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Power in Multiple Testing
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Abstract

Multiple hypotheses testing in the context of & correlation matrix 18 used to compare the
statisticel power of the original Bonferroni with six modified Bonferroni procedures which control the
overall Type I error rate. Three definilions of statistical powsr are considered @ 1) detecting at least one
true relationship, 2) detecting all true relationships, and 3) the dveiage nower to detecl tnue relationships.
vimulation results show no difference between the seven methods in detecting at least one true relation-
ship; but all six modified Benferroni procedures are more powerful than the original Bonferroni procedure
le detect all true relationship power and avarage power. Among the six midified Borferroni procadures,

stnall differences were observed, with the Holm procedure having the lowast power and the Rom and the

Holland-Copenhaver (step-up) methods having the highest power,

Statistical Power of Modified Bonferroni
Methods

There have been several discussions
on the issue of controlling the overall Type [
eIIor rate 1n situations where multiple tests

are conducted simultaneously, The simplest

and perhaps the best known apprcach is 1o
divide the acceptable overall risk of a Type 1
errar by the number of hypotheses tested. This
approach is known as the original Bonferroni
method. Two advaptag-:s of this approach are

that it is easy to apply and it can be used in
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many different multiple-testing situations (.g.
contrast analyses, univariate ANOVA tests fol-
lowing a significant multivariate test). A dis-
advantage of this approach, however, is that
the statistical power to detect individual true
differences can be low. A number of modifi-
cations to the original Bonferroni procedure have
heen developed and applied. Five of these
alternatives were developed by Holm (1979),
Holland and Copenhaver (1987), Hochberg
(1988), Hommel (1988}, and Rom {(1990). The
obijective of these modifications is to Increase
the statistical power without increasing the
risk of a Type I errcr.

Li, Qlejnik, and Huberty (1992) com-
pared the five modified Bonferroni procedures
with the original Bonferroni using 50 correla-
tion matrices reported in the applied research
literature. The results of their study indicated
very little difference in the number of hypoth-
eges rejected by the six methods. A major
limitation of their study was that since they
used real data sets the true relationships among
the variables could not be known. Conse-
quently, diffsrences between Type I errcrs and
true relationships could not be distinguished.
In adﬂiﬁon it was not possible to study differ-
ent definitions of power {Einot & Gabriel, 1875)
- all true relationships, at least ona true rela-

tionship, and average power.

Applications of six Modified Bonferroni
Procedures Ny
Dunnett and Tamhane (1992) catego-

rized these procedures in three groups : single-

step (39), step-down (SD), and step-up (SU)

The SS procedure {original Bonferroni) sets a

single criterion for testing all individual hy-
potheses. The- SD and SU procedures crder
the hypotheses to be tested by their p-values,
and then compute adjusted significant levels
for each individual hypothesis. The SD (Holm,
Holland-Copenhaver) procedures start the test-
ing with the hypothesis with the smallest. p-
value, whereas the SU {Hochberg, Hommel,
Rom) start the testing with the hypothesis with
the largest p-value. In this study, we 1sge [, 1o
denote the overall Type I efTor 1ate per matrix,
o' to denote a criterion for testing an indi-
vidual hypothesis, 1 10 ﬁdicate the order of the
hypotheses, and m as the total number of hy-

potheses tested.

Original Bonferroni Procedure (55)

The original Bonferroni procedure
ctjmputes oteq/Tn. The hypotheses with D <
o' are rejected.

Holm Procedure (SD)

Holm {1973) proposed sequentially
setting different significance levels for reject-
ing each individual hypothesle : let 1
be the ordered p-values and Hm*'"'H;m; be the

Holm procedure
refects H to H  ifiis the smallest integer

gorresponding  hypoltheses.
such that p_ >0/ (m-i+1),
Holland and Copenhaver procedure (SD}

Let Pm,...,p{m} be the order p values

and Hm....,H{mJ be the corresponding hypoth-
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eses. Suppose 1 is the smallest integer. The
Holland-Copenhaver procedure Iejects Hm to
H  such that p,>1 {1-gr)t M
Hochberg Procedure (SU)

Hochberg (1988) developed the first
§tep-up approach. Hochberg procedure rejects
H{n to Hn} for any i=m, m-1,...1 i pm{m(m-iﬂ}.

Hommel Procedure {SU)

This procedure includes two stages.
The first stage uses the obtained p-values to
compute the number of members in J. The
second stage obtains the significance level of
rejection using ot=0/j', where i' is the largest
number in J. The uniqueness of the Hommel
procedure is that it not only considers the or-
der of the tests but also takes the obtained D-
values into the calculation while computing
the o

Let J={i"e{1,..m]} : p{m_j,+kJ}RWi* .
k=1,...i'. 'Then if J is nonempty, reject Hm
whenever p " =0/}’ where j' i3 the largest num-

ber in J. I J is empty, 1eject all Hm (i=1,....m).

Rom Procedure (SU)

Rom (1990) developed a very com-
plicated procedure. With this procedure, we
‘denote Hm ag the hypothesis with the largest
p-value and I-I{m as the hypothesis with the
smallest p-value.

The testing starts by comparing D,
with [xm' and stops when pm‘ﬂm" Then Hm to
H  are retained and Hm to H{m} are rejected.

{1}
The computing equation for solving D:it can

be divided into three parts. The first part is
o +o’+..+0' ' and the second part is

] g1y g d iz i i
(1) (ﬁm +2) (), ) (i.ifl!:'{1 o 2 The
third part is to solve for ot which subtracis
the second part from the first part, and divide

the difference by 1.

Holland and Copenhaver procedure (SU)

An approach not previously consid-
ered 1s an application of the Holland and
Copenhaver as & step-up procedurs. The Hol-
land-Copenhaver step-up procedure may be
described as follow : let pm,...,pm be the order
p-values and Hm.n.,Hm} be the corresponding
hypotheses. Suppose i is the largest mteger
from 1 t0 m such the p <1-(1-0)*"*". The
Hﬂﬂand-Cu'penhsiver step-up procedure rejects
H toH  and retain H toH .

L1, Olejnik, and Huberty (1992} dem-
onstrated the numerical examples for Bonferroni

and five modified Bonferroni procedures.

Purpose

The purpose of the present study is
to address the limitations of the previous in-
vestigation by studying the Type I error rate
and the three conceptualizations of power us-
INg computer simulation methods. In addition
a sixth modified Bonferroni method is intro-
duced. The Holland-Copenhaver approach uses
a step down method. That is after ordering
the p-iralues, hypotheses are tested from the
smallest to largest p-values. We test the hy-
potheses from the largest to the smallest p-
valuss, thus a step-up approach. This step-up
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approach is similar to the Hochberg methed.
The present study alsc uses the ceorrelation
matrix as the context for multiple tests.

Method

Computer programs were wirliien
using SAS/IML (1990) to generate correlation
matrices for the purpose of comparing the dif-
ferences in statistical power and Type I ertor
rates among the seven metheds. Four iactors
are congidered : number of variables, sample
size, overall Type I error rate, and the number
of true relationships in a given matrix. Data
were generated for 4 and 6 variables with the
overall Type I etror rate set at .06 and .20. The
true relaticnships among the variables were
simulated for the following situations : To study
the Type I error rates all va;iables generated
are independent of each other ; To study the
three conceptuaiizations of power, matrices are
generated in which one, two, three, or five
pairs of variables are comrelated 4 or .2 while
the others are independent. The partial Type I

error rates are also considered.

e

The SAS-RANNOR function is used
lo generate the normal random numbers. The
matrices containing true relationships are
generated using the procedure suggested by
Kaiser & Dickman (1962). For each conditiorn,
10,000 replications are generated. The pro-
gram includes the following modules : (1)
Compute a correlation coefficient from the gen-
erated random rumbers, (2) Compute a p-value
corresponding to each correlation coefficient,
(3) Sort all computed p-vaiues in a cornrelation
matrix by ascending order, {4) Apply original
Bonferroni procedure and the six modified
Bonferroni procedures to each of the correla-
tion matrices, using overall Type I error rate
per matrix of .06 and .20. The number of hy-
potheses rejected by each procedure ig re-
corded. 'Under the complete null, the propor-
tion of matrices 1gjecting at least one hypothl-
esis is recorded. [or non-null matnces the
proportion of matrices in which all true rela-
tionships are identified are recorded as well as
the proportion of matrices in which at least
one true relationship is detected and the aver-
age power for detecting the true relationships.

BEBRBRRBRBER
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Results

Type I Error Rates. Table 1 presents
the proportion of matrices in which at least
cne correlation was declared significant when
there were no frue relationship among any
of the variables. All seven methads provided
empirical Type I error rates less than
the nominal significance levels of .05 and .20
when the number of variables equaled four and
81X. These results provide a partial check

of our computer programs.

| All True Relationship Power,
The propertion of matrices in which al] of the
true relationships were detected by the seven
procedures ars reported in Tables 2 through 5.
All six of the enhancements to the Bonferrond
pProcedure were more sensitive than
the original Bonferroni approach in detecting
all true relationships. The difference between
the original Bonferroni and the enhancements
increases as the number of true relationships
- Increase. Very small differences in statistical
power however were found between the six
enhancements to the original Bonferroni
method. The Holm procedure consistently had
the lowest sensitivity in defecting all true
relationships while the Rom and the
Hf:rl.land—c:::penhaver step-up procedures had
the greatest power.

At Least One True Relationship Power.
Tables 8 and 7 presents the proportion of
matrices in which at least one true relationship
was detected when the significance level
equaled .05 and .20 respectively. The results
Indicate almost no difference between the

original Bonferroni and the enhancements.

Average Power. The average propor-
tion of true relationships detected per matrix
Is presented in Tables 8 and 9. The original
Bonferroni procedure had the lowest average
power but the enhancement procedures offered
only a small, generally between two and three

Percent, increase in average power,

Conclusions

The Bonferroni method for controlling
the Type I error rate over a series of hypothesis
tests has been popular among researchers
because of its computationaj simplicity and
wide applicability. Its major lmitation has
been a reduction in statistical power for the
hypothesis tests as the number of tests
Increase. Inn recent years several efforts have
been made to increase the statistical power of
the Bonferroni method. Analytic studies of these
enchancements have shown that they do
provide greater sensitivity to true relationships
than the original Bonferroni but the magnitude
of that difference has not been clear. Similarly,
comparisons between the enhancements have
been shown analytically that some altetnatives
are more powerful than others hut again the
Mmagnitude of the difference has not been clear.
The greater statistical power hag generally come
as a result of increase computational difficulty.

Li. Oleinik, and Huberty {1982)
raised some question as to the utility of the
enhancements when they showed very small
differences between the alternatives and only
modest increases in power over the original

Bonferroni. They used real data sets where tre
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relationships could not be distinguished from
Type 1 elIcors.

In the present study we used
computer gensrated data to investigate Type 1
arrar rates and three definitions of statigtical
power to compare six suggested enhancements

to the Bonferroni and we proposed still

another enhancement that has nct been

previously considered based on .the Holland-
Copenhaver approach. Our results show that
for all three definitions of power, the new
step-up Holland-Copenhaver and the Rom
procedures tend to have tha.highest_ power
among the seven procedures. Because the Rom
procedure is more complicated, we recommend
the Holland-Copenhaver (step-up) procedute to
be used. Moreover, results from this study are
consistent with 1) Hommel (1989) that the
Homme! procedure is at lsast as powerful as
the Hochberg procedurs, and in generai more
pc:werﬁ,ll. The power difference however is In
the third decimal place. 2) Dunnett and
Tamhane (1992} that power increases yielded
by the Hommel and the Rom procedures over
the Hochberg procedure are marginal at the
hest, with the Rom procedure being slightly
superior. ¢} Hochberg and Benjamin (1930) that
Holm procedure is sharper than the original
Bonferroni and the Hochberg procedure is
sharper than the Holm procedure. All six

el e —

modified Bonferroni procedures are superior to
the original Bonferroni procedure under all true
relationship power and average power.
However, we gain less than 2% when alpha is
small (i.e.,.05) and less than 5% when alpha is
20 under the average powet definition. Undet

all true relationship powel we gain greater

- power only when alpha is large (.20} and thete

are large number of true relationships in.the
matrix. Therefore, while we agree with
Holland and Copenhaver (1987) that a
modified Bonferroni procedure should be useq
in situations where the original Bonferroni
would otherwise be the method of choice, we
have heen disappecinted with the magnitude of |
the power increase.

Controlling the overall Type 1 elror
rate over a geries of hypothesis tests Is
an important topic Df_ interest to applied
researchers and data analysts. A considerable
effort has gone into meodifying the Bonferronl
method in order to increase statistical power.
Results of the present study appears that
this effort has not been too successiul In
improving the statistical power. Additional
regearch in this area is needed to develop still
other alternatives that may be more sensitive
to true relationghips than the current enhance-

ments and the original Bonferroni.
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Table 1  Type I error Rates

k o n Bon | Holm | Hcl Hb |Homm | Rom Hc2
10 | 051 { 061 | 053 | 081 | 051 | 052 | os3

.05 30 | 046 | 046 | 047 | 046 | 047 | 047 | 04y

o0 | .01 | 061 | 052 | 061 { 051 | o052 | om2

4 100 | 047 | 047 | 048 | 047 | 048 | 048 | o043
10 [ 178 ( 178 | 198 | 179 | 484 | 197 | 197

20 30 | 182 | 182 | 201 | 183 | 189 | 201 | om

60 178 178 194 178 183 194 195
100 189 189 203 184 194 | 204 204
10 050 .0h0 051 050 050 081 .0b1

05 30 | .047 | 047 | 048 | 047 | 047 | 048 | a3

50 | 049 | 049 | 050 | 049 | 049 { .049 | .050

6 100 | 081 | o051 | 052 | 051 | 061 | 052 | 052
10 ) .82 | 182 | 199 | 182 | 184 | 199 | 199

20 30 | 179 [ 479 [ 199 | 180 | ez | 200 | 200

50 187 187 204 187 189 206 204
100 [ 179 179 196 179 181 196 196

Bon=0Original Bonferroni pracedure

Holm=Holm progedure
Hcl=Holland-Copenhaver (step-down) procedurs
Hb=Hochberg procedure

Homm=Hommel procedure

REom=Rom proceduze

Hc2=Holland-Copsenhaver (step-up) procedure
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Tsble 2 Al true relationship power for alpha =05k = 4

#01sig,
correla n Bon | Helm | Hel Hbh |Homm | Rom He2

tion

10 068 059 059 0b8 069 | .059 068
1 30 332 334 337 334 334 337 337
50 613 614 617 b1b 815 | 617 617
106 943 943 944 943 943 | 943 544

10 | ooa | 005 | 005 | 005 | 005 | 005 | .006
0 | 116 | 133 | 435 | 33 | 134 | 38 | 135
s0 | 370 | 402 | 405 | 404 | 405 | 406 | .407
2 60 508 | 541 | ma5 | B41 | B42 | 45 | B4b
70 | 643 | 675 | 680 | 676 | 877 | 680 | .681
g0 | 7a7 | 71| 73 72 | 73 | e | 4
o0 | s21 | 840 | 842 | 840 | 841 | 842 | 842
100 | ss2 | e9e | 898 | ses | 896 | 898 | .898

0 | ooa | oos | cos | .oos | 009 | 009 | .009
0 | 026 | 043 | 044 | 044 | 044 | 044 | .045
00 | 211 | 263 | 284 | 264 | 265 | 265 | .265
200 | 583 | 643 | 645 | 644 | 645 | 645 | 646
3 260 | 708 | 785 | 757 | 786 | 756 | 767 | 757
300 | 805 | .843 | 845 | 844 | 845 | 846 | .846
350 | 872 | 904 | 9o | 905 | 905 | 906 | .906
200 | o016 | 937 | 037 | 938 | 938 | 938 | 938
150 | 947 | 063 | 963 | 963 | 963 | 963 | .964
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All true relationship power for alpha = 20k = 4
#ofsig,
correla n Bon | Holm | Hci Hb |Homm| Rom Hcz
tion

10 A60 ¢ 164 | 174 | 165 | 187 | 174 175

1 30 548 | 652 | 668 | 563 [ 550 | sgg 569
50 785 | 789 | 801 | 791 | 794 | sgo2 803

100 ¢ 981 | 981 | 983 | 981 | 982 | o83 983

30 292 1 339 | 359 | 345 | 351 | 380 363

| 40 465 | 510 | k528 | 515 | 822 | B3q 532
2 %0 | 615 | 657 | 672 | 660 | 665 [ 674 | 76
60 741 1 ) o782 | 774 | 977 | 783 785

70 B840 | 862 | 872 | 864 | 867 | 873 874

80 896 | 914 | 919 | 915 | 917 | 919 920

40 063 | 111 1 121 | 119 | 124 | 127 | 130

50 A26 | 185 | 197 | 193 | 199 | 203 206

60 A77 | 244 | 262 | 253 | 258 | 268 270

70 240 | 319 | 335 | 326 | .332 | .33m 342

80 S09 | 389 | 407 | 397 | 404 | 410 | 414

3 90 364 | 449 | 467 | 458 | 463 | 470 473
100 | 415 | 498 | 514 | 505 | 510 | 518 521

100 | 626 { 6895 [ 708 | 700 | 704 | 710 713

200 | 761 | B19 | 826 ) 823 | 826 | 829 | 830

250 | 859 | 896 | 901 | 898 | oo | o2 | so3

300 | 918 | 942 | 946 | 944 | 945 | 047 847
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Table 4  All true relationship power for alpha = .05 k = 6

#ofsiq.
correla n Bon | Holm | Hel Hbh |Homm | Rom Hc2
tion

w0 | o3 | o3 | 031 | 030 | 030 | 031 | 031
1 90 | 220 | 220 | 224 | 220 | 220 | 223 | 224
c0 | 496 | 496 | 500 | 496 | 497 | 499 | 500
100 | go2 | so2 | 893 | 892 | B9z | B3 | 893

so | 113 | a27 | aso | a27 | 28 | 129 | 130
a0 | 220 | 238 | 242 | 239 | 239 | 240 | 242
70 | 355 | 379 | 38¢ | 380 | 380 | 383 | .384
3 50 | 481 | s07 | 511 | 507 | 508 | 511 | 512
a0 | 607 | 631 | 635 | 632 | 632 | 634 [ 636
00 | 716 | 736 | 739 | 736 | 736 | 738 | 739
120 | g57 | 867 | 868 | 867 | 867 | 867 | .868
130 | 908 | 915 | 817 | 915 | 916 | 916 | 917

200 | 211 | 253 | 286 | 253 | 263 | 267 | .2b6
om0 | a7a | 418 | 421 | 418 | 418 | 423 | 422
200 | s09. 1 557 | 559 | 557 | b7 | 560 | .559
350 | 634 | 678 | 682 | 678 | 678 | 683 | .682
5 400 | 750 | 785 | 788 | 785 | 785 | ;787 | .786
a50 | 828 | 853 | 856 | 854 | 854 | 857 | .BBE
s00 | 890 | 910 | o12 | o0 | e10 | 912 | 812
550 | gzo | 943 | 944 | 943 | 943 | 944 | 944
500 | o54 | o964 | 965 | 964 | 964 | 965 | .965
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Table 5 Al true relationship power for alpha = 20 k = 6

#ofsig.

correla n Bon | Holm | Hel Hh |Homm | Rom HcZ
tion

10 | 085 | 086 | 093 | 086 | 087 | 093 | o003
1 30 | 397 | 209 [ 415 | 399 | 401 | 418 | 215
50 | 672 | 673 | 687 | 673 | 675 | 687 | 6oy
100 | 95 | 956 | 980 | 956 | 956 | 980 | 960

50 | 315 | 344 | 382 | 344 | 348 | 363 | 364
B0 | 465 | 499 | 821 | 500- | 503 | 521 | 21
3 70 | 606 | 636 | 654 | 637 | 640 | 655 | 655
80 | 719 | 744 | 760 | 745 | 747 | 61 | 71
90 | 807 | 825 | 837 | 825 | 827 | 837 | &3
100 | 875 [ 890 | 897 | 890 | 892 | .898 | .8og

60 | .014 | 023 | 026 { 023 | o023 | 026 | .ozs
100 | .090 | 122 [ 132 | 122 | 123 | 132 | 132
150 250 | 296 | 311 | 296 | 301 | 311 311
5 200 | 421 | 478 | 498 | 479 | 482 [ 498 | 498
250 | 590 | 642 | 650 | 643 | 646 | 659 | 659
300 | 731 | 775 { 788 | 778 | 778 | 788 | 7gs
350 | .819 | 851 | 861 | .851 | 853 | 851 | get
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Table 8 At least one true 1elationship power for alpha = .09
#ofgig. |
v | comela | n | Bon | Hom | Hct | Hb [Homm| Rom | He2
tion
0 | 117 | 117 | 18 | a7 | a8 | oa1e | 119
2 30 | 566 | 668 | 571 | 68 | bv2 | s72 | 672
=0 | 849 | 850 | 853 | 851 | 856 | 854 | .854
4 100 | 996 | 996 | .97 | 997 | 997 | 997 | 997
o | 123 | 122 | 126 | 124 | 126 | 128 | 127
3 20 | 527 | 528 | 531 | G288 | 534 | 532 | 5632
s0 | 824 | 824 | 827 | 825 | 830 | 827 | 828
100 | 994 | 994 | 994 | 994 | o994 | 994 | 094
w0 | o085 | o085 | 087 | 085 | 085 | .086 | .087
3 30 53g | 639 | b44 539 | Ba2 | 543 | 544
0 | o8 | 888 | 872 | 869 | 871 | 871 | 872
6 100 | 990 | og9 | 909 | 999 | 999 | 999 [ .999
10 | o095 | 095 | 097 | 095 | 096 | 097 | 097
5 30 | 664 | 565 | 569 | 665 | 568 | 560 | 569
s0 | o8l | 882 | 884 | 882 | 885 | 883 | 884
100 | 999 | o099 | 900 | o990 | 100 | 999 | .999
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Table 7 At least one true relationship power for alpha = .20
#ofsig,
k correla n Bon | Holm | Hc1l Hb |Homm| Rom | Hc2
tion

10 293 | .299 319 303 310 g2 1 .321

2 30 J90 | 793 808 796 806 811 | .811

50 956 [ 957 962 857 962 962 | .982

4 100 1.00 | 1.00 1.00 1.00 1.00 1.00 | 1.00
10 312 | .316 337 318 327 339 | .340

3 30 J78 | 781 J97 | 1784 797 /99 | 799

50 982 | 953 956 ;95-'-1 959 957 | 657

100 1.00 | 1.00 1.00 1.00 1.00 1.00 | 1.00

10 227 | 230 247 230 234 248 | 247

3 30 782 | 784 798 785 790 799 1 799

50 965 | 865 970 965 867 970 | 970

8 100 1.00 | 1.00 1.00 1.00 1.00 .00 | 1.00
10 269 | 271 289 272 277 290 | .289

5 30 808 | .810 B26 810 817 826 | .B26

50 97 | 975 979 975 878 972 | 879

100 1.00 | 1.00 1.00 1.00 1.00 1.00 [ 1.00




Power in Multiple Testin
o 34 g

#—#

Table 8 Average power for alpha = .05

#0fs1g.
k cornrela n Bon | Holm | Hel Hh |Homm | Rom Hc2

tion

a0 | 341 | 350 | 353 | 351 | .363 | .353 | .354
0 | oo | 626 | s28 | 627 | 630 | 630 | 630
0 | 713 | 730 | 733 | 731 | 732 | 733 | 733
2 70 801 | 818 | 821 | 818 | 820 | .821 | .B2l
g0 | 865 | 877 | 878 | 877 | 878 | 878 | 878
0 | 906 | 915 | o16 | 915 | o186 | 916 | 916
4 wo | 930 | o6 | 47 | 948 | 847 | 947 | 947
0 | 212 | 219 | 221 | 220 | 223 | 222 | 222
50 | 397 | 414 | 417 | 415 | 418 | 417 | 418
3 100 | 686 | 709 | 711 | 710 | 712 | 711 | 71
200 | 860 | 881 | 882 | 881 | 882 | .882 | .882
250 | 903 | 918 | 919 | 918 | 919 | ©19 | 919
200 | 935 | 048 | 948 | 948 | 948 | 949 | 949
0 | 226 | 229 | 232 | 230 | 231 | 232 | 232
s0 | ass | 495 | 499 | 495 | 498 | 499 | 499
60 | 604 | 814 | 617 | 614 | 616 | 617 | B17
3 0 | 708 | 710 | 722 | 720 | 721 | 722 | 722
g0 | 783 | 794 | 796 | 794 | 795 | 797 | 797
90 | 846 | 856 | .58 | 856 | 857 | .857 | .858
w0 | o5 | 02 | 903 | so2 | 802 | 903 | .903
6 120 | 950 | o954 | 954 | 954 | 954 | 954 | 954
30 | 147 | 150 | 4s2 | .51 | 152 | 152 | 162
50 | 315 | 323 | 325 | 323 | 325 | 326 | .325
100 | 605 | 618 | 620 | .618 | 620 | 620 | 820
5 200 | 784 | 798 | 799 | 798 | 798 | .00 | .799
250 | 843 | 856 | 857 | 856 | 856 | .867 | .8B7
300 | 885 | 897 | .8es | 897 | .97 | .98 | .898
350 | 919 | 929 | 930 | 929 | 929 | 930 | .930
400 | ‘947 | 954 | 045 | 954 | 954 | 955 | .955
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Table 9  Average power for aipha = .20
#0fgig.
k correla n Enn Holm | Hetl Hb |Homm | Rom Hez
tion

10 ) 180 | .168 | 180 | 171 | 176 | .183 | 183

30 | 541 | 566 | 584 | 570 | 579 | 586 | sa7

2 40 [ 680 J.704 | 716 | 707 | 714 | 719 | 719

50 | 786 [ 807 | 817 | 809 | 814 | 818 | 819

60 | 860 | .87 | 882 | 876 | 879 | 882 | s&a3

4 70 | 916 | 927 | 933 | 928 | 930 | 933 | a3
10 | 1186 | 123 | 133 | 126 | 131 | 135 | 138

30 ] 347 | 399 | 413 | 403 | 413 | 418 | 410

o0 | 6571 | 606 | 617 | 611 | 819 | 620 | 620

70 | 890 | 726 | 735 | 728 | 734 | 738 | 738

3 B0 | 735 [ 768 | 777 | 772 | 778 | 778 | 7mo

90 | 765 | 799 | 806 | 801 | .805 | 808 | s09

100 | 791 [ 822 | 828 | 824 | 827 | 829 | 830

150 | 875 | 898 | 902 | 900 | 901 | .03 | 904

200 | 920 | 940 | 942 | 941 | 942 | 043 | 943

30 | 398 | 409 | 423 | 409 | 414 | 424 | 424

50 | 681 | 895 | 712 | 698 | 698 | 700 | 709

3 60 [ 775 | 790 | 801 | 790 | 793 | o2 | so2

70 | 846 | 858 | 866 | .858 | 860 | .866 | see

80 | .896 | 905 | 912 | 906 | 907 | 012 | 912

90 | 932 | 938 | 942 | 938 | 939 { 942 | 942

5 30 | 246 | 274 | =287 | 275 | 280 | 287 | 287
40 | 375 | 390 | 402 | 390 | 395 | 403 | 403

50 | 457 | 474 | 485 | 474 | 479 | 488 | ass

5 60 | 531 | 549 | 560 { 550 | 554 | 561 | 561

100 | 702 | 720 | 728 | 721 { 723 | 728 | 728

160 | 797 | 813 | 819 | 813 | 815 | 819 | 819

200 | 859 | .875 | 880 | 875 | .876 | 881 | 881

250 | 906 | 920 | 924 | 920 | 921 | 992 | 924
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