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Abstract

This research purposed to study and compare the efficiencies of multiple comparisons tests
with and without parameter of completely randomized design consisting of 6 tests, i.e., Student-
Newman-Keul’ s test (SNK test), Duncan’s new multiple range test, Waller- Duncan test, Conover
test, van der Waerden test and Nemenyi test. The study was conducted in data randomly obtained
from normal distribution, gamma distribution and log- normal distribution. For the probability
calculation of type | error and power of a test using identical and different sample sizes, divided
into small size, medium size and large size, i.e., (10,10,10), (30,30,30), (50,50,50), (5,10,15), (25,30,35)
and (45,50,55), and there were 2 levels of significance: 0.01 and 0.05. The results of the study,
according to objective 1, indicated that for every situation, the best probability control capability
of type | error was found in Student-Newman-Keul’s test, Duncan’s new multiple range test, Waller-
Duncan test, Conover test and van der Waerden test. As Weller-Duncan test provided the best
power of a test for every situation and the results of the study, according to objective 2, Waller-
Duncan test is most suitable for testing data with normal distribution, gamma distribution and log-

normal distribution.

Keywords: multiple comparisons; probability of type | error; power of a test
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Table 1 Sample sizes for study of 3 populations

Sample sizes (ny,n,,N3)
Equal Unequal
(10,10,10) (5,10,15)
(30,30,30) (25,30,35)
(50,50,50) (45,50,55)
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Table 2 Completely randomized trial plan for equal and unequal sample sizes

Number of observations Replications
Treatments Equal Unequal Equal Unequal
sample size sample size replication replication
1 10 | 30 | 50 5 25 | 45 | 10 | 30 | 50 5 25 | 45
2 10 | 30 | 50 | 10 | 30 | 50 | 10 | 30 | 50 | 10 | 30 | 50
3 10 30 50 15 35 55 10 30 50 15 35 55
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Table 3 Parameters for calculation the probability of type | error of normal distribution in situation 1

Parameters (1,67 Variances
Model Averages
Population 1 Population 2 Population 3 (cf,cﬁ,cs;)
1 (4,8) (4,8) (4,8) 4,44 8,8,8

Table 4 Parameters for calculation the probability of type | error of normal distribution in situation 2

Parameters (y,0%) Variances | Non-centrality
Models Averages
Population 1 | Population 2 | Population 3 (of.03.03) | parameters (¢)
1 (@,1) (4,2) (4,3) 4,44 1,23 0.816
2 (8,1) (8,3) (8,5) 8,8,8 1,3,5 1.633
3 (12,1) (12,6) (12,14) 12,12,12 1,6,14 5.354

Table 5 Parameters for calculation the probability of type | error of gamma distribution in situation 1

Parameters (a,B)
Model Averages | Variances (of,og,og)
Population 1 Population 2 Population 3
1 (2,2) (2,2) (2,2) 4.4.4 8,88
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Table 6 Parameters for calculation the probability of type | error of gamma distribution in situation 2

Parameters (a,B) Variances | Non-centrality
Models Averages s 2
Population 1 | Population 2 |  Population 3 (01 ,02,03) parameter (¢)
1 (16,1/4) (8,1/2) 4,1) 4,44 1,24 1.247
2 (16,1/2) (8,1) (4,2) 8,8,8 4,8,16 2.494
3 (16,1) (8,2) (4,4) 16,16,16 | 16,32,64 4.989

Table 7 Parameters for calculation the probability of type | error of lognormal distribution in

situation 1
Parameters (H,GZ)
Model Averages | Variances (of,cg’og)
Population 1 Population 2 Population 3
1 (1.1065,0.5596) | (1.1065,0.5596) | (1.1065,0.5596) 4,44 12,12,12

Table 8 Parameters for calculation the probability of type | error of lognormal distribution in

situation 2
Parameters (p0%) Variances | Non-centrality
Models Averages| |
Population 1 Population 2 Population 3 (01 ,02,03) parameter (¢)
1 (1.3560, 0.3560)| (1.3274 ,0.1178) |(1.2747, 0.2231)| 4,44 1,2,4 1.247
2 (2.7648, 0.0155)| (2.7572, 0.0308) ((2.7423, 0.0606)| 16,16,16 48,16 2.494
3 (2.7423, 0.0606)| (2.7137, 0.1178) |(2.6610, 0.2231)| 16,16,16 | 16,32,64 4.989
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Table 9 Parameters for calculation the power of a test of normal distribution in situation 3

Parameters (u,cz) Variances

Model AEIREES 2 2 2
Population 1 Population 2 Population 3 (61 ,02,03)

1 (4,4) (5,4) (6,4) 45,6 44,4

Table 10 Parameters for calculation the power of a test of normal distribution in situation 4

Parameters (j,6%) Variances | Non-centrality
Models Averages
Population 1 | Population 2 | Population 3 (of,og,og) parameter (¢)
1 @,1) (5,2) (6,3) 4,5,6 1,2,3 0.816
2 (8,1) (9,3) (10,5) 8,9,10 1,3,5 1.633
3 (12,1) (13,6) (14,14) 12,13,14 1,6,14 5.354

Table 11 Parameters for calculation the power of a test of gamma distribution in situation 3

Parameters (a,B) Variances
Model Averages
Population 1 Population 2 Population 3 (Gf,ﬁg,ci)
1 (2,2) 8,1) (32,1/2) 48,16 8,8,8

Table 12 Parameters for calculation the power of a test of gamma distribution in situation 4

Parameters (a,B) Variances Non-centrality
Models Averages
Population 1 | Population 2 | Population 3 (cf,oi,ci) parameter (¢)
1 2,1 (3,1) 4,1 23,4 2,34 0.577
2 (a,1) (16,1) (18,1) 4,16,18 | 8,16,18 1.528
3 (2,1) @,1) (,2) 2,4.8 2,4,16 4.372
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Table 13 Parameters for calculation the power of a test of lognormal distribution in situation 3

Parameters (y,0%) Variances
Model Averages
Population 1 Population 2 Population 3 (cf,csﬁ,cﬁ)
1 (1.2747,0.2231) (1.5352,0.1484) (1.7391,0.1054) 4,56 4,44

Table 14 Parameters for calculation the power of a test of lognormal distribution in situation 4

Parameters (u,oz) Variances | Non-centrality
Models Averages|  , , |,
Population 1 Population 2 Population 3 (01 ,62,03) parameter (¢)
1 (1.3560, 0.0606) |(1.5710, 0.0770) [(1.7391, 0.1054)| 4,5,6 1,2,4 1.247
2 (2.0491, 0.0606) |(2.1501, 0.0942) |(2.2284, 0.1484)| 8,9,10 4,8,16 2.494
3 (2.4814, 0.0069) |(2.5475, 0.0349) [(2.6046, 0.0690) | 12,13,14 | 1,6,14 5.354

4. HanN15938
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[EEN

o w

4.1.1 fisesutioddny 0.01
A3197t 15 WeRansananuaunse
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nageau SNK, DC, WD, CNV tag VD Jauaiuns
Iumﬁmuqummm%Lﬂumaqmmﬁmwawmuﬁ
1 drwluanrunsaififvunnseg1amrafunudd
N15LANLAIUING NITLINLIILANUT LALNITHIN
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waz VD dmnuanunsatunisavguanuinasiiy
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Table 15 The ability to control the probability of type | error for randomized data with a normal,

gamma and lognormal distributions at the level of significance 0.01

Variances
Sample
Distributions Unequal variances
sizes Equal variances
Low Moderate High
Eaual SNK, DC, WD, | SNK, DC, WD, SNK, DC, WD, SNK, DC, WD,
ua
\ L i CNV, NM, VD | CNV, NM, VD CNV, NM, VD CNV, NM, VD
orma
SNK, DC, WD, | SNK, DC, WD, SNK, DC, WD, SNK, DC, WD,
Unequal
CNV, VD CNV, VD CNV, VD CNV, VD
Eual SNK, DC, WD, | SNK, DC, WD, SNK, DC, WD, SNK, DC, WD,
ua
c i CNV, NM, VD | CNV, NM, VD CNV, NM, VD CNV, NM, VD
amma
SNK, DC, WD, | SNK, DC, WD, SNK, DC, WD, SNK, DC, WD,
Unequal
CNV, VD CNV, VD CNV, VD CNV, VD
Eaual SNK, DC, WD, | SNK, DC, WD, SNK, DC, WD, SNK, DC, WD,
ua
i CNV, VD CNV, NM, VD CNV, NM, VD CNV, NM, VD
Lognormal
SNK, DC, WD, | SNK, DC, WD, SNK, DC, WD, SNK, DC, WD,
Unequal
CNV, VD CNV, VD CNV, VD CNV, VD

Table 16 The ability to control the probability of type | error for randomized

gamma and lognormal distributions at the level of significance 0.05

data with a normal,

Variances
Sample
Distributions ) Unequal variances
sizes Equal variances
Low Moderate High
Eaual SNK, DC, WD, | SNK, DC, WD, SNK, DC, WD, SNK, DC, WD,
ua
N L i CNV, NM, VD | CNV, NM, VD CNV, NM, VD CNV, NM, VD
orma
U L SNK, DC, WD, | SNK, DC, WD, SNK, DC, WD, SNK, DC, WD,
nequa
i CNV, NM, VD | CNV, NM, VD CNV, NM, VD CNV, NM, VD
Eaual SNK, DC, WD, | SNK, DC, WD, SNK, DC, WD, SNK, DC, WD,
ua
. CNV, NM, VD | CNV,NM,VD | CNV, NM, VD CNV, NM, VD
Gamma
SNK, DC, WD, | SNK, DC, WD, SNK, DC, WD, SNK, DC, WD,
Unequal
CNV, NM, VD | CNV,NM,VD | CNV, NM, VD CNV, NM, VD
Eaual SNK, DC, WD, | SNK, DC, WD, SNK, DC, WD, SNK, DC, WD,
ua
. CNV, NM, VD | CNV,NM,VD | CNV, NM, VD CNV, NM, VD
Lognormal
SNK, DC, WD, | SNK, DC, WD, SNK; DC, WD, SNK, DC, WD,
Unequal
CNV, VD CNV, VD CNV, VD CNV, VD
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4.1.2 fisgduiiudndiy 0.05

A3197 16 WeRansananuaunse
’Lumimmummm%L‘T;Jusuaammﬁﬂwmﬂu:um?‘i
1 fiszutiaddey 0.05 luaaunisaifidauin
f298191AU NUIINITLINUAIUIAR NITUANUAY
LNLAN LAYAISLANLASERNUSNR faRRnnaauLs
6 N1INAFBY AAMUAINITALUNITAIVANAIY
wnazfuresnuiananauuudl 1 dauaniunised
fifvuadieg1esiesiu n1suanuasdsninasnis
LANLILNNLNFIERRNAGOUIS 6 NsNAEBY &
AuEsalunsAIUANAINLIEI uYBIAY
Apna1auuuil 1 drunisuanuasdenysninudd
Adn A NAaayu SNK, DC, WD, CNV ay VD &
AUEIaluNIAIUANAINLIE T UYBIAY
AANaAuUUT 1

4.2 AMAINITNAGDU

o

4.2.1 fisysutioddny 0.01

<

A15197 17 WeN1TUINSINITNAZBU

o w

Aszaudediaty 0.01 luaaiunisalidvuin

081N ULALAIAY NUIINITHINLIIUSAH

=

@i fanaasy WD n189n19maaeugan an

q

Be

@

098941 A B FIADANAEDU CNV A1SHINWLIY
wnu faiifinageay WD fimdenismaaaugad

an 5098931 fo saaiAnaaau CNV, NM uaz DC

o a

d7Un15wankasdandsnd AradAnaasy WD 3

MAINTNARDUGINAA T3A8U1 Ao FadAnadeu

CNV

o o

4.2.2 fisysutiodfny 0.05

o

A13199 18 1 aResaudenis
npaeuissiuteddy 0.05 luanunisaififivunn
fpgramnnulaa19iy wudlunsuaniaslsni
frafAnageu WD fiden1snaasug i gn
J898911A8 Fananagou CNV, NM ay SNK Tu
A1TLANUAILANAIERANAZDU WD 89015
mmaauqqﬁqm 59989U1AD FaafANAaaU CNV,
NM wag VD d@rwlunisuanuasdenysnidai i
nagou WD fidnsvadeugsiian sesasunie

Y

Jansnagau CNV, SNK tag NM

Table 17 The power of a test of test statistics for randomized data with a normal, gamma and

lognormal distributions at the level of significance 0.01

Variances
Sample
Distributions Unequal variances
sizes Equal variances
Low Moderate High
Equal WD WD WD WD
Normal
Unequal WD WD WD CNV
Equal WD NM DC, WD, NM NM
Gamma
Unequal WD WD, CNV WD, CNV WD, CNV
Equal WD WD WD WD
Lognormal
Unequal WD CNV WD, CNV CNV
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Table 18 The power of a test of test statistics for randomized data with a normal, gamma and

lognormal distributions at the level of significance 0.05

Variances
Sample
Distributions Unequal variances
sizes Equal variances
Low Moderate High
Equal WD WD SNK, WD, NM NM
Normal
Unequal WD WD, CNV CNV CNV
Equal WD WD WD, CNV NM
Gamma
Unequal WD WD WD WD, CNV, VD
SNK, WD, CNV, SNK, WD, CNV,
Equal WD WD
Lognormal NM, VD NM
Unequal WD WD CNV CNV

5. a3Uuazinsal
5.1 a3

NAYINNITITLAINNITNIITAUNDNIAIY
asalunismuauaauy1sziduvesaiiy
AANEIARUUT 1 wazidanisvaaeuresiaada
yAFDUT 6 MINAAaY dmunsuLuuduanysel
TaeAnwdeyaiiduunainyszansifinisuanuas
USAR NTUINLIIUNNLN KAEATTLANUASABNUTNA
Afvuranguiegravintuuaglivinfy uas
FnuaizAURUTUTILLUUAN 9 Tiseiutedfey
0.01 wag 0.05 WuIsEnRnaaay SNK, DC, WD,
CNV hag VD 4A318ANa11150 b uN1SAIUAY
Auu1zduresA N AN ARUUT 1 Tunn
aounsal wasidefinnsanmdsnsmaaeunuin

o a

Aradifnageu WD dndenismaaaugegalunn
anunsal wagdanumnzassnniigadmiule
NAAoUToYan 1n13ULINLITUINA N1TUINUAN
WU WarNsHANLasienysnf

5.2 Fa19nl

NANISITENUIEIERANAFOU SNK, DC
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war WD dai1uaiunsalunisaiuauainuunaeg
\uvesnrwilananauuudl 1 Tunnaanunisal dq
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Luug Nany el sesudedidy 0.05 1 engy
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o
o

119

Ao Maddnaaou DC ianguiegsivunlyl
wiriu faddneaeuiinruguanuiaziiuves
auiawatauuudl 1 ldlunnnsd Ao daadd
NAaaU DC kar WD @9nnd 93anuIuiIdeves
Armando wagamgy [4] Aind1ddadAnaasy
WD @z DC a1u1saniuauaIuuiaziiuves
AUAANEIALULT 1 wavdonndasiu Ozkaya [7]
findinsdiingusegieifivunawiitunaglyl
wihiu Madiivageu DC @13150AIUANAINLIRY
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ad@inaasu WD fiindenismaasugeiigalunn
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o
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