Appendix K

The F Distribution

The F distribution is an asymmetric distribution that has a minimum value
of 0, but no maximum value. The curve reaches a peak not far to the right of
0, and then gradually approaches the horizontal axis the larger the F value
is. The F distribution approaches, but never quite touches the horizontal
axis.

The F distribution has two degrees of freedom, d; for the numerator,
ds for the denominator. For each combination of these degrees of freedom
there is a different F distribution. The F distribution is most spread out
when the degrees of freedom are small. As the degrees of freedom increase,
the F distribution the F distribution is less dispersed.

Figure 1.1 shows the shape of the distribution. The F value is on the
horizontal axis, with the probability for each F value being represented by
the vertical axis. The shaded area in the diagram represents the level of
significance o shown in the table.

There is a different F distribution for each combination of the degrees
of freedom of the numerator and denominator. Since there are so many F
distributions, the F tables are organized somewhat differently than the tables
for the other distributions. The three tables which follow are organized by
the level of significance. The first table gives F values for that are associated
with a = 0.10 of the area in the right tail of the distribution. The second
table gives the F values for @ = 0.05 of the area in the right tail, and the
third table gives F values for the o = 0.01 level of significance. In each of
these tables, the F values are given for various combinations of degrees of
freedom.

In order to use the F table, first select the significance level to be used,
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Figure K.1: The F distribution

and then determine the appropriate combination of degrees of freedom. For
example, if the o = 0.10 level of significance is selected, use the first F table.
If there are 5 degrees of freedom in the numerator, and 7 degrees of freedom
in the denominator, the F value from the table is 2.88. This means that
there is exactly 0.10 of the area under the F curve that lies to the right of
F = 2.88.

When the significance level is a = 0.05, use the second F table. If there
are 20 degrees of freedom in the numerator, and 5 degrees of freedom in the
denominator, then the critical F value is 4.56. This could be written

F50.5,0.05 = 4.56

That is, for 20 and 5 degrees of freedom, the F value that leaves exactly 0.05
of the area under the F curve in the right tail of the distribution is 4.56.

For the a = 0.01 level of significance, the third F table is used. Suppose
that there is 1 degree of freedom in the numerator and 12 degrees of freedom
in the denominator. Then

F1712;0_01 = 9.33.

An F value of 9.33 leaves exactly 0.01 of area under the curve in the right
tail of the distribution when there are 1 and 12 degrees of freedom.
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F Values for o = 0.10

dy
do 1 2 3 4 5 6 7 8 9

39.86 49.5 53.59 55.83 57.24 582 5891 59.44 59.86
853 9.00 9.16 924 929 933 935 937 938
5.54 546 539 534 531 528 527 525 524
454 432 419 411 405 4.01 398 395 394
4.06 3.78 3.62 352 345 340 337 334 332
3.78 346 329 318 311 3.05 3.01 298 296
3.9 3.26  3.07 296 288 2.83 2.78 275 272
3.46 3.11 292 281 2.73 2.67 262 259 256
3.36 3.01 281 2,69 261 255 251 247 244
10 329 292 273 261 252 246 241 238 235
11 323 286 266 254 245 239 234 23 2.27
12 318 2.81 2.61 248 239 233 228 224 221
13 314 276 256 243 235 228 223 220 2.16
14 310 2.73 252 239 231 224 219 215 212
15 3.07r 270 249 236 227 221 216 212 2.09
16  3.06 2.67 246 233 224 218 213 2.09 2.06
17 3.03 2.64 244 231 222 215 210 206 2.03
18 3.01 2.62 242 229 220 213 2.08 204 2.00
19 299 261 240 227 218 2.11 206 2.02 1.98
20 297 259 238 225 216 2.09 2.04 200 1.96
21 296 257 236 223 214 208 2.02 198 1.95
22 295 256 235 222 213 206 201 197 193
23 294 255 234 221 211 2.05 199 195 192
24 293 254 233 219 210 204 198 194 191
25 292 253 232 218 209 202 197 193 1.89
26 291 252 231 217 208 2.01 196 192 188
27 290 251 230 217 207 200 195 191 187
28 2.89 250 229 216 206 200 194 190 1.87
29 289 250 228 215 206 199 193 189 1.86
30  2.88 249 228 214 205 198 193 188 185
40 284 244 223 209 2.00 193 187 1.83 1.79
60 2.79 239 218 2.04 195 187 182 1.77r 1.74

120 275 235 213 199 190 182 1.77 1.72 1.68
inf 271 230 2.08 194 185 1.77 1.72 1.67 1.63
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F Value for a = 0.10

dy
do 10 12 15 20 24 30 40 60 120 inf

1 60.19 60.71 61.22 61.74 62 62.26 62.53 62.79 63.06 63.33
2 939 941 942 944 945 946 947 947 948 949
3 523 522 520 5.18 518 517 516 5.15 514 513
4 392 390 387 384 383 382 380 3.79 3.78 3.76
5 330 327 324 321 319 317 3.16 3.14 3.12 3.10
6 294 290 287 284 282 280 278 276 274 272
7T 270 267 263 259 258 256 254 251 249 247
8§ 254 250 246 242 240 238 236 234 232 229
9 242 238 234 230 228 225 223 221 218 216
10 232 228 224 220 218 216 2.13 211 2.08 2.06
11 225 221 217 212 210 208 2.05 2.03 200 197
12 219 215 210 2.06 204 201 199 196 193 1.90
13 240 210 2.05 2.0l 198 196 193 190 188 1.85
14 210 205 201 196 194 191 1.89 1.8 183 180
15 206 202 197 192 190 187 1.8 1.82 1.79 1.76
16 203 199 194 1.89 187 184 1.81 1.78 1.756 1.72
17 200 196 191 186 184 181 1.v8 1.7 1.72 1.69
18 198 193 189 1.84 181 178 1.75 1.72 169 1.66
19 196 191 18 181 1.7v9 176 173 170 1.67 1.63
20 194 18 184 179 177 174 171 1.68 1.64 1.61
21 192 187 183 1.v8 1.75 1.72 169 166 1.62 1.59
22 190 18 181 176 1.73 170 167 164 1.60 1.57
23 189 184 180 174 1.72 169 166 1.62 1.59 1.55
24 188 183 178 173 1.70 167 164 1.61 1.57 1.53
25 187 1.8 177 172 169 166 163 159 1.56 1.52
26 186 18 176 171 1.8 165 161 158 1.54 1.50
27 1.8 180 175 170 167 164 160 1.57 1.53 1.49
28 184 179 174 169 166 163 159 156 1.52 1.48
29 183 178 173 168 1.65 1.62 158 155 1.51  1.47
30 182 1.7¢v 1.72 167 164 161 157 154 150 1.46
40 176 1.71 1.66 1.61 1.57 154 151 147 142 1.38
60 171 166 1.60 154 151 148 144 140 135 1.29
120 1.65 1.60 156 148 145 141 137 132 126 1.19
inf 1.60 155 149 142 138 134 130 124 117 1.00
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Lampiran 1

do
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10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
40
60
120
inf

161.4
18.51
10.13
7.71
6.61
5.99
9.59
5.32
5.12
4.96
4.84
4.75
4.67
4.60
4.54
4.49
4.45
4.41
4.38
4.35
4.32
4.30
4.28
4.26
4.24
4.23
4.21
4.20
4.18
4.17
4.08
4.00
3.92
3.84

199.5
19.00
9.55
6.94
5.79
5.14
4.74
4.46
4.26
4.10
3.98
3.89
3.81
3.74
3.68
3.63
3.59
3.59
3.52
3.49
3.47
3.44
3.42
3.40
3.39
3.37
3.35
3.34
3.33
3.32
3.23
3.15
3.07
3.00

215.7
19.16
9.28
6.59
5.41
4.76
4.35
4.07
3.86
3.71
3.59
3.49
3.41
3.34
3.29
3.24
3.20
3.16
3.13
3.10
3.07
3.05
3.03
3.01
2.99
2.98
2.96
2.95
2.93
2.92
2.84
2.76
2.68
2.60

F Values for o = 0.05

224.6
19.25
9.12
6.39
5.19
4.53
4.12
3.84
3.63
3.48
3.36
3.26
3.18
3.11
3.06
3.01
2.96
2.93
2.90
2.87
2.84
2.82
2.80
2.78
2.76
2.74
2.73
2.71
2.70
2.69
2.61
2.53
2.45
2.37
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dy
5

230.2
19.3
9.01
6.26
5.05
4.39
3.97
3.69
3.48
3.33
3.20
3.11
3.03
2.96
2.90
2.85
2.81
2.77
2.74
2.71
2.68
2.66
2.64
2.62
2.60
2.59
2.57
2.56
2.55
2.53
2.45
2.37
2.29
2.21

234.0
19.33
8.94
6.16
4.95
4.28
3.87
3.58
3.37
3.22
3.09
3.00
2.92
2.85
2.79
2.74
2.70
2.66
2.63
2.60
2.57
2.55
2.53
2.51
2.49
2.47
2.46
2.45
2.43
2.42
2.34
2.25
2.17
2.10

236.8
19.35
8.89
6.09
4.88
4.21
3.79
3.50
3.29
3.14
3.01
2.91
2.83
2.76
2.71
2.66
2.61
2.58
2.54
2.51
2.49
2.46
2.44
2.42
2.40
2.39
2.37
2.36
2.35
2.33
2.25
2.17
2.09
2.01

238.9
19.37
8.85
6.04
4.82
4.15
3.73
3.44
3.23
3.07
2.95
2.85
2.77
2.70
2.64
2.59
2.55
2.51
2.48
2.45
2.42
2.40
2.37
2.36
2.34
2.32
2.31
2.29
2.28
2.27
2.18
2.10
2.02
1.94

240.5
19.38
8.81
6.00
4.77
4.10
3.68
3.39
3.18
3.02
2.90
2.80
2.71
2.65
2.59
2.54
2.49
2.46
2.42
2.39
2.37
2.34
2.32
2.30
2.28
2.27
2.25
2.24
2.22
2.21
2.12
2.04
1.96
1.88
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F Values for o = 0.05

dy
do 10 12 15 20 24 30 40 60 120 inf

1 2419 2439 2459 248.0 249.1 250.1 251.1 252.2 253.3 254.3
2 194 1941 1943 1945 19.45 19.46 19.47 1948 1949 195
3 879 874 870 866 8.64 862 859 857 855 8.53
4 59 591 58 580 577 575 572 569 566 5.63
5 474 468 462 456 453 450 446 443 440 4.36
6 406 400 394 387 384 381 377 374 370 3.67
7T 364 357 351 344 341 338 334 330 3.27 323
8§ 335 328 322 3.15 312 3.08 3.04 3.01 297 293
9 314 307 3.01 294 290 286 283 279 275 2.71
10 298 291 28 277 274 270 266 262 258 254
11 285 279 272 265 2.61 257 253 249 245 2.40
12 275 269 262 254 251 247 243 238 234 230
13 267 260 253 246 242 238 234 230 225 221
14 2,60 253 246 239 235 231 227 222 218 2.13
15 254 248 240 233 229 225 220 216 211 2.07
16 249 242 235 228 224 219 215 211 206 2.01
17 245 238 231 223 219 215 210 206 201 1.96
18 241 234 227 219 215 211 206 202 197 1.92
19 238 231 223 216 211 207 203 198 193 1.88
20 235 228 220 212 208 204 199 195 190 1.84
21 232 225 218 210 2.05 201 196 192 187 1.81
22 230 223 215 207 203 198 194 189 184 1.78
23 22v 220 213 205 2.01 196 191 18 181 1.76
24 225 218 211 203 198 194 189 18 179 1.73
25 224 216 209 201 196 192 187 182 177 1.71
26 222 215 207 199 195 190 1.8 180 1.756 1.69
27 220 213 206 197 193 1.8 184 1.79 173 1.67
28 219 212 204 19 191 187 1.82 1.77 1.71 1.65
29 218 210 203 194 190 1.8 181 175 170 1.64
30 216 209 201 193 189 184 179 174 168 1.62
40 208 2.00 192 184 179 174 169 1.64 158 1.51
60 199 192 184 175 170 1.65 1.59 153 147 1.39
120 191 183 1.7 166 1.10 1.55 1.50 143 135 1.25
inf 183 1.75 1.67 157 152 146 139 132 122 1.00
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do

0 O UL Wi

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
40
60
120
inf

4052
98.50
34.12
21.20
16.26
13.75
12.25
11.26
10.56
10.04

9.65
9.33
9.07
8.86
8.68
8.53
8.40
8.29
8.18
8.10
8.02
7.95
7.88
7.82
7.7
7.72
7.68
7.64
7.60
7.56
7.31
7.08
6.85
6.63

4999.5
99.00
30.82
18.00
13.27
10.92

9.55
8.65
8.02
7.56
7.21
6.93
6.70
6.51
6.36
6.23
6.11
6.01
9.93
5.85
5.78
5.72
.66
9.61
5.57
9.53
5.49
5.45
5.42
5.39
5.18
4.98
4.79
4.61

5403
99.17
29.46
16.69
12.06

9.78
8.45
7.59
6.99
6.55
6.22
5.95
5.74
5.56
5.42
5.29
5.18
5.09
5.01
4.94
4.87
4.82
4.76
4.72
4.68
4.64
4.60
4.57
4.54
4.51
4.31
4.13
3.95
3.78

F Values for o = 0.01

5625
99.25
28.71
15.98
11.39

9.15
7.85
7.01
6.42
5.99
5.67
5.41
5.21
5.04
4.89
4.77
4.67
4.58
4.50
4.43
4.37
4.31
4.26
4.22
4.18
4.14
4.11
4.07
4.04
4.02
3.83
3.65
3.48
3.32
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dy
5

5764
99.30
28.24
15.52
10.97

8.75
7.46
6.63
6.06
5.64
5.32
5.06
4.86
4.69
4.56
4.44
4.34
4.25
4.17
4.10
4.04
3.99
3.94
3.90
3.85
3.82
3.78
3.75
3.73
3.70
3.51
3.34
3.17
3.02

5859
99.33
27.91
15.21
10.67

8.47
7.19
6.37
5.80
5.39
5.07
4.82
4.62
4.46
4.32
4.20
4.10
4.01
3.94
3.87
3.81
3.76
3.71
3.67
3.63
3.59
3.56
3.53
3.50
3.47
3.29
3.12
2.96
2.80

5928
99.36
27.67
14.98
10.46

8.26
6.99
6.18
5.61

5.2
4.89
4.64
4.44
4.28
4.14
4.03
3.93
3.84
3.77
3.70
3.64
3.59
3.54
3.50
3.46
3.42
3.39
3.36
3.33
3.30
3.12
2.95
2.79
2.64

5982
99.37
27.49
14.80
10.29

8.10
6.84
6.03
5.47
5.06
4.74
4.50
4.30
4.14
4.00
3.89
3.79
3.71
3.63
3.56
3.51
3.45
3.41
3.36
3.32
3.29
3.26
3.23
3.20
3.17
2.99
2.82
2.66
2.51

6022
99.39
27.35
14.66
10.16

7.98
6.72
5.91
9.35
4.94
4.63
4.39
4.14
4.03
3.89
3.78
3.68
3.60
3.52
3.46
3.40
3.35
3.30
3.26
3.22
3.18
3.15
3.12
3.09
3.07
2.89
2.72
2.56
241



do
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10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
40
60
120
inf

10

6056
99.40
27.23
14.55
10.05

7.87
6.62
5.81
5.26
4.85
4.54
4.30
4.10
3.94
3.80
3.69
3.59
3.51
3.43
3.37
3.31
3.26
3.21
3.17
3.13
3.09
3.06
3.03
3.00
2.98
2.80
2.63
247
2.32

12

6106
99.42
27.05
14.37

9.89
7.72
6.47
5.67
5.11
4.71
4.40
4.16
3.96
3.80
3.67
3.5
3.46
3.37
3.30
3.23
3.17
3.12
3.07
3.03
2.99
2.96
2.93
2.90
2.87
2.84
2.66
2.50
2.34
2.18

15

6157
99.43
26.87
14.20

9.72
7.56
6.31
5.52
4.96
4.56
4.25
4.01
3.82
3.66
3.52
3.41
3.31
3.23
3.15
3.09
3.03
2.98
2.93
2.89
2.85
2.81
2.78
2.75
2.73
2.70
2.52
2.35
2.19
2.04

F Values for o = 0.01

20

6209
99.45
26.69
14.02

9.55
7.40
6.16
5.36
4.81
4.41
4.10
3.86
3.66
3.51
3.37
3.26
3.16
3.08
3.00
2.94
2.88
2.83
2.78
2.74
2.70
2.66
2.63
2.60
2.57
2.55
2.37
2.20
2.03
1.88

924

dy
24

6235
99.46
26.60
13.93

9.47
7.31
6.07
5.28
4.73
4.33
4.02
3.78
3.59
3.43
3.29
3.18
3.08
3.00
2.92
2.86
2.80
2.75
2.70
2.66
2.62
2.58
2.55
2.52
2.49
2.47
2.29
2.12
1.95
1.79

30

6261
99.47
26.50
13.84

9.38
7.23
5.99
5.20
4.65
4.25
3.94
3.70
3.51
3.35
3.21
3.10
3.00
2.92
2.84
2.78
2.72
2.67
2.62
2.58
2.54
2.50
2.47
244
241
2.39
2.20
2.03
1.86
1.70

40

6287
99.47
26.41
13.75

9.29
7.14
5.91
5.12
4.57
4.17
3.86
3.62
3.43
3.27
3.13
3.02
2.92
2.84
2.76
2.69
2.64
2.58
2.54
2.49
2.45
2.42
2.38
2.35
2.33
2.30
2.11
1.94
1.76
1.59

60

6313
99.48
26.32
13.65

9.20
7.06
5.82
5.03
4.48
4.08
3.78
3.54
3.34
3.18
3.05
2.93
2.83
2.75
2.67
2.61
2.55
2.50
2.45
2.40
2.36
2.33
2.29
2.26
2.23
2.21
2.02
1.84
1.66
1.47

120

6339
99.49
26.22
13.56

9.11
6.97
5.74
4.95
4.40
4.00
3.69
3.45
3.25
3.09
2.96
2.84
2.75
2.66
2.58
2.52
2.46
2.40
2.35
2.31
2.27
2.23
2.20
2.17
2.14
2.11
1.92
1.73
1.53
1.32

inf

6366
99.50
26.13
13.46

9.02
6.88
5.65
4.86
4.31
3.91
3.60
3.36
3.17
3.00
2.87
2.75
2.65
2.57
2.49
2.42
2.36
2.31
2.26
2.21
2.17
2.13
2.10
2.06
2.03
2.01
1.80
1.60
1.38
1.00





