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Appendix 1

Standard normal distribution areas

z PZ < Z) PZ > z) Pl—z<Z< 2 PlZ< —zorZ> 2
0.00 0.50000 0.50000 0.00000 1.00000
0.01 0.50399 0.49601 0.00798 0.99202
0.02 0.50798 0.49202 0.01596 0.98404
0.03 0.51197 0.48803 0.02393 0.97607
0.04 0.51595 0.48405 0.03191 0.96809
0.05 0.51994 0.48006 0.03988 0.96012
0.06 0.52392 0.47608 0.04784 0.95216
0.07 0.52790 0.47210 0.05581 0.94419
0.08 0.53188 0.46812 0.06376 0.93624
0.09 0.53586 0.46414 0.07171 0.92829
0.10 0.53983 0.46017 0.07966 0.92034
0.11 0.54380 0.45620 0.08759 0.91241
0.12 0.54776 0.45224 0.09552 0.90448
0.13 0.55172 0.44828 0.10343 0.89657
0.14 0.55567 0.44433 0.11134 0.88866
0.15 0.55962 0.44038 0.11924 0.88076
0.16 0.56356 0.43644 0.12712 0.87288
0.17 0.56749 0.43251 0.13499 0.86501
0.18 0.57142 0.42858 0.14285 0.85715
0.19 0.57535 0.42465 0.15069 0.84931
0.20 0.57926 0.42074 0.15852 0.84148
0.21 0.58317 0.41683 0.16633 0.83367
0.22 0.58706 0.41294 0.17413 0.82587
0.23 0.59095 0.40905 0.18191 0.81809
0.24 0.59483 0.40517 0.18967 0.81033
0.25 0.59871 0.40129 0.19741 0.80259
0.26 0.60257 0.39743 0.20514 0.79486
0.27 0.60642 0.39358 0.21284 0.78716
0.28 0.61026 0.38974 0.22052 0.77948
0.29 0.61409 0.38591 0.22818 0.77182
0.30 0.61791 0.38209 0.23582 0.76418
0.31 0.62172 0.37828 0.24344 0.75656
0.32 0.62552 0.37448 0.25103 0.74897
0.33 0.62930 0.37070 0.25860 0.74140
0.34 0.63307 0.36693 0.26614 0.73386
0.35 0.63683 0.36317 0.27366 0.72634
0.36 0.64058 0.35942 0.28115 0.71885
0.37 0.64431 0.35569 0.28862 0.71138
0.38 0.64803 0.35197 0.29605 0.70395
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z PlZ < Z) P(Z > 2 Pl-z<Z< 2 PiZ< —zor Z> 2z
0.39 0.65173 0.34827 0.30346 0.69654
0.40 0.65542 0.34458 0.31084 0.68916
0.41 0.65910 0.34090 0.31819 0.68181
0.42 0.66276 0.33724 0.32551 0.67449
0.43 0.66640 0.33360 0.33280 0.66720
0.44 0.67003 0.32997 0.34006 0.65994
0.45 0.67364 0.32636 0.34729 0.65271
0.46 0.67724 0.32276 0.35448 0.64552
0.47 0.68082 0.31918 0.36164 0.63836
0.48 0.68439 0.31561 0.36877 0.63123
0.49 0.68793 0.31207 0.37587 0.62413
0.50 0.69146 0.30854 0.38292 0.61708
0.51 0.69497 0.30503 0.38995 0.61005
0.52 0.69847 0.30153 0.39694 0.60306
0.53 0.70194 0.29806 0.40389 0.59611
0.54 0.70540 0.29460 0.41080 0.58920
0.55 0.70884 0.29116 0.41768 0.58232
0.56 0.71226 0.28774 0.42452 0.57548
0.57 0.71566 0.28434 0.43132 0.56868
0.58 0.71904 0.28096 0.43809 0.56191
0.59 0.72240 0.27760 0.44481 0.55519
0.60 0.72575 0.27425 0.45149 0.54851
0.61 0.72907 0.27093 0.45814 0.54186
0.62 0.73237 0.26763 0.46474 0.53526
0.63 0.73565 0.26435 0.47131 0.52869
0.64 0.73891 0.26109 0.47783 0.52217
0.65 0.74215 0.25785 0.48431 0.51569
0.66 0.74537 0.25463 0.49075 0.50925
0.67 0.74857 0.25143 0.49714 0.50286
0.68 0.75175 0.24825 0.50350 0.49650
0.69 0.75490 0.24510 0.50981 0.49019
0.70 0.75804 0.24196 0.51607 0.48393
0.71 0.76115 0.23885 0.52230 0.47770
0.72 0.76424 0.23576 0.52848 0.47152
0.73 0.76730 0.23270 0.53461 0.46539
0.74 0.77035 0.22965 0.54070 0.45930
0.75 0.77337 0.22663 0.54675 0.45325
0.76 0.77637 0.22363 0.55275 0.44725
0.77 0.77935 0.22065 0.55870 0.44130
0.78 0.78230 0.21770 0.56461 0.43539
0.79 0.78524 0.21476 0.57047 0.42953
0.80 0.78814 0.21186 0.57629 0.42371
0.81 0.79103 0.20897 0.58206 0.41794
0.82 0.79389 0.20611 0.58778 0.41222
0.83 0.79673 0.20327 0.59346 0.40654
0.84 0.79955 0.20045 0.59909 0.40091
0.85 0.80234 0.19766 0.60467 0.39533
0.86 0.80511 0.19489 0.61021 0.38979
0.87 0.80785 0.19215 0.61570 0.38430
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z PZ < Z) P(Z > z) Pl—z<Z< 2 PlZ< —zorZ> 2
0.88 0.81057 0.18943 0.62114 0.37886
0.89 0.81327 0.18673 0.62653 0.37347
0.90 0.81594 0.18406 0.63188 0.36812
0.91 0.81859 0.18141 0.63718 0.36282
0.92 0.82121 0.17879 0.64243 0.35757
0.93 0.82381 0.17619 0.64763 0.35237
0.94 0.82639 0.17361 0.65278 0.34722
0.95 0.82894 0.17106 0.65789 0.34211
0.96 0.83147 0.16853 0.66294 0.33706
0.97 0.83398 0.16602 0.66795 0.33205
0.98 0.83646 0.16354 0.67291 0.32709
0.99 0.83891 0.16109 0.67783 0.32217
1.00 0.84134 0.15866 0.68269 0.31731
1.01 0.84375 0.15625 0.68750 0.31250
1.02 0.84614 0.15386 0.69227 0.30773
1.03 0.84849 0.15151 0.69699 0.30301
1.04 0.85083 0.14917 0.70166 0.29834
1.05 0.85314 0.14686 0.70628 0.29372
1.06 0.85543 0.14457 0.71086 0.28914
1.07 0.85769 0.14231 0.71538 0.28462
1.08 0.85993 0.14007 0.71986 0.28014
1.09 0.86214 0.13786 0.72429 0.27571
1.10 0.86433 0.13567 0.72867 0.27133
1.11 0.86650 0.13350 0.73300 0.26700
1.12 0.86864 0.13136 0.73729 0.26271
1.13 0.87076 0.12924 0.74152 0.25848
1.14 0.87286 0.12714 0.74571 0.25429
1.15 0.87493 0.12507 0.74986 0.25014
1.16 0.87698 0.12302 0.75395 0.24605
1.17 0.87900 0.12100 0.75800 0.24200
1.18 0.88100 0.11900 0.76200 0.23800
1.19 0.88298 0.11702 0.76595 0.23405
1.20 0.88493 0.11507 0.76986 0.23014
1.21 0.88686 0.11314 0.77372 0.22628
1.22 0.88877 0.11123 0.77754 0.22246
1.23 0.89065 0.10935 0.78130 0.21870
1.24 0.89251 0.10749 0.78502 0.21498
1.25 0.89435 0.10565 0.78870 0.21130
1.26 0.89617 0.10383 0.79233 0.20767
1.27 0.89796 0.10204 0.79592 0.20408
1.28 0.89973 0.10027 0.79945 0.20055
1.29 0.90147 0.09853 0.80295 0.19705
1.30 0.90320 0.09680 0.80640 0.19360
1.31 0.90490 0.09510 0.80980 0.19020
1.32 0.90658 0.09342 0.81316 0.18684
1.33 0.90824 0.09176 0.81648 0.18352
1.34 0.90988 0.09012 0.81975 0.18025
1.35 0.91149 0.08851 0.82298 0.17702
1.36 0.91309 0.08691 0.82617 0.17383
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z PlZ < Z) P(Z > 2 Pl—z<Z< Z PlZ< —zor Z> 2z
1.37 0.91466 0.08534 0.82931 0.17069
1.38 0.91621 0.08379 0.83241 0.16759
1.39 0.91774 0.08226 0.83547 0.16453
1.40 0.91924 0.08076 0.83849 0.16151
1.41 0.92073 0.07927 0.84146 0.15854
1.42 0.92220 0.07780 0.84439 0.15561
1.43 0.92364 0.07636 0.84728 0.15272
1.44 0.92507 0.07493 0.85013 0.14987
1.45 0.92647 0.07353 0.85294 0.14706
1.46 0.92785 0.07215 0.85571 0.14429
1.47 0.92922 0.07078 0.85844 0.14156
1.48 0.93056 0.06944 0.86113 0.13887
1.49 0.93189 0.06811 0.86378 0.13622
1.50 0.93319 0.06681 0.86639 0.13361
1.51 0.93448 0.06552 0.86896 0.13104
1.52 0.93574 0.06426 0.87149 0.12851
1.53 0.93699 0.06301 0.87398 0.12602
1.54 0.93822 0.06178 0.87644 0.12356
1.55 0.93943 0.06057 0.87886 0.12114
1.56 0.94062 0.05938 0.88124 0.11876
1.57 0.94179 0.05821 0.88358 0.11642
1.58 0.94295 0.05705 0.88589 0.11411
1.59 0.94408 0.05592 0.88817 0.11183
1.60 0.94520 0.05480 0.89040 0.10960
1.61 0.94630 0.05370 0.89260 0.10740
1.62 0.94738 0.05262 0.89477 0.10523
1.63 0.94845 0.05155 0.89690 0.10310
1.64 0.94950 0.05050 0.89899 0.10101
1.65 0.95053 0.04947 0.90106 0.09894
1.66 0.95154 0.04846 0.90309 0.09691
1.67 0.95254 0.04746 0.90508 0.09492
1.68 0.95352 0.04648 0.90704 0.09296
1.69 0.95449 0.04551 0.90897 0.09103
1.70 0.95543 0.04457 0.91087 0.08913
1.71 0.95637 0.04363 0.91273 0.08727
1.72 0.95728 0.04272 0.91457 0.08543
1.73 0.95818 0.04182 0.91637 0.08363
1.74 0.95907 0.04093 0.91814 0.08186
1.75 0.95994 0.04006 0.91988 0.08012
1.76 0.96080 0.03920 0.92159 0.07841
1.77 0.96164 0.03836 0.92327 0.07673
1.78 0.96246 0.03754 0.92492 0.07508
1.79 0.96327 0.03673 0.92655 0.07345
1.80 0.96407 0.03593 0.92814 0.07186
1.81 0.96485 0.03515 0.92970 0.07030
1.82 0.96562 0.03438 0.93124 0.06876
1.83 0.96638 0.03362 0.93275 0.06725
1.84 0.96712 0.03288 0.93423 0.06577
1.85 0.96784 0.03216 0.93569 0.06431
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z PZ < Z) P(Z > z) Pl—z<Z< 2 PlZ< —zorZ> 2
1.86 0.96856 0.03144 0.93711 0.06289
1.87 0.96926 0.03074 0.93852 0.06148
1.88 0.96995 0.03005 0.93989 0.06011
1.89 0.97062 0.02938 0.94124 0.05876
1.90 0.97128 0.02872 0.94257 0.05743
1.91 0.97193 0.02807 0.94387 0.05613
1.92 0.97257 0.02743 0.94514 0.05486
1.93 0.97320 0.02680 0.94639 0.05361
1.94 0.97381 0.02619 0.94762 0.05238
1.95 0.97441 0.02559 0.94882 0.05118
1.96 0.97500 0.02500 0.95000 0.05000
1.97 0.97558 0.02442 0.95116 0.04884
1.98 0.97615 0.02385 0.95230 0.04770
1.99 0.97670 0.02330 0.95341 0.04659
2.00 0.97725 0.02275 0.95450 0.04550
2.01 0.97778 0.02222 0.95557 0.04443
2.02 0.97831 0.02169 0.95662 0.04338
2.03 0.97882 0.02118 0.95764 0.04236
2.04 0.97932 0.02068 0.95865 0.04135
2.05 0.97982 0.02018 0.95964 0.04036
2.06 0.98030 0.01970 0.96060 0.03940
2.07 0.98077 0.01923 0.96155 0.03845
2.08 0.98124 0.01876 0.96247 0.03753
2.09 0.98169 0.01831 0.96338 0.03662
2.10 0.98214 0.01786 0.96427 0.03573
2.11 0.98257 0.01743 0.96514 0.03486
2.12 0.98300 0.01700 0.96599 0.03401
2.13 0.98341 0.01659 0.96683 0.03317
2.14 0.98382 0.01618 0.96765 0.03235
2.15 0.98422 0.01578 0.96844 0.03156
2.16 0.98461 0.01539 0.96923 0.03077
2.17 0.98500 0.01500 0.96999 0.03001
2.18 0.98537 0.01463 0.97074 0.02926
2.19 0.98574 0.01426 0.97148 0.02852
2.20 0.98610 0.01390 0.97219 0.02781
2.21 0.98645 0.01355 0.97289 0.02711
2.22 0.98679 0.01321 0.97358 0.02642
2.23 0.98713 0.01287 0.97425 0.02575
2.24 0.98745 0.01255 0.97491 0.02509
2.25 0.98778 0.01222 0.97555 0.02445
2.26 0.98809 0.01191 0.97618 0.02382
2.27 0.98840 0.01160 0.97679 0.02321
2.28 0.98870 0.01130 0.97739 0.02261
2.29 0.98899 0.01101 0.97798 0.02202
2.30 0.98928 0.01072 0.97855 0.02145
2.31 0.98956 0.01044 0.97911 0.02089
2.32 0.98983 0.01017 0.97966 0.02034
2.33 0.99010 0.00990 0.98019 0.01981
2.34 0.99036 0.00964 0.98072 0.01928
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z PlZ < Z) P(Z > 2 Pl-z<Z< Z PlZ< —zor Z> 2z
2.35 0.99061 0.00939 0.98123 0.01877
2.36 0.99086 0.00914 0.98173 0.01827
2.37 0.99111 0.00889 0.98221 0.01779
2.38 0.99134 0.00866 0.98269 0.01731
2.39 0.99158 0.00842 0.98315 0.01685
2.40 0.99180 0.00820 0.98360 0.01640
2.41 0.99202 0.00798 0.98405 0.01595
2.42 0.99224 0.00776 0.98448 0.01552
2.43 0.99245 0.00755 0.98490 0.01510
2.44 0.99266 0.00734 0.98531 0.01469
2.45 0.99286 0.00714 0.98571 0.01429
2.46 0.99305 0.00695 0.98611 0.01389
2.47 0.99324 0.00676 0.98649 0.01351
2.48 0.99343 0.00657 0.98686 0.01314
2.49 0.99361 0.00639 0.98723 0.01277
2.50 0.99379 0.00621 0.98758 0.01242
2.51 0.99396 0.00604 0.98793 0.01207
2.52 0.99413 0.00587 0.98826 0.01174
2.53 0.99430 0.00570 0.98859 0.01141
2.54 0.99446 0.00554 0.98891 0.01109
2.55 0.99461 0.00539 0.98923 0.01077
2.56 0.99477 0.00523 0.98953 0.01047
2.57 0.99492 0.00508 0.98983 0.01017
2.58 0.99506 0.00494 0.99012 0.00988
2.59 0.99520 0.00480 0.99040 0.00960
2.60 0.99534 0.00466 0.99068 0.00932
2.61 0.99547 0.00453 0.99095 0.00905
2.62 0.99560 0.00440 0.99121 0.00879
2.63 0.99573 0.00427 0.99146 0.00854
2.64 0.99585 0.00415 0.99171 0.00829
2.65 0.99598 0.00402 0.99195 0.00805
2.66 0.99609 0.00391 0.99219 0.00781
2.67 0.99621 0.00379 0.99241 0.00759
2.68 0.99632 0.00368 0.99264 0.00736
2.69 0.99643 0.00357 0.99285 0.00715
2.70 0.99653 0.00347 0.99307 0.00693
2.71 0.99664 0.00336 0.99327 0.00673
2.72 0.99674 0.00326 0.99347 0.00653
2.73 0.99683 0.00317 0.99367 0.00633
2.74 0.99693 0.00307 0.99386 0.00614
2.75 0.99702 0.00298 0.99404 0.00596
276 0.99711 0.00289 0.99422 0.00578
277 0.99720 0.00280 0.99439 0.00561
2.78 0.99728 0.00272 0.99456 0.00544
2.79 0.99736 0.00264 0.99473 0.00527
2.80 0.99744 0.00256 0.99489 0.00511
2.81 0.99752 0.00248 0.99505 0.00495
2.82 0.99760 0.00240 0.99520 0.00480
2.83 0.99767 0.00233 0.99535 0.00465
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z PlZ < Z) P(Z > 2z Pl—z<Z< Z PlZ< —zorZ> 2
2.84 0.99774 0.00226 0.99549 0.00451
2.85 0.99781 0.00219 0.99563 0.00437
2.86 0.99788 0.00212 0.99576 0.00424
2.87 0.99795 0.00205 0.99590 0.00410
2.88 0.99801 0.00199 0.99602 0.00398
2.89 0.99807 0.00193 0.99615 0.00385
2.90 0.99813 0.00187 0.99627 0.00373
2.91 0.99819 0.00181 0.99639 0.00361
2.92 0.99825 0.00175 0.99650 0.00350
2.93 0.99831 0.00169 0.99661 0.00339
2.94 0.99836 0.00164 0.99672 0.00328
2.95 0.99841 0.00159 0.99682 0.00318
2.96 0.99846 0.00154 0.99692 0.00308
2.97 0.99851 0.00149 0.99702 0.00298
2.98 0.99856 0.00144 0.99712 0.00288
2.99 0.99861 0.00139 0.99721 0.00279
3.00 0.99865 0.00135 0.99730 0.00270
3.01 0.99869 0.00131 0.99739 0.00261
3.02 0.99874 0.00126 0.99747 0.00253
3.03 0.99878 0.00122 0.99755 0.00245
3.04 0.99882 0.00118 0.99763 0.00237
3.05 0.99886 0.00114 0.99771 0.00229
3.06 0.99889 0.00111 0.99779 0.00221
3.07 0.99893 0.00107 0.99786 0.00214
3.08 0.99896 0.00104 0.99793 0.00207
3.09 0.99900 0.00100 0.99800 0.00200
3.10 0.99903 0.00097 0.99806 0.00194
3.11 0.99906 0.00094 0.99813 0.00187
3.12 0.99910 0.00090 0.99819 0.00181
3.13 0.99913 0.00087 0.99825 0.00175
3.14 0.99916 0.00084 0.99831 0.00169
3.15 0.99918 0.00082 0.99837 0.00163
3.16 0.99921 0.00079 0.99842 0.00158
3.17 0.99924 0.00076 0.99848 0.00152
3.18 0.99926 0.00074 0.99853 0.00147
3.19 0.99929 0.00071 0.99858 0.00142
3.20 0.99931 0.00069 0.99863 0.00137
3.21 0.99934 0.00066 0.99867 0.00133
3.22 0.99936 0.00064 0.99872 0.00128
3.23 0.99938 0.00062 0.99876 0.00124
3.24 0.99940 0.00060 0.99880 0.00120
3.25 0.99942 0.00058 0.99885 0.00115
3.26 0.99944 0.00056 0.99889 0.00111
3.27 0.99946 0.00054 0.99892 0.00108
3.28 0.99948 0.00052 0.99896 0.00104
3.29 0.99950 0.00050 0.99900 0.00100
3.30 0.99952 0.00048 0.99903 0.00097
3.31 0.99953 0.00047 0.99907 0.00093
3.32 0.99955 0.00045 0.99910 0.00090
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z PlZ < Z) P(Z > 2z Pl-z<Z< Z PlZ< —zor Z> 2z
3.33 0.99957 0.00043 0.99913 0.00087
3.34 0.99958 0.00042 0.99916 0.00084
3.35 0.99960 0.00040 0.99919 0.00081
3.36 0.99961 0.00039 0.99922 0.00078
3.37 0.99962 0.00038 0.99925 0.00075
3.38 0.99964 0.00036 0.99928 0.00072
3.39 0.99965 0.00035 0.99930 0.00070
3.40 0.99966 0.00034 0.99933 0.00067
3.41 0.99968 0.00032 0.99935 0.00065
3.42 0.99969 0.00031 0.99937 0.00063
3.43 0.99970 0.00030 0.99940 0.00060
3.44 0.99971 0.00029 0.99942 0.00058
3.45 0.99972 0.00028 0.99944 0.00056
3.46 0.99973 0.00027 0.99946 0.00054
3.47 0.99974 0.00026 0.99948 0.00052
3.48 0.99975 0.00025 0.99950 0.00050
3.49 0.99976 0.00024 0.99952 0.00048
3.50 0.99977 0.00023 0.99953 0.00047
3.51 0.99978 0.00022 0.99955 0.00045
3.52 0.99978 0.00022 0.99957 0.00043
3.53 0.99979 0.00021 0.99958 0.00042
3.54 0.99980 0.00020 0.99960 0.00040
3.55 0.99981 0.00019 0.99961 0.00039
3.56 0.99981 0.00019 0.99963 0.00037
3.57 0.99982 0.00018 0.99964 0.00036
3.58 0.99983 0.00017 0.99966 0.00034
3.59 0.99983 0.00017 0.99967 0.00033
3.60 0.99984 0.00016 0.99968 0.00032
3.80 0.99993 0.00007 0.99986 0.00014
3.82 0.99993 0.00007 0.99987 0.00013
3.84 0.99994 0.00006 0.99988 0.00012
3.86 0.99994 0.00006 0.99989 0.00011
3.88 0.99995 0.00005 0.99990 0.00010
3.90 0.99995 0.00005 0.99990 0.00010
3.92 0.99996 0.00004 0.99991 0.00009
3.94 0.99996 0.00004 0.99992 0.00008
3.96 0.99996 0.00004 0.99993 0.00007
3.98 0.99997 0.00003 0.99993 0.00007
4.00 0.99997 0.00003 0.99994 0.00006
4.02 0.99997 0.00003 0.99994 0.00006
4.04 0.99997 0.00003 0.99995 0.00005
4.06 0.99998 0.00002 0.99995 0.00005
4.08 0.99998 0.00002 0.99995 0.00005
4.10 0.99998 0.00002 0.99996 0.00004
4.12 0.99998 0.00002 0.99996 0.00004
4.14 0.99998 0.00002 0.99997 0.00003
4.16 0.99998 0.00002 0.99997 0.00003
4.18 0.99999 0.00001 0.99997 0.00003
4.20 0.99999 0.00001 0.99997 0.00003
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z PZ < Z) P(Z > z) Pl—z<Z< 2 PlZ< —zorZ> 2
4.22 0.99999 0.00001 0.99998 0.00002
4.24 0.99999 0.00001 0.99998 0.00002
4.26 0.99999 0.00001 0.99998 0.00002
4.28 0.99999 0.00001 0.99998 0.00002
4.30 0.99999 0.00001 0.99998 0.00002
4.32 0.99999 0.00001 0.99998 0.00002
4.34 0.99999 0.00001 0.99999 0.00001
4.36 0.99999 0.00001 0.99999 0.00001
4.38 0.99999 0.00001 0.99999 0.00001
4.40 0.99999 0.00001 0.99999 0.00001
4.42 1.00000 0.00000 0.99999 0.00001
4.44 1.00000 0.00000 0.99999 0.00001
4.46 1.00000 0.00000 0.99999 0.00001
4.48 1.00000 0.00000 0.99999 0.00001
4.50 1.00000 0.00000 0.99999 0.00001
4.52 1.00000 0.00000 0.99999 0.00001
4.54 1.00000 0.00000 0.99999 0.00001
4.56 1.00000 0.00000 0.99999 0.00001
4.58 1.00000 0.00000 1.00000 0.00000
4.60 1.00000 0.00000 1.00000 0.00000







Appendix 2

Percentiles of t distributions

Area in the symmetric central region P(—t < T <

0.80 0.90 0.95 0.99 0.999
Area to the left of +. P(T <#)
Degrees of freedom
(df) 0.90 0.95 0.975 0.995 0.9995
1 3.078 6.314 12.71 63.66 636.6
2 1.886 2.920 4.303 9.925 31.60
8 1.638 2.353 3.182 5.841 12.92
4 1.533 2.132 2776 4.604 8.610
5 1.476 2.015 2.571 4.032 6.869
6 1.440 1.943 2.447 3.707 5.959
7 1.415 1.895 2.365 3.499 5.408
8 1.397 1.860 2.306 8355 5.041
9 1.383 1.833 2.262 3.250 4.781
10 1.372 1.812 2.228 3.169 4.587
11 1.363 1.796 2.201 3.106 4.437
12 1.356 1.782 2.179 3.055 4.318
13 1.350 1.771 2.160 3.012 4.221
14 1.345 1.761 2.145 2.977 4.140
15 1.341 1.753 2.131 2.947 4.073
16 1.337 1.746 2.120 2.921 4.015
17 1.333 1.740 2.110 2.898 3.965
18 1.330 1.734 2.101 2.878 3.922
19 1.328 1.729 2.093 2.861 3.883
20 1.325 1.725 2.086 2.845 3.850
21 1.323 1.721 2.080 2.831 3.819
22 1.321 1.717 2.074 2.819 3.792
23 1.319 1.714 2.069 2.807 3.768
24 1.318 1.711 2.064 2.797 3.745
25 1.316 1.708 2.060 2.787 3.725
26 1.315 1.706 2.056 2.779 3.707
27 1.314 1.703 2.052 2.771 3.690
28 1.313 1.701 2.048 2.763 3.674
29 1.311 1.699 2.045 2.756 3.659
30 1.310 1.697 2.042 2.750 3.646
31 1.309 1.696 2.040 2.744 3.633
32 1.309 1.694 2.037 2.738 3.622
88 1.308 1.692 2.035 2.733 3.611
34 1.307 1.691 2.032 2.728 3.601
35 1.306 1.690 2.030 2.724 3.591
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Area in the symmetric central region P(— < T <1

0.80 0.90 0.95 0.99 0.999
Area to the left of t: P(T <t)
Degrees of freedom
(df) 0.90 0.95 0.975 0.995 0.9995
36 1.306 1.688 2.028 2.719 3.582
37 1.305 1.687 2.026 2.715 3.574
38 1.304 1.686 2.024 2.712 3.566
39 1.304 1.685 2.023 2.708 3.558
40 1.303 1.684 2.021 2.704 3.551
45 1.301 1.679 2.014 2.690 3.520
50 1.299 1.676 2.009 2.678 3.496
60 1.296 1.671 2.000 2.660 3.460
70 1.294 1.667 1.994 2.648 3.435
80 1.292 1.664 1.990 2.639 3.416
90 1.291 1.662 1.987 2.632 3.402
100 1.290 1.660 1.984 2.626 3.390
120 1.289 1.658 1.980 2.617 3.373
140 1.288 1.656 1.977 2.611 3.361
160 1.287 1.654 1.975 2.60 3.352
180 1.286 1.653 1.973 2.603 3.345
200 1.286 1.653 1.972 2.601 3.340
220 1.285 1.652 1.971 2.598 3.335
240 1.285 1.651 1.970 2.596 3.332
260 1.285 1.651 1.969 2.595 3.328
280 1.285 1.650 1.968 2.594 3.326
300 1.284 1.650 1.968 2.592 3.323




Appendix 3

Percentiles of ¥? distributions

Degrees of freedom

Area fo the left of X2: P(X < X?)

(df) 0.90 0.95 0.99 0.999
1 2.706 3.841 6.635 10.828
2 4.605 5.991 9.210 13.816
8 6.251 7.815 11.345 16.266
4 7.779 9.488 13.277 18.467
5 9.236 11.070 15.086 20.515
6 10.645 12.592 16.812 22.458
7 12.017 14.067 18.475 24.322
8 13.362 15.507 20.090 26.124
9 14.684 16.919 21.666 27.877
10 15.987 18.307 23.209 29.588
11 17.275 19.675 24.725 31.264
12 18.549 21.026 26.217 32.909
18 19.812 22.362 27.688 34.528
14 21.064 23.685 29.141 36.123
15 22.307 24.996 30.578 37.697
16 23.542 26.296 32.000 39.252
17 24.769 27.587 33.409 40.790
18 25.989 28.869 34.805 42.312
19 27.204 30.144 36.191 43.820
20 28.412 31.410 37.566 45315
21 29.615 32.671 38.932 46.797
22 30.813 33.924 40.289 48.268
23 32.007 35.172 41.638 49.728
24 33.196 36.415 42.980 51.179
25 34.382 37.652 44314 52.620
26 35.563 38.885 45.642 54.052
27 36.741 40.113 46.963 55.476
28 37.916 41.337 48.278 56.892
29 39.087 42.557 49.588 58.301
30 40.256 43.773 50.892 59.703
35 46.059 49.802 57.342 66.619
40 51.805 55.758 63.691 73.402
45 57.505 61.656 69.957 80.077
50 63.167 67.505 76.154 86.661
55 68.796 73.311 82.292 93.168
60 74.397 79.082 88.379 99.607
70 85.527 90.531 100.43 112.32



208 Appendix 3 ® Percentiles of y? distributions

Area to the left of X2: P(X < X?)
Degrees of freedom

(df) 0.90 0.95 0.99 0.999
80 96.578 101.88 112.33 124.84
90 107.57 113.15 124.12 137.21

100 118.50 124.34 135.81 149.45

110 129.39 135.48 147.41 161.58

120 140.23 146.57 158.95 173.62

130 151.05 157.61 170.42 185.57

140 161.83 168.61 181.84 197.45

150 172.58 179.58 193.21 209.26

160 183.31 190.52 204.53 221.02

170 194.02 201.42 215.81 232.72

180 204.70 212.30 227.06 244.37

190 215.37 223.16 238.27 255.98

200 226.02 233.99 249.45 267.54




Appendix 4

Percentiles of F distributions (o = 0.05)

Numerator degrees of freedom (ndf)

(ddff 1 2 3 4 5 6 7 8 9
1 1614 1995 2157 2246 2302 2340 2368 2389  240.5
2 1851  19.00 19.16  19.25 1930 19.33  19.35  19.37  19.38
3 10.13 9.55  9.28 9.12 9.01 8.94 8.89 8.85 8.81
4 7.71 694  6.59 6.39 6.26 6.16 6.09 6.04 6.00
5 6.61 579 541 5.19 5.05 4.95 4.88 4.82 477
6 5.99 514 476 4.53 4.39 4.28 4.21 415 4.10
7 5.59 474 435 412 3.97 3.87 3.79 3.73 3.68
8 5.32 4.46  4.07 3.84 3.69 3.58 3.50 3.44 3.39
9 5.12 426  3.86 3.63 3.48 3.37 3.29 3.23 3.18
10 4.96 410 371 3.48 3.33 3.22 3.14 3.07 3.02
1 4.84 398  3.59 3.36 3.20 3.09 3.01 2.95 2.90
12 475 3.89  3.49 3.26 3.11 3.00 2.91 2.85 2.80
13 4.67 3.81  3.41 3.18 3.03 2.92 2.83 2.77 2.71
14 4.60 374  3.34 3.11 2.96 2.85 2.76 2.70 2.65
15 4.54 3.68  3.29 3.06 2.90 2.79 2.71 2.64 2.59
16 4.49 3.63  3.24 3.01 2.85 2.74 2.66 2.59 2.54
17 4.45 3.59  3.20 2.96 2.81 2.70 2.61 2.55 2.49
18 4.41 3.55  3.16 2.93 2.77 2.66 2.58 2.51 2.46
19 4.38 3.52  3.13 2.90 2.74 2.63 2.54 2.48 2.42
20 4.35 3.49  3.10 2.87 2.71 2.60 2.51 2.45 2.39
21 4.32 3.47  3.07 2.84 2.68 2.57 2.49 2.42 2.37
22 4.30 3.44  3.05 2.82 2.66 2.55 2.46 2.40 2.34
23 4.28 342  3.03 2.80 2.64 2.53 2.44 2.37 2.32
24 4.26 3.40 3.0 2.78 2.62 2.51 2.42 2.36 2.30
25 4.24 339 299 2.76 2.60 2.49 2.40 2.34 2.28
26 4.23 337 298 2.74 2.59 2.47 2.39 2.32 2.27
27 4.21 335 296 2.73 2.57 2.46 2.37 2.31 2.25
28 4.20 334 295 2.71 2.56 2.45 2.36 2.29 2.24
29 4.18 333 2.93 2.70 2.55 2.43 2.35 2.28 2.22
30 4.17 332 292 2.69 2.53 2.42 2.33 2.27 2.21
40 4.08 323 284 2.61 2.45 2.34 2.25 2.18 2.12
50 4.03 3.18 279 2.56 2.40 2.29 2.20 2.13 2.07
60 4.00 3.15 276 2.53 2.37 2.25 2.17 2.10 2.04
70 3.98 3.13 274 2.50 2.35 2.23 2.14 2.07 2.02
80 3.96 311 272 2.49 2.33 2.21 2.13 2.06 2.00
90 3.95 3.10 271 2.47 2.32 2.20 2.11 2.04 1.99
100 3.94 3.09 270 2.46 2.31 2.19 2.10 2.03 1.97
110 3.93 3.08 2.9 2.45 2.30 2.18 2.09 2.02 1.97

120 3.92 3.07 2.68 2.45 2.29 2.18 2.09 2.02 1.96




210 Appendix 4 e Percentiles of F distributions (0. = 0.05)
Numerator degrees of freedom (ndf)
(ddf)y 10 12 15 20 25 30 40 60 80 100 120
1 241.9 2439 2459 248.0 2493 250.1 251.1 2522 2527 253.0 2533
2 19.40 19.41 1943 1945 1946 19.46 1947 1948 1948 19.49 19.49
3 8.79 8.74 8.70 8.66 8.63 8.62 8.59 8.57 8.56 8.55 8.55
4 5.96 5.91 5.86 5.80 5.77 5.75 572 5.69 5.67 5.66 5.66
5 4.74 4.68 4.62 4.56 4.52 4.50 4.46 4.43 4.41 4.41 4.40
6 4.06 4.00 3.94 3.87 3.83 3.81 3.77 3.74 3.72 3.71 3.70
7 3.64 3.57 3.51 3.44 3.40 3.38 3.34 3.30 3.29 3.27 3.27
8 A8 3.28 3.22 315 3.11 3.08 3.04 3.01 2.99 2.97 2.97
9 3.14 3.07 3.01 2.94 2.89 2.86 2.83 2.79 2.77 2.76 2.75
10 2.98 2.91 2.85 2.77 2.73 2.70 2.66 2.62 2.60 2.59 2.58
11 2.85 2.79 2.72 2.65 2.60 2.57 2.53 2.49 2.47 2.46 2.45
12 2.75 2.69 2.62 2.54 2.50 2.47 2.43 2.38 2.36 2.35 2.34
13 2.67 2.60 2.53 2.46 2.41 2.38 2.34 2.30 2.27 2.26 2.25
14 2.60 2.53 2.46 2.39 2.34 2.31 2.27 2.22 2.20 2.19 2.18
15 2.54 2.48 2.40 2.33 2.28 2.25 2.20 2.16 2.14 2.12 2.11
16 2.49 2.42 2.35 2.28 2.23 2.19 2.15 2.11 2.08 2.07 2.06
17 2.45 2.38 2.31 2.23 2.18 2.15 2.10 2.06 2.03 2.02 2.01
18 2.41 2.34 2.27 2.19 2.14 2.11 2.06 2.02 1.99 1.98 1.97
19 2.38 2.31 2.23 2.16 2.11 2.07 2.03 1.98 1.96 1.94 1.93
20 2.35 2.28 2.20 2.12 2.07 2.04 1.99 1.95 1.92 1.91 1.90
21 2.32 2.25 2.18 2.10 2.05 2.01 1.96 1.92 1.89 1.88 1.87
22 2.30 2.23 2.15 2.07 2.02 1.98 1.94 1.89 1.86 1.85 1.84
23 2.27 2.20 2.13 2.05 2.00 1.96 1.91 1.86 1.84 1.82 1.81
24 2.25 2.18 2.11 2.03 1.97 1.94 1.89 1.84 1.82 1.80 1.79
25 2.24 2.16 2.09 2.01 1.96 1.92 1.87 1.82 1.80 1.78 1.77
26 2.22 2.15 2.07 1.99 1.94 1.90 1.85 1.80 1.78 1.76 1.75
27 2.20 2.13 2.06 1.97 1.92 1.88 1.84 1.79 1.76 1.74 1.73
28 2.19 2.12 2.04 1.96 1.91 1.87 1.82 1.77 1.74 1.73 1.71
29 2.18 2.10 2.03 1.94 1.89 1.85 1.81 1.75 1.73 1.71 1.70
30 2.16 2.09 2.01 1.93 1.88 1.84 1.79 1.74 1.71 1.70 1.68
40 2.08 2.00 1.92 1.84 1.78 1.74 1.69 1.64 1.61 1.59 1.58
50 2.03 1.95 1.87 1.78 1.73 1.69 1.63 1.58 1.54 1.52 1.51
60 1.99 1.92 1.84 1.75 1.69 1.65 1.59 1.53 1.50 1.48 1.47
70 1.97 1.89 1.81 1.72 1.66 1.62 1.57 1.50 1.47 1.45 1.44
80 1.95 1.88 1.79 1.70 1.64 1.60 1.54 1.48 1.45 1.43 1.41
90 1.94 1.86 1.78 1.69 1.63 1.59 1.53 1.46 1.43 1.41 1.39
100 1.93 1.85 1.77 1.68 1.62 1.57 1.52 1.45 1.41 1.39 1.38
110 1.92 1.84 1.76 1.67 1.61 1.56 1.50 1.44 1.40 1.38 1.36
120 1.91 1.83 1.75 1.66 1.60 1.55 1.50 1.43 1.39 1.37 1.35




Appendix 5

Values of g for Tukey's HSD test (a = 0.05)

v 2 g 4 5 6
4 3.92649 5.04024 5.75706 6.28702 6.70644
5 3.63535 4.60166 5.21848 5.67312 6.03290
6 3.46046 4.33902 4.89559 5.30494 5.62855
7 3.34392 4.16483 4.68124 5.06007 5.35909
8 3.26115 4.04101 4.52880 4.88575 5.16723
9 3.19906 3.94850 4.41490 4.75541 5.02352
10 3.15106 3.87676 4.32658 4.65429 4.91202
11 3.11265 3.81952 4.25609 4.57356 4.82295
12 3.08132 3.77278 4.19852 4.50760 4.75015
13 3.05529 3.73414 4.15087 4.45291 4.68970
14 3.03319 3.70139 4.11051 4.40661 4.63854
15 3.01432 3.67338 4.07597 4.36699 4.59474
16 2.99800 3.64914 4.04609 4.33269 4.55681
17 2.98373 3.62796 4.01999 4.30271 4.52365
18 297115 3.60930 3.99698 4.27629 4.49442
19 2.95998 3.59274 3.97655 4.25283 4.46846
20 2.95000 3.57794 3.95829 4.23186 4.44524
21 2.94102 3.56463 3.94188 4.21300 4.42436
22 2.93290 3.55259 3.92704 4.19594 4.40547
23 2.92553 3.54167 3.91356 4.18045 4.38831
24 2.91880 3.53170 3.90126 4.16632 4.37265
25 2.91263 3.52257 3.89000 4.15337 4.35831
26 2.90697 3.51417 3.87964 4.14146 4.34511
27 2.90174 3.50643 3.87009 4.13047 4.33294
28 2.89690 3.49918 3.86125 4.12030 4.32167
29 2.89240 3.49263 3.85304 4.11087 4.31121
30 2.88822 3.48651 3.84540 4.10208 4.30147
31 2.88432 3.48065 3.83828 4.09389 4.29238
32 2.88068 3.47525 3.83162 4.08622 4.28389
33 2.87726 3.47019 3.82537 4.07904 4.27592
34 2.87405 3.46544 3.81951 4.07230 4.26844
35 2.87103 3.46097 3.81400 4.06595 4.26141
36 2.86818 3.45676 3.80880 4.05997 4.25477
37 2.86550 3.45278 3.80389 4.05432 4.24851
38 2.86296 3.44902 3.79925 4.04898 4.24258
39 2.86055 3.44546 3.79486 4.04392 4.23697
40 2.85827 3.44208 3.79069 4.03913 4.23165
41 2.85610 3.43888 3.78673 4.03457 4.22659



212 Appendix 5 ® Values of g for Tukey's HSD fest [a = 0.05)

v 2 3 4 5 6

42 2.85404 3.43582 3.78296 4.03024 4.22179
43 2.85208 3.43292 3.77938 4.02611 4.21721
44 2.85020 3.43015 3.77596 4.02217 4.21284
45 2.84842 3.42751 3.77270 4.01842 4.20868
46 2.84671 3.42499 3.76958 4.01483 4.20469
47 2.84508 3.42257 3.76660 4.01140 4.20089
48 2.84352 3.42026 3.76375 4.00812 4.19724
49 2.84203 3.41805 3.76102 4.00497 4.19375
50 2.84059 3.41592 3.75839 4.00195 4.19040
51 2.83921 3.41389 3.75588 3.99906 4.18719
52 2.83789 3.41193 3.75346 3.99627 4.18410
o8 2.83662 3.41005 3.75104 3.99360 4.18113
54 2.83540 3.40824 3.74886 3.99103 4.17827
55 2.83422 3.40649 3.74677 3.98855 4.17552
56 2.83308 3.40482 3.74475 3.98616 4.17287
57 2.83199 3.40320 3.74268 3.98386 4.17031
58 2.83093 3.40163 3.74075 3.98164 4.16785
59 2.82992 3.40013 3.73889 3.97949 4.16547
60 2.82893 3.39867 3.73709 3.97742 4.16317
61 2.82798 3.39726 3.73535 3.97542 4.16094
62 2.82706 3.39590 3.73367 3.97348 4.15879
63 2.82617 3.39458 3.73204 3.97161 4.15671
64 2.82531 3.39331 3.73047 3.96979 4.15470
65 2.82448 3.39207 3.72894 3.96804 4.15275
66 2.82367 3.39088 3.72746 3.96633 4.15085
67 2.82288 3.38971 3.72603 3.96468 4.14902
68 2.82212 3.38859 3.72464 3.96308 4.14724
69 2.82138 3.38750 3.72329 3.96152 4.14552
70 2.82067 3.38644 3.72198 3.96001 4.14384
71 2.81997 3.38540 3.72071 3.95855 4.14221
72 2.81929 3.38440 3.71947 3.95712 4.14063
73 2.81864 3.38343 3.71827 3.95574 4.13909
74 2.81800 3.38248 3.71710 3.95439 4.13759
75 2.81738 3.38156 3.71596 3.95308 4.13614
76 2.81665 3.38067 3.71485 3.95181 4.13472
77 2.81606 3.37979 3.71377 3.95056 4.13334
78 2.81548 3.37894 3.71273 3.94935 4.13200
79 2.81492 3.37812 3.71170 3.94818 4.13069
80 2.81437 3.37731 3.71071 3.94703 4.12941
81 2.81384 3.37652 3.70973 3.94591 412817
82 2.81332 3.37575 3.70879 3.94481 4.12696
83 2.81281 3.37501 3.70786 3.94375 412577
84 2.81232 3.37428 3.70696 3.94271 4.12462
85 2.81184 3.37356 3.70608 3.94169 4.12349
86 2.81136 3.37287 3.70522 3.94070 4.12239
87 2.81090 3.37219 3.70438 3.93974 4.12132
88 2.81045 3.37152 3.70356 3.93879 4.12027
89 2.81001 3.37087 3.70276 3.93778 4.11924



Appendix 5 ® Values of g for Tukey's HSD test (@ = 0.05) 213
v 2 g 4 5 6
90 2.80958 3.37024 3.70197 3.93691 4.11824
91 2.80916 3.36962 3.70121 3.93607 411725
92 2.80875 3.36901 3.70046 3.93524 4.11630
93 2.80835 3.36842 3.69972 3.93443 4.11536
94 2.80795 3.36784 3.69901 3.93363 4.11444
95 2.80757 3.36727 3.69830 3.93274 4.11354
96 2.80719 3.36671 3.69762 3.93194 4.11266
97 2.80682 3.36617 3.69694 3.93117 4.11180
98 2.80646 3.36564 3.69628 3.93041 4.11095
99 2.80611 3.36511 3.69564 3.92967 4.11013
100 2.80576 3.36460 3.69501 3.92894 4.10932
101 2.80542 3.36410 3.69439 3.92822 4.10853
102 2.80509 3.36361 3.69378 3.92752 4.10775
103 2.80476 3.36313 3.69318 3.92684 4.10699
104 2.80444 3.36266 3.69260 3.92616 4.10624
105 2.80412 3.36219 3.69203 3.92550 4.10550
106 2.80382 3.36174 3.69147 3.92486 4.10478
107 2.80351 3.36129 3.69092 3.92422 4.10408
108 2.80322 3.36085 3.69038 3.92360 4.10339
109 2.80293 3.36043 3.68984 3.92299 4.10271
110 2.80264 3.36000 3.68932 3.92239 4.10204
111 2.80236 3.35959 3.68881 3.92180 4.10139
112 2.80208 3.35918 3.68831 3.92122 4.10074
113 2.80181 3.35878 3.68782 3.92065 4.10011
114 2.80155 3.35839 3.68733 3.92009 4.09949
115 2.80129 3.35801 3.68686 3.91954 4.09888
116 2.80103 3.35763 3.68639 3.91900 4.09828
117 2.80078 3.35726 3.68593 3.91847 4.09769
118 2.80053 3.35689 3.68548 3.91795 4.09711
119 2.80028 3.35653 3.68503 3.91744 4.09655
120 2.80004 3.35618 3.68460 3.91694 4.09599
121 2.79981 3.35583 3.68417 3.91644 4.09544
122 2.79958 3.35549 3.68375 3.91596 4.09490
123 2.79935 3.35516 3.68333 3.91548 4.09436
124 2.79913 3.35482 3.68292 3.91501 4.09384
125 2.79890 3.35450 3.68252 3.91454 4.09333
126 2.79869 3.35418 3.68213 3.91409 4.09282
127 2.79847 3.35387 3.68174 3.91364 4.09232
128 2.79826 3.35356 3.68135 3.91320 4.09183
129 2.79806 3.35325 3.68098 3.91276 4.09135
130 2.79785 3.35295 3.68061 3.91234 4.09087
131 2.79765 3.35265 3.68024 3.91192 4.09040
132 2.79745 3.35236 3.67988 3.91150 4.08994
133 2.79726 3.35208 3.67953 3.91109 4.08949
134 2.79707 3.35179 3.67918 3.91069 4.08904
135 2.79688 3.35152 3.67883 3.91029 4.08860
136 2.79669 3.35124 3.67849 3.90990 4.08817
137 2.79651 3.35097 3.67816 3.90952 4.08774



214 Appendix 5 ® Values of g for Tukey's HSD test (a = 0.05)

v 2 3 4 5 6

138 2.79633 3.35071 3.67783 3.90914 4.08723
139 2.79615 3.35045 3.67751 3.90877 4.08683
140 2.79598 3.35019 3.67719 3.90840 4.08644
141 2.79580 3.34993 3.67687 3.90804 4.08606
142 2.79563 3.34968 3.67656 3.90768 4.08562
143 2.79547 3.34943 3.67626 3.90732 4.08538
144 2.79530 3.34919 3.67596 3.90698 4.08495
145 2.79514 3.34895 3.67566 3.90663 4.08459
146 2.79498 3.34871 3.67537 3.90630 4.08423
147 2.79482 3.34848 3.67508 3.90596 4.08388
148 2.79466 3.34825 3.67479 3.90563 4.08342
149 2.79451 3.34802 3.67451 3.90531 4.08306
150 2.79435 3.34780 3.67423 3.90499 4.08271
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Chapter 5

-0 a0 o

o o

nominal
ratio
ratio
ratio
ratio
ordinal

63
53
72

Chapter 6

Qn o e an o e

Qan o e

100/200 = 0.5
30/200 = 0.15
45/200 = 0.225
30/45 = 0.67

0.00135
0.5

0.05
0.00003

t<-—1.833ort>1.833
t<—3.250o0rt>3.250
t<—2.045 or t >2.045
t<—3.659 ort>3.659

10.

a0 o e

not reject
reject
reject
not reject

Chapter 8

(@Y

o o

(0.04, 0.21)
(0.08, 0.16)

(0.10, 0.22)

(0.08, 0.24)

Z = 0.74 therefore we would be 54%
confident.

(0.005, 0.15)
(—0.01, 0.16)
(—0.04, 0.19)

Chapter 9

oo

(—0.745, 1.425)
(—0.963, 1.643)
(—1.405, 2.085)

The difference between groups is not
statistically significant.
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The difference between groups is statisti-
cally significant and the treatment appears
to increase SBP.

¢ The difference between groups is statisti-
cally significant and the treatment appears
to lower SBP.
Chapter 10
3.
a not rejected
b rejected
c rejected
d rejected
e not rejected
f not rejected
g rejected
h not rejected
4.
a 0.119
b 0.008
c 0.001
d 0.317
5.
a
Placebo Test
Responder 117 152
Non-responder 385 346
502 498
b Hgp,—p,=0
H,:p, —p,#0
¢ Chi-square test, Fisher’s exact test, or z
approximation
d Yes, there is sufficient evidence to reject
the null hypothesis (o =0.05). Using the
chi-square test the assumptions are
that the two groups are independent;
responses are mutually exclusive; and
the expected cell counts are at least 5 in
>80% of the cells. The value of the
chi-square test statistic is 6.62.
. (152)(385)
e The odds ratio = 117)(346) ~ 1.45

Participants exposed to the test treatment
are 1.45 times more likely to respond
than participants in the placebo group.

Chapter 11
1.
a  Hytper = Bppacpso = 0
H,: Mpgsr — Mpraceso # 0
b t<-—2.0423 or t >2.042
¢ Independent samples; outcome approxi-
mately normally distributed; equal
unknown variance
d -2.26
e Do not reject H, since —2.042 < —0.68
<2.042. The mean pain scores are not
significantly different between the two
groups.
2.
a SS error = 238.67896
MS Drug = 49.947295
MS Error = 7.95597
F=6.28
b 3
C Hppy =p, =uy
H,: at least one pair of population means
are unequal
d 33
e F>332
f Reject H, since 6.28 >3.32. At least one
pair of population means is unequal.
3.
a  Hppp = p =1y =y
H,: at least one pair of population means
are unequal
b Each group represents a simple random
sample from relevant populations; obser-
vations are independent; outcome is
approximately normally distributed; the
variance is equal across the populations
¢ Placebo vs. low; placebo vs. medium;
placebo vs. high; low vs. medium; low vs.
high; medium vs. high
d To control the overall Type I error
20
e MSD, = 3.68639\/% =3.01
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Chapter 12

a 80% power: 64/group b  80% power: 143/group
90% power: 86/group 90% power: 191/group
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a, 70,76, 77, 159 antihypertensive drugs, 5
application of Bayes’ theorem, 178-180 “appropriate” clinical trials, 36
in Bonferroni’s test, 160-161 area under curve (AUC)
choice of, 78, 82, 128, 174 drug-concentration time curves, 89-90
B, 77, 174 normal distribution, 63-65
application of Bayes’ theorem, 178-180 standard normal distribution, 65
¥2 distributions arithmetic mean, 53
critical values, 137 see also mean
percentiles, 207-208 arrhythmias, 125
x? test of homogeneity, 135-137 assay sensitivity, 189
comparing g proportions, 138-140 association, 3
comparing two proportions, 138 distinction from causation, 4

r responses from g groups, 140
baseline characteristics, evaluation, 186-187

active comparator drugs, 28, 32 baseline measurements, 43
active pharmaceutical ingredients (APIs), 13 Bayes’ theorem, 59-60
adaptive designs, 189-190 application to o and B, 178-180
adverse drug reactions, 99 survival function, 110-111
adverse events (AEs), 97, 99, 181 bell-shaped curve, 62, 63
analysis of, 102 beneficence, 19
Kaplan-Meier estimation of survival function, benefit-risk ratio, 91, 97
109-114 see also safety analyses
probability of, 100-101 Bernoulli processes, 61
reporting of, 93-94, 99-100 best practice guidelines, 12
risks of specific AEs, 101-102 bias, 37, 129
time-to-event analysis, 107-108 risk from censoring, 114
see also safety analyses; side effects bin width, histograms, 50-51
alternate hypothesis, 27, 28-29, 30, 75-76, 78, 82 binary outcomes, sample size estimation, 173-175
in equivalence trials, 28, 187-188 binomial distribution, 61-62, 67
in non-inferiority trials, 28, 187-188 confidence intervals, 104
in superiority trials, 26 bioavailability trials, 92-93
see also hypothesis testing biologics license applications (BLA), 10
among-samples variance, 154, 157 blinding, 14, 40
analysis of covariance (ANCOVA), 187 block randomization, 38
analysis of variance (ANOVA), 152-155 blood pressure, 5-6
data collection, 166-167 high see hypertension
interpretation, 158 measurement over time, 43-44
Kruskal-Wallis test, 167-169 medical management, 6
with only two groups, 166 uniformity of measurement, 43
worked example, 155-158 blood pressure measurements, safety analysis,
ANOVA tables, 155,157 123-124

Kruskal-Wallis test, 168 Bonferroni’s test, 160-163, 164, 165
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carcinogenicity tests, 15 concurrently controlled, parallel group design, 38-39
Cardiac Arrhythmia Suppression Trial (CAST), conditional probability, 58-59
surrogate endpoint, 42 confidence intervals, 74
cardiac arrhythmias, 125 for difference in two means, 120-121
cardiovascular disease risk, relationship to blood in equivalence and noninferiority studies, 188
pressure, 6 with known population variance, 71
carryover effect, crossover trials, 39-40 for a mean with unknown variance, 119-120
case report forms (CRFs), adverse event reporting, 100 relationship to hypothesis tests, 81-82
categorical data analysis, 145 for a sample proportion, 103-105
x? test of homogeneity, 135-140 of survival distribution functions, 113
Fisher’s exact test, 140-143 with unknown population variance, 72-74
Mantel-Haenszel method, 143-145 confirmatory trials, 16, 17-18, 24
Z approximation, 133-135 duration, 40-41
causation, 4 endpoints, 131, 185-186
censored data, 110, 113, 171 hypothesis testing, 132-133
center-to-center variability, 182 x? test of homogeneity, 135-140
central laboratories, 117, 181 analysis of variance, 152-158
central limit theorem, 71, 104 Bonferroni’s test, 160-163
central tendency, 52-53 Fisher’s exact test, 140-143
central tendency measures, laboratory data, 118-119 Mantel-Haenszel method, 143-145
centralized procedure, MAA, 11 two-sample ¢ tests, 147-150
change scores, 43 Wilcoxon rank sum test, 150-152
classical probability, 67 Z approximation, 133-134
clinical communications ICH Guidance E9, 127-128
ethical issues, 20 objectives, 130-131, 185-186
statistical aspects, 12-13 Consolidated Standards of Reporting Trials
clinical equipoise, 19, 31 (CONSORT) group, 13
clinical monitors, 185 contingency tables, 135, 136, 137
clinical significance g groups and two responses, 139
of laboratory data, 123 for logrank test, 169, 170
minimally clinically relevant difference, 175 multicenter trials, 144
of treatment effects, 29-30, 80-81, 82, 128, 130, continuous data analysis, 147
165-166 analysis of variance (ANOVA), 152-155, 166-167
clinical study protocols, 10, 44-45 Kruskal-Wallis test, 167-169
clinical trial applications (CTAs), EMEA, 11 logrank test, 169-171
clinical trials, 6, 85 two-sample t test, 147-150
categorization by phase, 15-16 Wilcoxon rank sum test, 150-152
definition, 1 continuous outcomes, sample size estimation,
ethical considerations, 19-20 173-175
ICH classification, 16-18 continuous random variables, 60
see also confirmatory trials; early phase (human normal distribution, 62-67
pharmacology) clinical trials; equivalence trials;  control compounds, manufacture, 14
first-time-in-human (FTIH) studies; controls, in human pharmacology studies, 86
noninferiority trials; superiority trials correction factor, Z approximation, 133
clinically relevant observations, 41 costs of drug development, 7
cluster randomization, 38 Cox’s proportional hazards model, 114
C,..x (maximal drug concentration), 88, 89, 90 critical regions, 78-79, 81
co-rapporteur, 11 cross-tabulation, 58, 169
Cochran’s statistic, 144 crossover designs, 39-40
coding of adverse events, 101 cumulative frequency, 49
coefficient of variation (CV), 55 cumulative percentage, 49
combinations, probabilities of, 61
Committee for Medicinal Products for Human Use data, 5
(CHMDP), 11 measurement scales, 48-49
compelling evidence, 4-5 missing, 184-185
complement rule, 58 data collection, 166-167

concerned member states (CMSs), 11 data monitoring committees (DMCs), 20, 189



decentralized procedure, MAA, 11
decision-making, 5, 165-166
in analysis of variance, 158
during a clinical development program, 7-8
during evidence-based clinical practice, 8
relationship to statistical power, 180
descriptive displays
of central tendency and dispersion, 55
of laboratory data, 118, 119, 122
of systolic blood pressure values, 80
in time-to-event analysis, 108, 109
diagnostic test development, application of Bayes’
theorem, 59-60
diastolic blood pressure (DBP), 5-6
discrete random variables, 60, 61
binomial distribution, 61-62
dispersion, 53-55
dose, definition, 91
dose-escalation cohort studies, 91-92
dose-finding studies, 17, 91-92
double-blind trials, 14, 40
drop-outs, 107
drug-concentration time curve, 88
drug delivery systems, 13
drug development, 9
drug discovery, 9-10
drug interactions, 87
drug treatment groups, 25
drug treatment schedule, 44
drugs, useful attributes, 9
Dunnett’s test, 164, 165

early phase (human pharmacology) clinical trials, 16,
17, 24, 85-86, 93-94
bioavailability trials, 92-93
dose-finding trials, 91-92
goals, 86-87
limitations, 94-95
pharmacokinetic and pharmacodynamic data
analysis, 89-91
pharmacokinetic studies, 87-89
research questions, 87
study designs, 86
see also first-time-in-human (FTTH) studies
ECG monitoring, 124-125
effectiveness, 18
efficacy, 14
measures of, 44, 131
efficacy analysis, use of ITT and per-protocol
populations, 182-183
eligibility criteria, 44
elimination of drugs, 89
end-of-study values, plots against baseline values,
122, 123
end-of-treatment measurements, 43
endpoints, 41-42
confirmatory trials, 131
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examples, 43
primary, 185
secondary, 185-186
environmental conditions, control of, 38
equivalence trials, 27-28, 130-131
study design, 187-189
errors see type I errors; type II errors
estimation, 70-71, 82
estimators, 69
for sample proportions, 103-104
ethics
in clinical communications, 13
in clinical trials, 19, 166
in preclinical trials, 8
relationship to hypothesis testing, 31-32
in statistical methodology, 19-20
use of healthy participants, 87
use of placebo controls, 32
European Medicines Agency (EMEA), 11-12
guidance on baseline covariates, 187
events, probability of, 58-59
evidence-based clinical practice, 8
evidence provision, confirmatory trials, 128
excipients, 13
excretion of drugs, 89
experimental control, 18
experimental methodology, 36, 40-41
blood pressure measurement over time, 43-44
local control, 38
uniformity of blood pressure measurement, 43
experimental studies, 37
exploratory studies, 15, 180

F distributions, 154, 157
percentiles, 209-210

factorials, 61

false-positive/negative rates, 59-60

FDA (Food and Drug Administration), 10-11
definition of “substantial evidence”, 128
guidance on safety reviews, 98

first-pass metabolism, 92

first-time-in-human (FTIH) studies, 16, 17, 86, 181
limitations, 94
pharmacokinetic and pharmacodynamic studies,

89-91

sample size, 173
see also human pharmacology studies

Fisher’s exact test, 140-143

fraud, 129

frequency tables, 49, 50

generalization, multicenter studies, 182
genotoxicity, 15

“go” decisions, 85

goals of human pharmacology trials, 86-87
good clinical practice (GCP), 12

good laboratory practice (GLP), 12, 15
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good manufacturing practice (GMP), 12, 13

good study design, 36

goodness-of-fit tests, 135

grand mean, 153, 156

graphical displays of end-of-study values, 122, 123
groups, independence, 105

half-life of drugs (¢, ,), 89
hazards, Cox’s model, 114
healthy participants, use in early phase trials, 87
hemoglobin values, descriptive display, 118
high blood pressure see hypertension
histograms, 50-51
homogeneity assumption, 135
honestly significant difference (HSD) test, Tukey,
163-164, 165
q values, 211-214
human pharmacology trials, 16, 17, 24, 85-86,
93-94
bioavailability trials, 92-93
dose-finding trials, 91-92
goals, 86-87
limitations, 94-95
pharmacokinetic and pharmacodynamic data
analysis, 89-91
pharmacokinetic studies, 87-89
research questions, 87
study designs, 86
see also first-time-in-human (FTTH) studies
hypergeometric distribution, 140, 141
hypertension, 5, 6
as a surrogate endpoint, 42
hypothesis tests, 2, 31, 74-76, 82-83
x? test of homogeneity, 135-140
analysis of variance (ANOVA), 152-158
in confirmatory trials, 132-133
in equivalence and noninferiority studies, 187-188
ethical considerations, 31-32
Fisher’s exact test, 140-143
Kruskal-Wallis test, 167-169
Mantel-Haenszel method, 143-145
multiple comparisons
Bonferroni’s test, 160-163
implications of method chosen, 164-166
risk of type I error, 159-160
Tukey’s honestly significant difference test,
163-164
p values, 80-81
problems in safety analysis, 103
relationship to confidence intervals, 81-82
research questions, 77
and secondary objectives, 186
single population means, 78-80
survival distributions (logrank test), 169-171
of two means, 147-150
type I and type II errors, 76-77, 178-180
Wilcoxon rank sum test, 150-152

Z approximation, 133-134
see also alternate hypothesis; null hypothesis

ICH 10, 11
classification of clinical trials, 16-18
definition of adverse events, 99
definition of confirmatory trials, 127
guidance on confirmatory trials, 127-128, 128-129
guidance on laboratory analyses, 118
guidance on nonclinical studies, 14
guidance on QT interval prolongation assessment,
124, 125
guidance on sample size, 181
imputation of missing values, 184
independence of observations, 150
independent events, 60
independent groups, 105
t test, 148-149
independent substantiation of results, 128-129
inferential statistics, 69, 83
and early phase studies, 89
information accumulation, 178, 179-180
intent-to-treat (ITT) population, 182
use in efficacy analyses, 182-183
interaction studies, 15
interim analyses, 186, 189
interquartile range, 55
interval measurement scales, 48-49
investigational new drug (IND) applications, FDA, 10,
11

JNC 7 report, 6

Kaplan-Meier estimation of survival distribution,
109, 111, 112-113
Kruskal-Wallis test, 167-169

laboratory data analyses, 117-118
clinical significance, 123
confidence intervals
for difference in two means, 120-121
for a mean with unknown variance, 119-120
graphical displays, 122, 123
measures of central tendency, 118-119
responders’ analysis, 121-122
shift analysis, 121, 122
laboratory values, standardization, 117
large numbers, law of, 68
last observation carried forward (LOCF), 184
lead compounds, 9
lead optimization, 9-10
local control, 38
local laboratory analyses, problems, 117
logrank test, 169-171
logistic problems, multicenter studies, 181
logistic regression, 138
lower limits (LLs), 70



Mantel-Haenszel method, 143-145, 170
manufacturing, 13
for clinical trials, 14
marketing authorization application (MAA), EMEA, 11
maximal drug concentration (C,,, ), 88, 89, 90
maximum tolerated dose (MTD), 91
mean, 53, 147
of a binomial distribution, 61
of a normal distribution, 62-63, 65
regression to, 25
two-sample ¢ test, 147-150
see also population mean
mean square error (within-samples variance), 153
measurement scales, 48-49
MedDRA codes, 101
median, 52-53, 55
median survival time, 113
metabolism, 92
minimally clinically relevant difference, 175
definition of, 181
minimally effective dose (MED), 91
minimally significant difference (MSD)
Bonferroni’s test, 161, 162, 163
Kruskal-Wallis test, 168-169
missing data, 184-185
mode, 52
morbidity, 41, 42
mortality, 41, 42
multicenter studies, 143, 181-182
multiple comparisons
Bonferroni’s test, 160-163
implications of method chosen, 164-166
risk of type I error, 159-160, 186
Tukey’s honestly significant difference test, 163-164
multiplicity issues, safety analyses, 102-103
mutagenicity, 15
mutual recognition procedure, 11
mutually exclusive events, 58

new drug applications (NDAs), FDA, 10-11
“no-go” decisions, 85
nominal measurement scales, 48
nonclinical research, 14-15
ethical issues, 8
nonexperimental studies, 37
noninferiority trials, 28, 130, 131
study design, 187-189
nonparametric analysis, 147
Kruskal-Wallis test, 167-169
Wilcoxon rank sum test, 150-152
normal distribution, 62-65
assumption of, 71
standard normal (Z) distribution, 65, 66
transformation to standard normal distribution,
65-67
null hypothesis, 27, 28-29, 30, 76, 78, 82
in equivalence trials, 28, 187-188
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in non-inferiority trials, 28, 187-188
rejection of, 79, 132

in superiority trials, 26

see also hypothesis testing

objectives, 44

of confirmatory trials, 130-131

number of, 186

primary, 185

secondary, 185-186
observations, clinical relevance, 41
odds ratio, 137-138
omnibus F test, 158, 160
on-treatment adverse events, 99
one-factor ANOVA, 156-158
one-sample t test, 78-80
ordinal measurement scales, 48

p values, 80-81
P wave, 124
pairwise comparisons
multiple
Bonferroni’s test, 160-162
risk of type I error, 159-160
Tukey’s honestly significant difference test,
163-164
two-sample ¢ test, 147-150
parallel group design, 38, 39
parameters, 69
patient welfare, 191
per-protocol population, 182
use in efficacy analyses, 182-183
percentiles, 55
pharmaceutical manufacturing, 13
for clinical trials, 14
pharmacodynamics, 14, 86, 87
data analysis, 89-91
pharmacokinetics, 14, 86, 87-89
data analysis, 89-91
Phase I clinical trials, 15-16
see also human pharmacology trials
Phase II clinical trials, 16
Phase III clinical trials, 16
see also equivalence trials; noninferiority trials;
superiority trials
physical examinations, in early phase clinical trials, 93
placebo-controlled, parallel group design, 39
placebo controls, ethical considerations, 32, 189
placebo effect, 24-25
placebo treatment groups, 25, 39
pooled standard deviation, 148, 149
pooled variance, 148, 149
population mean
confidence interval
known population variance, 71
unknown population variance, 72-74
hypothesis testing, 78-80
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population parameter estimates, 53, 69
population standard error of the mean, 70
populations, 47-48, 182
in efficacy analyses, 182-183
postmarketing surveillance, 18-19
power curves, 175,176, 177
power of a study, 77, 179
relationship to decision-making, 180
relationship to required sample size, 174, 175
pre-hypertension, definition, 6
precision, research questions, 26
prevalence of a disease, 60
primary analyses, 182-183
primary comparisons, 90
primary objective and endpoint, 185
probability, 57
classical, 67
in hypothesis testing, 75
relative frequency, 67-68
probability distributions, 60-61
binomial distribution, 61-62
normal distribution, 62-67
probability of events, 58-59
probability values, 57-58
proof by contradiction, 75
proportions
choice of denominator, 100
confidence intervals, 103-105
for differences between proportions, 105-107
hypothesis testing, 133
x? test of homogeneity, 135-140
Fisher’s exact test, 140-143
Mantel-Haenszel method, 143-145
Z approximation, 133-134

q statistic, Tukey’s HSD test, 163
values, 211-214

QRS complex, 124

QT interval, 124

QT interval prolongation, 124-125

quality of life (QoL), 185-186

random variables, 49
assumption of normal distribution, 71
display of frequency values, 49-52
random variation, 153
randomization, 37-38, 186
randomized trials, 40
range of data, 54
rank analyses
Kruskal-Wallis test, 167-169
Wilcoxon rank sum test, 151, 152
rapporteur, 11
ratio measurement scales, 49
Reference Member State (RMS), 11
reference ranges, 117-118
regression to the mean, 25

regulatory agencies, 10
European Medicines Agency (EMEA), 11-12
FDA (Food and Drug Administration), 10-11
regulatory submissions, statistical aspects, 12
regulatory toxicology studies, 15
relative frequency probability, 67-68
relative frequency of random variable values, 49
relative risk of an adverse event, 102
reliability factor, confidence intervals, 73, 74, 103
replication of studies, 129
replication within studies, 36-37
reproductive toxicology studies, 15
research hypotheses, 24, 26-27
research questions, 23-24
in early phase studies, 87
in equivalence studies, 187
hypothesis testing, 77
in noninferiority studies, 188
relationship to study design, 32-33, 35
in safety analyses, 104
useful characteristics, 25-26
responders’ analysis, 118, 121-122
response, definition, 91

safety, measures of, 44
safety analyses, 97, 125-126
clinical laboratory data analyses, 117-123
confidence intervals for differences between
proportions, 105-107
confidence intervals for sample proportions,
103-105
Kaplan-Meier estimation of survival function,
109-114
laboratory data analyses, 117-123
multiplicity issues, 102-103
probability of adverse events, 100-101
QT interval prolongation, 124-125
rationale, 97-98
regulations, 98
risks of specific AEs, 101-102
sampling variation, 103
serious adverse events, 102
time-to-event analysis, 107-108
vital signs, 123-124
safety population, 182
safety studies, nonclinical, 14
sample proportions
confidence intervals, 103-105
confidence intervals for differences between
proportions, 105-107
sample range, 54
sample size
and assumption of normal distribution, 71
effect on p value, 80
law of large numbers, 68
relationship to power of a study, 175
sample size estimation, 173
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binary outcomes in superiority trials, 175-176 stratified samples, Mantel-Haenszel method, 143-145
continuous outcomes in superiority trials, 173-175 Student’s t distributions, 72-74, 78-79, 81,
ethical issues, 20 148-149
role of collaboration, 180-181 percentiles, 205-206
sample standard deviation (s), 54 study conduct, 185
sample statistics, as estimators of population study design, 35-36, 57, 132
parameters, 69, 70 adaptive designs, 189-190
sample variance (s?), 54 basic principles, 36-38
samples, 47 blinding, 40
sampling distribution, 70 concurrently controlled, parallel group design,
sampling variation, 69-70, 103 38-39
scatterplots, baseline and end-of-study values, 122, confirmatory trials, 128
123 crossover design, 39-40
scientific method, 2, 23 equivalence and noninferiority trials, 187-189
secondary analyses, 183 ethical issues, 20
secondary comparisons, 90 in human pharmacology trials, 86
secondary objectives and endpoints, 185-186 interim analyses, 189
self-reporting of adverse events, 93, 99-100 randomized trials, 40
sensitivity of a diagnostic test, 59 relationship to research questions, 32-33
sequential designs, 189 in safety analyses, 104
serious adverse events, 102 sample size estimation, 173-181
shift analysis, 118, 121, 122 study monitoring, 185
side effects study populations, 47-48
acceptability, 91 study protocols, 10, 44-45
see also adverse events confirmatory trials, 128
significance, 30 multicenter studies, 182
simple random samples, 47 sample size estimation, 174
simple randomization, 37 subgroup analysis, 183-184
simplified clinical trials (SCTs), 18 substantial evidence
single center factors, 129 FDA definition, 128
single-dose trials, 17 regulatory views, 127-130
size of a test, 77 summary statistics, 55
skewed distributions, 51, 150 laboratory data, 118
specificity of a diagnostic test, 59 superiority trials, 26, 130
standard deviation, 54 hypothesis testing, 132
estimation of, 175, 180 sample size estimation
of a normal distribution, 62, 63, 64, 65 for binary outcomes, 175-176
pooled, 148, 149 for continuous outcomes, 173-175
standard error of difference in sample means, 120 surrogate endpoints, 41-42, 131
standard error of estimator, 105 examples, 43
effect of sample size, 103 survival analysis, 109-110
standard error of the mean, 73, 74, 119 logrank test, 169-171
standard normal (Z) distribution, 65, 66 survival distributions, Kaplan-Meier estimation, 111,
transformation of a normal distribution, 65-67 112-113
standard normal distribution areas, 195-203 survival function, 110-111
standardization, multicenter studies, 182 symmetric distributions, 51
statistic, definition of, 3 systematic bias, 37
statistical analysis, 3 systematic variation, 4
statistical analysis plan, 45 systolic blood pressure (SBP), 5-6
statistical significance, 30
Statistics t,, 89
discipline of, 1-3, 191 t distributions, 72-74, 78-79, 81, 148-149
role clinical communications, 12-13 percentiles, 205-206
role in regulatory submissions, 12 t test, two sample, 147-150
stem-and-leaf plots, 51, 52 T wave, 124
step functions, 111 tabular display of summary statistics, 55

stratified randomization, 38 laboratory data, 118
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target populations, 47
Tchebysheff’s theorem, 54, 64
teratogenicity, 15
test statistics, 76, 78, 79, 82, 132
x?, 136-7
ANOVA (F), 154
Bonferroni’s test, 161
Cochran’s statistic, 144
Kruskal-Wallis test, 168
Mantel-Haenszel method, 143
Tukey’s honestly significant difference test (g), 163
two-sample t test, 148
Wilcoxon rank sum test, 151
Z approximation, 133
test of treatment-by-subgroup interaction, 183-184
therapeutic confirmatory trials, 16, 17-18, 24
duration, 40-41
endpoints, 131, 185-186
hypothesis testing, 132-133
x? test of homogeneity, 135-140
analysis of variance, 152-158
Bonferroni’s test, 160-163
Fisher’s exact test, 140-143
Mantel-Haenszel method, 143-145
two-sample t tests, 147-150
Wilcoxon rank sum test, 150-152
Z approximation, 133-134
ICH Guidance E9, 127-128
objectives, 130-131, 185-186
therapeutic exploratory trials, 16, 17, 24, 85
therapeutic use clinical trials, 16, 18
time at risk, variation, 107
time-to-event analysis, 107-108
t,., (time at maximal drug concentration), 88, 90
total sum of squares, 153
total systemic exposure measurement, 88-89
toxicity, maximum tolerated dose (MTD), 91
toxicodynamics, 14
toxicology testing, nonclinical, 14-15
trapezoidal rule, 89
treatment effects
clinical relevance, 29-30, 80-81, 82, 128, 130,
165-166
relationship to required sample size, 174
treatment groups, 38

true positive/negative rates, 59-60
Tukey’s honestly significant difference (HSD) test,
163-164, 165
q values, 211-214
two-sample f test, 148-149
two-sided hypothesis tests, 78, 129
type I errors, 76-77, 132
acceptable level, 128
risk in multiple comparisons, 159-160
risk in safety analysis, 102-103
see also a.
type Il errors, 76-77
see also
typical responses, 37

unbiased estimators, 53

uncertainty, 179

upper limits (ULs), 70

useful drugs, attributes, 9

useful information, characteristics, 24
useful research questions, 23-24, 25-26

variability, 129
center-to-center, 182
coefficient of variation, 55
percentiles, 55
variance, 54
of a binomial distribution, 61
pooled, 148, 149
relationship to required sample size, 174
of survival distribution function, 113
variation, 4
vital signs, 123-124
monitoring in early phase clinical trials, 93

weighting, multicenter trials, 143
Wilcoxon rank sum test, 150-152
within-samples variance (mean square error), 153

xenobiotics, metabolism, 92

Z approximation, 133-134

Z (standard normal) distribution, 65, 66
transformation of a normal distribution, 65-67
values for two-sided confidence intervals, 104

Z distribution areas, 195-203



