Prof. Dr. Sadrieh
Lehrstuhl fiir E- Business

OTTO VON GUERICKE
UNIVERSITAT FAKULTAT FUR
MAGDEBURG WIRTSCHAFTSWISSENSCHAFT

Business Statistics (20116)

Summerterm 2011
30.07.2011
Prof. Dr. Sadrieh

Please answer all of the following questions. Do not expect all numerical results to be integers. Please
explain all of your answers briefly, so that calculations and derivations are completely clear. The use of
calculators is permitted in accordance with the regulations of the faculty’s examination office. The use of
the official “Short Script” of the Lecture (12 pages with no addition) is allowed. Ne dictionaries are

allowed.

The exam includes in total 40 points.

Task 1

Describe 5 non-parametric tests.
1.a) First give the name of the test (5 points)
1.b) Then describe what is tested and formulate the corresponding null hypothesis (5 points)

1.c) Also give two examples where the test is useful. (10 points)

Task 2

Suppose that the population mean travel time to the university for students in New Magdeburg is
4 = 30 minutes and that the population standard deviation is & = 10 minutes. A sample of 50
students is selected.

2.a) Sketch the sampling distribution of X, which is the sample mean travel time to the university
for the 50 students. (4 points)

2.b) What is the probability that the sample mean will be within =1 minute of the population mean?
(4 points)

2.c) If you asked all students in New Magdeburg: what is the probability that a student’s travel time
to university is exactly 30 minutes? (2 points)

Task 3
3.a) Copy the following ANOVA Table and complete it. (7 points)

Source of Variation Total Error Treatment
Sum of squares 160 400
Mean Square
Degrees of freedom 12 4
F-value

3.b) Analyze on a significance level @ = 1%, whether the samples have different means! (3 points)
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to university is exactly 30 minutes? (2 points)
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Source of Variation Total Error Treatment
Sum of squares 160 400
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Table 1: Table of the Standard Normal Cumulative Distribution Function ®(z)

= .00 0.01 .02 0.05 0.06 0.07 0.05 0.00_|
0.0003  0.0008 0,000 0.0003  0.0003 | 0.0003 0,000  0.0003
00005 0.0006 00005 [ 0.0004 00004 | 00004  0.0004 | 0.0004  0.0004  0.0003
0.0007  0.0007 00006 | 00006 00006 | 0.0006  0.0006 | 0.0005  0.0005  0.00056
0.0010  0,0002  0.0000 | D.O0OH 00008 | 00008 D008 | 0.0008 00007 0.0007
0.0013  0.0013  0.0013 | 0.0012 00012 | 0.0011 00011 | 0.0011  0.0010  0.0010
00019 0.00I8 00008 | 0.0017  0.0016 | 0.0016  0.0016 | 0.0016  0.0014 _ 0.0014
00026 0.0026 00024 | 00028 00023 | 0.0022 00021 | 0.0021  0.0020  0.0019
00035 0.0034 00033 | 00082  0.0031 | 00030 0,0029 | 0.0028  0.0027  0.0020
00047 0.0046  0.0044 | 0.0043  0.0041 | 0.0040  0,0039 | 0.0038  0.0037  0.0036
0.0062  0.0060  0,0059 | 0.0057  0.0055 | 0.0054  0.0052 | 0.0051  0,00489  0.0048
0.0082 0.0080  0.0078 | 0.0075 00073 | 0.0071  0.0000 | 0.0068  0.0066G  0.0064
00107 00104 00102 [ 0.0000 00006 | 0.0094 00091 | 0.0080  0.0087  0.0084
00130 00186 00132 | 0020 00125 | 00122 00010 | 00116 0.0113  0,0110
00179  0.0174  0.0170 | 0.0166  0.0162 | 0.0158 00164 | 0.0150  0.0146  D.0143
0.0222  0.0217 | 0.0212 00207 | 0.0202  0.0197 | 0.0192 00188  0.0183
0.0281  0.0274 0.0262 | 0.0256  0,0250 | 0.0244  0,0230  0.0233
0.0351  0.0344 0.0320 | 0.0322 00314 | 0.0307 0.0301  0.0204
00446 00427 0.0400 | 0.0401  0,0392 | 0.0381  0.0375  0,0367
0.0637  0.0526 | 0.0516 00505 | 0.0495 00485 | 0.0475  0.0465  0.0455
0.0655 0.0630  0.0618 | 0.0606  0.0504 | 0.0582  0.0571  0.0550
00808 0.0793 0.0704  0.0749 | 0.0735  0.0721 | 0.0705  0.0694  0.0681

0.0968 0.00n51 0,004 0.0018 0.09m (LOBKG 0.0869 00853 0.0834 v.0823
011561 sl (U B ) 0.1003 0.1075 0.10566 0.1038 0.1020 0.1003 1.0985
0.1357 0.133856 015814 O.1202 o127 L1251 0.1230 0.1210 0.1190 01170
0.1G87 0.1562 0.1539 0.1515 0.1402 014649 01446 0142 0.1401 0.1379
[IRERN 0.1814 01788 a.1v62 0.1736 0.avn 0.1685 0.1660 0.1635 01611
0.2005 01977 0.1949 0.1922 0.1894 0. 1867
0.2206

02119 0.2000 0.2061
0.2420 02389 00,2358
0.2700 0.2676
0.3050 0.3015

0.2236 0,2200 0.2177 0.2148
0.2546 0.2514 0.2483 0.2451
02877 ),2843 0.2810 0.2776
0.3409 0.3372 0.322x8 0.3192 0.3150 0.3121
0.3783 03745 03707 0.3669 0.3632 0.3594 0.35567 0.3520 0.3483
0. 4168 04120 Q1000 0.40n2 040138 0.3974 0.3936 0.3807 00,3859
0.4562 0.1522 04484 04003 04104 0.4304 0.4325 04280 0.4247
0. 4960 0,4920 U880 0. 4840 0. 4501 04761 0.4721 0.4681 4641
0.5040 0.5080 0.5120 0.5160 0.5199 0.5230 0.52749 0.5319 053549
05408 0.5478 0.65517 0.55667 0.5506 0.5636 0.6675 0.5714 057514
0.6832 0.6KTI 0.601¢ 05048 00087 06026 0.6064 0.6103 0.6141
0.6179 06217 0.6265 06831 0.6368 0.6406 0.6443 0.G480 0.6517
0.6554 0.6591 0.6628 0.G700 0.6736 0.6772 (.680K 0.G841 .G687H
06915 0.6950 0.6U85 0.7054 0. 7088 0.7123 0.7T157 0.7190 0.7224
0.7257 0.7201 0.7324 0. 7389 0.7422 0,7454 0.7486 0.7517 0.7549
0.7680 0.7611 0.7642 07704 0.7734 0.7764 0.7794 0.7824 0.7852
0.7881 0.7910 0,703 0.7005 0.8024 D.RO61 (.BO7K 0.5106 0.8133
0.8159 0.8186 0.8212 0.8264 04280 08315 0.8340 0.8365 . 83840
05413 08438 08461 08485 0.8508 0.8531 0.8554 08577 0.8504 08621
08643 (L8665 K686 08708 08729 08749 08770 0.8700 0.8510 0.8830
08849 0.886GY (). 8888 0.8007 0.8025 08014 0.8962 0.8080 0.8007 0.9015
08032 0.8049 0.O066 0.0082 0.9009 0.01156 0.9131 0.0147 09162 0.0177
192 0.0207 0,0222 0.02486 0.9251 09265 0.9270 (1.02492 0.49306 0.9310
00340 093057 0.0370 0.9:382 0.9394 0.9406 0.9418 0.9429 0.0441
094562 00463 00474 00484 0.9405 0.0505 0.9515 0.9525 0.9535 0.0545
009554 0.0564 00573 O.0nh82 09501 0.05099 0.9608 0.9616 0.9625 0.9633
0.09641 0.9649 00666 0.0664 09671 0.0678 00686 0.p603 0.9699 0.9706
04713 0.9719 0.0726 0.0732 049748 09744 0.9750 00766 0407061 0.9767
049772 09778 0.97834 09788 0,973 00798 0.9503 0.9808 0.u812 09817
049821 0.0826 0.9830 0.9834 0.9838 0.9842 0.9846 0.9850 0.0854 0.9857
04861 0.0864 09868 1.U871 DURTH O.ORTS 09881 0.9851 0.0887 0.9890

0.3300

0.49803 0.U808 0.9004 0.9906 0.9900 0.9911 0.9913% D.9916
0.0018 0.0022 0.0027 00020 00011 .9032 0.0034 0.9930
0.49038 049941 0.0946 09048 0.99449 00951 0.9052

09053 09955 0.9956
09065 0.0066 0.9967
09974 00076 09076
04081 0.09K82 0.0082
09087 (L.DO8T 0.9087

0.9960 0.99061 0.9962 0.9963 D.996G4
0.9969 0.0970 0.9971 0.9972 0.0973 0.9974
00077 00978 0.9979 0.9970 09980 0.9981
0.9084 00084 0.9UHS .9986 099806 (L OU9KG
0.9088 0.0950 0.9U8Y (LD98Y 0.9990 0.9900

09990 00991 (LT ) 0.9992 0.9992 0.0092 0.9992 0.9993 0.9903
09003 0.0003 09994 0.99094 0.9004 0.9094 0.9995 0.9995 0.9995
0.9945 0.0995 0.0005 09006 0.9906 0.9996 0.9996 1.9996 0.9996 0.9997
0.9007 0.0097 0.0007 00007 0.9907 09997 0.9997 1.90997 00907 00998




F distribution critical value landmarks

Table entries are crilical values for F*

Figure of F distribution (like in Moore, 2004, p. 656)

with probably p in right tail of the here.
distribution.
Degrees of freedom in numerator (df1)

p 1 2 3 4 5 6 7 8 12 24 1000

0.100 39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 60.71 62.00 63.30

0.050 161.4 199.5 215.7 2246 230.2 234.0 236.8 238.9 2439 2491 254.2

0.025 647.8 799.5 864.2 899.6 921.8 937.1 948.2 956.6 976.7 997.3 1017.8

0.010 4052 4999 5404 5624 5764 5859 5928 5981 6107 6234 6363

0.001] 405312 499725 540257 562668 576496 586033 593185 597954 610352 623703 636101

0.100 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.41 9.45 9.49

0.050 18.51 198.00 19.16 19.25 19.30 19.33 19.35 19.37 19.41 19.45 19.49

0.025 38.51 39.00 39.17 39.25 38.30 39.33 39.36 39.37 39.41 39.46 39,50

0.010 98.50 93.00 99.16 99.25 99.30 99.33 99,36 99.38 99.42 99.46 99.50

0.001 998.38  998.84 999.31 999.31 999.31 999.31 999.31 999.31 999.31 999.31 999.31

0.100 5.54 5.46 5.39 534 5.31 5.28 5.27 5.25 5.22 5.18 5.13

0.050 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.74 8.64 8.53

0.025 17.44 16.04 15.44 15.10 14.88 14.73 14.62 14.54 14.34 14.12 13.91

0.010 34.12 30.82 29.46 28.71 28.24 279 27.67 27.49 27.05 26.60 26.14

0.001 167.06 148.49 141.10 137.08 134,58 132.83 131.61 130.62 128.32 125.93 123.52

0.100 4.54 4.32 4.19 a1 4.05 4.01 3.98 3.95 3.90 3.83 3.76

s 0.050 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 5.91 5.77 5.63
T 0.025 12.22 10.65 9.98 9.60 9.36 9.20 9.07 8.98 8.75 8.51 8.26
§ 0.010 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14,37 13.93 13.47
-] 0.001 7413 61.25 56.17 53.43 51.72 50.52 49.85 48.00 47.41 4577 44.09
§ 0.100] 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 327 3.19 31
3 0.050 6.61 5.79 5.41 5.18 5.05 495 4.88 4.82 4.68 453 4.37
£ 0.025 10.01 8.43 7.76 7.39 7.15 6.98 6.85 6.76 6.52 6.28 6.02
E 0.010 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 9.89 9.47 9.03
-g 0.001 47.18 37.12 33.20 31.08 29.75 28.83 28.17 27.65 26.42 25.13 23.82
:.; 0.100 3.78 3.46 3.29 3.18 n 3.06 3.01 298 2.90 2.82 272
P 0.050 5.99 5.14 4.76 453 4.39 4.28 421 415 4.00 3.84 3.67
§ 0.025 8.81 7.26 6.60 6.23 5.99 5.82 5.70 5.60 5.37 512 4.86
2 0.010 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.72 7.31 6.89
=] 0.001 35.51 27.00 23.71 21.92 20.80 20.03 19.46 19.03 17.99 16.90 15.77
0.100 3.59 3.26 3.07 296 2.88 2.83 278 275 267 2.58 2.47

0.050 5.59 4,74 435 4.12 3.97 3.87 3.79 3.73 3.57 3.41 3.23

0.025 8.07 6.54 5.89 5.52 5.29 6.12 499 4.90 4.67 441 415

0.010 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.47 6.07 5.66

0.001 29.25 2169 18.77 17.20 16.21 15.62 15.02 14.63 13.71 12.73 11.72

0.100 3.486 3.1 292 2.81 2.73 2.67 262 2.59 2.50 2.40 2.30

0.050 5.32 446 4.07 3.84 3.69 3.58 3.50 3.44 3.28 3.12 2.93

0.025 7.57 6.06 5.42 5.05 482 4.65 453 443 4.20 3.85 3.68

0.010 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.67 5.28 4.87

0.001 2541 18.49 15.83 14.39 13.48 12.86 12.40 12.06 11.18 10.30 9.36

0.100 3.36 3.01 281 2.69 261 255 251 247 2.38 2.28 2.16

0.050 5.12 426 3.86 3.63 348 3.37 3.29 3.23 3.07 2.90 2.7

0,025 7.21 571 5.08 4.72 4.48 4.32 4.20 4.10 387 3.61 3.34

0.010 10.56 8.02 6.99 6.42 6.06 5.80 5.61 547 5.1 4.73 4.32

0.001 22.86 16.39 13.80 12.56 17N 11.13 10.70 10.37 9.57 8.72 7.84

Critical values computed with Excel 9.0
F-table.xls 1of2 12/24/2005




Table 1: Table of the Standard Normal Cumulative Distribution Function ®(z)

] 0.00 0.01 002 ] 0035 004 ] 005 006 | 007 008 0.06]
3.4 || 0,0003 0.0003 0.0003 | 0.0003 0.0003 | 0.0003 0.0003 | 0.00 0.00 f
.33 || o.0005 0.0005 0.0005 | 0.0004 0.0004 | 0.0004 0.0004 | 0.0004 0.0004 0.0003
.2.2 || 0.0007 0.0007 0.0006 | 0.0006 0.0006 | 0.0006 0.0006 | 0.0005 0.0005 0.0005
.31 || o.0010 ©0.0008 0.0009 | 0.000¢ 0.0008 | 0.0008 0.0008 | 0.0008 0.0007  0.0007
.3.0 || 0.0008 0.0013 0.0013 | 0.0012 0.0012 | 0.0011  0.0011 | 0.0011  0.0010 _ 0.0010
5.0 |[ 0.0019 0.0018 0.0018 | 0.0017 0.0016 | 0.0016 0.0015 | 0.0015 0.0014 0.0014
2.8 || 0.0026 0.0025 0.0024 | 0.0023 0.0023 | 0.0022 0.0021 | 0.0021  0.0020  0.0019
.2.7 || o.0035 0.0034 0.0033 | 0.0032 0.0031 | 0.0030 0.002¢ | 0.0028 0.0027 0.0026
2.6 || 0.0047 0.0045 0.0044 | 0.0043 0.0041 | 0.0040 0.0039 | 0.0038 0.0037 0.0036
.25 || 0.0062 00060 0.0059 | 0.0057 0.0055 | 0.0054 0.0052 | 0.0051 0.0049  0.0048
~Za || 0.0082 0.0080 0.0078 | 0.0075  0.0073 | 0.0071  0.0069 | O. R 0064
2.3 || 0.0107 o0.0104 0.0102 | 0.0000 0.0086 | 0.0084 0.0081 | 0.0089 0.0087  0.0084
22 || 0.0130 00136 0.0132 | 0.0129 00125 | €.0122 00119 | 0.0116 0.0113 0.0110
2.1 || o.o17¢ 0.0174 o0.0170 | 0.0166 0.0162 | 0.0158 0.0154 | 0.0150 0.0146 0.0143
2.0 || 0.0228 00222 0.0217 | 0.0212 0.0207 | 0.0202 0.0197 | 0.0192  0.0188  0.0183
1.9 D.0287  0,0281  0.0274 | 0.0268  0.0262 | 0.0256 0.0250 | 0.0244  0.0239  0.0238
-1.8 0,0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0204
-1.7 || 0.0446 0.0436 0.0427 | 0.0418 0.0409 | 0.0401 0.0392 | 0.0384 0.0376  0.0367
-1.6 || 0.0548 0.0537 0.0526 | 0.0516 0.0505 | 0.0495 0.0485 | 0.0475 0.0465 0.0455
_1.5 || 0.0668 0.0655 0.0643 | 0.0630  0.0618 | 00606  0.0594 | 0.0582  0.0571  0.0559
~1.4 || 0.0808 0.0793 0.0778 | 0.0764 0.0749 | 0.0735 0.0721 | 0.0708 0.0694 0.0681
-1.3 || 0.0068 0.0051 0.0034 | 0.0818 0.0901 | 0.0885 0.0869 | 0.0853 0.0838  0.0823
-1.2 || 0.1151  0.1131  0.1112 | 0.10903 0.1075 | 0.1056 0.1038 | 0.1020 0.1003  0.0985
-1.1 || 0.1357 0.1835 0.1314 | 0.12902 0.1271 | 0.1251  0.1230 | 0.1210 0.1100 0.1170
-1.0 || 0.1587 ©0.a562 0.1530 | 0.1515  0.1492 | 0.1469  0.1446 | 0.1423  0.1401  0.1379
700 || 0.1841  0.1814 0.1788 | 0.1762 0.1736 | 0.1711  0.1685 | 0.1660 0.1635  0.1611
.0.8 || 0.2118 0.2090 0.2061 | 0.2033 0.2005 | 0.1977 0.1949 | 0.1922 0.1894  0.1867
0.7 || 0.2420 02380 0.2358 | 0.2327 0.2206 | 0.2266 0.2236 | 0.2206 0.2177  0.2148
0.6 || 0.2743 02709 0.2676 | 0.2643 0.2611 | 0.2578 0.2546 | 0.2514  0.2483  0.2451
-0.5 || 0.3085 0.3050 0.3015 | 0.2981  0.2946 | 0.2012  0.2877 | 0.2843  0.2810  0.2776
T0.4 || D.3446  0.3409  0.3372 | 0.3336  0.3300 | 0.3264  0.3228 | 0.31 3166 3121
.0.3 || 0.3821 0.3783 0.3745 | 0.3707 0.3668 | 0.3632 0.3594 | 0.3557 0.35620 0.3483
0.2 || 0.4207 0.4168 0.4128 | 0.4090 0.4052 | 0.4013 0.3974 | 0.3936 0.3897  0.3859
0.1 || 0.4602 0.4562 0.4522 | 0.4483  0.4443 | 0.4404 0.4364 | 0.4325 0.4286 0.4247
-0.0 || 0.5000 0.4960 0.4920 | 0.4880  0.4840 | 0.4801  0.4761 | 0.4721 0.46B1  0.4641
0.5000 0.5040  0.5080 | 0.6120 0.5160 | 0.5199 0.5239 | 0.5279 0.5319  0.5359
0.5398 0.5438 0.5478 | 0.6517 0.5557 | 0.5596 0.5636 | 0.5675 0.5714  0.5753
0.5703 0.5832 0.5871 | 0.5010 0.5948 | 0.5987 0.6026 | 0.6064 0.6103  0.6141
0.6176  0.6217 06255 | 0.6203 0.6331 | 0.6368 0.6406 | 0.6443  0.6480  0.6517
0.8554 0.6591  0.6628 | 0.6664 0.6700 | 0.6736  0.6772 | 0.6808  0.6844  0.6870
0.6015  0.6050  0.6985 | 0.7010 0.7054 | 0.7088 0,7123 | 0.7157 A 0.7224
0.7257 0.7201  0.7324 | D.7357 0.7389 | 0.7422 0.7454 | 0.7486 0.7517  0.7549
0.7580 0.7611  0.7642 | 0.7673 0.7704 | 07734  0.7764 | 0.7794  0.7823  0.7852
0.7881 0.7910 0.7939 | 0.7967 0.7005 | 0.8023  0.8051 | 0.8078 0.8106 0.8133
0.8159 0.8186 0.8212 | 0.8238 0.8264 | 0.8280  0.8315 | 0.8340  0.8365  0.8389
0.8413  0.8438 0.8461 | 0.8485 0.8508 | 0.8531 0.8554 | 0.8577 0.8589  0.8621
0.8643 0.8665 0.8686 | 0.8708 0.8729 | 0.8749 0.8770 | 0.8790  0.8810  0.8830
0.8840 0.8860 0.8888 | 0.8007 0.8925 | 0,8944 0.8962 | 0.8080  0.8097  0.9015
0.9032 0.9049 0.9066 | 0.9082  0.9099 | 0.9115  0.9131 | 0.9147 0.9162  0.9177
0.9192 0.9207 0.9222 | 0.9236 0.9251 | 0.9265  0.9270 | 0.9292  0.9306 _ 0.9319
0.0332  0.0345 0.0357 | 0.9370 0.0382 | 0.0304 0.0406 | 0.9418 0.9429 0.9441 |
0.9452 0.9463 0.9474 | 0.0484 0.0495 | 0.9505 0.9515 | 0.9525  0.9535  0.9545
0.9554 0.9564 0.9573 | 0.9582 0.9591 | 0.9599 0.0608 | 0.9616 0.0625  0.9633
0.9641 0.9649 0.9656 | 0.9664 0.9671 | 0.9678 0.9686 | 0.9693 0.9699  0.9706
0.9713  0.971¢ 09726 | 0.9732 0.9738 | 0.9744 0.9750 | 0.9756  0.9761  0.9767
0.0772 0.0778 0.9783 | 0.9786 0.9793 | 0.9798 0.9803 | 0.9808 0.9812 0.9817
0.9821 0.9826 0.9830 | 0.0834 0.9838 | 0.9842 0.9846 | 0.9850 0.9854  0.9857
0.9861 0.9864 0.9868 | 0.0871 0.9875 | 09878 0.9881 | 0.9884  0.9887  0.9890
0.0893 09896 0.9898 | 0.9901 0.9904 | 0.9906 0.8909 | 0.9911  0.9913  0.9916
0.9918 0,9920 0.9922 | 0.9925  0.9927 | 0.09290  0.0931 | 0.9832  0.9934  0.9936
0.0038  0.08940  0.0041 | 0.0043 0.0045 | 0.0046 0.9048 | 0.9049 0.9951  0.0052 |
0.0053 0.9955 0.9956 | 0.0057 0.9959 | 0.9960 0.9961 | 0.9962 0.9963  0.9964
0.9965 0.9966 0.9967 | 0.9968 0.9969 | 0.9970 0.9971 | 0.9972  0.9973  0.0074
0.9974 0.9975 0.9976 | 0.0077 0.9977 | 0.0978  0.9979 | 0.9079  0.9980  0.9981
0.9981 0.9982 0.9982 | 0.9983  0.9984 | 0.9984  0.9985 | 0.9985  0.9986  0.9986
0.9987  0.9987  0.0087 | 0.9088 0.0088 | 0.0989 0.0080 | 0.9989  0.0990  0.0960 |
0.9990 0.9991 0.0991 | 0.9991 0.90892 | 0.9992 0.9092 | 0.9992  0.9093  0.0993
0.9993 09993 0.9994 | 0.9994 0.9994 | 0.0994 0.9094 | 0.9995 0.9995  0.0095
0.9995 0.9995 0.9995 | 0.9996 0.9996 | 0.9996 0.9996 | 0.9996  0.9996  0.9997
0.9997 0.9997  0.0997 | 0.9997  0.9997 | 0.9997  0.0997 | 0.9997  0.9997  0.0998
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F distribution critical value landmarks

Table entries are critical values for F*

Figure of F distribution (like in Moore, 2004, p. 656)

with probably p in right tail of the here.
distribution.
Degrees of freadom in numerator (df1)

P 1 2 3 4 5 8 7 8 12 24 1000
0.100 39.86 49.50 53.59 55.83 5724 . 58.20 58.91 59.44 60.71 62.00 63.30
0.050 161.4 199.5 215.7 2246 230.2 234.0 236.8 2389 2439 249.1 254.2
0.025 847.8 799.5 864.2 899.6 921.8 937.1 948.2 956.6 976.7 997.3 1017.8
0.010 4052 4999 5404 5624 5764 5859 5928 5981 6107 6234 6363
0.001| 405312 499725 540257 562668 576496 586033 593185 507954 610352 623703 636101
0.100 8.53 9.00 9.16 9.24 9.28 8.33 9.35 9.37 9.41 045 9.49
0.050 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.41 19.45 19.48
0.025 38.51 39.00 39.17 39.25 39.30 39.33 39.36 39.37 39.41 39.46 39.50
0.010 98.50 99,00 99.16 99.25 99.30 99.33 99.36 99.38 99.42 99.46 99,50
0.001 998.38  998.84 999.31 999.31 999.31 999.31 999.31 999.31 099.31 999.31 999.31
0.100 5.54 546 5.39 5.34 5.31 5.28 5.27 5.25 5.22 5.18 5.13
0.050 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.74 8.64 8.53
0.026 17.44 16.04 15.44 15.10 14.88 14.73 14.62 14.54 14.34 14.12 13.91
0.010 34.12 30.82 20.46 28.71 28.24 27.91 27.67 27.49 27.05 26.60 26.14
0.001 167.06 148.4¢ 141.10 137.08 134.58 132.83 131.61 130.62 128.32 125.93 123.52
0.100 4,54 4.32 4,19 4.11 4.05 4,01 3.98 3.85 3.90 3.83 3.76
g 0.050 7.7 6.94 6.59 6.39 6.26 6.16 6.08 6.04 591 677 5.63
Il 0.025 12.22 10.65 9.98 9.80 9.36 9.20 9.07 8.98 8.75 8.51 8.26
5 0.010 21.20 18.00 16.69 15.98 15.562 16.21 14.98 14.80 14.37 13.93 13.47
";' 0.001 74.13 61.25 56.17 5343 51.72 50.52 49.65 49.00 47.41 45.77 44.09

E
e 0.100 4.06 3.78 3.62 3.52 345 3.40 3.37 3.34 3.27 3.19 3.11
3 0.050 6.61 5.79 5.41 5.18 5.05 4.95 4.88 4.82 4.88 453 4.37
£ 0.025] 10.01 8.43 7.76 7.39 7.15 6.98 6.85 6.76 6.52 6.28 6.02
E 0.010 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 9.89 9.47 9.03
-§ 0.001 47.18 37.12 33.20 31.08 29.75 28.83 28.17 27.65 26.42 25.13 23.82
§ 0.100 3.78 3.46 3.29 3.18 3.1 3.05 3.01 2.98 2.90 2.82 2.72
» 0.050 5.99 5.14 4.76 4.53 439 4.28 4.21 4.15 4.00 3.84 3.67
g 0.025 8.81 7.286 6.60 623 5.99 - 5.82 5.70 5.60 5.37 5.12 4.86
o 0.010 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 772 7.31 6.89
=] 0.001 35.51 27.00 23.71 2192 20.80 20.03 19.46 19.03 17.99 16.80 15,77
0.100 3.59 3.26 3.07 296 2.88 283 278 275 2.67 2.58 2.47
0.050 5.59 4.74 4.35 412 3.97 3.87 3.79 3.73 3.57 341 3.23
0.025 8.07 6.54 5.89 552 5.29 5.12 4.99 490 467 4.41 4.15
0.010 12.25 9.55 8.45 7.85 7.46 7.18 6.99 6.84 6.47 6.07 5.66
0.001 29.25 21.69 18.77 17.20 18.21 16.52 15.02 14.63 13.71 12,73 11.72
0.100 3.48 3.1 2.92 281 273 267 262 259 250 2.40 2.30
0.050 5.32 4.46 407 3.84 3.69 3.58 3.50 344 3.28 3.12 2.93
0.025] 7.57 6.06 542 5.05 482 465 4.53 4.43 4.20 395 3.68
0.010 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 587 5.28 4.87
0.001 25.41 18.49 15.83 14.39 13.48 12.86 12.40 12.05 11.18 10.30 9.36
0.100 3.36 3.01 281 2,69 261 2.55 2.51 247 2.38 228 216
0.050 512 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.07 290 271
0.025 7.21 5.71 5.08 472 4.48 4.32 4.20 4.10 3.87 3.61 3.34
0.010 10.56 8.02 6.99 6.42 6.06 5.80 5.61 547 5.1 4.73 4.32
0.001 22.86 16.39 13.90 12.56 11.71 11.13 10.70 10.37 9.57 8.72 7.84

Critical values computed with Excel 9.0
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Table 1: Table of the Standard Normal Cumulative Distribution Function ®(z)

z 0.00 0.01 0.02 0.03 0.04 0.05 0.08 0.07 0.08
-3.4 0,0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 [i]

.23 || 0.0008 0.0005 0.0005 | 0.0004 0.0004 | 0.0004 0.0004 | 0.0004 0.0004  0.0003
.32 || 0.0007 ©0.0007 0.0006 | 0.0006 0.0006 | 0.0006 0.0006 | 0.0005 0.0005  0.0005
.31 || 0.0000 o0.0008 0.0000 | 0.0008 0.0008 | 0.0008 0.0008 | 0.0008  0.0007  0.0007
.3.0 || 0.0013 0.0013 0.0013 | 0.0012 0.0012 | 0.0011  0.0011 | 0.0011  0.0010  0.0010
-2.9 0.0019 0.0018 0.0018 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0014
.28 || 0.0026 0.0025 0.0024 | 0.0023 0.0023 | 0.0022 0.0021 | 0.0021  0.0020  0.0019
.27 || 0.0035 0.0034 0.0033 | 0.0032 0.0031 | 0.0030 0.0020 | 0.0028 0.0027  0.0026
.2.6 || 0.0047 0.0045 0.0044 | 0.0043 0,0041 | 0.0040 0.0039 | 0.0038 0.0037 0.0036
.25 || o.oo62 ©0.0060 0.0059 | 0.0057 0.0055 | 0.0054 0.0052 | 0.0051 0.0049  0.0048
2.4 0.0082  0.0080  0.0078 | 0.0075  0.0073 | 0.0071 _ 0.0069 | 0. i X
.2.3 || 0.0107 0.0104 0.0102 | 0.0098 0.0096 | 0.0094 0.0091 | 0.0080  0.0087  0.0084
.22 || o.0139  0.0136 0.0132 | 0.0129 0.0125 | 0.0122 0.0119 | 0.0116 0.0113  0.0110
2.1 || 0.0179 o0.0174 0.0170 | 0.0166 0.0162 | 0.0158 0.0154 | 0.0150 0.0146 0.0143
2.0 || 0.0228 o0.0222 0.0217 | 0.0212 0.0207 | 0.0202  0.0197 | 0.0192 0.0188  0.0183
1o {00287 0.0281 0.0274 | 0.0268 0.0262 | 0.0256  0.0250 | 0.0244  0.0239  0.0233 |
-1.8 0.0359 0.0351 0.0344 0.0336 0.0320 0.0322 0.0314 0.0307 0.0301 0.0204
1.7 || 0.0446 0.0436 0.0427 | 0.0418 0.0409 | 0.0401 0.0392 | 0.0384 0.0375  0.0367
1.6 || 0.0548 0.0537 0.0526 | 0.0516 0.0605 | 0.0495 00485 | 0.0475 0.0465  0.0455
-1.5 || o.0668 0.0655 0.0643 | 0.0630 0.0618 | 0.0606 _ 0.0594 | 0.0382 0.0571  0.0559
<4 | 00808 00793 0.0778 | 0.0768 _ 0.0749 | 0.0735  0.0721 | 0.0708  0.0694  0.0681 |
13 || o.0068 o0.0951 0.0034 | 0.0918 0.0901 | 0.0885 0.0869 | 0.0853 0.0838  0.0823
.12 || 01151 01131 0.a112 | 0.1093  0.1075 | 0.1056 0.1038 | 0.1020 0.1003  0.0985
-1.1 0.1357 0.1335 0.1314 | 0.1202  0.1271 | 0.1251  0.1230 | 0.1210 0.1180 0.1170
1.0 || 0.1587 0.1562 0.1539 | 0.1515  0.1492 | 0.1469  0.1446 | 0.1423  0.1401  0.1379
5.0 | 01841 0.1814 0.1788 | 0.1762 0.1736 | 0.1711  0.1685 | 0.1660 0.1635  0.1611
.0.8 || 0.2119 ©0.2080 0.2061 | 0.2033  0.2005 | 0.1977 0.1949 | 0.1922  0,1894  0.1867
.07 || 0.2420 0.2388 0.2358 | 0.2327 02206 | 0.2266 0.2236 | 0.2206 0.2177  0.2148
.06 || 02743 0.2708 02676 | 0.2643 0.2611 | 0.2578 0.2546 | 0.2514  0.2483  0.2451
.0.5 || 0.3085 0.3050 ©0.3015 | 0.2081  0.2946 | 0.2912  0.2877 | 0.2843  0.2810  0.2776
o4 | 034d6 03400 0.3372 | 0.3336  0.3300 | 0.3264  0.3228 | 0.3102 0.3156  0.3121
.03 || 0.3821  0.3783 0.3745 | 0.3707 0.3660 | 0.3632  0.3594 | 0.3557  0.3520 0.3483
.02 || 0.4207 0.4168 0.4129 | 0.4090 0.4052 | 0.4013 0.3974 | 0.3936  0.3897  0.3850
-0.1 0.4602 0.4562 0.4522 | 0.4483 0.4443 | 0.4404 0.4364 | 0.4325 0.4286  0.4247
.00 || 0.5000 0.4960 0.4920 | 0.4880 0.4840 | 0.4801 0.4761 | 0.4721 0.4681 0.4641
0.0 1 05000 0.5040 0.5080 | 0.5120 0.5160 | 0.56109  0.5239 | 0.5270 531 5350
o1 || 0.5308 0.5438 0.5478 | 0.5517 0.5557 | 0.5506 0.5636 | 0.6675  0.5714  0.5763
02 || o.5703 0.5832 0.5871 | 0.5010 0.5848 | 0.5987 0.6026 | 0.6064 0.6103  0.6141
0.6179 0.6217 0.6255 | 0.6293 0.6331 | 0.6368 0.6406 | 0.6443  0.6480  0.6517
0.6554 0.6591 0.6628 | 0.6664 0.6700 | 0.6736  0.6772 | 0.6808  0.6844  0.6879
0.6915 0.6050 0.6085 | 0.7019  0.7054 | 0. 23 . P i
0.7257 0.7201 0.7324 | 0.7357 0.7389 | 0.7422 0.7454 | 0.7486 0.7517  0.7549
0.7580 0.7611 0.7642 | 0.7673 0.7704 | 0.7734  0.7764 | 0.7794  0.7823  0.7852
0.7881 0.7910 0.7939 | 0.7967 0.7995 | 0.8023 0.8051 | 0.8078 0.8106  0.8133
0.8150 0.8186 0.8212 | 0.8238 0.8264 | 0.8280  0.8315 | 0.8340  0.8365  0.8389
08313 0.8438 0.8461 | 0.8485 0.8508 | 0.8531  0.8664 | 0.8577  0.8500  0.8621 |
0.8643 0.8665 0.8686 | 0.8708 0.8720 | 0.8749 0.8770 | 0.8790 0.8810  0.8830
0.8849 0.8869 0.8888 | 0.8907 0.8925 | 0.8044  0.8062 | 0.8080 0.8997  0.9015
0.9032 0.9049 0.9066 0.9082 0.9099 0.9115 0.9131 0.9147 0.9162 0.9177
09102 0.9207 0.9222 | 0.9236 0.9251 | 0.0265  0.9279 | 0.9292 0.9306  0.9319
0.0335  0.9345 0.0357 | 00370 0.0382 | 0.0304  0.0406 | 0.9418 0429 9441
0.0452 0.9463 0.9474 | 0.9484 0.9495 | 0.8505 0.9515 | 0.9525 0.9535  0.9545
0.9564 0.9564 0.9573 | 0.9582 0.9501 | 0.9599  0.9608 | 0.9616  0.9625  0.9033
0.0641 0.9649 0.0656 | 0.9664 09671 | 0.9678 0.9686 | 0.9693 0.9699  0.9706
0.0713 0.9719 00726 | 0.9732 0.9738 | 0.9744  0.9750 | 0.9756  0.9761  0.9767
09772 0.9778 0.9783 | 0.9788 0.9793 | 0.0798 0.9803 | 0.980 0.9812  0.9817
0.9821 0.9826 0.9830 | 0.9834 0.9838 | 0.9842 0.9846 | 0.8850 0.9854  0.9857
0.0861 0.9864 0.9868 | 0.9871 0.9875 | 0.0878 0.9881 | 0.9884  0.9887  0.9800
0.0893 0.0806 0.0898 | 0.9901  0.9904 | 0.9906 0.9909 | 0.9911  0.9913  0.9916
0.0918 0.9920 0.9922 | 0.9925 0.9927 | 0.9920 0.9931 | 0.9932  0.9934  0.9936
0.0038 0.0040 0.0041 0.0043 0.0045 0.0D46 0.0048 .04 K G
0.0953 0.9955 0.9956 | 0.9957 0.9959 | 0.9960 0.9961 | 0.9962 0.9963  0.9904
0.9965 0.9966 0.9967 | 0.9968 0.9969 | 0.9970 00071 | 0.9972 0.9973  0.9974
09074 0.0075 0.9076 | 0.9977 0.9977 | 0.9978 0.9979 | 0.9979  0.9980  0.9981
0.9981 0.9982 09982 | 0.9983 0.9984 | 0.9984  0.0985 | 0.9985 0.9986  0.9986
0.9987 0.0987 0.0087 | 0.0088 0.9988 | 0.0089 0.0989 | 0.0080  0.9990  0.9990 |
0.9990 0.0991 0.9991 | 0.9991 0.9992 | 0.9992 0.9992 | 0.9992 0.9993  0.9993
0.0093  0,0993 0.9994 | 0.9994 0.9994 | 0.9994 0.9994 | 0.9995 0.9995  0.9995
0.0995 0.9995 0.0995 | 0.9996 0.9996 | 0.9996 0.9996 | 0.9996  0.9996  0.9997
0.9007 0.0997 0.9907 0.9907 0.9997 0.9997 0.9997 0.9997 0.9997 0.9008
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F distribution critical value landmarks

Table entries are critical values for F*

Figure of F distribution (like in Moore, 2004, p. 656)

with probably p in right tail of the here.
distribution.
Degrees of freedom in numerator (df1)
P 1 2 3 4 5 6 7 8 12 24 1000
0.100 39.86 49.50 53.59 55,83 5724 . 58.20 58.91 59.44 60.71 62.00 63.30
0.050 161.4 199.5 215.7 2248 230.2 234.0 236.8 238.9 2439 249.1 254.2
0.025 647.8 799.5 864.2 899.6 921.8 937.1 948.2 956.6 976.7 997.3 1017.8
0.010 4052 4999 5404 5624 5764 5859 5928 5981 6107 6234 6363
0.001| 405312 499725 540257 562668 576496 586033 593185 597954 610352 623703 636101
0.100 8.53 9.00 8.16 9.24 9.29 8.33 8.35 9.37 9.41 945 9.48
0.050 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 18.41 19.45 19.49
0.025 38.51 39.00 39.17 39.25 39.30 39.33 39.36 39.37 30.41 39.46 39.50
0.010 98.50 89.00 99.16 99.25 99.30 99.33 99.36 99.38 99.42 99.46 99.50
0.001 998.38 998.84  999.31 999.31 999.31 999.31 999.31 999.31 999.31 999.31 999.31
0.100 5.54 5.48 5.39 5.34 5.31 5.28 5.27 5.25 522 5.18 5.13
0.050 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.74 8.64 8.53
0.025 17.44 16.04 15.44 15.10 14.88 14.73 14.62 14.54 1434 14.12 13.91
0.010 34.12 30.82 29.46 28.71 28.24 27.91 27.67 27.49 27.05 26.60 26.14
0.001 167.06 148.49 141.10 137.08 134.58 132.83 131.61 130.62 128.32 12593  123.52
0.100 454 4.32 4.19 411 4.05 4.01 3.98 3.95 3.0 3.83 3.76
& 0.050 7.7 6.94 6.59 6.39 6.26 6.16 6.09 6.04 5.91 5.77 5.63
T 0.025 12.22 10.65 9.98 9.60 9.36 8.20 9.07 8.98 8.75 8.51 8.26
5 0.010 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.37 13.93 13.47
'é 0.001 74.13 61.25 56.17 5343 51,72 50.52 49.85 49.00 47.41 45.77 44.09
E
-] 0.100 4.06 3.78 3.62 3.52 345 3.40 337 3.34 3.27 3.19 3.1
3 0.050 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 488 453 437
£ 0.025 10.01 8.43 7.76 7.39 7.15 6.98 6.85 6.76 6.52 6.28 6.02
E 0.010 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 9.89 9.47 9.03
-§ 0.001 47.18 3712 33.20 31.08 29.75 28.83 28.17 27.65 26.42 25,13 23.82
[
::. 0.100 3.78 346 3.29 3.18 3.1 3.05 3.01 298 290 2.82 272
., 0.050 5.99 5.14 476 453 439 4.28 421 4.15 4.00 3.84 3.67
E 0.025 8.81 7.26 6.60 6.23 5.99 - 5.82 5.70 5.60 537 5.12 4.86
@ 0.010 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.72 7.31 6.89
o 0.001 35.51 27.00 23.71 2192 20.80 20.03 19.46 19.03 17.99 16.80 15.77
0.100 3.59 3.26 3.07 296 2.88 2.83 2.78 275 267 2.58 247
0.050] 5.59 4.74 435 4.12 3.97 3.87 3.79 3.73 357 3.41 3.23
0.025 8.07 6.54 5.89 5.52 5.29 5.12 4.99 490 467 4.41 4.15
0.010 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.47 6.07 5.66
0.001 28.25 21,868 18.77 17.20 16.21 15.52 15.02 14.63 13.71 12.73 11.72
0.100 3.46 3N 292 281 273 2.67 2.62 2.59 2.50 2.40 2.30
0.050 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.28 3.12 2.93
0.025 7.57 6.06 542 5.05 482 465 453 4.43 4.20 3.95 3.68
0.010 11.26 8.85 7.59 7.01 6.63 8.37 6.18 6.03 567 5.28 4.87
0.001 25.41 18.49 15.83 14.39 13.48 12.86 12.40 12.05 11.19 10.30 9.36
0.100 3.36 3.01 281 269 261 2.55 2.51 247 2,38 228 2.18
0.050 5.12 4.26 3.86 3.63 348 3.37 329 3.23 3.07 2.90 2.7
0.025 7.21 5.71 5.08 472 4.48 4.32 4.20 4.10 3.87 3.61 3.34
0.010 10.56 8.02 6.99 6.42 6.06 5.80 5.61 547 5.1 4.73 4.32
0.001 22.86 16.38 13.90 1256 1.7 11.13 10.70 10.37 9.57 8.72 7.84
Critical values computed with Excel 8.0
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