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Comparisons of Values of E(Z 05
. r

TABLE 1

wv‘mOH Different Gauss-Legendre Quadratures

Quad 40

U W n, n, n, bp_ ¢ Quad 20 Quad 32 guad 48

7 1 2 12 4 4 1 .owwmwmwmmm .0395551568 *% *%

9 1 3 35 w‘ 9 1 .0435991124 .0435991135 *k *%

9 1 3 37 9 9 1 .0435960086 .0435960094 ** *%

5 1 4 6 4 4 1 .0378475380 .0378475373 *% *%
11 3 4 36 4 28 1 .0707096530 .0707096299 ** k&
250 1 4 64 16 16 1 .0538111489 .0491849055 .0488888819 .0487817820
250 1 4 64 lo 16 15 .9446595740 .9502690810 .9502527600 .@mowmmwomo

* %

vValue is unchanged from the next lower point quadrature.
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TABLE 2

Comparisons of the (s,t) Transformation Method and the Probability

Integral Transformation Method for Calculating E(Z

.05,2

)

(s,t) Transformation

Probability Integral Transformation

U W n, n, n, on, ¢ :

Quad 20 Quad 32 Quad 40 Quad 20 Quad 32 Quad 40
1 1 6 6 6 6 1 .0398267699 ** * % .0398307331 | .0398281646 { ,0398277022
1 80 6 6 6 6 1 .0521569576 .omwwwmwomw *% .0521799610 } ,0521816967 | .0521800464
4 4 12 12 12 12 1 .0519825979 .omewwm@wm *% .0519378263 | .0519697506 | .0519759133
5 le 2 30 4 20 1 .0623891684 .0623891666 * % .0618426110 } .0618629996 | .0618663309
l6 16 12 12 12 12 1 .0533240378 + + .0533735207 | .0534602242 | .0534761608

**% Value is unchanged from the next lower point quadrature.

+ Value not calculated.
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TABLE 5

2

3

Type-I Error & Power of Approximate Tests; d =}, Nominal o0=.05, 3 -design

Testing (51)

Testing (52}

Testing (53)

Testing (54)

Testing (55)

Testing (58

q@m< QQm GQ< o with mw ‘with mw with mw with mW with mW with mw
01 .01 .ol o ~000095 .0348 1435 .2646

.01 .0l .01 1 .0976 .4741 .0598 .5693

.01 .0l .01 4 .3116 .8001 .0790 .8360

.01 1 1 o ,0151 .0396 .2095 .3745

01 1 1 1 .1091 .1649 .1931 .3818

01 1 1 4 .3875 .4618 .2778 .5807

0L 1 1 10 .6322 .6946 .4230 m, .7623 o
0L 4 4 o0 .0370 .0422 .2695 o .4055 3
.01 4 4 1 .0715 .0731 .2890 Z .3820 2
0l 4 4 4 .1885 .1990 .3585 & .4135 &
0L 4 4 10 .3794 .4290 .4879 ,m .5349 m
1 1 1 o .0058 .0378 .1877 2 .3450 2
1 11 1 .0525 .1410 .1559 @ .3501 5
1 1 1 4 .2536 .4068 .1562 ~ .5338 ~
1 1 1 10 .4921 .6480 .2363 .7220

4 4 4 o0 .0l16 .0390 .2023 .3653

4 4 4 1 .0259 .0702 .1940 .3485

4 4 4 4 .0905 .1650 1777 .3732

4 4 4 10 .2341 .3227 .1941 .4806
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TABLE 6

2

Type-1 Error & Power of Approximate Tests; O =1, Nominal o=.025,

wwl&mmwmn

5 5 5 5 Testing (51) |Testing (52) |Testing (53) Testing (54) Hmmﬁwb@ (55) |Testing (59
q9m< QQm QQ< QQ with mw with MM with Mw with MW with ww with MW
0L .ol .0l o© 0000098 .0156 .1435 .2339
.01 .0l .ol 1 .0444 .3585 .0511 .4414
.0l .0l .01 4 .2180 .7295 .0462 .7601
oL 1 1 0 .0040 .0186 .2129 .3420
oL 1 1 1 .0485 .0985 .1710 .2971
oL 1 1 4 2630 .3556 .1763 a .4608
0l 1 1 10 .5191 .6083 .2903 m .6678 M
0L 4 4 o0 .0155 .0203 .2568 m .3722 m
0L 4 4 1 .0341 .0380 .2562 m .3305 H
0L 4 4 a4 .1124 .1250 .2736 m .3226 8
0l 4 4 10 .2731 .3357 .3609 .m. .4179 m.
1 1 1 0 .0011 .0174 .1898 ~ .3130 =
1 101 1 .0179 .0807 .1520 = .2723 a
1 101 4 L1442 .3003 .1082 - .4127 he
1 1 1 10 .3626 .5527 .1432 .6176
4 4 4 0 .0028 .0182 .2055 .3329
4 4 4 1 .0075 .0357 .1953 .3021
4 4 4 4 .0373 .0982 .1635 .2902
4 4 4 10 .1311 .2248 .1395 .3658

6c



TABLE 7

. 2 . 3 . .
Type~I Error & Power of Approximate Tests; ¢ =1, Nominal 0=.0l, 3 -design

5 Testing (51) emmﬁwb@ (52) | Testing (53) | Testing (54) | Testing (55) | Testing ﬂwo
QQm< o with @w swﬁﬁ MM with mw with ww with ww with mw
01 0 .0000006 .0055 L1524 .2148
.01 1 .0141 .2367 .0536 .2892
-01 4 .1267 .6301 .0265 .6333
.01 0 .0006 L0071 .2423 .3213
.01 1 1 1 .0146 .0489 .1865 .2260
.00 1 1 4 .1421 .2426 .1208 ~ .3160 —
.01 1 1 10 .3745 .4964 .1604 m .5232 m
o1 4 4 0 .0046 .0080 .2781 © .3509 o
-01 4 4 1 .0120 .0163 .2641 M .2938 m
-01 4 4 4 .0532 .0661 .2298 m .2421 m
.01 4 4 10 . 1669 .2393 .2409 m. .2865 m.
1 1 1 0 .0001 .0065 .2143 o~ .2928 -
1 1 1 1 .0039 .0380 .1726 = .2101 =
1 1 1 4 .0604 .1934 .0995 - .2754 -
1 1 1 10 .2213 .4339 .0812 .4655
4 4 4 0 .0004 .0069 .2339 .3125
4 4 4 1 .0013 .0148 .2227 .2687
4 4 4 4 .0101 .0485 .1821 .2214
4 4 4 10 .0538 .1344 .1310 .2465

og




TABLE 8 5
Type-I Error & Power of Approximate Tests; ¢ =1, Nominal o=.05.
Number of Levels of Main Effects; a=7, b=7, c=3

5 5 5 5 Testing (51) | Testing (52) | Testing (53) | Testing (54) | Testing (55) | Testing (58
QQm< q@m QQ< QQ with mw with mm with ww with mw with WW with mw
.01 0 . .0039 .0395 .1654 1522 .0909 .1602
.01 1 .9302 .9840 .0985 .1523 .9862 L9922
.01 4 .9599 .9996 .2143 .1970 .9997 9998
.01 0 .0519 .0537 .1285 .3992 .1200 . 4490
.01 1 1 1 ~.5228 .5184 .5230 235 .5363 . 7595
.01 1 1 4 .9288 .9286 .9262 .9831 .9303 9751
.01 1 1 10 .9910 .9905 .9898 .9981 .9915 .9974
.01 4 4 0 .0530 .0526 .1239 .3893 .1247 .4526
.01 4 4 1 .1770 .1765 .2165 .5584 .2134 .5135
.01 4 4 4 .5579 .5561 .5693 .8346 .5706 .7883
.01 4 4 10 .8588 .8581 .8611 .9612 .8622 L9474
1 1 1 0 .0498 .0434 .1198 .3831 .1149 100
1 1 1 1 . 4797 .4767 .4232 . 7796 .4977 L7191
1 1 1 4 .9122 .9116 .8810 .9576 .9160 . 9666
1 1 1 10 .9882 .9881 .9717 .9796 .9886 .9962
4 4 4 0 .0514 .0498 .1268 .3989 .1209 .4421
4 4 4 1 .1604 .1508 .1876 .5530 .1971 .4871
4 4 4 4 .5123 .5133 .5035 .8179 .5266 . 7499
4 4 4 10 .8295 .8281 . 8206 .9526 .8352 .9318

1€




TABLE 9 5
Type-I Error & Power of Approximate Tests; O =1, Nominal a=.025
Number of Levels of Main Effects; a=7, b=7, c=3

5 5 5 5 Testing (51) |Testing (52) | Testing (53) |Testing(54) Testing (55) |Testing (54
09m< QQm QQ< QQ with mw with MW with Mw with mw with mw with WW
.01 .01 .01 0] . 0005 .0178 .1654 .1542 .0631 .Hwhm”
.01 .01 .01 1 . 8866 .9734 .0550 .1471 .9764 . 9894
.01 .01 .01: 4 .9561 .9993 .1360 .1553 .9994 .9938 |
.01 1 1 0 .0266 .0257 .0992 .4030 .0917 LACTEB
.01 1 1 1 .4167 .4129 .3978 . 7894 .4258 L7037
.01 1 1 4 .8939 .8940 .8833 .9772 .8935 . 9666
.01 1 1 10 .9854 .9849 .9826 .9972 .9858 - 9964
.01 4 4 0. .0277 .0274 .0949 .3991 .0961 .410%9
.01 4 4 1 .1123 .1119 . 1460 . 5405 .1440 . 4484
.01 4 4 4 .4542 .4524 .4584 . 8066 .4617 .7391
.01 4 4 10 . 8009 . 7999 .7984 .9507 .8010 .9314
1 1 1 o0 .0247 0242 .1017 .3771 .0868 . 3694
1 1 1 1 .3714 .3702 .2751 .7271 . 3866 .6561
1 1 1 4 .8699 . 8699 . 8056 .9475 .8730 .9551
1 1 1 10 .9807 .9808 +9506 .9751 .9809 .9947
4 4 4 0 .0262 .0253 .0992 .4000 .0926 .4010
4 4 4 1 .0988 .0921 .1150 .5258 .1317 L4211
4 4 4 4 .4055 .4074 . 3719 .7807 .4159 .6922
4 4 4 10 .7620 .7609 .7341 .9377 .7653 .9105

43



} TABLE 10
Type-I Error & Power of Approximate Tests;
Number of Levels of Main Effects;

2

o =1, Nominal a=.01

a=7, b=7, c=3

5 5 5 5 Testing (51) | Testing (52) | Testing (53) | Testing (54) | Testing (55) | Testing (5§
q9m< QQm QQ< % with mw with mm with mW with mw with MW with mw
.01 .01 .01 0 .000032 .0061 .1654 .1660 . 0457 .0995
.01 .01 .01 1 .8149 .9542 .0217 .1299 .9569 .9834
.01 .01 .01 4 .9325 .9986 .0823 .1545 .9988 . 9996
.01 1 1 0 .0111 .0107 .0841 . 3877 .0734 .3719
.01 1 1 1 .2999 .2980 .2518 . 7267 .3003 .0334
.01 1 1 4 « 8377 . 8391 . 8072 .9663 .8310 .9541
.01 1 1 10 .9748 .9746 . 9664 . 9959 .9743 . 9949
.01 4 4 0 .011¢ .0118 .0763 .3924 .0776 .373
.01 4 4 1 .0611 .0609 .0888 .4929 .0875 .3729
.01 4 4 4 .3374 . 3358 .3282 . 7542 .3341 6767
.01 4 4 10 .7164 . 7154 .7012 .9316 .7064 .9089

1 1 1 0 .0097 .0098 .0971 .3581 .0688 L3349

1 1 1 1 .2559 .2582 .1266 .6312 .2649 .5782

1 1 1 4 .8029 - .8054 .6799 .9262 .8015 .9380

1 1 1 10 . 9669 .9675 .9118 .9722 .9657 .9924

4 4 4 0 .0108 .0105 .0870 . 3823 .0744 . 3655

4 4 4 1 .0513 .0476 .0651 . 4666 .0798 . 3537

4 4 4 4 .2890 .2925 .2203 .7123 .2912 .6200

4 4 4 10 .6655 .6662 .5983 .9099 .6605 . 8806
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TABLE 11 5
Type-I Error & Power of Approximate Tests; © =1, Nominal a=.05

3 Numbexr of Levels Number of bmdmwm
5 -Design a=3, b=7, c=3 a=3, b=7, c=7

5 5 5 5 Hmmwwﬁm (51) | Testing (52) | Testing (51) Hmmwwsm (52) awmwwzﬂ (51 Hmmwwﬁ@ (52
QQ@< q@m QQ< QQ with mw with mw with mm with mw with ww with mw
.01 .01 .01 0 .0031 .0330 .0005 .0382 .0046 .0281
.01 .01 .01 1 .8616 .9574 .3815 . 7420 .7901 . 8960
.01 .01 .01 4 .9272 .9966 .6063 .9225 . 8820 .9716
.01 1 1 0 .0477 .0452 .0501 .0530 .0492 . 0466
.01 1 1 1 .5104 .5073 .2654 L2721 .4559 L4504
.01 1 1 4 .8932 . 8907 .5960 .6031 . 7840 .7798
.01 1 1 10 .9757 . .9753 . 7908 . 7947 .9023 .9012
.01 4 4 0 .0487 .0479 .0559 .0561 . 0499 .0491
.01 4 4 1 .1803 L1772 .1182 .1187 .1814 1791
.01 4 4 4 .5434 .5412 .2926 .2930 .4744 L4727
.01 4 4 10 .8208 .8200 .5080 .5079 .7039 .7031

1 1 1 0 .0458 .0426 .0381 .0504 .0481 . 0440

1 1 1 1 .4700 .4616 .2239 .2478 .4335 .4236

1 1 1 4 .8740 .8702 .5504 .5732 .7692 .7631

1 1 1 10 .9704 .9696 .7593 .7751 .8947 .8920
4 4 4 0 .0473 .0445 .0474 .0524 .0490 .0459

4 4 4 1 .1626 .1555 .1004 1042 .1686 .1627
4 4 4 4 .5002 .4928 .2560 .2677 .4504 .4437
4 4 4 10 . 7913 .7867 .4652 .4753 .6844 .6793
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TABLE 12

Mean, Standard Uw<wmdwom. and Skewness of the Approximate Test Procedures mm and ww
o =1, n(replications)=1, Nominal o=,05

] 1]
Fa Fq
Qm QN QN Qm Standard Standard
By o8 oy o Mean Deviation Skewness Mean . Deviation Skewness
mwlommwﬂw
.01 .01 .01 O .0348 .0276 1.6430 .000095 .00015 1.4780
.01 .01 .01 1. .4741 .3087 .0069 .0976 L1110 L5164
.01 4 4 0 L0422 .0692 2.4160 .0370 . 0443 2.5830
.01 4 4 1 .0731 .1080 1.9820 .0715 . 0662 1.9850
.01 4 4 4 .19990 L2226 1.0640 .less .1066 1.1570
.01 4 4 10 .4290 .3115 -.0009 .3794 .1235 .5731
1 1 1 0 .0378 .0535 2.2990 .0058 .0047 .6258
1 1 1 1 . 1410 _.1637 1.3670 .0525 .0323 .0008
1 1 1 10 .6480 .3397 -.6880 .4921 .1809 -1.8600
mwlummwmn
.01 .01 .01 O .0330 .0632 4.2210 .0031 . 0024 L2750
.01 .01 .01 1 .9574 .1537 -4.4190 . 8616 .2578 -2.9800
.01 4 4 0 .0479 .1295 3.8700 .0487 .0428 2.2630
.01 4 4 1 L1772 .2769 1.6030 .1803 .0883 1.0320
.01 4 4 4 .5412 .4030 -.1816 .5434 .1023 .1141
.01 4 4 10 . 8200 .3183 -1.6700 .8208 .0552 -.3233
1 1 1 0 .0426 L1131 4.0660 .0458 .0473 2.5220
1 1 1 1 .4616 .3897 .1356 .4700 .1203 .2579
1 1 1 10 .9696 ..1396 -5.4590 .9704 .0124 -.9506
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