1.79 1.77 1.74 1.71 1.68 1.64 1.61

21 2.96 2.57 236 2.23 2.14 2.08 2.02 1.98 1.95 1.92 1.87 1.83 1.78 1.75 1.72 1.69 1.66 1.62 1.59

22 2.95 2.56 235 222 213 2.06 2.01 1.97 1.93 1.90 1.86 1.81 1.76 173 1.70 1.67 1.64 1.60 1.57

23 294 2.55 2.34 221 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

24 293 2.54 2.33 2.19 2.10 2.04 1.98 1.94 1.91 1.88 1.83 1.78 1.73 1.70 1.67 1.64 1.61 1.57 1.53 >
25 2.92 2.53 2.32 2.18 2.09 2.02 1.97 1.93 1.89 1.87 1.82 1.77 1.72 1.69 1.66 1.63 1.59 1.56 1.52 M
26 291 252 2.31 217 2.08 2.01 1.96 1.92 1.88 1.86 1.81 1.76 1.71 1.68 1.65 1.61 1.58 1.54 1.50 m
27 2.90 2.51 2.30 217 2.07 2.00 1.95 191 1.87 1.85 1.80 175 1.70 1.67 1.64 1.60 1.57 1.53 1.49 g
28 2.89 2.50 229 2.16 2.06 2.00 1.94 1.90 1.87 1.84 1.79 1.74 1.69 1.66 1.63 1.59 1.56 1.52 1.48 m
29 2.89 2.50 2.28 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 1.47

30 2.88 2.49 2.28 2.14 2.03 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 2.44 2.23 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 1.47 1.42 1.38

60 279 2.39 2.18 2.04 1.95 1.87 1.82 177 1.74 1.71 1.66 1.60 1.54 1.51 1.48 1.44 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 1.48 1.45 1.41 1.37 1.32 1.26 1.19 oy

o 271 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.63 1.60 1.55 1.49 1.42 1.38 1.34 1.30 1.24 1.17 1.00 m




IV. Percentage Points of the F Distribution®
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v, Degrees of Freedom for the Numerator (¥,)
Vs 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 @
1 5.83 7.50 8.20 8.58 8.82 898 9.10 9.19 9.26 9.32 9.41 9.49 9.58 9.63 9.67 9.71 9.76 9.80 9.85
2 2.57 3.00 3.15 3.23 3.28 3.31 3.34 3.35 3.37 3.38 3.39 341 343 343 3.44 345 3.46 347 3.48
3 2.02 2.28 2.36 2.39 241 2.42 243 2.44 244 244 2.45 246 2.46 2.46 247 247 247 247 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 1.85 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 1.75 1.75 1.75 1.74 1.74 1.74
7 1.57 1.70 1.72 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 1.49 1.48
11 1.47 158 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 1.47 1.46 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 1.45 1.44 143 1.42
m\ 13 1.45 1.55 1.55 1.53 1.52 1.51 1.50 1.49 149 1.48 1.47 1.46 1.45 1.44 143 1.42 1.42 1.41 1.40
2 14 1.44 1.53 1.53 1.52 1.51 1.50 1.49 1.48 147 1.46 1.45 1.44 1.43 1.42 141 1.41 1.40 1.39 1.38
m 15 1.43 1.52 1.52 1.51 1.49 1.48 147 146 1.46 145 1.44 143 1.41 141 1.40 1.39 1.38 1.37 1.36
A 16 142 1.51 1.51 1.50 148 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
21 142 1.51 1.50 1.49 1.47 1.46 1.45 1.44 143 143 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 1.43 142 1.42 1.40 1.39 1.38 1.37 1.36 1.35 1.34 1.33 1.32
E 19 141 1.49 1.49 1.47 1.46 1.44 1.43 1.42 141 1.41 1.40 1.38 1.37 1.36 1.35 1.34, 1.33 1.32 1.30
m 20 1.40 1.49 1.48 147 1.45 1.44 1.43 1.42 141 1.40 1.39 1.37 1.36 1.35 1.34 1.33 132 1.31 1.29
=21 140 1.48 1.48 1.46 1.44 1.43 1.42 141 1.40 1.39 1.38 1.37 1.35 1.34 1.33 1.32 1.31 1.30 1.28
e 22 1.40 1.48 1.47 145 1.44 1.42 141 1.40 1.39 139 1.37 1.36 1.34 1.33 1.32 1.31 1.30 1.29 1.28
me 23 1.39 1.47 1.47 145 143 1.42 141 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 1.47 1.46 1.44 143 1.41 1.40 1.39 1.38 1.38 1.36 1.35 1.33 132 1.31 1.30 1.29 1.28 1.26
25 1.39 147 1.46 1.44 1.42 1.41 1.40 1.39 1.38 1.37 1.36 134 1.33 1.32 1.31 1.29 1.28 1.27 1.25
26 1.38 1.46 1.45 1.44 1.42 141 1.39 1.38 1.37 1.37 1.35 1.34 132 1.31 1.30 1.29 1.28 1.26 1.25
27 1.38 146 1.45 1.43 142 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 1.45 143 141 1.40 1.39 1.38 1.37 1.36 1.34 1.33 1.31 1.30 1.29 1.28 1.27 1.25 1.24
29 1.38 1.45 1.45 143 141 140 1.38 1.37 1.36 1.35 1.34 1.32 1.31 1.30 1.29 1.27 1.26 1.25 1.23
30 1.38 1.45 1.44 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 1.44 1.42 1.40 1.39 1.37 1.36 1.35 1.34 1.33 1.31 1.30 1.28 1.26 1.25 1.24 1.22 1.21 1.19
60 1.35 142 1.41 1.38 1.37 1.35 1.33 1.32 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 1.35 1.33 1.31 1.30 1.29 1.28 1.26 1.24 1.22 1.21 1.19 1.18 1.16 1.13 1.10
® 1.32 1.39 1.37 1.35 1.33 1.31 1.29 1.28 1.27 1.25 124 1.22 1.19 1.18 1.16 1.14 1.12 1.08 1.00

XIANdddV

v = 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.




