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Table A.1 Standard Normal Distribution

APPENDIX

Let Z be a normal random variable with mean zero and variance 1. For selected values of Z, three values
are tabled: (1) the two-sided p-value, or P[|Z| > z]; (2) the one-sided p-value, or P[Z > z]; and (3) the
cumulative distribution function at Z, or P[Z < z].

Two- One- Cum- Two- One- Cum- Two- One- Cum-
z sided sided dist. z sided  sided dist. z sided  sided dist.

0.00 1.0000 .5000 .5000 | 1.30 .1936 .0968 9032 | 1.80 .0719 .0359 .9641
0.05 9601 4801 5199 | 131 .1902  .0951 .9049 | 1.81 .0703 .0351 .9649
0.10 9203 4602 5398 | 1.32  .1868 .0934 9066 | 1.82 .0688 .0344 9656
0.15 .8808 4404 5596 | 1.33 1835 .0918 9082 | 1.83 .0673 .0336 .9664
0.20 8415 4207 5793 | 1.34 1802 .0901 .9099 | 1.84 .0658 .0329 9671
0.25 .8026 4013 5987 | 1.35 1770  .0885 9115 1.85 .0643 .0322 .9678
0.30 7642 3821 6179 | 1.36  .1738 .0869 9131 1.86 .0629 .0314 .9686
0.35 7263 3632 6368 | 1.37 .1707 .0853 9147 | 1.87 .0615 .0307 .9693
0.40 .6892 3446 6554 | 1.38 .1676 .0838 9162 | 1.88 .0601 .0301 .9699
0.45 .6527 3264 6736 | 1.39 1645 .0823 9177 | 1.89 .0588 .0294 9706
0.50 6171 3085 6915 | 1.40 .1615 .0808 .9192 | 1.90 .0574 .0287 9713
0.55 .5823 2912 7088 | 1.41 .1585 .0793 .9207 | 1.91 .0561 .0281 .9719
0.60 .5485 2743 7257 | 142 1556 .0778 9222 | 1.92 .0549 .0274 9726
0.65 5157 2578 7422 | 143 1527 0764 9236 | 1.93 .0536 .0268 9732
0.70 4839 2420 7580 | 1.44 1499 0749 9251 1.94 .0524 .0262 9738
0.75 4533 2266 7734 | 145 1471 0735 9265 1.95 .0512 .0256 9744
0.80 4237 2119 7881 146  .1443 .0721 9279 | 1.96 .0500 .0250 .9750
0.85 .3953 1977 8023 | 147 .1416  .0708 .9292 | 1.97 .0488 .0244 9756
0.90 .3681 1841 8159 | 148 .1389 .0694 9306 | 1.98 .0477 .0239 9761
0.95 3421 1711 8289 | 149 1362  .0681 .9319 | 1.99 .0466 .0233 9767
1.00 3173 1587 8413 | 1.50 .1336  .0668 .9332 | 2.00 .0455 .0228 9772
1.01 3125 1562 8438 | 1.51 .1310 .0655 .9345 | 2.01 .0444 0222 9778
1.02 3077 1539 8461 1.52 1285 .0643 9357 | 2.02 .0434 .0217 .9783
1.03 .3030 1515 8485 1.53  .1260 .0630 .9370 | 2.03 .0424 .0212 .9788
1.04 .2983 1492 8508 | 1.54 .1236 .0618 .9382 | 2.04 .0414 .0207 .9793
1.05 .2937 1469 8531 1.55 1211 .0606 .9394 | 2.05 .0404 .0202 .9798
1.06 2891 1446 8554 | 1.56 .1188 .0594 9406 | 2.06 .0394 0197 .9803
1.07 .2846 1423 8577 | 1.57 1164 .0582 9418 | 2.07 .0385 .0192 .9808
1.08 .2801 1401 8599 | 1.58 .1141 .0571 .9429 | 2.08 .0375 .0188 .9812
1.09 2757 1379 8621 1.59 1118 .0559 9441 | 2.09 .0366 .0183 .9817
1.10 2713 1357 8643 | 1.60 .1096 .0548 9452 | 2.10 .0357 .0179 9821
1.11 .2670 1335 8665 | 1.61 .1074 .0537 9463 | 2.11 .0349 0174 9826
1.12 2627 1314 8686 | 1.62 .1052 .0526 .9474 | 2.12 .0340 .0170 .9830
1.13 2585 1292 8708 | 1.63 .1031 .0516 .9484 | 2.13 .0332 .0166 .9834
1.14 2543 1271 8729 | 1.64 1010 .0505 .9495 | 2.14 .0324 0162 .9838
1.15 2501 1251 8749 | 1.65 .0989 .0495 9505 | 2.15 .0316 .0158 .9842
1.16 .2460 1230 8770 | 1.66  .0969 .0485 9515 | 2.16 .0308 .0154 .9846
1.17 .2420 1210 8790 | 1.67 .0949 .0475 9525 | 2.17 .0300 .0150 .9850
1.18 .2380 1190 8810 | 1.68  .0930 .0465 .9535 | 2.18 .0293 0146 .9854
1.19 .2340 1170 8830 | 1.69  .0910 .0455 9545 | 2.19 .0285 .0143 9857
1.20 2301 1151 8849 | 1.70  .0891 .0446  .9554 | 220 .0278 .0139 .9861
1.21 2263 1131 8869 | 1.71  .0873 .0436 .9564 | 2.21 .0271 .0136 .9864
1.22 2225 A112 8888 | 1.72  .0854  .0427 9573 | 2.22 .0264 0132 .9868
1.23 2187 1093 8907 | 1.73 .0836 .0418 9582 | 2.23 .0257 .0129 9871
1.24 2150 1075 .8925 1.74 .0819 .0409 9591 | 2.24 .0251 .0125 .9875
1.25 2113 1056 8944 | 1.75 .0801 .0401 .9599 | 2.25 .0244 0122 9878
1.26 2077 1038 8962 | 1.76  .0784 .0392 9608 | 2.26 .0238 .0119 .9881
1.27 2041 1020 8980 | 1.77 .0767 .0384 9616 | 2.27 .0232 0116 .9884
1.28 .2005 1003 8997 | 1.78 .0751 .0375 9625 | 2.28 .0226 .0113 9887
1.29 1971 0985 9015 | 1.79 .0735 .0367 .9633 | 2.29 .0220 .0110 .9890
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Table A.1 (continued)
Two- One-  Cum- Two- One-  Cum- Two- One-  Cum-
z sided  sided dist. z sided  sided dist. z sided  sided dist.

230 .0214 .0107 9893 | 2.80 .0051 .0026 .9974 | 3.30 .0010 .0005  .9995
231 .0209 .0104 9896 | 2.81 .0050 .0025 .9975 | 3.31 .0009 .0005 .9995
232 .0203 .0102 9898 | 2.82 .0048 .0024 9976 | 3.32 .0009 .0005 .9995
233 0198 .0099 9901 | 2.83 .0047 .0023 .9977 | 3.33 .0009 .0004 .9996
234 0193 .0096 .9904 | 2.84 .0045 .0023 9977 | 3.34 .0008 .0004 .9996
235 0188 .0094 9906 | 2.85 .0044 .0022 .9978 | 3.35 .0008 .0004 .9996
236 0183 .0091 .9909 | 2.86 .0042 .0021 .9979 | 3.36 .0008 .0004 .9996
237 0178 .0089 9911 | 2.87 .0041 .0021 .9979 | 3.37 .0008 .0004 .9996
238 0173 .0087 9913 | 2.88 .0040 .0020 .9980 | 3.38 .0007 .0004 .9996
239 0168 .0084 9916 | 2.89 .0039 .0019 .9981 | 3.39 .0007 .0003 .9997
240 0164 .0082 9918 | 2.90 .0037 .0019 .9981 | 3.40 .0007 .0003  .9997
241 .0160 .0080 .9920 | 2.91 .0036 .0018 .9982 | 3.41 .0006 .0003  .9997
242 0155 .0078 9922 | 2.92 .0035 .0018 .9982 | 3.42 .0006 .0003 .9997
243 0151 .0075 9925 | 2.93 .0034 .0017 .9983 | 3.43 .0006 .0003 .9997
244 0147 .0073 9927 | 2.94 .0033 .0016 .9984 | 3.44 .0006 .0003 .9997
245 0143 .0071 9929 | 2.95 .0032 .0016 .9984 | 3.45 .0006 .0003  .9997
246  .0139 .0069 .9931 | 296 .0031 .0015 .9985 | 3.46 .0005 .0003 .9997
247 0135 .0068 9932 | 2.97 .0030 .0015 .9985 | 3.47 .0005 .0003 .9997
248 0131 .0066 .9934 | 2.98 .0029 .0014 9986 | 3.48 .0005 .0003 .9997
249 0128 .0064 9936 | 2.99 .0028 .0014 .9986 | 3.49 .0005 .0002  .9998
2,50  .0124 .0062 9938 | 3.00 .0027 .0013 .9987 | 3.50 .0005 .0002  .9998
2,51  .0121  .0060 .9940 | 3.01 .0026 .0013 .9987 | 3.51 .0004 .0002 .9998
2,52 0117 .0059 9941 | 3.02 .0025 .0013 .9987 | 3.52 .0004 .0002 .9998
2.53 0114 .0057 9943 | 3.03 .0024 .0012 .9988 | 3.53 .0004 .0002 .9998
2.54 0111 .0055 9945 | 3.04 .0024 .0012 .9988 | 3.54 .0004 .0002  .9998
2.55 .0108 .0054 9946 | 3.05 .0023 .0011 .9989 | 3.55 .0004 .0002  .9998
2,56 .0105 .0052 9948 | 3.06 .0022 .0011 .9989 | 3.56 .0004 .0002 .9998
2.57 .0102 .0051 .9949 | 3.07 .0021 .0011 .9989 | 3.57 .0004 .0002  .9998
2,58 .0099 .0049 9951 | 3.08 .0021 .0010 .9990 | 3.58 .0003 .0002  .9998
2.59  .0096 .0048 9952 | 3.09 .0020 .0010 .9990 | 3.59 .0003  .0002  .9998
2.60 .0093 .0047 9953 | 3.10 .0019 .0010 .9990 | 3.60 .0003  .0002  .9998
2,61 .0091 .0045 9955 | 3.11 .0019 .0009 .9991 | 3.61 .0003 .0002 .9998
2.62 .0088 .0044 9956 | 3.12 .0018 .0009 .9991 | 3.62 .0003 .0001  .9999
2,63 .0085 .0043 9957 | 3.13 .0017 .0009 .9991 | 3.63 .0003 .0001  .9999
2.64 .0083 .0041 9959 | 3.14 .0017 .0008 .9992 | 3.64 .0003 .0001  .9999
2.65 .0080 .0040 .9960 | 3.15 .0016 .0008 .9992 | 3.65 .0003 .0001  .9999
2.66 .0078 .0039 9961 | 3.16 .0016 .0008 .9992 | 3.66 .0003 .0001  .9999
2.67 .0076 .0038 .9962 | 3.17 .0015 .0008 .9992 | 3.67 .0002 .0001  .9999
2.68 .0074 .0037 9963 | 3.18 .0015 .0007 .9993 | 3.68 .0002 .0001  .9999
2.69 .0071 .0036 .9964 | 3.19 .0014 .0007 .9993 | 3.69 .0002 .0001  .9999
270 .0069 .0035 .9965 | 3.20 .0014 .0007 .9993 | 3.70 .0002 .0001  .9999
271  .0067 .0034 9966 | 3.21 .0013 .0007 .9993 | 3.71 .0002 .0001  .9999
272 .0065 .0033 9967 | 3.22 .0013 .0006 .9994 | 3.72 .0002 .0001  .9999
273  .0063 .0032 9968 | 3.23 .0012 .0006 .9994 | 3.73 .0002 .0001  .9999
274 0061 .0031 9969 | 3.24 .0012 .0006 .9994 | 3.74 .0002 .0001  .9999
275 .0060 .0030 9970 | 3.25 .0012 .0006 .9994 | 3.75 .0002 .0001  .9999
276 .0058 .0029 9971 | 3.26 .0011 .0006 .9994 | 3.76 .0002 .0001  .9999
277 0056 .0028 9972 | 3.27 .0011 .0005 .9995 | 3.77 .0002 .0001  .9999
278 .0054 .0027 9973 | 3.28 .0010 .0005 .9995 | 3.78 .0002 .0001  .9999
279 .0053 .0026 9974 | 3.29 .0010 .0005 .9995 | 3.79 .0002 .0001  .9999
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Table A.2 Critical Values (Percentiles) for the Standard Normal Distribution

APPENDIX

The fourth column is the N (0, 1) percentile for the percent given in column one. It is also the upper
one-sided N (0, 1) critical value and two-sided N (0, 1) critical value for the significance levels given
in columns two and three, respectively.

Percent One-sided Two-sided z Percent One-sided Two-sided z
50 .50 1.00 0.00 99.59 .0041 .0082 2.64
55 45 .90 0.13 99.60 .0040 .0080 2.65
60 .40 .80 0.25 99.61 .0039 .0078 2.66
65 .35 .70 0.39 99.62 .0038 .0076 2.67
70 .30 .60 0.52 99.63 .0037 .0074 2.68
75 25 .50 0.67 99.64 .0036 .0072 2.69
80 .20 40 0.84 99.65 .0035 .0070 2.70
85 15 .30 1.04 99.66 .0034 .0068 271
90 .10 .20 1.28 99.67 .0033 .0066 2.72
91 .09 .18 1.34 99.68 .0032 .0064 2.73
92 .08 .16 1.41 99.69 .0031 .0062 2.74
93 .07 .14 1.48 99.70 .0030 .0060 2.75
94 .06 12 1.55 99.71 .0029 .0058 2.76
95 .05 .10 1.64 99.72 .0028 .0056 2.77
95.5 .045 .090 1.70 99.73 .0027 .0054 2.78
96.0 .040 .080 1.75 99.74 .0026 .0052 2.79
96.5 .035 .070 1.81 99.75 .0025 .0050 2.81
97.0 .030 .060 1.88 99.76 .0024 .00438 2.82
97.5 .025 .050 1.96 99.77 .0023 .0046 2.83
98.0 .020 .040 2.05 99.78 .0022 .0044 2.85
98.5 .015 .030 2.17 99.79 .0021 .0042 2.86
99.0 .010 .020 2.33 99.80 .0020 .0040 2.88
99.05 .0095 .0190 2.35 99.81 .0019 .0038 2.89
99.10 .0090 .0180 2.37 99.82 .0018 .0036 291
99.15 .0085 .0170 2.39 99.83 .0017 .0034 2.93
99.20 .0080 .0160 2.41 99.84 .0016 .0032 2.95
99.25 .0075 .0150 2.43 99.85 .0015 .0030 2.97
99.30 .0070 .0140 2.46 99.86 .0014 .0028 2.99
99.35 .0065 .0130 2.48 99.87 .0013 .0026 3.01
99.40 .0060 .0120 2.51 99.88 .0012 .0024 3.04
99.45 .0055 .0110 2.54 99.89 .0011 .0022 3.06
99.50 .0050 .0100 2.58 99.90 .0010 .0020 3.09
99.51 .0049 .0098 2.58 99.91 .0009 .0018 3.12
99.52 .0048 .0096 2.59 99.92 .0008 .0016 3.16
99.53 .0047 .0094 2.60 99.93 .0007 .0014 3.19
99.54 .0046 .0092 2.60 99.94 .0006 .0012 3.24
99.55 .0045 .0090 2.61 99.95 .0005 .0010 3.29
99.56 .0044 .0088 2.62 99.96 .0004 .0008 3.35
99.57 .0043 .0086 2.63 99.97 .0003 .0006 343
99.58 .0042 .0084 2.64 99.98 .0002 .0004 3.54

99.99 .0001 .0002 3.72
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Table A.3 Critical Values (Percentiles) for the Chi-Square Distribution

For each degree of freedom (d.f.) in the first column, the table entries are the critical values for the upper
one-sided significance levels in the column headings or, equivalently, the percentiles for the corresponding
percentages.

Percentage
2.5 5 50 75 90 95 97.5 99 99.9
Upper One-Sided o

d.f. 975 .95 .50 25 .10 .05 .025 .01 .001
1 .001 .004 455 1.32 2.71 3.84 5.02 6.63 10.83
2 .051 .103 1.39 2.77 4.61 5.99 7.38 9.21 13.82
3 216 .352 2.37 4.11 6.25 7.82 9.35 11.34 16.27
4 484 711 3.36 5.39 7.78 9.49 11.14 13.28 18.47
5 .831 1.15 4.35 6.63 9.24 11.07 12.83 15.09 20.52
6 1.24 1.64 5.35 7.84 10.64 12.59 14.45 16.81 22.46
7 1.69 2.17 6.35 9.04 12.02 14.07 16.01 18.47 24.32
8 2.18 2.73 7.34 10.22 13.36 15.51 17.53 20.09 26.12
9 2.70 3.33 8.34 11.39 14.68 16.92 19.02 21.67 27.88
10 3.25 3.94 9.34 12.55 15.99 18.31 20.48 23.21 29.59
11 3.82 4.57 10.34 13.70 17.27 19.68 21.92 24.72 31.26
12 4.40 5.23 11.34 14.85 18.55 21.03 23.34 26.22 3291
13 5.01 5.89 12.34 15.98 19.81 22.36 24.74 27.69 34.53
14 5.63 6.57 13.34 17.12 21.06 23.68 26.12 29.14 36.12
15 6.26 7.26 14.34 18.25 22.31 25.00 27.49 30.58 37.70
16 6.91 7.96 15.34 19.37 23.54 26.30 28.85 32.00 39.25
17 7.56 8.67 16.34 20.49 24.77 27.59 30.19 33.41 40.79
18 8.23 9.39 17.34 21.60 25.99 28.87 31.53 34.81 42.31

19 8.91 10.12 18.34 22.72 27.20 30.14 32.85 36.19 43.82
20 9.59 10.85 19.34 23.83 28.41 31.41 34.17 37.57 45.31

21 10.28 11.59 20.34 24.93 29.62 32.67 35.48 38.93 46.80
22 10.98 12.34 21.34 26.04 30.81 33.92 36.78 40.29 48.27
23 11.69 13.09 22.34 27.14 32.01 35.17 38.08 41.64 49.73
24 12.40 13.85 23.34 28.24 33.20 36.42 39.36 42.98 51.18
25 13.12 14.61 24.34 29.34 34.38 37.65 40.65 4431 52.62

26 13.84 15.38 25.34 30.43 35.56 38.89 41.92 45.64 54.05
27 14.57 16.15 26.34 31.53 36.74 40.11 43.19 46.96 55.48
28 15.31 16.93 27.34 32.62 37.92 41.34 44.46 48.28 56.89
29 16.05 17.71 28.34 33.71 39.09 42.56 45.72 49.59 58.30
30 16.79 18.49 29.34 34.80 40.26 43.77 46.98 50.89 59.70

35 20.57 22.47 34.34 40.22 46.06 49.80 53.20 57.34 66.62
40 | 24.43 26.51 39.34 45.62 51.81 55.76 59.34 63.69 73.40
45 28.37 30.61 44.34 50.98 57.51 61.66 65.41 69.96 80.08
50 | 32.36 34.76 49.33 56.33 63.17 67.50 71.42 76.15 86.66
55 36.40 38.96 54.33 61.66 68.80 73.31 77.38 82.29 93.17

60 | 40.48 43.19 59.33 66.98 74.40 79.08 83.30 88.38 99.61
65 | 44.60 47.45 64.33 72.28 79.97 84.82 89.18 94.42 105.99
70 | 48.76 51.74 69.33 77.58 85.53 90.53 95.02 100.43 112.32
75 52.94 56.05 74.33 82.86 91.06 96.22 100.84 106.39 118.60
80 | 57.15 60.39 79.33 88.13 96.58 101.88 106.63 112.33 124.84
85 61.39 64.75 84.33 93.39 102.08 107.52 112.39 118.24 131.04
90 | 65.65 69.13 89.33 98.65 107.57 113.15 118.14 124.12 137.21
95 69.92 73.52 94.33 103.90 113.04 118.75 123.86 129.97 143.34
100 | 74.22 77.93 99.33 109.14 118.50 124.34 129.56 135.81 149.45

For more than 100 degrees of freedom chi-square critical values may be found in terms of the degrees of freedom and the
corresponding two-sided critical value for a standard normal deviate Z by the equation X2 = 0.5-(Z + v/2- D — 1),
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Table A.4 Critical Values (Percentiles) for the ¢-Distribution

APPENDIX

The table entries are the critical values (percentiles) for the ¢-distribution. The column headed d.f. (degrees of freedom)

gives the degrees of freedom for the values in that row. The columns are labeled by “percent,

»

one-sided,” and “two-

sided.” “Percent” is 100 x cumulative distribution function—the table entry is the corresponding percentile. “One-sided”
is the significance level for the one-sided upper critical value—the table entry is the critical value. “Two-sided” gives the

two-sided significance level—the table entry is the corresponding two-sided critical value.

Percent
75 90 95 97.5 99 99.5 99.75 99.9 99.95 99.975 99.99 99.995
One-Sided o
25 .10 .05 .025 .01 .005 .0025 .001 .0005 .00025 .0001 .00005
Two-Sided o

.50 .20 .10 .05 .02 .01 .005 .002 .001 .0005 .0002 .0001

d.f.
1] 100 308 631 1271 31.82 63.66 12732 31831 636.62 1273.24 3183.10 6366.20
2 82 189 292 4.30 6.96 9.22 14.09 22.33 31.60 44.70 70.70 99.99
3 76 1.64 235 3.18 4.54 5.84 7.45 10.21 12.92 16.33 22.20 28.00
4 74 153 213 2.78 3.75 4.60 5.60 7.17 8.61 10.31 13.03 15.54
5 73 148 2.02 2.57 3.37 4.03 4.77 5.89 6.87 7.98 9.68 11.18
6 72 144 194 2.45 3.14 3.71 4.32 5.21 5.96 6.79 8.02 9.08
7 g1 142 190 2.37 3.00 3.50 4.03 4.79 5.41 6.08 7.06 7.88
8 71 140 1.86 231 2.90 3.36 3.83 4.50 5.04 5.62 6.44 7.12
9 70 138 1.83 2.26 2.82 3.25 3.69 4.30 4.78 5.29 6.01 6.59
10 70 137 1.81 2.23 2.76 3.17 3.58 4.14 4.59 5.05 5.69 6.21
11 70 136 1.80 2.20 2.72 3.11 3.50 4.03 4.44 4.86 5.45 5.92
12 70 136 1.78 2.18 2.68 3.06 343 3.93 4.32 4.72 5.26 5.69
13 69 135 1.77 2.16 2.65 3.01 3.37 3.85 4.22 4.60 5.11 5.51
14 69 135 1.76 2.15 2.63 2.98 3.33 3.79 4.14 4.50 4.99 5.36
15 69 134 175 2.13 2.60 2.95 3.29 3.73 4.07 4.42 4.88 5.24
16 69 134 175 2.12 2.58 2.92 3.25 3.69 4.02 4.35 4.79 5.13
17 69 133 174 2.11 2.57 2.90 322 3.65 3.97 4.29 4.71 5.04
18 69 133 1.73 2.10 2.55 2.88 3.20 3.61 3.92 4.23 4.65 4.97
19 69 133 1.73 2.09 2.54 2.86 3.17 3.58 3.88 4.19 4.59 4.90
20 69 133 1.73 2.09 2.53 2.85 3.15 3.55 3.85 4.15 4.54 4.84
21 69 132 172 2.08 2.52 2.83 3.14 3.53 3.82 4.11 4.49 4.78
22 69 132 172 2.07 2.51 2.82 3.12 351 3.79 4.08 4.45 4.74
23 68 132 1.71 2.07 2.50 2.81 3.10 3.49 3.77 4.05 4.42 4.69
24 68 132 171 2.06 2.49 2.80 3.09 3.47 3.75 4.02 4.38 4.65
25 68 132 171 2.06 2.49 2.79 3.08 3.45 3.73 4.00 4.35 4.62
26 68 132 171 2.06 2.48 2.78 3.07 3.44 3.71 3.97 4.32 4.59
27 68 131 1.70 2.05 247 2.77 3.06 3.42 3.69 3.95 4.30 4.56
28 68 131 1.70 2.05 247 2.76 3.05 3.41 3.67 3.94 4.28 4.53
29 68 131 1.70 2.05 2.46 2.76 3.04 3.40 3.66 3.92 4.25 4.51
30 68 131 1.70 2.04 2.46 2.75 3.03 3.39 3.65 3.90 4.23 4.48
35 68 131  1.69 2.03 2.44 2.72 3.00 3.34 3.59 3.84 4.15 4.39
40 68 130 1.68 2.02 242 2.70 2.97 3.31 3.55 3.79 4.09 4.32
45 68 130 1.68 2.01 241 2.69 2.95 3.28 3.52 3.75 4.05 4.27
50 .68 130 1.68 2.01 2.40 2.68 2.94 3.26 3.50 3.72 4.01 423
55 68 130 1.67 2.00 2.40 2.67 2.93 3.25 3.48 3.70 3.99 4.20
60 68 130 1.67 2.00 2.39 2.66 291 3.23 3.46 3.68 3.96 4.17
65 68 129 1.67 2.00 2.39 2.65 291 322 3.45 3.66 3.94 4.15
70 68 129 1.67 1.99 2.38 2.65 2.90 3.21 3.44 3.65 3.93 4.13
75 68 129 1.67 1.99 2.38 2.64 2.89 3.20 343 3.64 391 4.11
80 68 129 1.66 1.99 237 2.64 2.89 3.20 3.42 3.63 3.90 4.10
85 68 129 1.66 1.99 2.37 2.64 2.88 3.19 341 3.62 3.89 4.08
90 68 129 1.66 1.99 2.37 2.63 2.88 3.18 3.40 3.61 3.88 4.07
95 68 129 1.66 1.99 237 2.63 2.87 3.18 3.40 3.60 3.87 4.06
100 68 129 1.66 1.98 2.36 2.63 2.87 3.17 3.39 3.60 3.86 4.05
200 68 129 1.65 1.97 2.35 2.60 2.84 3.13 3.34 3.54 3.79 3.97
500 68 128 1.65 1.97 2.33 2.59 2.82 3.11 3.31 3.50 3.75 3.92
00 67 128 1.65 1.96 2.33 2.58 2.81 3.10 3.30 3.49 3.73 3.91
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APPENDIX 827

Table A.7 Fisher’s Exact Test for 2 x 2 Tables

alA
bB —b|B
(b/B). The table entries are ordered lexicographically by A (ascending). B (descending) and a (descending). For
each triple (A, B, a) the table presents critical values for one-sided tests of the hsypothesm that the true proportion
corresponding to a/A is greater than the true proportion correslfondlng to b/B. Significance levels of 0.05, 0.025,
and 0.01 are considered. For A < 15 all values where critical values exist are tabulated. For each 51gn1ﬁcance
level two columns give (1) the nominal critical value for b (i.e., reject the null hypothesis if the observed b is
less than or egual to the table entry) and (2) the p-value corresponding to the critical value (this is less than the
nominal significance level in most cases due to the discreteness of the distribution).

Consider a 2 x 2 table: with rows and/or columns exchanged so that (1) A > B and (2) (a/A) >

A B a b P b p b P A B a b P b p b p
3 3 3 0o 00 — — — — 8 7 5 0 .019 0o 019 — —
4 4 4 0 .014 0o 014 — — 8 6 8 2 .015 2 015 1 .003
4 3 4 o 029 — - — — 8 6 7 1 .016 1 .016 0 .002
5 5 5 1 .024 1 .024 0 004| 8 6 6 0 .009 0 .009 0 .009
5 5 4 0 .024 0 024 — — 8 6 5 o 028 — - — —
5 4 5 1 .048 0 .008 0O .008| 8 5 8 2 .035 1 .007 1 .007
5 4 4 0o 040 — - — — 8 5 7 1 .032 0 .005 0 .005
5 3 5 0 .018 0o 018 — — 8 5 6 0 .016 0o .0l6 — —
5 2 5 0o 048 — — — — 8 5 5 0o 044 — — — —
6 6 6 2 .030 1 .008 1 008 | 8 4 8 1 .018 1 .018 0 .002
6 6 5 1 .040 0 .008 0O .008| 8 4 7 0 .010 0o 010 — —
6 6 4 o 030 — — — — 8 4 6 o 030 — — — —
6 5 6 1 .015 1 .015 0O .002)| 8 3 8 0 .006 0 .006 0 .006
6 5 5 0 .013 0 013 — — 8 3 7 0 .024 0 024 — —
6 5 4 0 045 — — - 8 2 8 0 .022 0o .02 — —
6 4 6 1 .033 0 .005 0 005|9 9 9 5 .041 4 015 3 .005
6 4 5 0 .024 0o 024 — — 9 9 8 3 .025 3 .025 2 .008
6 3 6 0 .012 0o 012 — — 9 9 7 2 .028 1 .008 1 .008
6 3 5 0o 048 — — — — 9 9 6 1 .025 1 .025 0 .005
6 2 6 0o 036 — - — — 9 9 5 0 .015 0o 015 — —
7 7 7 3 .035 2 .010 1 0029 9 4 0o .04 - - — —
7 7 6 1 .015 1 .015 0 0029 8 9 4 .029 3 .009 3 .009
7 7 5 0 .010 0o o010 — — 9 8 8 3 .043 2 .013 1 .003
7 71 4 0o 035 — — — — 9 8 7 2 .044 1 .012 0 .002
7 6 17 2 .021 2 .021 1 05| 9 8 6 1 .036 0 .007 0 .007
7 6 6 1 .025 0 .004 0 004 |9 8 5 0 .020 0o 0200 — —
7 6 5 0 .0l16 0 .0l6 — — 9 7 9 3 .019 3 .019 2 .005
7 6 4 0o 049 - — — — 9 7 8 2 .024 2 .024 1 .006
7 5 7 2 .045 1 .010 0 .001 9 7 7 1 .020 1 .020 0 .003
7 5 6 1 .045 0 .008 0O 008 |9 7 6 0 .010 0o 010 — —
7 5 5 o 02 — - — — 9 7 5 o 029 — - — —
7 4 7 1 .04 1 .024 0 003 |9 6 9 3 .04 2 .011 1 .002
7 4 6 0 .015 0o 015 — — 9 6 8 2 .047 1 .01 0 .001
7 4 5 0o 045 — — — — 9 6 7 1 .035 0 .006 0 .006
7 3 1 0 .008 0 .008 0O .008| 9 6 6 0 .017 0o 017 — —
7 3 6 o 033 — - — — 9 6 5 0o 042 - — — —
7 2 7 o 028 — - — — 9 5 9 2 .027 1 .005 1 .005
8 8 8 4 .038 3 .013 2 0039 5 8 1 .023 1 .023 0 .003
8 8 7 2 .020 2 .020 1 0059 5 7 0 .010 0o 010 — —
8 8 6 1 .020 1 .020 0 003 |9 5 6 o 028 — — — —
8 8 5 0 .013 0 .013 — — 9 4 9 1 .014 1 .014 0 .001
8 8 4 o 038 — - — — 9 4 8 0 .007 0 .007 0 .007
8 7 8 3 .026 2 .007 2 0079 4 7 0 .021 0o .02 — —
8 7 7 2 .035 1 .009 1 0099 4 6 o 049 - — — —
8 7 6 1 .032 0 .006 0o 0069 3 9 1 .045 0 .005 0 .005

(continued overleaf)



828 APPENDIX

Table A.7 (continued)

A B a b P b P b P A B a b p b P b p
9 3 8 0o .018 0 018 — — | 11 11 8 3 .043 2 015 1 .004
9 3 7 0o 045 — — — — |11 11 7 2 .040 1 012 0 .002
9 2 9 o .018 0 018 — — |11 11 6 1 .032 0 .006 0 .006
10 10 10 6 .043 5 016 4 .005| 11 11 5 0o .018 0 .018 — —
10 10 9 4 029 3 010 3 .010f 11 11 4 o 045 —- — — —
10 10 8 3 .03 2 012 1 .003| 11 10 11 6 .035 5 012 4 .004
10 10 7 2 .035 1 .010 1 .010| 11 10 10 4 .021 4 .021 3 .007
10 10 6 1 029 0 005 0 .005( 11 10 9 3 .024 3 024 2 .007
10 10 5 0o 06 0 o016 — — |11 10 8 2 .023 2 .023 1 .006
10 10 4 o 0433 — — — — |11 10 7 1 .017 1 .017 0 .003
100 9 10 5 .033 4 011 3 .003|] 11 10 6 1 .043 0 .009 0 .009
0 9 9 4 050 3 017 2 005 11 10 5 0 .02 0 .023 — —
10 9 8 2 019 2 .019 1 .004]| 11 9 11 5 .026 4 .008 4 .008
o 9 7 1 .015 1 015 0 .002| 11 9 10 4 .03 3 012 2 .003
10 9 6 1 .040 O .008 0 .008| 11 9 9 3 .00 2 012 1 .003
0o 9 5 0 .02 0 022 — — |11 9 8 2 .035 1 .009 1 .009
100 8 10 4 023 4 023 3 .007| 11 9 7 1 .025 1 025 0 .004
100 8 9 3 032 2 009 2 .009]| 11 9 6 0o 012 0 012 — —
100 8 8 2 .031 1 .008 1 .008| 11 9 5 o 030 — — — —
10 8 7 1 .023 1 .023 0 .004]| 11 8 11 4 018 4 018 3 .005
10 8 6 0 .011 o o1 — — |11 8 10 3 .024 3 024 2 .006
0 8 5 o 0299 — — — — 1 8 9 2 .022 2 .022 1 .005
100 7 10 3 015 3 015 2 .003| 11 8 8 1 .015 1 015 0 .002
0 7 9 2 018 2 .018 1 .004| 11 8 7 1 .037 0 .007 0 .007
100 7 8 1 .013 1 013 0 .002| 11 8§ 6 o .017 0 017 — —
o 7 7 1 036 0 .006 0 .006| 11 8 5 0o 040 — - — —
00 7 6 0o 017 0 017 — — |11 7 11 4 .043 3 011 2 .002
0o 7 5 o 04 - — — — |1 7 10 3 .047 2 013 1 .002
10 6 10 3 036 2 .008 2 .008| 11 7 9 2 .039 1 .009 1 .009
10 6 9 2 .036 1 .008 1 .008| 11 7 8 1 .025 I .025 0 .004
10 6 8 1 .024 1 .024 0 .003| 11 7 7 0 .00 o0 .010 — —
10 6 7 o 0w o0 010 — — | 1 7 6 0 .02 0 025 — —
10 6 6 0o 026 — — — — |1 6 11 3 .029 2 006 2 .006
100 5 10 2 .022 2 .022 1 .004| 11 6 10 2 .028 1 .005 1 .005
00 5 9 1 .017 1 017 0 .002| 11 6 9 1 .018 1 .018 0 .002
00 5 8 1 .047 0 .007 0 .007| 11 6 8 1 .043 0 .007 0 .007
10 5 7 o 019 0 019 — — | 1 6 7 o .017 0 017 — —
100 5 6 0o 042 — — — — |1 6 6 o 037 — — — —
10 4 10 1 .011 1 .011 0 .001| 11 5 11 2 018 2 .018 1 .003
100 4 9 1 .041 0 .005 0 .005| 11 5 10 1 .013 1 .013 0 .001
100 4 8 0 015 0 015 — — |11 5 9 1 036 0 .005 0 .005
10 4 7 o 035 — — — — |1 5 8 o 013 0 013 — —
100 3 10 1 .03 0 .003 0 .003| 11 5 17 o 029 — — — —
10 3 9 0o 014 0 014 — — | 11 4 11 1 .009 1 .009 1 .009
100 3 8 0o 0335 — — — — |11 4 10 1 .033 0 .004 0 .004
0 2 10 0 015 0 015 — — |11 4 9 0 .011 0o .01 — —
0 2 9 0 045 — — — — | 1 4 8 o 026 — - — —
11 11 11 7 045 6 018 5 .006| 11 311 1 .033 0 .003 0 .003
11 11 10 5 032 4 012 3 .004| 11 3 10 0 .011 o .01 — —
11 11 9 4 040 3 015 2 .004| 11 39 o 027 — - — —
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Table A.7 (continued)

A B a b P b P b P A B a b P b P b p
11 2 11 0 .013 o 013 — — 12 6 11 2 .022 2 .022 1 .004
11 2 10 0o .038 — — —_ - 12 6 10 1 .013 1 .013 0 .002
12 12 12 8 .047 7 .019 6 .007| 12 6 9 1 .032 0 .005 0 .005
12 12 11 6 .034 5 .014 4 .005| 12 6 8 0 .011 o 011 — —
12 12 10 5 .045 4 018 3 .006| 12 6 7 0 .025 0o .02 — —
12 12 9 4 .050 3 .020 2 .006| 12 6 6 o 00 — — — —
12 12 8 3 .050 2 .018 1 .005( 12 5 12 2 015 2 .015 1 .002
12 12 7 2 .045 1 .014 0 .002| 12 5 11 1 .010 1 .010 1 .010
12 12 6 1 .034 0 .007 0 .007| 12 5 10 1 .028 0 .003 0 .003
12 12 5 0 .019 o 019 — — 12 5 9 0 .009 0 .009 0 .009
12 12 4 o 047 - — — — 12 5 8 0 .020 0o .020 — —
12 11 12 7 .037 6 .014 5 .005| 12 5 7 o 04 - — — —
12 11 11 5 .024 5 .024 4 .008| 12 4 12 2 .050 1 .007 1 .007
12 11 10 4 .029 3 .010 2 .003| 12 4 11 1 .027 0 .003 0 .003
12 11 9 3 .030 2 .009 2 .009| 12 4 10 0 .008 0 .008 0 .008
12 11 8 2 .0206 1 .007 1 .007( 12 4 9 0 .019 0o 019 — —
12 11 7 1 .019 1 .019 0 .003| 12 4 8 o 038 — — — —
12 11 6 1 .045 0 .009 0 .009| 12 3 12 1 .029 0 .002 0 .002
12 11 5 0 .024 o 024 — — 12 3 11 0 .009 0 .009 0 .009
12 10 12 6 .029 5 .010 5 .010] 12 3 10 0 .022 0o 022 — —
12 10 11 5 .043 4 015 3 .005| 12 3 9 o 04 - — — —
12 10 10 4 .048 3 .017 2 .005| 12 2 12 0 .011 o 011 — —
12 10 9 3 .046 2 .015 1 .004( 12 2 11 o 0333 — — — —
12 10 8 2 .038 1 .010 0 .002| 13 13 13 9 .048 8 .020 7 .007
12 10 7 1 .026 0 .005 0 .005| 13 13 12 7 .037 6 .015 5 .006
12 10 6 0 .012 o .012 — — 13 13 11 6 .048 5 .021 4 .008
12 10 5 o 030 — — — — 13 13 10 4 .024 4 .024 3 .008
12 9 12 5 .021 5 .021 4 006 13 13 9 3 .024 3 .024 2 .008
12 9 11 4 .029 3 .009 3 .009| 13 13 8 2 .021 2 .021 1 .006
12 9 10 3 .029 2 .008 2 .008( 13 13 7 2 .048 1 .015 0 .003
12 9 9 2 .024 2 .024 1 .006| 13 13 6 1 .037 0 .007 0 .007
12 9 8 1 .016 1 .016 0 .002| 13 13 5 0 .020 0o 0200 — —
12 9 7 1 .037 0 .007 0 .007( 13 13 4 0o 048 — — — —
12 9 6 0 .017 o 017 — — 13 12 13 8 .039 7 .015 6 .005
12 9 5 o 039 — — — — 13 12 12 6 .027 5 .010 5 .010
12 8 12 5 .049 4 014 3 .004( 13 12 11 5 .033 4 013 3 .004
12 g8 11 3 .018 3 .018 2 .004| 13 12 10 4 .036 3 .013 2 .004
12 8 10 2 015 2 015 1 .003| 13 12 9 3 .034 2 011 1 .003
12 8 9 2 .040 1 .010 1 .010| 13 12 8 2 .029 1 .008 1 .008
12 8 8 1 .025 1 .025 0 .004| 13 12 7 1 .020 1 .020 0 .004
12 8 7 0 .010 o .010 — — 13 12 6 1 .046 0 .010 0 .010
12 8 6 0 .024 o 024 — — 13 12 5 0 .024 0o 024 — —
12 7 12 4 .036 3 .009 3 .009| 13 11 13 7 .031 6 .011 5 .003
12 7 11 3 .038 2 .010 2 010 13 11 12 6 .048 5 .018 4 .006
12 7 10 2 .029 1 .006 1 .006| 13 11 11 4 .021 4 .021 3 .007
12 7 9 1 .017 1 .017 0 .002| 13 11 10 3 .021 3 .021 2 .006
12 7 8 1 .040 0 .007 0 .007( 13 11 9 3 .050 2 .017 1 .004
12 7 7 0 .016 o .016 — — 13 11 8 2 .040 1 .011 0 .002
12 7 6 o 034 — — — — 13 11 7 1 .027 0 .005 0 .005
12 6 12 3 .025 3 .025 2 .005| 13 11 6 0 .013 0o 013 — —

(continued overleaf)
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Table A.7 (continued)

A B a b P b P b p A B a b V4 b P b P
13 11 5 o 0330 — — — — |13 4 11 0 .006 0 .006 0 .006
13 10 13 6 024 6 .024 5 .007| 13 4 10 o 015 0 015 — —
13 10 12 5 035 4 012 3 .003| 13 4 9 o 029 — — — —
13 10 11 4 037 3 012 2 .003| 13 3 13 1 .025 1 .025 0 .002
13 10 10 3 .033 2 .010 1 .002| 13 3 12 0 .007 0 .007 0 .007
13 10 9 2 .026 1 .006 1 .006| 13 3 11 0o .018 0 018 — —
13 10 8 1 .017 1 017 0 .003| 13 3 10 0o 036 — — — —
13 10 7 1 038 0 .007 O .007| 13 2 13 0o .00 0 .010 o0 .010
13 10 6 o o017 o0 07 — — | 13 2 12 o 029 — — — —
13 10 5 o 038 — — — — |14 14 14 10 049 9 .020 8 .008
13 9 13 5 017 5 017 4 .005| 14 14 13 8§ .038 7 .016 6 .006
13 9 12 4 023 4 023 3 .007| 14 14 12 6 023 6 .023 5 .009
13 9 11 3022 3 022 2 .006| 14 14 11 5 .027 4 011 3 .004
139 10 2 017 2 .017 1 .004| 14 14 10 4 028 3 .011 2 .003
13 9 9 2 .040 1 010 O .001| 14 14 9 3 .027 2 .009 2 .009
13 9 8 1 .025 1 .025 0 .004( 14 14 8 2 .023 2 .023 1 .006
3 9 7 o o010 0 010 — — | 14 14 7 1 .016 1 .06 0 .003
139 6 0 023 0 023 — — | 14 14 6 1 038 0 .008 0 .008
13 9 5 0O 049 — — — — | 14 14 5 0o .020 0 .020 — —
13 8 13 5 042 4 012 3 003 14 14 4 0o 049 — — — —
13 8 12 4 047 3 014 2 .003| 14 13 14 9 .041 8§ 016 7 .006
13 8 11 3 .041 2 011 1 .002| 14 13 13 7 .029 6 .011 5 .004
13 8 10 2 .029 1 .007 1 .007| 14 13 12 6 .037 5 015 4 .005
13 8 9 1 .017 1 017 0 .002( 14 13 11 5 .041 4 017 3 .006
13 8 8 1 037 0 .006 O .006f 14 13 10 4 .041 3 016 2 .005
13 8 7 o o015 0 015 — — | 14 13 9 3 .038 2 .013 1 .003
13 8 6 o 032 — — — — |14 13 8 2 .031 1 .009 1 .009
13 7 13 4 .031 3 .007 3 .007( 14 13 7 1 .021 1 .021 0 .004
13 7 12 3 .031 2 .007 2 .007( 14 13 6 1 .048 0 .010 — —
13 7 11 2 .02 2 .022 1 .004| 14 13 5 0o .025 0 .025 — —
13 7 10 1 .012 1 012 0 .002| 14 12 14 8§ 033 7 012 6 .004
13 7 9 1 029 0 .004 0 .004| 14 12 13 6 .021 6 .021 5 .007
13 7 8 0o 00 0 010 — — | 14 12 12 5 025 4 009 4 .009
3 7 7 0 .02 0 022 — — | 14 12 11 4 026 3 .009 3 .009
13 7 6 0o 04 — — — — |14 12 10 3 .024 3 .024 2 .007
13 6 13 3 .021 3 .021 2 004 14 12 9 2 019 2 .019 1 .005
13 6 12 2 017 2 .017 1 .003| 14 12 8 2 .042 1 012 0 .002
13 6 11 2 .046 1 .010 1 o010 14 12 7 1 .028 0 .005 0 .005
13 6 10 1 .024 1 .024 0 .003| 14 12 6 o 013 0 013 — —
13 6 9 1 050 0 .008 O .008| 14 12 5 o 030 — — — —
13 6 8 0o 017 0 017 — — | 14 11 14 7 .026 6 .009 6 .009
13 6 7 o 034 — — — — |14 11 13 6 .039 5 .014 4 .004
13 5 13 2 012 2 .012 1 .002| 14 11 12 5 043 4 016 3 .005
13 5 12 2 .044 1 .008 1 .008| 14 11 11 4 042 3 015 2 .004
13 5 11 1 .022 1 .022 0 .002( 14 11 10 3 .03 2 .011 1 .003
13 5 10 1 047 0 .007 O .007( 14 11 9 2 .027 1 .007 1 .007
13 5 9 0o 015 0 015 — — | 14 11 8 1 .017 1 .017 0 .003
13 5 8 o 0299 — — — — | 14 11 7 1 .03 0 .007 0 .007
13 4 13 2 .044 1 .006 1 .006| 14 11 6 o .017 0 017 — —
13 4 12 1 .022 1 .022 0 .002{ 14 11 5 0o .038 — — — —
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Table A.7 (continued)

A B a b P b P b p A B a b V4 b P b P

14 10 14 6 .020 6 .020 5 .006| 14 5 8 O 040 — — — —
14 10 13 5 .028 4 .009 4 009 14 4 14 2 .039 1 .005 1 .005
14 10 12 4 .028 3 .009 3 .009| 14 4 13 1 .019 1 .019 0 .002
14 10 11 3 .024 3 .02 2 .007| 14 4 12 1 .044 0 .005 0 .005
14 10 10 2 .018 2 .018 1 .004| 14 4 11 0 .011 o .011 — —
14 10 9 2 .040 1 .011 0 .002| 14 4 10 0 .023 o .023 — —
14 10 8 1 .024 1 .024 0 .004| 14 4 9 o 04 - — — —
14 10 7 0 .010 0 .010 0 .010| 14 3 14 1 .022 1 .022 0 .001
14 10 6 0 .022 o .02 — — 14 3 13 0 .006 0 .006 0 .006
14 10 5 0o 047 - — — — 14 3 12 0 .015 0o 015 — —
14 9 14 6 .047 5 .014 4 004 14 3 11 o 0229 — — — —
14 9 13 4 018 4 018 3 .005| 14 2 14 0 .008 0 .008 0 .008
14 9 12 3 .017 3 .017 2 .004| 14 2 13 0 .025 0 .025 —
14 9 11 3 .042 2 .012 1 .002| 14 2 12 o 00 — — — —
14 9 10 2 .029 1 .007 1 .007| 15 15 15 11 .050 10 .021 9 .008
14 9 9 1 .017 1 .017 0 .002| 15 15 14 9 .040 8 .018 7 .007
14 9 8 1 .036 0 .006 0 .006| 15 15 13 7 .025 6 .010 5 .004
14 9 7 0 .014 o 014 — — 15 15 12 6 .030 5 .013 4 .005
14 9 6 o 030 — — — — 15 15 11 5 .033 4 013 3 .005
14 8 14 5 .036 4 .010 4 010] 15 15 10 4 .033 3 .013 2 .004
14 8 13 4 .039 3 .011 2 .002| 15 15 9 3 .030 2 .010 1 .003
14 8 12 3 .032 2 .008 2 .008| 15 15 8 2 .025 1 .007 1 .007
14 8 11 2 .022 2 .022 1 .005( 15 15 7 1 .018 1 .018 0 .003
14 8 10 2 .048 1 .012 0 .002| 15 15 6 1 .040 0 .008 0 .008
14 8 9 1 .026 0 .004 0 .004| 15 15 5 0 .021 o .021 — —
14 8 8 0 .009 0 .009 0 .009| 15 15 4 o 00 — — — —
14 8 7 0 .020 0o 020 — — 15 14 15 10 .042 9 .017 8 .006
14 8 6 O 040 — - — — 15 14 14 g8 .031 7 .013 6 .005
14 7 14 4 .0206 3 .006 3 .006| 15 14 13 7 .041 6 .017 5 .007
14 7 13 3 .025 2 .006 2 .006| 15 14 12 6 .046 5 .020 4 .007
14 7 12 2 .017 2 .017 1 .003| 15 14 11 5 .048 4 .020 3 .007
14 7 11 2 .041 1 .009 1 .009( 15 14 10 4 .046 3 .018 2 .006
14 7 10 1 .021 1 .021 0 .003| 15 14 9 3 .041 2 014 1 .004
14 7 9 1 .043 0 .007 0 .007| 15 14 8 2 .033 1 .009 1 .009
14 7 8 0 .015 o 015 — — 15 14 7 1 .022 1 .022 0 .004
4 7 7 0 030 — — — — |15 14 6 1 049 0 011 — —
14 6 14 3 .018 3 .018 2 .003| 15 14 5 o 025 — — — —
14 6 13 2 014 2 .014 1 .002| 15 13 15 9 .035 8 .013 7 .005
14 6 12 2 .037 1 .007 1 .007| 15 13 14 7 .023 7 .023 6 .009
14 6 11 1 .018 1 .018 0 .002| 15 13 13 6 .029 5 011 4 .004
14 6 10 1 .038 0 .005 0 .005| 15 13 12 5 .031 4 012 3 .004
14 6 9 0 .012 o .012 — — 15 13 11 4 .030 3 .011 2 .003
14 6 8 0 .024 0o 024 — — 15 13 10 3 .026 2 .008 2 .008
14 6 7 o 04 — — — — 15 13 9 2 .020 2 .020 1 .005
14 5 14 2 .010 2 .010 1 .001| 15 13 8 2 .043 1 .013 0 .002
14 5 13 2 .037 1 .006 1 .006| 15 13 7 1 .029 0 .005 0 .005
14 5 12 1 .017 1 .017 0 .002( 15 13 6 0 .013 o 013 — —
14 5 11 1 .038 0 .005 0 .005| 15 13 5 o 03 — — — —
14 5 10 0 .011 o 011 — — 15 12 15 8 .028 7 .010 7 .010
14 5 9 0 .022 o .02 — — 15 12 14 7 .043 6 .016 5 .006

(continued overleaf)
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Table A.7 (continued)

A B a b P b P b p A B a b V4 b P b P
15 12 13 6 .049 5 019 4 .007| 15 8 10 1 .019 1 .019 0 .003
15 12 12 5 049 4 019 3 .006| 15 8 9 1 038 0 .006 0 .006
15 12 11 4 .045 3 017 2 .005| 15 8 8 o 013 0 013 — —
15 12 10 3038 2 .012 1 .003| 15 8 7 0o 026 — — — —
15 12 9 2 .028 1 .007 1 .007| 15 8 6 0o 00 — — — —
15 12 8 1 .018 1 018 0 .003[ 15 7 15 4 023 4 023 3 .005
15 12 7 1 038 0 .007 O .007( 15 7 14 3 .021 3 .021 2 .004
Is 12 6 o o017 0 017 — — |15 7 13 2 014 2 .014 1 .002
15 12 5 o 037 — — — — |15 7 12 2 .032 1 .007 1 .007
15 11 15 7 .02 7 02 6 .007| 15 7 11 1 .015 1 015 0 .002
15 11 14 6 .032 5 .011 4 .003| 15 7 10 1 032 0 .005 0 .005
15 11 13 5 034 4 012 3 003|115 7 9 o .00 o0 010 — —
15 11 12 4 032 3 010 2 .003| 15 7 8 0o .020 0 .020 — —
15 11 11 3 026 2 008 2 .008| 15 7 7 o 038 — — — —
15 11 10 2 019 2 .019 1 .004| 15 6 15 3 .015 3 015 2 .003
15 11 9 2 .040 1 .011 0 .002| 15 6 14 2 011 2 011 1 .002
15 11 8 1 .024 1 .024 0 .004f 15 6 13 2 .031 1 .006 1 .006
15 11 7 1 049 0 010 O .010] I5 6 12 1 .014 1 .04 0 .002
15 11 6 0o .02 0 022 — — |15 6 11 1 .029 0 .004 0 .004
15 11 5 0 046 — — — — |15 6 10 0 .009 0 .009 0 .009
15 10 15 6 017 6 .017 5 .005( 15 6 9 o o017 0 017 — —
15 10 14 5 023 5 023 4 007 15 6 8 o 032 — — — —
15 10 13 4 022 4 022 3 007 15 5 15 2 .009 2 .009 2 .009
15 10 12 3 018 3 018 2 .005| 15 5 14 2 .032 1 .005 1 .005
15 10 11 3 .042 2 .013 1 .003| 15 5 13 1 .014 1 .04 0 .001
15 10 10 2 .029 1 .007 1 007 15 5 12 1 .031 0 .004 0 .004
15 10 9 1 .016 1 016 0 .002( 15 5 11 0 .008 0 .008 0 .008
15 10 8 1 034 0 006 0 .006| 15 5 10 0o 06 0 016 — —
15 10 7 o o013 0 013 — — |15 5 9 o 030 — — — —
IS 10 6 o 028 — — — — |15 4 15 2 .035 1 .004 1 .004
15 9 15 6 042 5 012 4 003 15 4 14 1 .016 1 016 0 .001
Is 9 14 5 047 4 015 3 004| 15 4 13 1 .037 0 .004 O .004
15 9 13 4 042 3 013 2 .003| 15 4 12 0 009 0 .009 0 .009
15 9 12 3032 2 009 2 009 15 4 11 o .018 0 018 — —
15 9 11 2 .021 2 .021 1 005| 15 4 10 o .03 — — — —
15 9 10 2 .045 1 .011 0 .002| 15 3 15 1 .020 1 .020 0 .001
15 9 9 1 .024 1 024 0 .004f 15 3 14 0 .005 0 .005 0 .005
15 9 8 1 048 0 .009 0 .009( 15 3 13 0o 012 0 012 — —
5 9 7 o 019 0 019 — — |15 3 12 0o 025 0 025 — —
I5 9 6 o 03 — — — — |15 3 1 0 0433 — — — —
15 8 15 5 032 4 008 4 008 15 2 15 0 .007 0 .007 0 .007
15 8 14 4 033 3 009 3 .009| 15 2 14 0o .02 0 .02 — —
15 8 13 3 026 2 006 2 .006| 15 2 13 0o 04 — — — —
15 8 12 2 017 2 .017 1 .003
15 8 11 2 .037 1 .008 1 .008| 23 10 21 5 016 5 .016 4 .004

32 13 32 10 .020 10 .020 9 .005
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Table A.8 Sample Sizes for Comparing Two Proportions with a One-Sided Fisher’s Exact Test in
2 x 2 Tables

Let P4 and Pp be the true proportions in two populations. The sample size, N, for two equally sized groups is tabulated
for one-sided significance level o and probability B of not rejecting the null hypothesis. Each rectangular portion of
the table contains sample sizes for two pairs of o and § values, one above the diagonal and one below it. The arcsine
approximation was used to estimate N.

Py Pp a=.01 and 8 = .01

.001 .01 .05 .10 15 .20 25 .30 40 .50 .60 .70 .80 .90
.001 — 2305 288 129 81 58 45 37 26 20 15 12 10 8
.01 1679 — 689 221 123 82 61 48 32 24 18 14 11 9
.05 210 502 — 1169 366 191 122 87 52 35 25 19 14 11
.10 94 161 852 — 1877 538 266 163 83 51 34 25 18 13
15 59 90 266 1368 — 2489 683 327 132 73 46 31 22 15
.20 43 60 140 392 1814 — 3012 805 222 105 61 39 27 18
25 33 44 89 194 498 2194 — 3447 417 158 83 50 32 21
.30 27 35 63 119 239 587 2511 — 981 256 116 64 39 25
40 19 24 38 60 96 162 304 715 — 1068 267 116 61 34
.50 14 17 26 37 53 77 116 187 778 — 1068 256 105 51
.60 11 13 19 25 34 45 61 84 195 778 — 981 222 83
.70 9 10 14 18 23 29 37 47 84 187 715 — 805 163
.80 7 8 11 13 16 20 24 29 45 77 162 587 — 538
.90 6 6 8 10 11 13 15 18 25 37 60 119 392 —

o =.01 and B = .05 (or « = .05 and B = .01)

Py Pp o =.025 and B = .05 (or a = .05 and B = .025)

.001 .01 .05 .10 15 20 25 .30 40 .50 .60 70 .80 .90
.001 — 1384 173 78 49 35 27 22 16 12 9 8 6 5
.01 1119 — 414 133 74 50 37 29 20 14 11 9 7 5
.05 140 335 — 702 220 115 74 52 31 21 15 12 9 7
.10 63 108 568 — 1127 323 160 98 50 31 21 15 11 8
15 40 60 178 911 — 1494 410 197 79 44 28 19 13 9
.20 29 40 93 261 1208 — 1808 483 133 63 37 24 16 11
25 22 30 60 129 332 1462 — 2069 251 95 50 30 20 13
.30 18 23 42 79 159 391 1673 — 589 154 70 39 24 15
40 13 16 25 40 64 108 203 476 — 641 161 70 37 21
.50 10 12 17 25 35 51 77 125 519 — 641 154 63 31
.60 8 9 13 17 23 30 40 56 130 519 — 589 133 50
.70 6 7 9 12 15 19 25 32 56 125 476 — 483 98
.80 5 6 7 9 11 13 16 19 30 51 108 391 — 323
.90 4 4 6 7 8 9 10 12 17 25 40 79 261 —

o =.025 and B = .10 (or « = .10 and B = .025)

Py Pp o =.05and 8 = .05

.001 .01 .05 .10 15 20 25 .30 40 .50 .60 70 .80 .90
.001 — 1152 144 65 41 29 23 19 13 10 8 6 5 4
.01 912 — 345 111 62 41 31 24 16 12 9 7 6 5
.05 114 273 — 585 183 96 61 44 26 18 13 10 7 6
.10 51 88 463 — 939 269 133 82 42 26 17 13 9 7
15 32 49 145 743 — 1245 342 164 66 36 23 16 11 8
.20 23 33 76 213 985 — 1506 403 111 53 31 20 14 9
25 18 24 49 106 271 1192 — 1723 209 79 42 25 16 11
.30 15 19 35 65 130 319 1364 — 491 128 58 32 20 13
40 11 13 21 33 52 88 165 388 — 534 134 58 31 17
.50 8 10 14 20 29 42 63 102 423 — 534 128 53 26
.60 6 7 10 14 18 24 33 46 106 423 — 491 111 42
.70 5 6 8 10 13 16 20 26 46 102 388 — 403 82
.80 4 5 6 7 9 11 13 16 24 42 88 319 — 269
.90 3 4 5 5 6 7 9 10 14 20 33 65 213 —

o =.05and B =.10 (or « = .10 and B = .05)
(continued overleaf)
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Table A.8 (continued)
Py Pp o =.10and 8 =.10

.001 01 05 .10 .15 20 25 30 40 .50 .60 70 .80 .90
.001 — 700 88 40 25 18 14 11 8 6 5 4 3 3
01 480 — 210 67 38 25 19 15 10 7 6 5 4 3
05 60 144 — 355 111 58 37 27 16 11 8 6 5 4
.10 27 46 244 — 570 164 81 50 25 16 11 8 6 4
15 17 26 77 391 — 756 208 100 40 22 14 10 7 5
20 13 18 40 112 519 — 914 245 68 32 19 12 8 6
25 10 13 26 56 143 628 — 1046 127 48 25 16 10 7
30 8 10 18 34 69 168 718 — 298 78 35 20 12 8
40 6 7 11 18 28 47 87 205 — 325 82 35 19 11
.50 4 5 8 11 15 22 33 54 223 — 325 78 32 16
.60 4 4 6 8 10 13 18 25 56 223 — 298 68 25
.70 3 3 4 6 7 9 11 14 25 54 205 — 245 50
.80 2 3 3 4 5 6 7 9 13 22 47 168 — 164
90 2 2 3 3 4 4 5 6 8 11 18 34 112 —

o =.10and B = .20 (or « = .20 and B = .10)

Table A.9 Critical Values for the Signed Ranks Test
For the given n, critical values for the signed ranks test are tabled corresponding to the upper one- and
two-sided significance levels in the column headings.

One-Sided o
.05 025 .01 .005 .05  .025 .01 .005 .05 .025 .01 .005
Two-Sided o
.10 .05 .02 .01 .10 .05 .02 .01 .10 .05 .02 .01

n n n
5 1 — — — 20 60 52 43 37 | 35 214 195 174 160
6 2 1 — — 21 68 59 49 43 | 36 228 208 186 171
7 4 2 0 — 22 75 66 56 49 | 37 242 222 198 183
8 6 4 2 0 23 83 73 62 55 | 38 256 235 211 195
9 8 6 3 2 24 92 81 69 61 | 39 271 250 224 208
10 11 8 5 3 25 101 90 77 68 | 40 287 264 238 221
11 14 11 7 5 26 110 98 85 76 | 41 303 279 252 234
12 17 14 10 7 27 120 107 93 84 | 42 319 295 267 248
13 21 17 13 10 28 130 117 102 92 | 43 336 311 281 262
14 26 21 16 13 29 141 127 111 100 | 44 353 327 297 277
15 30 25 20 16 30 152 137 120 109 | 45 371 344 313 292
16 36 30 24 19 31 163 148 130 118 | 46 389 361 329 307
17 41 35 28 23 32 175 159 141 128 | 47 408 379 345 323
18 47 40 33 28 33 188 171 151 138 | 48 427 397 362 339
19 54 46 38 32 34 201 183 162 149 | 49 446 415 380 356
50 466 434 398 373
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Table A.10 Critical Values for the Mann—Whitney (Wilcoxon) Statistic

835

This table presents upper one- and two-sided critical values for the Mann—Whitney U statistic. Lower one-sided critical
values are computed from the upper one-sided critical value (at the same significance level) as (M - N) — U. The Wilcoxon
two-sample statistic, W, is related to U by the equation W = (M - N) + (M - (M + 1)/2) — U, where W is the sum of
the ranks of the sample of size M in the combined sample.

One-Sded o
.10 .05 .025 .01 .005 .001 .10 .05 .025 .01 .005 .001
Two-Sded o
20 .10 .05 .02 .01 .002 .20 .10 .05 .02 .01 .002
n m n m

3 2 6 — — — — — 10 1 10 — — — — —
3 3 8 9 — — — — 10 2 17 19 20 — — —
10 3 24 26 27 29 30 —
4 2 8 — — — — — 10 4 30 33 35 37 38 40
4 3 11 12 — — — — 10 5 37 39 42 44 46 49
4 4 13 15 16 — — — 10 6 43 46 49 52 54 57
10 7 49 53 56 59 61 65
5 2 9 10 — — — — 10 8 56 60 63 67 69 74
5 3 13 14 15 — — — 10 9 62 66 70 74 77 82
5 4 16 18 19 20 — — 10 10 68 73 77 81 84 90

5 5 20 21 23 24 25 —
11 1 11 — — — — —
6 2 11 12 — — — — 11 2 19 21 22 — — —
6 3 15 16 17 — — — 11 3 26 28 30 32 33 —
6 4 19 21 22 23 24 — 11 4 33 36 38 40 42 44
6 5 23 25 27 28 29 — 11 5 40 43 46 48 50 53
6 6 27 29 31 33 34 — 11 6 47 50 53 57 59 62
11 7 54 58 61 65 67 71
7 2 13 14 — — — — 11 8 61 65 69 73 75 80
7 3 17 19 20 21 — — 11 9 68 72 76 81 83 89
7 4 22 24 25 27 28 — 11 10 74 79 84 88 92 98
7 5 27 29 30 32 34 — 11 11 81 87 91 96 100 106

7 6 31 34 36 38 39 42
7 7 36 38 41 43 45 48 12 1 12 — — — — —
12 2 20 22 23 — — —
8 2 14 15 16 — — — 12 3 28 31 32 34 35 —
8 3 19 21 22 24 — — 12 4 36 39 41 43 45 48
8 4 25 27 28 30 31 — 12 5 43 47 49 52 54 58
8 5 30 32 34 36 38 40 12 6 51 55 58 61 63 68
8 6 35 38 40 42 44 47 12 7 58 63 66 70 72 77
8 7 40 43 46 49 50 54 12 8 66 70 74 79 81 87
8 8 45 49 51 55 57 60 12 9 73 78 82 87 90 96
12 10 81 86 91 96 99 106
9 1 9 — — — — — 12 11 88 94 99 104 108 115
9 2 16 17 18 — — — 12 12 95 102 107 113 117 124

9 3 22 23 25 26 27 —
9 4 27 30 32 33 35 — 13 1 13 — — — — —
9 5 33 36 38 40 42 44 13 2 22 24 25 26 — —
9 6 39 42 44 47 49 52 13 3 30 33 35 37 38 —
9 7 45 48 51 54 56 60 13 4 39 42 44 47 49 51
9 8 50 54 57 61 63 67 13 5 47 50 53 56 58 62
9 9 56 60 64 67 70 74 13 6 55 59 62 66 68 73

(continued overleaf)
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Table A.10 (continued)

One-Sded «o
.10 .05 .025 .01 .005 .001 .10 .05 .025 .01 .005 .001
Two-Sded o
.20 .10 .05 .02 .01 .002 20 .10 .05 .02 .01 .002
n m n m

13 7 63 67 71 75 78 83 16 12 125 132 139 146 151 161
13 8 71 76 80 84 87 93 16 13 134 143 149 157 163 173
13 9 79 84 89 94 97 103 16 14 144 153 160 168 174 185
13 10 87 93 97 103 106 113 16 15 154 163 170 179 185 197
13 11 95 101 106 112 116 123 16 16 163 173 181 190 196 208

13 12 103 109 115 121 125 133
13 13 111 118 124 130 135 143 17 1 17 — — — — —
17 2 28 31 32 34 — —
14 1 14 — — — — 17 3 39 42 45 47 49 51
14 2 23 25 27 28 — — 17 4 50 53 57 60 62 66
14 3 32 35 37 40 41 — 17 5 60 65 68 72 75 80
14 4 41 45 47 50 52 55 17 6 71 76 30 84 87 93
14 5 50 54 57 60 63 67 17 7 81 86 91 96 100 106
14 6 59 63 67 71 73 78 17 8 91 97 102 108 112 119
14 7 67 72 76 81 83 89 17 9 101 108 114 120 124 132
14 8 76 81 86 90 94 100 17 10 112 119 125 132 136 145
14 9 85 90 95 100 104 111 17 11 122 130 136 143 148 158
14 10 93 99 104 110 114 121 17 12 132 140 147 155 160 170
14 11 102 108 114 120 124 132 17 13 142 151 158 166 172 183
14 12 110 117 123 130 134 143 17 14 153 161 169 178 184 195
14 13 119 126 132 139 144 153 17 15 163 172 180 189 195 208
14 14 127 135 141 149 154 164 17 16 173 183 191 201 207 220
17 17 183 193 202 212 219 232

15 1 15 — — — — —
15 2 25 27 29 30 — 18 1 18 — — — — —
15 3 35 38 40 42 43 18 2 30 32 34 36 — —
15 4 44 48 50 53 55 59 18 3 41 45 47 50 52 54
15 5 53 57 61 64 67 71 18 4 52 56 60 63 66 69
15 6 63 67 71 75 78 83 18 5 63 68 72 76 79 84

15 7 72 77 81 86 89 95
15 8 81 87 91 96 100 106 18 6 74 80 84 89 92 98
15 9 90 96 101 107 111 118 18 7 85 91 96 102 105 112
15 10 99 106 111 117 121 129 18 8 96 103 108 114 118 126
15 11 108 115 121 128 132 141 18 9 107 114 120 126 131 139
15 12 117 125 131 138 143 152 18 10 118 125 132 139 143 153

15 13 127 134 141 148 153 163
15 14 136 144 151 159 164 174 18 11 129 137 143 151 156 166
15 15 145 153 161 169 174 185 18 12 139 148 155 163 169 179
18 13 150 159 167 175 181 192
16 1 16 — — — — 18 14 161 170 178 187 194 206
16 2 27 29 31 32 — — 18 15 172 182 190 200 206 219
16 3 37 40 42 45 46 18 16 182 193 202 212 218 232
16 4 47 50 53 57 59 62 18 17 193 204 213 224 231 245
16 5 57 61 65 68 71 75 18 18 204 215 225 236 243 258

16 6 67 71 75 30 33 88
16 7 76 82 86 91 94 101 19 1 18 19 — — — —
16 8 86 92 97 102 106 113 19 2 31 34 36 37 38 —
16 9 96 102 107 113 117 125 19 3 43 47 50 53 54 57
16 10 106 112 118 124 129 137 19 4 55 59 63 67 69 73
16 11 115 122 129 135 140 149 19 5 67 72 76 80 83 88
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Table A.10 (continued)
One-Sded a
10 05 025 01  .005 .001 10 .05 025 .01  .005 .001
Two-Sded o
20 .10 .05 02 .01 .002 20 .10 .05 .02 01 .002
n m n m

19 6 78 84 89 94 97 103 | 20 4 58 62 66 70 72 77
19 7 90 96 101 107 111 118 | 20 5 70 75 80 84 87 93
19 8 101 108 114 120 124 132 | 20 6 82 88 93 98 102 108
19 9 113 120 126 133 138 146 | 20 7 94 101 106 112 116 124
19 10 124 132 138 146 151 161 | 20 8§ 106 113 119 126 130 139
19 11 136 144 151 159 164 175 | 20 9 118 126 132 140 144 154
19 12 147 156 163 172 177 188 | 20 10 130 138 145 153 158 168
19 13 158 167 175 184 190 202 | 20 11 142 151 158 167 172 183
19 14 169 179 188 197 203 216 | 20 12 154 163 171 180 186 198
19 15 181 191 200 210 216 230 | 20 13 166 176 184 193 200 212
19 16 192 203 212 222 230 244 | 20 14 178 188 197 207 213 226
19 17 203 214 224 235 242 257 | 20 15 190 200 210 220 227 241
19 18 214 226 236 248 255 271 | 20 16 201 213 222 233 241 255
19 19 226 238 248 260 268 284 | 20 17 213 225 235 247 254 270
20 1 19 20 — — — — | 20 18 225 237 248 260 268 284
20 2 33 36 38 39 40 — | 20 19 237 250 261 273 281 298
20 3 45 49 52 55 57 60 | 20 20 249 262 273 286 295 312

Table A.11 Critical Values of the Bivariate Normal Sample Correlation Coefficient p

When p = 0, the distribution is symmetric about zero; thus, one-sided lower critical values are —1 times the tabled
one-sided upper critical values. Column headings are also labeled for the corresponding two-sided significance level and
the percentage of the distribution less than the tabled value. N is the number of observations; the degrees of freedom is
two less than this.

Percent Percent
90 95 975 99 99.5 99.9 99.95 90 95 975 99 995 999  99.95
One-Sided o One-Sided o
.10 .05 .025 .01 .005 .001  .0005 .10 .05 .025 .01 .005 .001 .0005
Two-Sided o Two-Sided o
.20 .10 .05 .02 .01 .002 .001 .20 .10 .05 .02 .01 .002 .001
N N
3 951 988 997 1.000 1.000 1.000 1.000 20 299 378 444 516 562 648 .679
4 800 .900 .950 980 990 998 999 25 265 337 396 462 505 .588 618
5 .687 805 .878 934 959 986 991 30 241 306 361 423 463 542 570
6 .608 729 811 .882 917 963 974
7 551 .669 .755 .833 .875 935 951 35 222 283 334 392 430 .505 532
40 207 264 312 367 403 474 501
8§ .507 .622 .707 789 .834 905 925 45 195 248 294 346 380 449 474
9 472 582 .666 750 798 875 .898 50 .184 235 279 328 361 427 451
10 443 549 .632 716 765 847 872 55 176 224 266 313 345 408 432
11 419 522 .602 .685 735 .820 .847
12 398 497 576 .658 708 795 823 60 .168 214 254 300 .330 .391 414
65 .161 .206 244 288 317 .376 399
13 380 476 .553 .634 .684 172 .801 70 155 198 235 278 306 .363 .385
14 365 458 533 612 .661 750 780 75 150 191 227 268 296 351 372
15 351 441 514 592 .641 730 760 80 .145 .185 220 .260 .286 .341 361
16 338 426 497 574 .623 11 742
17 327 412 482 558 .606 694 725 85 .140 .180 213 252 278 331 351
90 136 .175 207 245 270 .322 341
18 317 400 .468 .543 .590 .678 708 95 133 .170 202 238 .263 313 332
19 308 .389 .456 .529 575 662 693 | 100 .129 165 .197 232 257 305 324
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Table A.12 Critical Values for Spearman’s
Rank Correlation Coefficient

For a sample of size n, two-sided critical values are
given for significance levels .10, .05, and .01. Reject
the null hypothesis of independence if the absolute
value of the sample Spearman correlation coefficient
exceeds the tabled value.

Two-Sided «
.10 .05 .01

n

5 .900 — —

6 .829 .886 —

7 714 786 929

8 .643 738 .881

9 .600 700 .833
10 564 .648 794
11 .536 .618 818
12 497 .591 780
13 475 .566 745
14 457 .545 716
15 441 525 .689
16 425 507 .666
17 412 490 .645
18 .399 476 .625
19 .388 462 .608
20 377 450 591
21 .368 438 .576
22 359 428 .562
23 351 418 .549
24 343 409 537
25 336 400 .526
26 .329 .392 515
27 323 385 505
28 317 377 496
29 311 .370 487

30 305 364 478

APPENDIX
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2 x 2 table, 157
correction for continuity, 193
2 x 2 tables:
pooled estimate of odds ratios, 172
pooling, 170
questions of interest, 172
strata, 170

ABO incompatibility, 153
Accuracy, 551, 558, 808
vs precision, 104
Actuarial method, 671
Adaptive randomization, 779
Addition rule:
expectations, 104
probability, 66
Additivity:
ANOVA, 397, 406, 407
Tukey test, 407-410
Adjusted group means, in the analysis of covariance,
478
Adjusted multiple correlation coefficient, 438
Adjusted rate, 644
standard error, 645
Agreement, 217-219
correlation, 323
degree, 217
location shift, 808
measure of, 806
scale shift, 808
AIC, 561-563
relation to Cp, 561
relation to likelihood, 561
Air pollution, 804
Akaike information criterion, 561
Alternative hypothesis, 89
Analysis:
exploratory, 37
intent-to-treat, 790

Analysis of covariance, 473
model, 475

Analysis of variance, 357, 358
one-way, 357, 359, 366
regression, 304
two-way, 357, 370
See also ANOVA

ANCOVA, pre-post analysis, 741

Animal model, 22

Animal welfare, 16

ANOVA, 357, 358
additive model, 371, 372
additivity, 406, 407
assumptions, 397
balanced design, 372, 373
between-group, 365, 366
crossed design, 393
degrees of freedom, 373
Durbin—Watson statistic, 406
expected mean squares, 386
factorial design, 391
fixed effect, 384-386
Friedman test, 411
general strategy, 410
grand mean, 365
hierarchical design, 391, 392
independence assumption, 406
interaction, 370, 372, 374, 376
Kruskal—Wallis test, 411
Kuskal—Wallis, 368, 369
linear model, 362
linearity, 406
missing data, 394
mixed effect, 385
model, 361
nested design, 391, 392
nonparametric tests, 411
normality assumption, 403
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ANOVA (Continued)
one-way, 366
ordered alternatives, 411
orthogonal design, 372
random effect, 384-386
randomized block design, 380-382
rank analysis, 412
ranks, 368, 383, 384
repeated measures, 387, 391
residual, 365
robustness, 398
simultaneous comparison, 367
split-plot design, 392, 393
two-way, 370, 380
two-way table, 375, 377
unbalance design, 393
unweighted means analysis, 396, 397
validity, 397
variance components, 385
within-group, 365, 366
ANOVA table:
for multiple regression, 432
for simple linear regression, 432
Approximation, 48
Arithmetic mean, 41, 42, 46, 53, 55
Association, 211
and change, 329
categorical variables, 231, 233
Mantel-Haenszel test, 193
regression vs correlation, 329
vs causation, 168
Attenuation, 326
AUC (area under the curve), 737
Average deviation, 44—46
Average or slope analysis, 737

B-method, 534
Backpain, 798
Balanced design, ANOVA, 372, 373
Baseline characteristics, definition, 13
Basis for variables, 586
Bayes’ theorem, 176, 177, 551
Behrens—Fisher problem, 139
Berkson’s fallacy, 102
Between-subject variation, 734, 749
Bias, 20
incomplete data, 729
vs precision, 104
Bias in RCTs and blinding, 776
Bills of Mortality, 151
Binary response, 151
Binomial, 151
confidence interval, 157
continuity correction, 156
hypothesis testing, 155
large sample confidence interval, 157
large sample test, 156
mean, 154

SUBJECT INDEX

model, 153
normal approximation, 156
p-value, 156
probability, 154
significance test, 155
trial, 153
variance, 154
Binomial coefficient, 153
Binomial distribution:
and McNemar procedure, 180
and rate, 641
extra-binomial variation, 653
Binormamin rotation, 610
Bins, 44
Bioequivalence, 782
Biomedical ethics:
human experimentation, 766
principles of, 767
standards and declarations, 767
Biquartimin rotation, 610
Bivariate normal distribution, 318
equation for, 335
Blinding, 776
Block, 380
Blocking, 23
Bonferroni inequality, 534
Bonferroni method, 534
Bonferroni methods, improved, 535
Bootstrap, 274, 473
Box plot, 40, 41, 54, 58
Box-and-whiskers plot, 40
Box—Cox transformation, 399

Carcinogenicity, 781
CART algorithm, 566
Case-control study:
definition, 13
example, 4
frequency matching, 14
matched, 13
paired, 179
Categorical, data, 208, 200
Categorical variable, 29
cross-classified, 224
Causal effect, 447
average, 448
average under random sampling, 449
Causal inference:
and counterfactual outcome, 447
and potential outcomes, 447
concepts, 447
potential outcomes framework, 447
Causal models, 482
Causation:
vs association, 168
and correlation, 332
Censoring, 662, 668, 670
competing risks, 698
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independent, 671

informative, 673, 698, 776

noninformative, 671, 698

See also Survival analysis
Central limit theorem, 83—-85
Change, and association, 329
Change analysis, 741

discrete variable, 743
Chebyshev’s inequality, 100
Chi-square, 226, 227, 232, 233

goodness of fit, 223

likelihood ratio, 226, 227, 229

multinomial model, 187
Chi-square distribution, 95

large sample, 190

mean and variance, 189

relation to F-distribution, 140, 141

relation to the normal distribution, 140, 141
Chi-square statistic, 211, 212
Chi-square test:

comparing two proportions, 160

contingency table, 160

continuity correction, 160

correction for continuity, 193
Chi-square test for trend, 214-216
Child Asthma Management Program (CAMP), 729
Cigarette smoke, 152
Classes, prediction, 550, 551
Classification, 550, 551, 556

black-box, 563

neural network, 566

noiseless, 551

underlying continuous variable, 571
Classification tree, 564—-566

CART algorithm, 566

rpart software, 566
Classification variable, 357

ANOVA, 370
Clinical study, definition, 12
Clinical trial, 766. See also Randomized trial
Cluster analysis, 550, 570, 571
Clustered data, correlation, 745
Coefficient of correlation, 314
Coefficient of variation, 57, 193
Coefficients, in linear equation, 428
Cohort, 729

definition, 12
Cohort scale, 729
Collinear, 437
Collinearity, 434
Column percent, 213
Combining 2 x 2 tables, 170
Communality, 602
Comparative experiment:

definition, 11

similarity, 20
Comparative study:

identical twins, 21
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matched pairs, 21
randomization, 21
similarity, 20
validity, 21
Comparing two proportions, 157
chi-square test, 160
confidence interval, 159
Fisher’s exact test, 157
flow chart for sample size, 162
graph for sample size, 163
large sample test, 159
sample size, 161
standardized difference, 162
Comparison group, 4
Competing risks, 698
Competing treatments, 798
Compound symmetry, 391
Concordance, 808
precision and accuracy, 808
Conditional independence, 226
Conditional normal distribution, 318
Conditional probability, 67, 177
Conditioning plot, 37, 38
Confidence interval, 86, 87
binomial, 157
for correlation, 322
for odds ratio, 169, 170
for odds ratio from matched pair study, 180
Poisson mean, 194
vs hypothesis test, 93-95
Confounder, 170
Confounding:
adjustment for measured confounders, 451
definition, 451
stratified adjustment, 451
Consent, informed, 767
Consistency check, 18
Constrained factor analysis, 611
Constraint, linear, 363
Constraints, linear, 49
Contingency table, 208, 210, 224, 225, 232, 233
association, 231
chi-square test, 160
multidimensional, 234
Contingency tables, simultaneous contrasts, 540
Continuity correction, 160
binomial, 156
Continuous, variable, 34
Contrast, 525
Contrasts:
orthogonal, 542
orthonormal, 542
Control, 4
definition, 13
historical, 22
Controlled trial, 766. See also Randomized trial
Coronary artery surgery, 787
Correction for continuity, 193
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Correlated data, 729
Correlation:
and attenuation, 326
and causality, 332
and covariance, 312
and regression, 306, 317
and ¢ test, 323
as measure of agreement, 323
autoregressive, 745
banded, 745
clustered data, 745
coefficient, 314
compound symmetric, 745
confidence interval, 322
exchangeable, 745
Kendall rank, 327
longitudinal, 734, 736, 745, 754
matrix, 736
misapplications 330. See also Regression and
correlation
nonparametric, 327
Pearson product moment, 314
population, 316
sample, 314
sample size, 322
serial, 745
Spearman rank, 327
spurious, 330
test of significance, 318
variance inflation factor, 746
within-person, 731
working, 754, 759
Correlation coefficient, 219
Correlation structure in longitudinal data:
autoregressive correlation, 745
banded correlation, 754
exchangeable model, 745
Cost-complexity penalty, 564
Counterfactual outcome, and causal inference, 447
Counting data, 151
Covariance:
and correlation, 312
longitudinal, 734
matrix, 734
Covariance matrix in longitudinal analysis, 734
Covariate, 298
time-varying, 762
Covariates:
or covariate variables, 429
time-varying, 729
Covariate variables, 429
Cox model, 679
stratification in the Cox model, 693
time dependent covariates, 691
Cox proportional hazard regression analysis, 679
Cox proportional hazards model, 679-689
checking, 687, 688
for adjustment, 688, 689
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interpretation, 686, 687
stratified, 693
time-dependent covariates, 691
time-varying covariates, 692
time-varying effects, 692, 693
Cox regression, 680
checking proportional hazards, 687
See also Cox proportional hazards model
Cox regression model, 684
Cramer’s V, 232
Critical value, 89
Cross-classified categorical variables,
224
Cross-product ratio, 165
Cross-sectional study, 166
definition, 14
Cross-validation, 561, 564—-566
10-fold, 561
for classification tree, 564, 565
Crossed design, ANOVA, 392
Crossover experiment, definition, 12
Cumulative frequency polygon, 35
Cumulative normal distribution, 557
Cystic Fibrosis Foundation Registry, 730

Data collection, 16
clarity of questions, 17
consistency checks, 18
editing and verification, 18
forms, 16
missing forms, 19
pilot test, 17
pre-testing, 17
range checks, 18
validity checks, 18
Data handling:
backup, 19
coding, 19
computers, 19
Data management, 779
Data, multivariate, 35
Death rate:
age-specific, 671
instantaneous, 671
See also Hazard rate
Decile, 40
Declaration of Helsinki, 767
Degrees of freedom, 49, 50, 227
ANOVA, 373
Demographic data, sources, 653
Density, 70
Dependent variable, 298
Derived variable analysis, 737
average, 737
slope, 737, 739, 740
Descriptive statistics, 25, 39
Design, data collection forms, 16
Design of experiment, and predictor variable, 334



SUBJECT INDEX

Deviation:
average, 44—-46
median absolute, 44—46
standard, 42, 46
Direct standardization, 642
Discrete variable, 208
Discriminant function, 557, 558
Discrimination, 550
linear, 552, 556, 557
linear vs logistic, 557, 558
logistic, 552-555
noiseless, 557
sample size, 715-720
underlying continuous variable, 571
Disease duration, 652
Disease, prevalence, 177
Distribution:
binomial, 154
bivariate normal, 335
chi-square, 95
frequency, 25
hypergeometric, 158
multivariate normal, 557
normal, 73
Poisson, 181
sampling, 82
Distribution-free, 255
asymptotically, 255
Double blind, example, 5
Double blind study, definition, 14
Double-blind trial, 773
Dropout, 650, 729, 747, 759
Drug development, 780
animal studies, 780, 781
phase I, 781
phase II, 781
phase III, 781
phase 1V, 781
preclinical, 780
Drug development paradigm, 780
carcinogenicity testing, 781
mutagenicity studies, 781
noninferiority studies, 781
open label extensions, 781
phase I studies, 781
phase II studies, 781
phase III studies, 781
phase IV, or post-marketing, studies, 781
preclinical phase, 780
teratogenicity studies, 781
Dummy variable, 476
Duration, and incidence, prevalence, 652
Duration of disease, 652
Durbin—Watson statistic, 406

Editing data, 18
Element, 25
Ellipsoid of concentration, 587
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Empirical, 30
Empirical cumulative distribution, 32, 34
(ECD), 32
Empirical cumulative distribution function, 54
Empirical frequency, 45
Empirical frequency distribution, 30, 47
(EFD), 30
Empirical relative frequency, 42, 45
Empirical relative frequency distribution, 31, 42
(ERFD), 31
Empirical standard errors in GEE, 756
Endpoint, definition, 12
Epidemiology, 22, 640
Error rate:
apparent, 560
in-sample, 560
internal, 560
prediction, 552
training, 560
Error, rounding, 49
Errors in both variables, 324
attenuation, 326
Estimate:
interval, 63
point, 63
Estimation, 62, 63
Huber—White, 337
maximum likelihood, 194, 333
minimum chi-square criterion, 191
robust regression, 337
sandwich, 337
Ethics, 15
animal welfare, 16
Helsinki Accord, 15
human experimentation, 766, 767
informed consent, 15
Nuremberg Code, 15
principles of, 767
Ethics of randomized clinical trials, 766
Event, 640
and Poisson model, 646
multiple events per subject, 652
Event data, 661
Event history analysis, 661
Expected, 211
Expected value, 71, 212
Experimental unit, definition, 12
Experiment, definition, 11
Explanatory variables, in multiple regression, 429
Exploratory analysis, 37
Exploratory data analysis:
group means over time, 731
variation among subjects, 733
Exponential survival, 690
constant hazard rate, 690
Exposure time, 648
Extra-binomial variation, 653
Extrapolation, beyond range, 331
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F-distribution, 132, 360
degrees of freedom, 132
relation to chi-square distribution, 140, 141
F-test, for partial multiple correlation coefficient,
444
F to enter, in stepwise multiple regression, 461
Factor analysis, 571, 599
analytic rotation, 609
binormamin rotation, 610
biquartimin rotation, 610
common part of the variance, 602
communality, 602
constrained factor analysis, 611
eigenvalues or roots of the correlation
matrix, 615
factor loadings, 602
factors, 599
general factor, 609
indeterminacy of the factor space, 608
interpretation of factors, 616
maxplane rotation, 610
number of factors, 614
oblimax rotation, 610
quartimax method of rotation, 609
residual correlation, 602
scree plot of variances, 615
unique or specific part of the variance, 602
uniqueness, 602
varimax method of rotation, 609
visual rotation, 609
Factor loadings, 602
Factorial design, ANOVA, 391
Factorial experiment, 23
Factorial study, 23
False discovery rate (FDR), 538
False negative, 551
False negative test, 176
False positive, 551
False positive test, 176
FDA, 792
FDR, 538
First principal component, 589
Fisher, R. A., F-distribution, 132
Fisher’s exact test, 157
Fisher’s linear discrimination, 557
Fisher Z-transformation, 321, 399, 400
Fitted value, 226
Fixed effect, 384, 385
ANOVA, 384-386
Fixed effects, 749
Force of mortality, 648, 671. See also Hazard rate
Forms:
design, 16
layout, 18
Frequency, 28-30
empirical, 31
relative, 31, 34
Frequency distribution, 25, 39, 53, 54
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Friedman, ANOVA, 411
Friedman statistics, 383

Gaussian, 46
Gaussian distribution, 73. See also Normal
distribution
GEE, 754, 758
correlation model, 756, 757, 759
empirical standard errors, 756, 757, 759
model-based standard errors, 756, 759
robustness, 754
GEE with logistic regression, 756
Generalized estimating equations, 734, 754. See also
GEE
Generic drugs, 782
Geometric mean, 44, 46, 53, 59
Goodness-of-fit:
chi-square, 194, 223
in multiple regression, 468
normal probability plots, 468
residual plots, 468
Goodness-of-fit test:
cell probabilities known, 186
cell probabilities unknown, 190
large sample property, 191
minimum chi-square estimate, 191
Gram-Schmidt orthogonalizaton process,
543
Grand mean, 364
Graph, 33, 36
histogram, 33
Graphics, color, 48
Graunt, Bills of Mortality, 151
Greenwood’s formula, 662, 668
for Kaplan—Meier estimate, 674

Hazard rate, 648, 671
actuarial, 672
and dropout, 650
and Poisson model, 651
comparison of two rates, 651
definition in actuarial life tables, 672
estimate of, 649
interval, 672
mathematical details, 695
standard error of, 672
standard error of estimate, 650
Health Insurance Portability and Accountability Act
(HIPAA), 767
Helsinki Accord, 15
Hemolytic disease, 153
Heterogeneity test, for odds ratios, 173
Heteroscedasticity, 134
Hierarchical design, ANOVA, 391, 392
Hierachical hypothesis, 225
Histogram, 33, 34, 54
Historical control, 22
HIVNET Informed Consent Substudy, 730



SUBJECT INDEX

Homogeneity of variance:
Cochran’s test, 402
Hartley’s test, 402
testing, 400

Homogeniety of variance, ANOVA, 397

Homogeneity test:
for odds ratios, 173
Poisson, 186
Homoscedasticity, 134

Huber—White standard error in regression, 337

Hypergeometric distribution, 158
Hypothesis:
alternative, 89
choosing null, 107
hierarchical, 225
null, 89
Hypothesis testing, 62, 63, 87-89
binomial, 155
vs confidence intervals, 93-95

Improved Bonferroni methods, 535
Imputation, 777
Imputation of missing data, 761
Incidence, 641
and duration, prevalence, 652
Incident events, 728
Identical twin study, 21
Independence, 64
assumption for ANOVA, 397
conditional, 226
row and column, 211
testing, 229
Independent censoring, 671
Independent random variables:
mean, 127
variance, 127

Independent variables, in multiple regression, 429

Indication for a drug, 782
Indicator variable, 476
Indirect standardization, 642, 645
Inference, 22

and random sampling, 22

Poisson, 184

regression, 301
Information:

predictive, 802

synthesis, 798
Information criterion:

Akaike, 561

See also AIC
Informative censoring, 776
Informed consent, 15, 767
Instantaneous death rate, 648
Instantaneous relative risk, 686
Institutional Review Boards, 767
Intent-to-treat analyses, 775
Intent-to-treat analysis, 775, 790
Interaction, 225
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ANOVA, 370, 372, 374, 376
antagonistic, 374
logistic regression, 557
synergistic, 374

Intercept, 298, 429
sample, 430

Interim analysis, 779, 780

Interim analysis of a randomized clinical

trial, 779

Interquartile range, 40, 43, 46, 53
(IQR), 40

Interval, 52

Interval estimate, 63

Jack-knife procedures, 274, 471

Kaplan—Meier estimator, 672—674
standard error of, 674
Kaplan—Meier survival curve, 672
definition, 673
Greenwood’s formula, 675
Kappa, 217-219
Kendall rank correlation, 327, 328
adjustment for ties, 336
expected value, 328
KM estimate, 673. See also Kaplan—Meier estimator
Kolmogorov-Smirnov test, 265-268
is a rank test, 279
one sample, 279
one-sided, 279
Kruskal-Wallis, ANOVA, 411
Kruskal-Wallis statistic, 368, 369
Kurtosis, 51

Laboratory experiment, definition, 11
Laboratory test, 5
Large sample test, binomial, 156
Last observation carried forward (LOCF), 776
Least squares fit, 430
in multiple regression, 483
Least squares, principle, 298
Left truncation, 694
Leptokurtic, 51
Life table, 664, 671
probability density estimate and its standard error,
696
See also Survival curve
Likelihood principle, 544
Likelihood ratio, 223, 226, 227, 229
Linear combination of parameters, 525
Linear constraint, 49, 363
Linear discriminant, 557
Linear discrimination, 552, 557, 558
using linear regression software, 570
Linear equation, 428
Linearity, ANOVA, 397, 406
Linear mixed models, 748
Linear model, 357, 362
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Linear regression, 299
in multiple regression, 429
Location, 44, 46
Logarithm, 47, 55
natural, 47, 220
Logistic discrimination, 552
more than two groups, 569
Logistic model, 552, 558
Logistic regression, 552—-555
maximum likelihood, 567-569
polytomous, 569, 570
Logit, 552, 554, 556
Log likelihood, 561, 562, 568
Log-linear model, 208, 220-229, 233, 234
Log rank test, 674—677
approximation, 676
mathematical details, 695, 696
stratified, 678, 679
Longitudinal data, 728, 762
derived variable analysis, 737
individual change, 729
missing data, 759
mixed models, 747
Longitudinal data analysis:
age, 729
AUC (area under the curve), 737
autoregressive correlation structure, 745
average or slope analysis, 737
banded correlation structure, 745
between-subject variation, 734, 749
cohort scale, 729
derived variable analysis, 737
empirical standard errors in GEE, 756
exchangeable correlation structure, 745
exploratory data analysis, 731
fixed effects, 749
GEE with logistic regression, 756
generalized estimating equations (GEE), 754
group means over time, 731
imputation of missing data, 761
linear mixed models, 748
line plots for individual study participants, 734
marginal mean, 754
missing at random (MAR) data, 760
missing completely at random (MCAR)
data, 760
missing data mechanisms, 760
missing data, monotone missing data, 759
mixed models, 747
mixed models: population residuals, 752
mixed models: residual plots, 752
mixed models: within-subject residuals, 752
nested model and likelihood ratio test, 751
nonignorable (NI) missing data, 760
period, 729
pre-post analysis, 741
pre-post analysis: average change, 741
pre-post analysis: covariance adjustment, 741

SUBJECT INDEX

pre-post analysis: mean response at follow-up, 741
pre-post binary data, 742
random effects, 749
random intercept model, 749
regression methods, 747
time-varying covariates, 729
variability within and between subjects, 733
variance inflation factor, 746
within-subject correlation, 745
within-subject covariance matrix, 734
within-subject variation, 734, 749
Longitudinal mixed models:
empirical Bayes’ estimation of individual random
effects, 752
population residuals, 752
residual plots, 752
within-subject residuals, 752
Longitudinal study, 728
definition, 14
Loss function, 551
defining, 570
Lost to follow-up, 667
Lower quartile, 40, 53
Lowess, 44

Main effect, 363

Mallow’s Cp, 456, 561
plot, 459

Mann-Whitney U test, 262, 265. See also Wilcoxon

rank sum test

Mantel-Haenszel test, 193

Marginal mean, 754

Marginal table, 225, 226

Markov inequality, 100

Matched case-control study, 13
frequency matching, 14

Matched pair, 179

Matched pair study, 21, 194
confidence interval for odds ratio, 180

Maximum likelihood, 194, 554, 557, 568
logistic regression, 567—569
mixed model, 751

Maximum likelihood estimation, 333

Maxplane rotation, 610

McNemar procedure, 179

Mean, 44, 45, 47, 52-54, 56
arithmetic, 41, 42, 46, 53, 55
confidence interval with known variance, 87
geometric, 44, 46, 53, 59
hypothesis testing, 87, 90-93
inference about, 85
interval estimate, 86
point estimate, 85

Mean square error, 105

Mean squares, 360

Measures of association, 231, 233

Median, 40, 44, 46, 47, 52, 53, 55, 56
confidence interval, 269
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Median absolute deviation, 44—46
Mesokurtic, 51
Meta-analysis, 803
Minimum chi-square estimate, 191
Missing at random (MAR) data, 760
Missing completely at random (MCAR) data, 760
Missing data, 759-761
ANOVA, 394-396
imputation, 761, 777
in randomized trial, 776
missing at random (MAR), 760, 761
missing completely at random (MCAR), 760
nonignorable (NI), 760, 761
nonresponse weighting, 761
Missing data analysis by data modeling,
761
Missing data in longitudinal analysis, 759
Missing data mechanisms, 760
Missing form, 19
Mixed effect, 385
ANOVA, 385
Mixed model:
categorical data, 753
count data, 753
linear, 750, 754
missing data, 761
random effect, 749
random intercept, 749-751
random slope, 751
variance components, 750, 754
Mixed models:
linear, 748
longitudinal data, 747
nonlinear, 762
Mixed models for longitudinal data, 747
Model:
additive, 371
animal, 22
binomial, 153
Cox, 679
linear, 357
linear regression, 297, 301
log-linear, 208, 220-229, 233, 234
logistic, 552, 558
multinomial, 187
multivariate, 208, 220
Poisson, 183
testing goodness-of-fit, 186
Model selection, stepwise, 562, 563
Model-robust regression standard error, 337
Modified intent-to-treat analyses, 775
Moment, 39, 43, 50
Moments, 41
Monotone missing data in longitudinal analysis,
759
Monte Carlo tests, 272, 273
Multicenter AIDS Cohort Study, 730
Multicenter clinica trial, See Randomized trial
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Multicenter clinical trial, 778
Multinomial model, 187
Multiple comparison problem, 520
Multiple comparisons, 213
Multiple correlation, 437
Multiple correlation coefficient, 437
adjusted, 438
Multiple correlation coefficient, with covariates
specified, 440
Multiple logistic model, and adjusted rates, 651
Multiple partial correlation coefficient,
see Partial multiple correlation coefficient
Multiple regression:
model, 432
stepwise procedures, 460
Multiplication rule:
expectations, 104
probability, 67
Multivariate data, 35, 36
Multivariate model, 220
Multivariate normal, 557
Multivariate normal distribution, 318, 483
Multivariate statistical model, 208
Mutagenicity studies, 781
Mutually exclusive, 65

Negative predictive value, 559
Nested design, ANOVA, 391, 392
Nested hypotheses, 228, 229, 442

definition, 442
Network meta-analysis, 803
Neural network, 566

software, 567
Neural networks, 566
Newman-Keuls test, 543
Nominal, 52
Nontransitivity of rank tests, 279
Nonignorable (NI) missing data, 760
Noninferiority drug studies, 781
Noninformative censoring, 671
Nonlinear, mixed models, 762
Nonlinear regression models, 482
Nonparametric, 254, 255, 278

confidence intervals, 268
Nonparametric correlation, 327
Normal, 46
Normal approximation, to binomial, 156
Normal distribution, 73

ANOVA, 361

bivariate, 318

calculating areas, 74

conditional, 318

formula for density, 106

multivariate, 318, 557

relation to chi-square distribution, 140, 141

standard, 76

standard score, 75

Z score, 75
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Normal random variables:
distribution of linear combination, 127
mean of linear combination, 127
variance of linear combination, 127
Normal scores, transformation, 399, 400
Normality of residual, ANOVA, 397
Null hypothesis, 89
Null value of a parameter, 138
Nuremberg Code, 15, 767

Oblimax rotation, 610
Observational and experimental studies in humans,
767
Observational study, definition, 11
Observations, paired, 179
Observed, 211
Occam’s razor, 227
Odds ratio, 164, 208, 219, 555
as approximation to relative risk, 165, 168
confidence interval, 169, 170
cross-product ratio, 165
from matched pair study, 179
limitations, 193
log odds, 169
standard error, 169, 193
Odds ratios:
pooling, 172
test for heterogeneity, 173
test for homogeneity of, 173
Off-label, 782
Off-label use of a drug, 782
One-sided confidence intervals, 141
One-sided tests, 141
One-way analysis of variance, 357, 359, 366. See
also ANOVA
One-way ANOVA:
and Bonferroni simultaneous contrasts, 535
and simultaneous S-method confidence intervals,
527
and T-method simultaneous confidence intervals,
532
Open label extensions of drug studies, 781
Ordered alternatives, ANOVA, 411
Ordered categorical variable, 231
Ordering, 26
partial, 26
Order statistics, 269
Ordinal, 52
Orthogonal contrasts, 389, 390, 542
Orthogonal design, ANOVA, 372
Outcomes, 26
Outliers, 140
in regression, 333
Over-the-counter (OTC) drugs, 777

p-value, 90
binomial, 156
Parameter, 61

Parametric, 254, 255
Partial correlation coefficient, 440
definition, 441

SUBJECT INDEX

relation to linear multiple regression, 444

Partial F-statistic, definition, 444

Partial multiple correlation coefficient, 442

definition, 442
F-test, 444

relation to regression sums of squares, 444

Path analysis, 482

Pearson product moment correlation, 314

properties, 315

Pearson’s contingency coefficient, 232

Per comparison error rate, 521
Per experiment error rate, 521
Percent:

column, 213

row, 213

total, 213
Percentage, 213
Percentile, 39, 40, 46, 56
Perceptron capacity bound, 560
Period, 729
Permutation test, 270-272
PFDR, 538
Pharmacodynamics of drugs, 781
Pharmacokinetics of drugs, 781
Phase I drug studies, 781
Phase II drug studies, 781
Phase III drug studies, 781

Phase 1V, or post-marketing, studies, 781

Pilot test, 17
Pivotal variable, 117, 138
comparing two proportions, 160
confidence interval, 120
definition, 118
regression, 301
rejection region, non-rejection
region, 120
Placebo, 14, 153
effect, 14
Placebo control, 773
Placebo effect, example, 5
Placebo, inactive, medication, 773
Platykurtic, 51
Plot:
box, 40, 41, 54, 58
box-and-whiskers, 40
conditioning, 37
quantile-quantile, 80
residual from mixed model, 752
Point estimate, 63
Poisson:
homogeneity test, 186
model, 183
normal approximation, 184
rule of threes, 194
square root transformation, 184
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Poisson distribution, 181
and hazard, 651
and rate, 646
assumptions, 181
Poisson mean, confidence interval, 194
Polynomial regression, 465
Polytomous logistic regression, 569, 570
Pooling 2 x 2 tables, 170
Pooling odds ratios, 172
by chi-square, 173
Mantel-Haenszel approach, 175
test of significance of pooled estimate, 173
Population, 27, 61
Population parameter values, in multiple regression,
429
Positive false discovery rate, pFDR, 538
Positive predictive value, 194, 559
Post hoc analysis, 539
data driven, 539
subgroup analysis, 539
Posterior probability, 177
Potential outcomes, and causal inference, 447
Potential outcomes framework, and causal inference,
447
Power, 89, 135
and multiple comparisons, 711
by simulation, 275
calculation of, 709
cost of sampling, 711-714
for testing discrimination, 718, 719
relation to sample size, 724
Pre-post analysis, 741
Pre-post data, 728
Precision, 22, 808
vs accuracy, 104
Prediction:
accuracy, 551, 558
classification tree, 564
cost-complexity penalty, 564
error rates, 552
neural networks, 566
recursive partitioning, 564
Predictive value:
negative, 559
positive, 559
Predictor variables, 298
in multiple regression, 429
Prevalence, 177, 641
and duration, incidence, 652
effect on positive predictive value, 194
Principal component analysis, 571
Principal components, 588
first principal component, 589
k-th principal component, 589
percent of variability explained by first m
principle components, 590
percent of variability explained by k-th principle
component, 590
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Pythagorean theorem, 591
sample total variance, 590
statistical results, 595
total variance, 590
use of covariance or correlation matrix, 594
Prior probability, 177, 551
Probability, 63
addition rule, 66
Bayesian, 98
binomial, 154
conditional, 67, 177
posterior, 177
prior, 177
relative frequency, 63
subjective, 98
Probability density function, 33, 34, 70
estimating from life table, 696
Probability distribution:
chi-square, 95
Gaussian, 73
multivariate normal, 557
normal, 73
Probability function, 69
Probability plot, normal, 405
Probability theory, randomization, 21
Product limit survival curve, 672
definition, 673
Greenwood’s formula, 675
Product-limit estimator, 672. See also Kaplan—Meier
estimator
Projection, 586
Propensity score, 452
Proportion, 35
Proportional hazard regression model, 679
instantaneous relative risk, 686
stratification in the Cox model, 693
Proportional hazards, checking, 687, 688
Prospective ascertainment of exposure, 728
Prospective study, 166
definition, 13
Protected health information (PHI), 767
Pseudorandom number generators, 280, 778
Pure error, 484
Pythagorean theorem, 591

Quality of care, 5
Quantification of uncertainty, 23
Quantile-quantile plot, 80
Quantile test, 263
Quartile:

lower, 40, 53

upper, 40, 53
Quartimax method of rotation, 609

Random assignment, example, 5

Random effect, 384, 385, 749
ANOVA, 384-386

Random effects, 749
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Random intercept, 749—751
Random intercept model, 749
Random number generators, 280
Random sample, 64
simple, 64
Random sampling, and representativeness, 22
Random slope, 751
Randomization, 21, 775
adaptive, 779
block, 778
effect of, 21
practical considerations, 778
reasons for, 775
Randomization distribution, 775
Randomization test, 270, 272, 775
Randomized block design, 23
ANOVA, 380-382
ranks, 382
and simultaneous S-method confidence intervals,
531
and T-method simultaneous confidence intervals,
533
Randomized clinical trials:
adaptive randomization, 779
blinding, 776
case report forms (CRFs), 779
clinical, 766
consistency checks on data, 779
data and safety monitoring boards (DSMBs), 779
data management and processing, 779
Declaration of Helsinki, 767
double-blind trial, 773
ethics, 766
ethics: principle of autonomy, 767
ethics: principle of beneficence, 767
ethics: principle of justice, 767
ethics: principle of nonmaleficence, 767
informed consent, 767
Institutional Review Boards, 767
intent-to-treat analyses, 775
interim analysis, 779
last observation carried forward (LOCF), 776
modified intent-to-treat analyses, 775
Nuremberg Code, 767
planning: multicenter clinical trials, 778
planning: special populations, 777
planning: study population, 777
preservation of type I error, importance, 779
pseudorandom treatment assignments, 778
randomization, 775
randomization distribution, 775
remote data entry, 779
sensitivity analysis for missing data, 777
single-blind trial, 773
wash out period, 773
worst case analysis with missing data, 777
Randomized controlled trials, 766
Randomized experiment, 775

SUBJECT INDEX

Randomized trial, 766, 775
analysis, 779
avoiding bias in assignment, 768
blinding, 776
cautionary examples, 767-774
cluster, 782
composite endpoints, 780
conflict of interests, 779
data and safety monitoring, 779
data management, 779
double-blind, 773
intent-to-treat, 775
interim analysis, 779, 780
missing data, 776
multicenter, 778
multiple endpoints, 780
noncompliance, 768, 769
phase I, 781
phase II, 781
phase III, 781
phase 1V, 781
placebo control, 773
placebo effect, 774
run-in period, 773
sequential analysis, 780
single-blind, 773
special populations, 777
study population, 777
surrogate outcomes, 769—772
Random variable, 68
binomial, 151
Range, 40, 46
Range check, 18
Rank, 39
Rank analysis, ANOVA, 412
Ranking, 26
Ranks, 257, 258
ANOVA, 383, 384
randomized block design, 382
Rank tests, general theory, 280
Rate, 640
adjusted, 644
binomial assumption, 653
comparison of two rates, 645
crude, 642
hazard, 648
incidence, 641
instantaneous death rate, 648
multiple logistic model, 651
standard error, 641
standardized mortality ratio, 646
total, 642
Rate of decline, 752
Ratio, scale, 52
RCT, 767
randomized clinical trial, 766
randomized controlled trial, 766
See also Randomized trial
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Receiver operating characteristic curve, 559. See
also ROC curve
Recursive partitioning, 564-566. See also
Classification tree
Regression:
analysis of variance, 304
and correlation, 306, 317
coefficients, 301
covariate, 298
Cox model, 630, 682—686
dependent variable, 298
error, 300
errors in both variables, 324
estimated line, 300
estimate of error, 301
extrapolation beyond range, 331
homogeneity of variance, 307
inference, 301
inference about future observation, 303
inference about population mean, 302
interpretation of slope, 332, 334
least squares, 298
linear, 297, 299
linearity, 307
logistic, 552—-555
main effect, 363
normality, 307
origin of the term, 333
outliers, 333
partitioning of variation, 305
population line, 300
population parameters, 300
predictor variable, 298
proportional hazards, 680, 682—686
residual from, 301
response variable, 298
robust, 337
robust model, 333
test of model, 307
t-test, 309
through the origin, 335
to the mean, 330
variance of intercept, 334
variance of predicted value, 334
weighted, 335, 336
Regression analysis in longitudinal data, 747
Regression and correlation, misapplications,
330
Regression coefficient:
as intercept, 298
as slope, 298
Regression coefficients, 429
sample, 430
Regression to the mean, 330
Regulatory statistics and game theory, 541
Rejection region, 89
Relative efficiency, 255, 278
Relative frequency, 54
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Relative risk, 164, 208
as approximated by odds ratio, 165, 168
Reliability theory, 661
Repeated measures, 728, 762
ANOVA, 387, 391
Representative sample, 100
Representativeness, 22, 152
Residual:
adjusted, 213
population, 752, 753
within-subject, 752-754
Residual correlation, factor analysis, 602
Residual plot, 752
Residuals, in multiple regression, 429
Response, binary, 151
Retrospective study, 4, 166
definition, 13
Risk, 809
classification scheme, 813
comparing risks, 810
Richter-like scale for, 810
risk unit, 810
safety unit, 811
Risk factor, 4
Robust, 253, 276
Robust regression model, 333
Robustness, 46
ROC curve, 559, 560, 564
area under, 560
Rounding, 48
Rounding error, 49
Row percent, 213
Rule of threes, 194

S-method, 525
Sample, 25
Berkson’s fallacy, 102
cluster, 102
length-biased, 102
multivariate, 100
pitfalls in drawing, 101
random, 64
representative, 100
simple random, 64
stratified, 102
survey, 102
two-phase, 103
unequal probability, 102
without replacement, 101
Sample size, 161, 709
and multiple comparisons, 711
and power, 724
calculations, 134
comparing two proportions, 161
confidence, 20
controls per case, 714, 715
cost of sampling, 711-714
critical value for correlation, 322
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Sample size (Continued)
diminishing returns, 714
figure for measurement data, 137
flow chart for comparing two proportions, 162
for case-control studies, 722, 723
for cohort studies, 721
for discrimination, 715-718
graph for comparing two proportions, 163
one normal sample for mean zero, 136
per group, 2 normal samples for equal means, 135
power for testing discrimination, 718, 719
precision, 20
purpose of study, 19
quantifying discrimination, 720
relation to coefficient of variation, 724
two normal populations, equal variances, 134
Sample space, 27
Sample variances:
heterogeneous, 134
homogenous, 134
Sampling distribution, 82
Sampling variability, 49
Scatter diagram, see Scatterplot
Scattergram, See Scatterplot
Scatterplot, 291
Scatterplot smoother, 44
Scheffe method, 525
Schoenfeld residuals, 687
Science and regulation, 792
Science and stock market, 792
Screening, 176
logit model, 194
sensitivity, 176
specificity, 176
Screening study, 709
power, 710
sample size, 710
Semiparametric, 254, 255
Sensitivity, 176, 558, 559
Sensitivity analysis, 777
Sensititivity, effect on positive predictive
value, 194
Sequential analysis, 780
Shift, 31
Sign test, 256
Signed-rank test, 258
Significance level, 92
nominal vs actual, 254
Significant digits, 48
Simple contrast, 525
Simple linear regression, 430
Simple random sample, 64
Simultaneous comparison, 367
Simultaneous confidence intervals, 523
in tests for linear models, 524
Single blind study, 14, 773
Skewed, 54
Skewness, 51

SUBJECT INDEX

Slope, 298

variance of estimate, 310
Spearman rank correlation, 327
Specificity, 176, 558, 559

effect on positive predictive value, 194

factor analysis, 602
Split sampling, 471
Split-plot design, ANOVA, 392, 393
Spread, 44, 46
Spurious correlation, 330
Squared multiple correlation coefficient, proportion

of variability explained, 437

Standard deviation, 42, 46, 53, 54, 56

confidence interval for ratio, 134
Standard error, 83

difference in hazard rates, 651

estimate of hazard rate, 650

for odds ratio in matched pair study, 180

of adjusted rate, 645

standardized rate, 647
Standardization:

direct and indirect, 642

indirect, 645
Standardized distance, 135
Standardized rate:

drawbacks of, 648

incidence ratio, 646

mortality ratio, 646

standard error, 647

standard error and Poisson, 646

varying observation time, 652
Standard normal distribution, 76
Statistic, 39
Statistical inference, 22
Statistically independent, 64
Statistics:

basic ideas, 151

definition, 8

descriptive, 25, 39

goals of the book, 2

levels of knowledge, 2

origin of word, 151

the field, 1
Stem-and-leaf diagram, 48, 54, 56
Step-down stepwise procedure, 465
Step function, 34
Step-up stepwise procedure, 465
Stepwise model selection, 562, 563
Stepwise procedures in multiple regression, 460
Stratified life table analysis, direct adjustment, 698
Structural models, 482
Student—Newman—Keuls test, 543
Studentized range, 531
Student’s ¢-distribution, 121
Study:

bias, 20

inference, 20

steps in a study, 15
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Study type:
and odds ratio, 167
and relative risk, 167
case-control, 13
comparisons, 167, 168
cross-sectional, 165
double blind, 14
factorial design, 23
matched case-control, 13
matched pair, 179, 194
prospective, 13, 166
randomized block design, 23
retrospective, 13, 166
single blind, 14

Study unit, definition, 12

Sum of squares:
ANOVA, 358
between-groups, 364
partitioning, 364, 373

Supervised learning, 550

Surrogate endpoint for antiarrhythmic drugs, 770

Survival analysis, 661
adjustment by stratification, 678
censored, 662, 668
censoring, 670
competing risks, 698
constant hazard and exponential survival, 690
counting process notation, 699
Cox model, 679
Cox model with time dependent covariates, 691
Cox regression model, 684
cumulative hazard, 695
delayed entry, 694
direct adjustment of stratified life table analysis,

698

exponential regression, 690
Greenwood’s formula, 662
independent censoring, 671
Kaplan—Meier survival curve, 672
left truncation, 694
lognormal distribution, 691
log-rank statistic; stratified log-rank statistic, 695
lost to follow-up, 667
multiple event types, 698
noninformative censoring, 671, 698
parametric regression, 690, 691
product limit survival curve, 672
proportional hazards model, 670
recurrent events, 694
recurrent events; intensity, 694
Schoenfeld residuals, 687
stratification in the Cox model, 693
Weibull distribution, 691

Survival curve, 661-669, 671-679
actuarial method, 664
after last observed time, 673
better confidence intervals, 696
comparison of, 674—-677

865

confounding in comparisons, 678, 679

definition, 662

Greenwood’s formula, 668

individual vs group, 696, 697

Kaplan—Meier estimate, 672-674

life table method, 664—669, 671

log rank test, 674—677

related to cumulative distribution, 661, 663

standard error, 668

stratified comparison, 678, 679
Survivorship function, 661, 662

definition, 662

See also Survival curve

t-distribution, 121
‘Student’, 121
and correlation, 323
degrees of freedom, 121
Gossett, W. S., 121
heavy-tailed, 122
mean, 121
percentiles, 121
variance, 121
T-method of multiple comparisons, 531
t-test:
and regression, 309
for partial correlation, 444
heterogeneous variances, 139
on ranks, 139
one-sample inference, 122
paired-data inference, 123
unequal variances, Behrens—Fisher
problem, 139
Taxonomy of data, 51
Teratogenicity, 781
Test:
positive predictive value, 176
true and false negative, 176
true and false positive, 176
Test of significance, correlation, 318
Test:negative predictive value, 176
Testing for symmetry, 233
Testing independence, 229
Time dependent covariates, 691
Time scales:
age, 729
cohort, 729
period, 729
Time series analysis, 481
Time varying covariates, in longitudinal data
analysis, 729
Time-series, and air pollution, 804
Time-varying covariate, 729, 762
Total percent, 213
Total variance, 590
sample, 590
Total variation, partitioning, 357
t-PA, 792
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Training data, 550, 551
Training set, 550
Transformation:
Box-Cox, 399
correlation coefficient, 321
Fisher-Z, 399, 400
linearizing, 406
normal scores, 399, 400
power, 413
square root for Poisson, 185
variable, 398, 400
variance stabilizing, 398
Transition model, 743
Treatment, placebo, 14
Trial, 153, 766
ethics, 766, 767
informed consent, 767
randomized clinical, 766
randomized controlled, 766
Trimmed mean, 276
True negative test, 176
True positive test, 176
Tshuprow’s T, 232
Tukey method of multiple comparisons,
531
extensions, 543
Tukey test, additivity in ANOVA, 407-410
Two-sample inference, 124
independent samples, 124
known variances, 128
scale, variances, 132
unknown variances, 131
Two sample test, proportions, 157
Two-way ANOVA, 357, 370
and simultaneous S-method confidence intervals,
529
and T-method simultaneous confidence intervals,
533
Two-way table, 210, 221, 224
Type I error, 89
Type II error, 89

Unbalanced design:

ANOVA, 393

causes, 393
Uncertainty, 23

and variation, 23

reduction of, 23
Uniqueness, factor analysis, 602
Unsupervised learning, 550
Upper quartile, 40, 53

SUBJECT INDEX

Validity, 22
Validity check, 18
Variability:
background, 380
sampling, 49
Variable, 25, 28, 29
categorical, 26, 29
class, 550
classification, 357
continuous, 27, 34
discrete, 27, 208
ordered categorical, 231
precision, 741
qualitative, 26, 52
quantitative, 26, 27, 52
transformation, 398
Variance, 43, 53, 72
between-group, 362
inference about, 96
of predicted value in regression, 334
within-group, 361, 362
Variance components, 385, 750
Variance inflation factor, 746
Variances, sample:
heterogeneous, 134
homogenous, 134
Variation, 43
between-group, 366
between-subject, 734
precision, 22
validity, 22
within-group, 366
within-subject, 734
Varimax method of rotation, 609
Vitamin C, 153
Von Bortkiewitz, 182

Wash out period, 773
Wilcoxon rank-sum, 368
Wilcoxon rank sum test, 262, 263
as permutation test, 272
large samples, 264
nontransitivity, 279
relative power, 263
Wilcoxon signed-rank test, 258261
large samples, 260, 261
Winsorized mean, 276
Within-group variance, 361
Within-subject variation, 734, 749

Zero cells, 234
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A, 362 Djj, 392
A;, 385 D;, 648
Am, 675 D1, 393
A (accuracy), 809 D3, 393
a, 410 D, 266
a,bi, by, ... by, 428 DT, 279
az, 51 Dy, 675
ag, 51 d;, 327
a;, 373 dy, 667
a (sample intercept), 298 d;j, 675
ay, 317 d.f., 305, 360, 362
ay, 317
e (error in regression), 298
B, 362 E(Y | Xq,...,Xp), 429
B;, 385 E(Y; | Xi1. ..., Xip), 432
B;, 648 EY; | X;), 431
b (sample slope), 298 E(Y;; | Bi), 748
b(k; n, pi), 154 E(Y|X,2),452
b1, 334 E(MS), 365
bij, 334 E[Y], 71
byy, 317 E;, 675
byx, 317 E (expected rate), 646
bj, 373, 430 ¢ijk, 373, 385
bi.0, 749
F, 444
C;, 648 Fuvax, 402
C, 232, 402 Fi, 601
Cp, 456, 457, 458, 459, 561 Fy,, 307
CrR, 411 fx(x), 336
Ckw, 411 fr(y), 336
Sfx,y(x,y), 335
Dqo, 748
Doy, 748 8ijs 373
D1y, 748 Gij, 385

Biostatistics: A Methodology for the Health Sciences, Second Edition, by Gerald van Belle, Lloyd D. Fisher,
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8ijk, 224, 225
1J
gl 221,222

hl, 221, 222
hy, 221, 222
ho(t), 679
hy, 672

[1], 225, 226
[1JK], 225, 226
[1J], 225, 226
[IK], 225, 226

[J], 225, 226
[JK], 225, 226

[K], 225, 226

Ly, 650
L(j, k), 551

LRX2, 223, 227

[ (estimate of 1), 184
¢, 668

£y, 667

logit, 552

logit(p), 194

M;, 643

My, 396

Mo,, 396

M., 396

MS, 305, 360, 362
MSy, 365, 374, 375

MSg, 374, 375, 382, 409
MS., 365, 374, 375, 382, 409

MS,, 374, 375
MS,,, 409

MSreg, 432
MSgesip, 432, 433

MS,,, 365, 374, 375, 382, 409

MS;, 382, 409
mj, 50

N(ux. iy, of. of. p), 318

N;, 643

N;j (1), 699

NUM, 162

7, 396

n, 358

[n1x], 215

n!, 154

n (sample size), 161
n¥, 643

i

SYMBOL INDEX

n%st, 163

ny, 158

n;, 362

n.,.., 226

n,,, 158, 211, 212, 222, 358, 371
n,j, 211, 212, 222, 358, 371

n;., 211, 212, 222, 371

n,-jk, 358

n;j, 210, 222, 371

O (observed number of events), 646
0;, 650
0;, 648, 675

Py, 218
Pc, 218
PREV, 194
PV, 194
P[C], 64
P[C|D], 67
Py (i), 668
P[B;|A] (Bayes theorem), 178
D, 155

p.j» 230
pi., 230
pij» 230
Dk, 551

Qk,mv 531
dk,m,1=a> 532

R.., 368, 383

R.j, 383

R;., 368

R?, 437

R2, 439
Ry(x1,...X1)21,.... 2,0 442
Ry(X,..., X;)» 440

R,;, 383

R;., 368

R;j, 368, 383, 760

R}J‘.’, 752

RU(E) (Risk Unit), 810
RS, 752

R;, 280

r2, 437, 306

r (adjusted rate), 644

r (precision), 809

rs (Spearman rank correlation), 327
rREF, 646

rsTupy, 646
rx.y.z, 441
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S, 260
S(t), 663

S(1]1X), 682

GOPE@+BIX 1t +Bp X p)
0,pop

SENS, 194

SE(}), 650

SPEC, 194

SU(E) (Safety Unit), 812

SE(b), 433

SIZ’.X]_,... X! 433

SSvoDEL FIT, 484

SSpURE ERROR; 484

SSREG, 462

SSreGc (X1, .-, Xj), 443

, 682

SSrec(Xj41, -+ 5 Xk | X1, -

SSrec(y | X), 478
SSrESID, 462

SSgpesip (X1, - .., Xj), 443
SSresip(v | X), 478

SSy, 365, 366, 373, 374, 375

LX), 443

SSg, 373, 374, 375, 382, 396, 409
SS¢, 365, 366, 373, 374, 375, 382, 409

SS,, 373, 374, 375, 396
SS;, 408, 409

SSReG, 432, 437
SSresID, 432
SSroTaL, 366, 373, 437

SSnonadditivity, 408

SS,,, 365, 366, 375, 382, 396, 409

SS;, 382, 409
SE(r), 645

SS, 305

s, 42

s (standardized rate), 646
52,313

52, 313

52, 301

51, 299

59, 299

53, 299

sp, 307

Sby,» 318

sxy, 314

52, 359, 360

s%, 359, 360

52, 361, 362

T, 232
Ty, 393
T,., 393
Ty, 675

T;j, 392

TrRr, 383
Tkw, 368, 369
TpaGE, 412
Ty, 412

12, 444

l,'j, 730
ty.a, 121

U, 265
u, 223, 224, 225

u;, 370

ul, 221, 222, 223, 224, 225
wi, 221, 222, 223, 224, 225
uf , 224, 225

uj X, 224,225

uji, 224, 225

ulk, 224, 225

wlkK, 224, 225

u (location shift), 808

U;, 406

vV, 232
v (scale shift), 808
vj, 370
Vj, 406

W, 262
wy., 451
wy, 667
[wx?], 337
[wxy], 337

[xy], 298

X2, 160, 211, 212, 223, 675
XZ g 215

X,’j , 429

X2, 160

Xy, 320

X, 442

[x2], 215, 298

Z, 442
Y;, 298, 430

Y:;, 393

Yij.
Yo, 449
v, 451
Y1, 449

k)
Yy, 451
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Y., 362 A (effect size), 162
Y., 358 A, 557
Y., 362 A;, 447
Y;j., 358 Ax, 672
5, 41, 42
% — ¥, 430 o 433(*)7'0433172 803
Ti: 429 el 362
Y; (0), 447 €ij» 361,
?A(}) ’7237 y, 232
i Vij 372
Y2, 760
Y, jk, 358 « (in Kendall 1), 328
Y.., 373 K, 217, 218
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