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Abstract

The objective of this research was to multi-compare the control efficiency of probability of
type | error and power of a test between parametric and nonparametric tests of a randomized
incomplete block designs. The 6 statistics were Duncan’s new multiple range, Waller-Duncan and
Fisher’ s least significant difference, Conover, Durbin and Skillings-Mack. In all cases, we used
randomized data with a normal distribution, gamma distribution and beta distribution for calculating
the probability of type | error and the power of a test. Creating a randomized incomplete block
designs will determine the number of treatments (that equal to 3, 4, 5, 6 and 7 treatments), and
the number of blocks (that equal to 3, 4, 5, 6 and 7 blocks). Two significance levels were used 0.05
and 0.10. The results for probability of type | error revealed that, for controlling probability of type
| error, the Waller-Duncan and Fisher’ s least significant difference were the best in controlling it.

For the power of a test, the Waller-Duncan showed the highest power of a test.

Keywords: multiple comparison; probability of type | error; power of a test
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Joyaduinnuszvnsndanaainiu wazay  Table 1 Incomplete block designs 9 plans used
wUsUsauwinay waz (2) anuniselil 2 Jeyady in the research
11910UTLBINTN A AINBINYINUY LATAINY Experimental
Do b t k r| A

wusUTIURNNAU Designs

(2) MAUAATNISITRBTEINSUNS 1 3031221
FUIUANEINSNAEDU kUMY 2 @anunisal fadl 2 4| 4| 3] 3|2
(1) @a1unseli 1 Yeyaduunainuszyinsiian 3 515141453
AAN9A 19U haTAINULUSUSIUWNA Y hae 4 6 |3|2|4]|2
(2) anun1sal 2 Teyaduu1NUsEININiA > 6141231
AANNANNAY LaEAINLUTUTIUANAY 6 66554

1AgT N1SAIUUAAINISITLADS ! Tyt
0w - ! e 8 7 7 a q 2
A5 UNISWANLAIUTNA T UL azan NSl Tl
4 o o 9 7 7 6 6 5
TENUA 4 WUU AIRN5197 2

Table 2 Parameters for calculation the probability of type | error and the power of a test of a

normal distribution

Parameters (u, 6°)
Block 1 | Block 2 | Block 3 | Block 4 | Block 5 | Block 6 | Block 7

Situations | Models

s 1 4,12) | (4,12) | (4,12) | (4,12) | (4,12) | 4,12) | (4, 12)
2T 2 (8,24) | (8,24) | (8,24) | (8,24) | (8,24) | (8,24) | (8, 24)
:?3 § ! 3 | (16, 48) | (16, 48) | (16, 48) | (16, 48) | (16, 48) | (16, 48) | (16, 48)
5 O
S 4 |(32,96) |(32,96) | (32,96) | (32,96) | (32,96) | (32, 96) | (32, 96)
° 2 1 @12 | @20 ] @48 | @90 @19 | @ 380 | @ 768
é ig ) 2 (8,12) | (8,24) | (8,48) | (8,96) | (8,192) | (8, 384) | (8, 768)
§ o 3|16, 12) | (16, 24) | (16, 48) | (16, 96) | (16, 192) | (16, 384) | (16, 768)
= 4 |(32,12) | (32, 24) | (32, 48) | (32, 96) | (32, 192) | (32, 384) | (32, 768)
1 4,12) | (6,12) | (8,12) [(10,12)| (12, 12) | (14, 12) | (16, 12)
é » 2 (4, 24) | (6,24) | (8 24) |(10,24) | (12, 24) | (14, 24) | (16, 24)
ig % ’ 3 (4,48) | (6,48) | (8,48) |(10,48) | (12, 48) | (14, 48) | (16, 48)
S s 4 (4,96) | (6,96) | (8,96) |(10,96) | (12, 96) | (14, 96) | (16, 96)
“; % 1 (3,12) | (5,24) | (7,48) | (9,96) |(11, 192)|(13, 384) | (15, 768)
g ; . 2 (4,12) | (6,24) | (8,48) |(10,96) | (12, 192) | (14, 384) | (16, 768)
g - 3 (5,12) | (7,24) | (9,48) |(11,96) |(13, 192) | (15, 384) | (17, 768)
= 4 (6,12) | (8,24) | (10, 48) | (12, 96) |(14, 192) | (16, 384) | (18, 768)
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3.1.8 MuuARINISIdWesnsaUsEIng
finsuanuaswnun seelul
(1) AMAUAATNITITLADSANNSUNIS
fMuruaudasiiuvesnnuianainwuud 1
wUadu 2 aanunisal seil (1) aaunisald 1
Foyaguuanusznnsidianataiiu uazam
LUsUTIUWNAY uag (2) aaumselit 2 Joyady

1191NUSEYINSNLAINAINYINA Y wazAIULUS

(2) MAUAATNITIRLABIEINSUNNT
funfdamsmeaey wiadu 2 aanunisal sl
(1) an1unsalil 1 feyaguunanUszansiidan
N819A NAU LagAIINLUIUSIUYIAY Lag
(2) anumsalil 2 foyaduunnUszansfidan
NANANAU LazANULUTUTIURIIY

Tagdi nasmvuarmis1dines

dusunishanuasinuinlulmaganiunisaldl

U57UaN97Y

P199%UA 4 LUU AIR5199 3

Table 3 Parameters for calculation the probability of type I error and the power of a test of a

gamma distribution

Parameters (e, f)
Situations | Models
Block 1 | Block 2 | Block 3 | Block 4 | Block 5 | Block 6 | Block 7
1 (4, 4) 4, 4) (4, 4) 4, 4) (4, 4) (4, 4) 4, 4)
E o 1 2 | @we | s | @e |@a [ @e | @s | @8
g <§ 3 (8, 8) (8, 8) (8, 8) (8, 8) (8, 8) (8, 8) (8, 8)
s 4 | (816) | (8,16) | (816) | (8,16) | (8 16) | (8, 16) | (8, 16)
é % 1 4,4 | 8,2 | (16,1) | (1,16) | (2,8 |(40,0.4)|(36,0.44)
“g é , 2 4,8) | (8,4) | (16,2) | (2,16) |(6,5.33) (12, 2.67)|(14, 2.29)
& 2 3 8,8 | (16,4) | (4,16) | (2,32) | (32,2) ((12,5.33)|(24, 2.67)
- 4 (8,16) | (64,2) | (32,4) | (16, 8) |(48, 2.67)|(24, 5.33)|(56, 2.29)
1 (a,4) | (16,2) | (1,8) |(25,1.6)|(36, 1.33)(49, 1.14)| (9, 2.67)
é ; 2 (4,8) | (64,2) | (16,4) |(36, 2.67)|(100, 1.6)|(196, 1.1)|(324, 0.9)
_g E 3 (8,8 | (32,4) | (2,16) (288, 1.3)[ (72, 2.7) (200, 1.6)|(392, 1.1)
? “g 4 (8,16) | (128,4) | (32,8) | (512, 2) |(288, 2.7)| (2, 32) |(800, 1.6)
é % 1 (4,4) |(18,1.33)] (1,4) | (16,4) | (8,4) |(10,0.8) (4, 1.33)
g &
qg g . 2 (4,8) |(162,0.9)| (4, 4) |(72, 2.67)|(96, 1.33)((48, 1.33)|(896, 0.3)
L 3 (8,8 | (1,16) |(144,2.7) (128, 4) | (8,4) |48, 2.67)((384,0.7)
4 (288, 2.7) (16,4) (72, 2.67)|(144, 2.7)|(48, 2.67)|(96, 2.67)|(896, 0.6)
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wUsUTIUWIY Lz (2) anumsalil 2 doyadu
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fufdansnaaey wiadu 2 aanunisal sl
(1) an1unsalil 1 feyaguunanuszansiidan
N8R NAU LWagAIINLUIUSIUYIAY Lag
(2) anumsalil 2 foyaduunnyUszansfidan
NANANAU LazANULUTUTIURIIY

1Ag9 N1SNIUUAAINISITLADS

11910 USLBINTAN A AINBIYINY BAY

wUSUSIUANGAU

MR

v
o
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Table 4 Parameters for calculation the probability of type | error and the power of a test of a beta

distribution
Parameters (e, f)
Situations | Models
Block 1 | Block 2 | Block 3 | Block 4 | Block 5 | Block 6 | Block 7
1 (8,12) | (8,12) | (8,12) | (8,12) | (8,12) | (8,12) | (8,12
é g . 2 (10, 6) | (10,6) | (10,6) | (10,6) | (10,6) | (10,6) | (10, 6)
—5 (é 3 2,8 2,8 2,8 2,8 2,8 (2, 8) (2, 8)
s 4 9,8 | 9,8 | 9,8 | 9,8 | 9,8 | 98 | 928
§ % 1 (2,3) | (3,45 | @,6) | (575 | (6,9 |(7,105) | (8,12
g (‘; 2 (2,1.2) | @,24) | (6,3.6) | (8,4.8) | (10,6) |(12,7.2)|(14,8.4)
§a| ° 3 [ 620 | @16 | 632 | 1040|1248 | (14,56 | (16, 60
- il (3,267)|(5 4.44) | (7,6.56) | (9,8) [|(11,9.78)|(13, 11.7)|(15, 13.3)
1 (2,9.58) |(3, 10.88)| (1, 7.35) |(4, 11.69)|(5, 12.14)|(6, 12.33)|(7, 12.29)
.5 2 (2,8.33)|(3,9.36) | (1, 3.47) | (4, 9.89) |(5, 10.08)| (6, 10) | (7, 9.67)
%’ g ’ 3| (2,8 |(3,896)|(1,627) (949 | (5 956) | (6,941) | (7,9
_§ ‘g il (2,83) | (3,9.3) | (1, 6.42)| (4, 9.85)| (5, 10) |(6,9.96) | (7,9.62)
é % 1 (1,292)| (3,4.5) |(3,6.11) | (4, 7.66)| (6,9) |(1,6.76) |(4, 11.69)
% g . 2 (1, 2.06) | (1,3.5) | (3,6.03)| (4, 8.05)|(7,9.67) |(5, 11.93)|(5, 13.61)
&L 3 (5, 22.69)|(5, 17.03)|(4, 25.25)|(4, 28.97)|(7, 40.18)|(7, 44.29)|(6, 45.29)
il (1,3.01) | (3,5.54) | (4, 7.79) | (5, 10) |(6, 12.33)|(5, 13.94)((5, 15.63)
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3.1.13 Lnusi N a1sanAuaIunsalu
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Y93UUIAAE 91NN1TNRRRH @ = 0.05 BEflurae
(0.04, 0.06) uazil & = 0.10 agluz1a (0.08, 0.12)
[16]

3.1.14 ATUIUAIRINITNAADUVD A
adfnaasuii aunsaniuauauiaziiuves
AURANEIALUUT 1 asLnasivesuusadsialy
WAAYENIUATTR]

3.1.15 W3suilsusatinaaau lagsn

adfnaaaufiauisanivauaudiaziiuees

976

ANMUAANAIALUUT 1 bPRNULNUR VDI UTAEE

[

wazfifdinisnaaevasianaziiodndudiada

NAADUNANIER

3. A5n1579¥

N19398ATIUA NI UNUAUTURDULABLUY
W 2 Supou dail
3.1 NSAUINANEINITOTUNITAIUAN

anuthazdiuvasrnuRianaawuud 1

3.1.1 91aesdeyaluniazvuinlin
Us2nsAaN1LanLagUsni N1SHANLaILNLIL
wazmsuanuasdnn Wimsdmesnuiiseanis
lagmvMuUAA A Ias 191808 Ui oy (seeding
number) Wity 10 Litelinsdudeyalundadely
fanvau Taglusunsy R

3.1.2 Auanuiaadfnadausia 6 s
naaou lngldrdianiusunsy R

3.1.3 agunansufiasanyigiuinaly
usiay o lnensiuSeuiisua p-value iU o

3.1.4 ¥19190 3.1.1-3.1.3 2uATU 700
afa udmnAarsnay fuvesrnuiananauuud 1
ImEJmsﬁfuaﬂ’muuﬂ%ﬁwmmsﬂﬁLaﬁaugﬁgm’m
(Hp) fail “anuezduresaufianaiauuuit 1
= ‘if’lu’.]uﬂ%ﬂ‘dﬁ]ﬂﬂ’]iﬂﬁl,ﬁﬁ H, vile H, 1uasa +
Snundutmun”

§1ANANNITOIUNTATUANAIINUIY
Wuvesanuianaiawuudl 1 983n15MAdeU
dmduudazaniunisaliaregluasilaiivu
MlunasivesnsilSeuifisudiaianaday 1ou
LeieIuUsAal ssfeidadAnnaouuilaiy
annsalumsenuanauezureInuiaNan
WUt 1

3.2 NMSANUIUANRINISNAGU



Ui 28 avvil 6 Agurey 2563

215815 Imemansuazinalulad

3.2.1 9190990y alulAazYuInIN
Us21nsATn154aniasusni n15wanwagwnu
wazn1suankaston Tinsdmesaufisosnis
lngimuaaftaiivavguLiioy 10 Lﬁﬂﬁﬂﬁﬁju
foyalundsolufiduviniudelsun R

3.22 Aunadiaifnedouis 6 n1s
naaou Tngldrdiainlusunsu R

3.2.3 agunanisufiasanyAgiuinaly
uiaz o lnen1siisual p-value AU a

3.2.4 Y9198 3.2.1-3.2.3 9UATU 700

AS9 BAIIAISINITNAADU ABAITHUIIUIUATS

V9INTULasausfg1uing (Hy) fall “danis
NAADY = ai’mauﬂ%zdﬁumﬂﬁﬂﬁt.aﬁ H, vile H, Ll
934 + Srnuadeive”
1AgUIANEINISNAFBULRNIEAED B
wmaauﬁ'a’mﬁmmuqummu'wxLﬂumaamm
Aanaawuud 1 windu waziuSeuisurdenis
NAdBUTBIMADANAZRU DnuImIENAnadauls

o

fifdsnsveaeuasgnazilusiaifnaaeuifiian

4. NaN1599Y

4.1 AU T UVDIANURANAIALUUT 1

Table 5 The test statistics with the ability to control the probability of type | error for randomized

data with a normal distribution

Randomized data with a normal distribution
Situation 1: Same averages Situation 2: Same averages
Experimental
and same variances but different variances
designs
Levels of significance Levels of significance
0.05 0.10 0.05 0.10
1 DUN, WD, LSD DUN, WD, LSD DUN, LSD DUN, WD, LSD
2 WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB
WD, LSD, CNV, WD, LSD, DUB, WD, LSD, CNV,
3 WD, LSD, DUB
DUB, SKM SKM DUB, SKM
il None None None None
5 LSD WD, LSD, DUB LSD WD, LSD, DUB
WD, LSD, CNV, WD, LSD, CNV, WD, LSD, CNV, WD, LSD, CNV,
6
DUB DUB, SKM DUB, SKM DUB, SKM
7 WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB
8 WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB
WD, LSD, CNV, WD, LSD, CNV, WD, LSD, CNV, WD, LSD, CNV,
9
DUB DUB DUB, SKM DUB, SKM
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Table 6 The test statistics with the ability to control the probability of type | error for randomized

data with a gamma distribution

Randomized data with a gamma distribution
Situation 1: Same averages Situation 2: Same averages
Experimental
and same variances but different variances
designs
Levels of significance Levels of significance
0.05 0.10 0.05 0.10
1 DUN, WD, LSD DUN, WD, LSD None None
2 WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB
WD, LSD, CNV, WD, LSD, DUB, WD, LSD, CNV,
3 WD, LSD, DUB
DUB, SKM SKM DUB, SKM
il None None None None
5 None None None LSD, DUB
WD, LSD, CNV, WD, LSD, CNV, WD, LSD, CNV, WD, LSD, CNV,
6
DUB DUB, SKM DUB, SKM DUB, SKM
WD, LSD, CNV,
7 WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB
DUB
8 WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB
WD, LSD, CNV, WD, LSD, CNV, WD, LSD, CNV, WD, LSD, CNV,
9
DUB DUB DUB, SKM DUB, SKM
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Table 7 The test statistics with the ability to control the probability of type | error for randomized

data with a beta distribution

Randomized data with a beta distribution
Situation 1: Same averages Situation 2: Same averages
Experimental
and same variances but different variances
designs
Levels of significance Levels of significance
0.05 0.10 0.05 0.10
1 DUN, WD, LSD DUN, WD, LSD WD WD
2 WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB
WD, LSD, CNV, WD, LSD, CNV,
3 WD, LSD, DUB WD, LSD, DUB
DUB, SKM DUB, SKM
a4 None None None None
5 LSD LSD WD, LSD WD, LSD, DUB
WD, LSD, CNV, WD, LSD, CNV, WD, LSD, CNV, WD, LSD, CNV,
6
DUB DUB, SKM DUB, SKM DUB, SKM
WD, LSD, CNV,
7 WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB
DUB, SKM
8 WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB
WD, LSD, CNV, WD, LSD, CNV, WD, LSD, CNV, WD, LSD, CNV,
9
DUB DUB, SKM DUB DUB, SKM
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Table 8 The power of a test of test statistics for randomized data with a normal distribution

Randomized data with a normal distribution

Situation 3: Different averages Situation 4: Different averages
Experimental
but same variances and different variances
designs
Levels of significance Levels of significance
0.05 0.10 0.05 0.10
1 WD DUN, WD, LSD DUN DUN
2 WD WD WD WD
3 WD WD, CNV WD WD
a4 None None None None
5 LSD WD LSD WD
6 WD WD WD WD
7 WD WD WD WD
8 WD WD WD WD
9 WD WD WD WD

Table 9 The power of a test of test statistics for randomized data with a gamma distribution

Randomized data with a gamma distribution
Situation 3: Different averages Situation 4: Different averages
Experimental
but same variances and different variances
designs
Levels of significance Levels of significance
0.05 0.10 0.05 0.10
1 WD, LSD WD None None
2 WD, DUB WD, DUB WD, LSD, DUB WD, LSD, DUB
3 WD WD, CNV, SKM WD WD, CNV, SKM
4 None None None None
5 None None None LSD, DUB
6 WD WD WD, SKM WD
7 DUB WD, LSD, DUB WD, LSD, DUB WD, LSD, DUB
8 WD, LSD, DUB WD, LSD WD, DUB WD, DUB
9 WD WD WD, SKM WD, LSD, CNV, DUB, SKM
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Table 10 The power of a test of test statistics for randomized data with a beta distribution

Randomized data with a beta distribution
Situation 3: Different averages Situation 4: Different averages
Experimental
but same variances and different variances
designs
Levels of significance Levels of significance
0.05 0.10 0.05 0.10
1 WD WD WD WD
2 DUB DUB WD, DUB WD, DUB
3 WD CNV, SKM WD, DUB WD, CNV, SKM
a4 None None None None
5 LSD LSD WD WD, DUB
6 WD WD WD, SKM WD, SKM
7 DUB DUB WD, DUB WD, DUB
8 WD WD WD, DUB WD, DUB
9 WD WD WD, CNV SKM
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