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ABSTRACT: Results of practical importance had been discarded testing formulated hypothesis with
the aid of statistical analysis of experimental data because of the power of the utilized test. This study
compares the power of two Bonferroni’s Modified and one Sidak’s Modified tests with known tests
analyzing 1200 simulated experiments. All differences of means were obtained in relation to the mean
of the adopted control to guarantee parametrical magnitude of mean differences. Student’s test (type |
comparisonwise error) and Waller-Duncan’s (Bayesian error) showed the highest percentage of
significative differences, followed by Duncan’s, BM,, SM, BM,, DunnettU’s, SN, BN, Dunnettu’s,
SNK’s, REGWF’s, REGWQ’s, Tukey’s, Sidak’s and Bonferroni’s tests. For differences equal to zero,
Student’s and Waller-Duncan’s test exhibit 5% frequency of rejection of the null hypothesis, in accordance
the nominal error | adopted (o = 0.05). All other tests had values below 0.05, generally ranging on 0.01
to 0.02 or less. Depending of the number of zero differences and considering the type | experimentwise
error |, Student’s, Waller-Duncan’s and Duncan’s tests showed crescent values of errors (> 0.05),
proportional to the number of null differences included in the experiment; all other tests exhibit showed
of type | experimentwise error < 0.05, most nearing 0.01-0.02 or less. Efficiency of the three “Modified
Tests” was close to DunnettU’s test, but higher than the other testes of type | experimentwise error
nature (MEER).
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TESTE MODIFICADO DE BONFERRONI E SIDAK

RESUMO: Para a comprovacdo de hipoteses, experimentos sdo conduzidos e os resultados obtidos
analisados estatisticamente. Entende-se que, em funcédo dos testes utilizados, muito material de importancia
pratica tem sido descartado. Neste estudo, dois testes de Bonferroni Modificados e um teste de Sidak
Modificado foram desenvolvidos, o poder desses testes avaliados através da simulacdo de 1.200
experimentos e sua eficiéncia comparada as de testes de significancia mais conhecidos. As diferencas das
médias foram, todas elas, obtidas em relacdo & média do tratamento controle de forma a garantir,
parametricamente, a magnitude das diferengas. O teste de Student (do tipo erro I, por comparagao), Waller-
Duncan teste (erro de natureza bayesiana) mostraram mais alta porcentagem de diferencas significativas
seguida pelos testes de Duncan, BM,, SM, BM,, Dunnett, SNK, REGWF, REGWQ, Tukey, Sidak e
Bonferroni. Para diferencas iguais a zero, os testes de Student, Waller-Duncan exibem frequéncia de
rejeicdo da hip6tese nula préxima a 0,05, de acordo com o erro tipo | adotado (o = 0,05). Os outros testes
exibem valores < 0,05, quase todos com valores entre 0,01 a 0,02 ou menos. Considerando o erro
experimental tipo |, por experimento, os testes de Student, Waller-Duncan e Duncan exibem, para diferengas
nulas, valores crescentes de erro I, proporcional ao nimero de diferengas nulas incluidas nos experimentos;
o0s demais testes mostram valores para o erro “experimentwise” < 0,05 muitos deles entre 0,01 e 0,02 ou
menos. Os trés “Testes Modificados” tiveram eficiéncia préxima do teste de Dunnett unilateral, porém
maior eficiéncia que os demais testes do tipo “experimentwise” (MEER).

Palavras-chave: testes estatisticos, eficiéncia dos testes, comparagdes multiplas

INTRODUCTION

To expand the knowledge in different areas
of the experimental sciences, experiments are set
up to test hypothesis that best explain the phenom-
ena under investigation. Statistical methods are
used to design experiments, to choose group of treat-
ments, to perform analyses of variance, to do statis-
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tical tests and to estimate parameters. All those
methods provide ways to prove or not the formulated
hypothesis.

The tests more frequently used for comparison
of treatments (means) are Student’s, Duncan’s, Student-
Newman-Keul’s (SNK), Tukey’s and Dunnett’s.
Bonferroni’s, Sidak’s and Waller-Duncan’s testes are
used less than often.
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Studies have been conducted to evaluate both
the power of these tests and the different types of er-
rors involved. The evaluation of the power of each test
is obtained through the calculus of the percentage of
significative differences in which the probability of er-
ror of type | — the rejection of the null hypothesis —
adopted is o = 0.05 or 0.01.

More recently, errors type | were classified in
type | comparisonwise error and type | experimentwise
error, the type | experimentwise error under condition
of the general null hypothesis, and the type |
experimentwise error under condition of partial hy-
pothesis and maximum experimentwise error rate
(MEER) type (SAS, 2004), considering both situations.
Both unilateral and bilateral Student’s tests and Waller-
Duncan’s test guarantee protection to comparisonwise
errors; SNK’s enables protection to general
experimentwise error, and Tukey’s, Bonferroni’s,
Sidak’s, REGWF’s, REGWQ’s and Dunnett’s answers
to errors of MEER type.

Evaluations of the efficiency of various statis-
tical tests were done by Gabriel (1964), Carmer &
Swanson (1971; 1973), O’Neill & Wetherill (1971),
Boardman & Moffitt (1971), Bernardson (1975), Chew
(1977), Petersen (1977), Thomas (1974), Hochberg &
Tanhame (1987), and others. The efficiency of differ-
ent tests more frequently utilized in Brazil was also
evaluated by Perecin & Barbosa (1988), Conagin
(1998), Conagin et al. (1999), Dos Santos (2000), and
Conagin & Pimentel-Gomes (2004). The objective of
this paper is evaluating the comparative efficiency of
the more frequently utilized tests, and the behavior of
the comparisonwise and experimentwise type errors,
varying the magnitude of differences, number of treat-
ments, number of replications, and number of degrees
of freedom of the residual. The paper also introduces
a Bonferroni’s Modified and a Sidak’s Modified test.

MATERIAL AND METHODS

The power of Student’s unilateral (T,), bilateral
(T,), Duncan’s (D), Waller-Duncan’s (W), Student-
Newman-Keul’s (SNK), Tukey’s (Tu), Bonferroni’s
(B), Sidak’s (S)), Dunnett’s (Du) and (DU), Modified
Bonferroni’s (BM and BM,), Modified Sidak’s (SM),
REGWF and REGWQ, Gin SAS’s default method was
tested; in the Modified tests, oo = 0.05. Three groups —
G,, G, and G, — included the tests with three, four, six,
and eight replications. A discussion on the modifica-
tions of the Bonferroni’s and Sidak’s follow.

Bonferroni’s Test
The Bonferroni’s test may be used to calculate
confidence interval and comparison of means. In this
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paper, only differences were studied. Means X; and X;
of two treatments with r. and I replications, differ sig-
nificantly if:

X, %] 2t(at, df) s /% +%1

where df is the number of degrees of freedom
of QM Res, s=,/QOM Res, and t(ocﬂ, df) is the value
of the t-distribution with probability o, and df degrees

of freedom. If r, =T, =r,thenl 1_2
f r r

If a given experiment has t treatments with r
replications, and oo = 0.05 is the global probability for
k comparisons, in which H: T =T,=..=T =0is
the general null hypothesis, then, for all comparisons
between pairs of means, k = C? = t(t-1)/2, and in this
case o, = o/k.

If H, is true, the probability of not rejecting
any difference is (1—ocB)k. If the global probability
adopted is o = 0.05 or 0.01 (for t treatments), the prob-
ability of rejecting the general H, will be:

0=1-(1-0y) =1-[1-Koy+k(k-1)202+...]

and considering only the first two terms, o = 1 —
[1 - ko] Then o, = a/k.

The calculus of the significative difference be-
tween two means is done applying Student’s test with
a, and df degrees of freedom. The test assures o = 0.05
for all tests, and the error is of the MEER
experimentwise type.

Modified Bonferroni’s Test (BM)

Modified Bonferroni’s test was proposed by
Conagin (1999). The Student’s t for the test shall be
obtained in Student’s Tables, with degree of freedom
of the residual and o’ probability level, in which o’ =
o1 + P), and ordinarily o = 0.05 or 0.01. The calcu-
lus of P is presented bellow. In the analysis of vari-
ance, the test of H  is obtained by the test F =
QMTreat/QMresidual, in which there are t treatments
and r replications (e.g. in randomized blocks design).
The critical value of F is F_, with (t - 1) and (r - 1)
(t—1) degrees of freedom, for oo = 0.05 or 0.01.

The parametric model is X, =M+T +B+
Eij, inwhichi=1,2, ..t,and j =1, 2,..., r. The ex-
pected values are:

EQMtreat ="+ (r = T2)/(t- 1)

EQMresidual = 6°

If the general H_istrue, T, =T,=... =T = 0. For the
sampling model (experimental),

QMtreat = s*+ (r £t2)/(t - 1)
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being s* the QMresidual. In the Analysis of Variance
of the experiment:

F,=[s°+ (r Tt?)/(t - 1)1/s

Due to the size of experimental error some
treatments of real nature are not significative.

If F, > F_, H, is rejected. Then, there should
be one or more treatments t, # 0. The parameter of non-
centrality of the F distribution, if H_(alternative hy-
pothesis) is true, is A (Winer et al., 1991); this value
is:

A=rXT?/ o
For a given experiment, A =1 Xt’/s
Fo=[s2+r Xt2/(t=1)] /s =1+ /(t-1).

Then & = (F, —1)(t-1) .

The evaluation of P(F ) and P(F ), if H_is true,
may be obtained by PROB F Function of SAS (2004).
For fixed t and r:

P(E,) = [ FIR, (t-D),(t-2)(r 2.7 )

P(Fe) = [ P(F.. (t-1),(t~2)(r ~1),7)oF

P = P(F,) — P(F,) is then defined. This is the
probability represented by the area between F and F_
in the F non-central. If F_ is fixed, the area increases
if F, increases. The area is originated and due to treat-
ments that are far from X (general mean) and includes
the treatment significant different of X.

With o’/k, smaller values than the t value when
H, is true are obtained. If t’< t, the efficiency of the
test will be increased.

The corresponding o’ for this situation is de-
fined as o’= o/(1+P), and then o, = o’/k. In this case,
the t value of the Table of Student test for o’ value
produces t’< t, where t’ is the value of the Table ac-
cording to H, (where the new hypothesis have smaller
number of treatments in which t, =t, =... = t,, being
I <t).

The modified Bonferroni’s test uses the t Stu-
dent test with probability o’, and then o, = o’/k.

Values shown in Tables 1, 2, 5, and 6, use the
PROBF Function to calculate P. But since Group G,
includes 25 treatments, ordinarily A = (F,—-1)(t-1)
produces A > 100, and then, PROBF Function do not
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calculate the P(F ) and P(F_). In this case, calculated
Tables (Conagin, 2001) for o. = 0.05, t, r and F /F_ in-
cluded in the cells the corresponding P value are used.
If A > 100 and F/F_> 7, an proximate value for P
using F/F.=7and A =100 is used. The justificative
is that if F/F_>, 7 the area (and then P) should be
greater than F /F_ = 7, and then adopted P is a conser-
vative value.

Second Modified Bonferroni’s Test (BM,)

If in the Analysis of variance F > F_ (general
H, rejected), there should be a treatment parametrically
different of zero. It is possible to evaluate a by & and
use it to calculate BM.,, as follows.

If F, > F_ the ANOVA is performed and the
significant differences between two means by the
Student’s test (comparisonwise type | error) are calcu-
lated. The & number of significant differences is used
as an estimate of the true number of parametrical dif-
ferences between treatments. This happens because, in
general, experiments are performed to evaluate re-
sponses of new “treatments”, supposedly superior to
treatments ordinarily used (especially in agronomy,
animal science and veterinary medicine, medical, bio-
logical, and industrial research, and some other areas
in which a new or new treatments are supposed to be
better, in some way, than currently used treatments).
The & number of significant differences should be & <
a. Due to the size of experimental error, some treat-
ments actually different from zero but of small values,
result in non-significant differences, and then & is,
probably, a conservative estimate of the true a value
(4<a).

The probability modified Bonferroni’s (BM,)

is then:
(X,BM2 = %k _ &) .

The modified Bonferroni’s test behaves simi-
larly to tests of the type MEER, as can be possibly seen
in the columns 0% (exp) of Tables 1, 2, 3, 4, 5, and 6.
Their frequencies are very much alike the correspond-
ing Dunnett’s frequency and it is well known that
Dunnett’s test is of MEER type.

Sidak’s Test (S)

The Sidak’s test uses a probability o, and, simi-
larly to Bonferroni’s, use the Student t test with level
o, and df degrees of freedom of the residual. The o
value is calculated from:

oy =1- (- a)*

in which o, is the global probability and k is the num-
ber of comparisons between means.
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Table 1 - Power of different statistical tests for Group 1, resultant of simulation of 200 experiments containing twelve
treatments, three replications, CV = 10%, for differences of 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5% and 0%,

in comparison with a control.

(cp) (exp)
Test 40 35 30 25 20 15 10 5 0 0

______________________________________________________ /3
T, 100.0 98.0 96.0 82.5 61.5 40.5 20.0 11.0 2.5 2.5
D 99.5 93.5 92.0 73.0 54.5 34.0 12.0 8.5 1.5 1.5
SNK 93.0 84.0 63.5 41.5 23.5 11.0 5.0 2.0 1.0 1.0
Tu 87.0 71.0 58.5 30.0 15.5 6.5 1.5 1.5 0.0 0.0
B 80.0 59.5 48.5 26.0 10.5 4.5 1.5 0.5 0.0 0.0
Du 98.0 87.0 74.0 51.5 32.0 14.0 6.0 2.5 0.5 0.5
BN 97.0 90.0 78.0 53.5 35.0 33.0 10.0 2.0 0.5 0.5
BM 99.0 94.5 91.5 77.0 59.5 38.0 12.5 5.5 0.5 0.5
BM, 98.5 94.0 91.0 71.5 63.0 44.0 18.5 11.0 1.5 1.5
SiN 97.5 90.5 79.0 56.0 36.5 33.0 7.0 3.0 1.0 1.0
SiM 97.5 91.0 84.5 64.5 46.5 28.5 10.0 7.0 1.5 1.5

Table 2 - Power of different statistical tests for Group 1, resultant of simulation of 100 experiments containing twelve
treatments, six replications, CV = 10%, for differences of 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5% and 0%,

in comparison with a control.

(cp) (exp)
Test 40 35 30 25 20 15 10 5 0 0

______________________________________________________ O ) == e mm i m e e e e e
T, 100.0 100.0 100.0 100.0 93.0 70.0 33.0 17.0 3.0 3.0
D 100.0 100.0 100.0 97.0 88.0 67.0 27.0 11.0 0.0 0.0
SNK 100.0 100.0 98.0 90.0 64.0 33.0 9.0 2.0 0.0 0.0
Tu 100.0 100.0 97.0 77.0 48.0 19.0 4.0 1.0 0.0 0.0
B 100.0 99.0 91.0 76.0 42.0 18.0 3.0 1.0 0.0 0.0
Du 100.0 100.0 100.0 90.0 64.0 37.0 12.0 2.0 0.0 0.0
BN 100.0 100.0 99.0 94.0 72.0 43.0 14.0 2.0 0.0 0.0
BM 100.0 100.0 100.0 96.0 79.0 48.0 17.0 6.0 0.0 0.0
BM, 100.0 100.0 100.0 96.0 82.0 55.0 24.0 12.0 2.0 2.0
SiN 100.0 100.0 100.0 95.0 74.0 45.0 16.0 3.0 0.0 0.0
SiM 100.0 100.0 100.0 96.0 78.0 60.0 24.0 13.0 2.0 2.0

Ordinarily, if the interest lies in all compari-
sons between two means k = C? = t(t—1)/2. To com-
pare each treatment with a control, k =t — 1; this type
appear as SN in the tables. The value o_is greater than
o,, and then the corresponding t. is smaller than t,. So
Sidak’s test is a little more efficient than Bonferroni’s.
For instance, for o= 0.05, k = 10, o, = 0.0512, and o
= 0.05. Therefore, t_ is smaller than t..

Modified Sidak’s Test (S,M)
Similarly to Second Bonferroni’s Modified
(BM,), after performing an ANOVA of a given experi-
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ment, if F, > F_ (H, general hypothesis rejected), sig-
nificant differences are calculated by the t test; the
number of significant differences a is an estimate of
the number of all the actual differences a. Then:

g py =1 (L) D

This test tends to be a little more effective than
the correspondent Bonferroni’s (BM,), because a ,, >
agy, - The calculus of significative differences in rela-
tion to a control uses t test with k=(t-1)-a. If interest lies
in all differences between two means, k=(t(t-1)/2)-a.
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Table 3 - Power of different statistical tests for Group 2, resultant of simulation of 200 experiments containing 25 treatments,
three replications, CV = 10%, for differences of 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5% and 0%, in comparison

with a control.

(cp) (exp)
Test 40 35 30 25 20 15 10 5 0 0

______________________________________________________ Sy

W 99.5 98.5 97.0 91.0 71.5 50.0 27.0 13.5 6.5 33.0
T, 99.5 97.0 94.0 87.0 68.0 47.5 22.0 13.5 5.3 23.5
D 99.5 97.0 91.0 79.0 53.5 33.5 11.5 7.0 2.5 12.5
SNK 95.0 79.0 61.0 38.0 19.5 6.0 2.5 0.0 0.8 1.5
Tu 80.0 59.0 44.0 26.0 11.0 1.5 1.0 0.0 0.0 0.5
B 76.0 58.5 35.5 21.0 8.5 1.0 1.0 0.0 0.0 0.0
Du 97.5 84.0 68.0 49.5 26.5 12.5 4.0 0.5 0.8 2.5
BN 96.0 84.5 69.0 50.5 29.0 11.5 3.0 0.5 0.5 1.0
BM 96.5 87.0 75.0 56.5 34.5 15.0 5.5 0.5 0.5 1.5
BM, 97.0 85.5 74.5 54.5 33.5 14.5 5.0 1.0 0.5 1.0
SiN 98.0 86.5 71.5 51.5 29.5 12.5 3.5 0.5 0.1 1.0
SiM 98.0 89.5 73.5 54.5 34.5 15.5 5.5 1.0 0.5 2.0

Table 4 - Power of different statistical tests for Group 2, resultant of simulation of 100 experiments containing 25 treatments,
six replications, CV = 10%, for differences of 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5% and 0%, in comparison

with a control.

(cp) (exp)
Test 40 35 30 25 20 15 10 5 0 0

______________________________________________________ O/) === m e e e

% 100.0 100.0 100.0 97.0 91.0 72.0 48.0 22.0 8.6 36.0
T, 100.0 100.0 100.0 100.0 90.0 69.0 38.0 18.0 6.5 25.0
D 100.0 100.0 100.0 98.0 85.0 63.0 26.0 10.0 3.0 11.0
SNK 100.0 100.0 99.0 92.0 68.0 25.0 5.0 0.0 0.5 1.0
Tu 100.0 99.0 91.0 68.0 41.0 14.0 3.0 0.0 0.5 1.0
B 100.0 97.0 84.0 66.0 37.0 11.0 2.0 0.0 0.0 0.0
Du 100.0 100.0 100.0 91.0 70.0 35.0 8.0 0.0 0.5 4.0
BN 100.0 99.0 99.0 91.0 71.0 37.0 9.0 0.0 0.1 0.1
BM 100.0 100.0 100.0 95.0 73.0 40.0 12.0 4.0 0.3 4.0
BM, 100.0 99.0 99.0 92.0 71.0 38.0 13.0 3.0 0.4 2.0
SiN 100.0 100.0 100.0 91.0 71.0 36.0 9.0 0.0 0.0 1.0
SiM 100.0 100.0 100.0 94.0 73.0 40.0 13.0 3.0 1.0 1.0

The behavior of the application of Modified Sidak’s
test can be evaluated in Tables 1, 2, 3, 4, 5, and 6.

Power of the different tests in the groups G,, G, and
G

’ To evaluate the power of Student’s t test T, (bi-
lateral), Duncan’s, SNK’s, Tukey’s, Bonferroni’s,
Dunnett’s, BN’s, BM’s, BM,’s, SN’s and SM’s, simu-
lations of two hundred experiments, r = 3 replications
and considering diferences of 0.4; 0.3; 0.25; 0.15; 0.1;

0.05 and 0.0 (both cp and exp); and one hundred ex-
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periments, r = 6 replications, groups G, (12 treatments)
and G, (25 treatments), were analyzed. For both groups,
CV =10%. In group G,, a Waller-Duncan’s test (W) was
included. The “default criterion” (SAS, 2004) was used
for the ANOVA and for the Modified Bonferroni’s
and Sidak’s tests, calculus of significant differences
(oo = 0.05) were done separately by the authors.

In group G, (Tables 5 and 6), parametrical dif-
ferences were 0.3, 0.2, 0.15, 0.1, 0.05, and 0.0 (both
cp and exp), for r = 4 (400 experiments) and r = 8 (200
experiments). Once again “default criterion” was used
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Table 5 - Power of different statistical tests for Group 3,
resultant of simulation of 400 experiments
containing 8 treatments, 4 replications, CV =
10%, for differences of 30%, 20%, 15%, 10%,
5% and 0%, in comparison with a control.

Table 6 - Power of different statistical tests for Group 3,
resultant of simulation of 200 experiments
containing twelve treatments, 8 replications, CV
= 10%, for differences of 30%, 20%, 15%, 10%,
5% and 0%, in comparison with a control.

(cp) (exp) (cp) (exp)

Test 30 20 15 10 5 0 0 Test 30 20 15 10 5 0 0
_____________________ 0 mmmm e e O e

W 933 68.0 44.0 27.8 9.3 44 85 % 100.0 96.5 79.5 44.5 155 5.8 8.0
T, 98.0 82.5 62.0 38.3 17.5 5.3 127 T, 100.0 97.5 89.5 54.5 21.0 5.5 9.0
T, 96.0 71.5 483 263 9.0 4.6 9.3 T, 100.0 95.5 79.0 44.0 12.0 4.8 7.5
D 945 65.0 39.8 20.0 5.5 43 9.0 D 100.0 94.5 73.5 37.5 11.0 3.8 5.5
SNK 79.8 36.0 183 58 1.8 1.6 3.0 SNK 99.5 79.5 48.5 22.0 3.5 1.5 3.0

REGWF 79.0 343 175 53 0.8 0.8 1.5
REGWQ 76.5 30.8 163 38 1.3 0.6 1.5

Tu 72.8 283 153 23 05 03 0.8
B 67.0 213 10.0 1.3 03 0.1 0.5
Si 67.5 21.8 105 1.3 03 0.1 0.2
DuU 91.8 56.3 335 133 3.8 23 43
BN 87.3 483 295 11.8 25 15 43
BM 87.8 53.5 325 13.0 38 24 43
BM, 853 50.0 303 135 35 1.8 33
SiN 88.0 49.8 27.5 10.0 25 1.2 1.8
SiM 92.0 57.8 37.5 19.0 6.0 25 438

Tu 99.5 70.0 36.5 140 1.5 0.8 0.5
B 99.5 67.5 355 11.0 1.0 0.2 0.0
Si 99.5 67.5 355 12.0 1.0 03 0.5
DuU 100.0 91.5 63.5 31.5 80 1.3 2.5
BN 100.0 85.0 485 265 55 0.8 2.0
BM 100.0 91.5 64.0 33.5 80 1.3 2.0
BM, 100.0 88.0 64.5 31.0 85 1.0 1.5
SiN 99.5 87.0 61.5 275 6.0 1.0 1.5
SiM 100.0 93.0 70.0 38.0 13.5 3.0 0.4

for the ANOVA tests and oo = 0.05 for the modified
Bonferroni’s and Sidak’s test. Data this group were also
submitted to REGWF’s, REGWQ’s, Student’s unilat-
eral (T)), Dunnett’s unilateral (DU) tests, and Sidak’s
basic (S) test, in which k = t(t-1)/2.

For large differences (i.e. 0.4, 0.35, 0.3,
and 0.25) on G, and G, (Tables 1 and 2), and G,
alone (Tables 3 and 4), tests showed high power, with
little differences among them. Differences in the
power of the various tests increased for differences
0.2, 0.15, and 0.1 to values often and more ordinarily
obtained in the research data analysis. In groups
G, and G,, power of tests were, in order, Waller-
Duncan (W), Student bilateral (T,), Duncan (D),
SNK, SM, BM, BM,, SN, BN, Dunnett, Tukey and
Bonferrooni.

Regarding error of type | comparisonwise [col-
umn 0% (cp)], Student’s and Waller-Duncan’s tests
showed values o = 0.05, the nominal error adopted.
The other tests showed o < 0.05, most of them around
0.01 or smaller. The error | per experiment (column
0% exp; Tables 3 and 4) of Student’s (T,), Waller-
Duncan’s and Duncan’s tests were much higher than
0.05; other tests showed errors smaller than 0.05, most
nearing 0.01, or smaller.
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In the group G, (t=8;n=4and 8; CV = 10%),
there were differences of efficiency among tests for
values of 0.3 or less (Table 5). In the range of 0.1-0.2,
Student’s unilateral (T,) was slightly superiority to
Waller-Duncan’s (W) and Student’s bilateral (T,), that
increases when r = 8 (Table 6). The overall order of
efficiency registered was: T, T,, W, D, SM, DU, BM,
BM,, SN, BN, REGWF, REGWQ, Tu, Si and B.

Regarding errors of type | comparisonwise
[column 0% (cp)], W, T,, T, and D, showed o = 0.05,
the nominal error adopted. The other tests showed o
< 0.05, most nearing 0.01. For errors of type |
experimentwise [column 0% (exp)], T,, T,, W, and D,
showed o values well above 0.05; the other tests
showed o values smaller than 0.05, most nearing 0.01
or less. The power of all the tests increased when the
number of replications increased. It is therefore easier
to compare values in the Tables 1, 3, and 5, with the
corresponding values in Tables 2, 4, and 6, respec-
tively.

REFERENCES

BERNARDSON, C.S. Type | error rates when multiple comparison
procedures follows a significant F test of Anova. Biometrics, v.31,
p.337-340, 1975.



76 Conagin & Barhin

BOARDMAN, T.J.; MOFFITT, D.R. Graphical Monte Carlo type | error
rates for multiple comparison procedures. Biometrics, v.27, p.738-
744, 1971

CARMER, S.G.; SWANSON, M.R. Detection of differences between
means, a Monte Carlo study of five multiple comparison procedure.
Agronomy Journal, v.63, p.940-945, 1971.

CARMER, S.G.; SWANSON, M.R. Evaluation of ten multiple
comparison procedures by Monte Carlo methods. Journal of
American Statistical Association, v.68, p.66-74, 1973.

CHEW, V. Comparisons among treatment means in an analysis of
variance. Beltsville: USDA, 1977. 69p. (Bulletin, H6).

CONAGIN, A. Discriminative power of Modified Bonferroni’s Test.
Revista de Agricultura, v.73, p.31-46, 1998.

CONAGIN, A. Discriminative power of the Modified Bonferroni’s Test
under general and partial null hypothesis. Revista de Agricultura,
V.74, p.117-126, 1999.

CONAGIN, A. Tables for the calculation of the probability to be used
in the Modified Bonferroni’s Test. Revista de Agricultura, v.76,
p.71-83, 2001.

CONAGIN, A.; PIMENTEL-GOMES, F. Escolha adequada dos testes
estatisticos para comparagdes multiplas. Revista de Agricultura,
V.79, p.288-295, 2004.

CONAGIN, A.; IGUE, T.; NAGAI, V. Poder discriminativo de
diferentes testes de médias. Campinas: Instituto Agronémico, 1999.
(Boletim Cientifico, 44).

DOS SANTOS, C. Novas alternativas de testes de agrupamento avaliadas
por meio de simulagdo Monte Carlo. Lavras: UFLA, 2000. 85p.
(Dissertagdo — M.S.).

Sci. Agric. (Piracicaba, Braz.), v.63, n.1, p.70-76, Jan./Feb. 2006

GABRIEL, K.R. A procedure for treating the homogeneity of all set of
means in analysis of variance. Biometrics, v.20, p.459-477, 1964.

HOCHEBERG, Y.; TAMHAME, A.C. Multiple comparisons
procedures. New York: John Wiley & Sons, 1987. 450p.

O’NEILL, R.; WETERILL, G.B. The present state of multiple
comparison methods. Journal of the Royal Statistical Society, v.33,
p.218-250, 1971.

PERECIN, D.; BARBOSA, J.C. Uma avaliagdo de seis procedimentos
para comparagOes multiplas. Revista de Matematica e Estatistica,
v.6, p.95-103, 1988.

PETERSEN, R.G. Use and misuse of multiple comparison procedures.
Agronomy Journal, v.69, p.205-208, 1977.

SAS INSTITUTE. SAS/STAT 9.1: User’s Guide. Cary: SAS Institute
Inc., 2004. 5136p.

THOMAS, D.H. Error rates in multiple comparisons among means results
of a simulation exercise. Applied Statistics, v.23, p.284-294, 1974.

WALLER, R.A.; DUNCAN, D.B. A Bayes rule for the symmetric
comparison problem. Journal of the American Statistical
Association, v.67, p.253-255, 1972.

WINER, B.J.; BROWN, D.R.; MICHELS, K.M. Statistical principles
in experimental designs. 3.ed. New York: McGraw-Hill, 1991.
1057p.

Received August 03, 2005
Accepted December 28, 2005




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


