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KEY WORD : COMPLETELY RANDOMIZED DESIGN / MULTIPLE COMPARISON PROCEDURES AT
EQUAL VARIANCES NOT ASSUMED / MONTE CARLO SIMULATION / TYPE I ERROR RATES / POWER
OF THE TEST
ZITHIMAWOR BUNMA : COMPARISONS OF TYPE I ERROR RATES AND POWER OF THE
TEST IN MULTIPLE COMPARISON PROCEDURES AT EQUAL VARIANCES NOT ASSUMED
FOR COMPLETELY RANDOMIZED DESIGN. THESIS ADVISOR : ASSOC. PROF. SUCHADA
BOWARNKITIWONG, Ph.D., 203 pp.

The purposes of this research were to compare type I error rates and power of the test in completely
randomized design for 4 statistics in multiple comparison procedures at equal variances not assumed, namely,
Tamhane’ s T2, Dunnett’ s T3, Games-Howell, and Dunnett’ s C when each population had equal variances not
assumed and normally distributed using @ = 0.05. Sample sizes of concern were to be equal and unequal. Each
category, data were simulated for 3 to 8 groups with small, medium, and large sample sizes. For each statistic under

experimental situation, the Monte Carlo experiment was repeated 10,000 times by MATLAB 7.0.

The findings were summarized as follows:

1. When the sample sizes were equal, 3 groups, 4 methods, Tamhane’ s T2, Dunnett’ s T3, Games-Howell,
and Dunnett’ s C can control the type I error rates in every cases. When k increased, 4 groups, 4 methods can control
the type I error rates in the only small sample size case. When 5 groups, 1 method, Dunnett’ s C, can control the type
[ error rates in the only small sample size case. For 6 to 8 groups, 4 methods cannot control the type I error rates and
the type I error rates were higher than criterion in every cases. For unequal sample size cases, 3 groups, 4 methods
can control the type I error rates in every cases and k increased, 4 groups, 4 methods can control the type I error rates
in the only small sample size case. For 5 to 8 groups, 4 methods cannot control the type I error rates and the type I
error rates were higher than criterion in every cases.

2. In every procedures, power of the test would be increased according to the sizes of sample by increasing
treatment effects B power of the test higher than treatment effects A in every cases. For 3 groups, Games-Howell
method gave the highest power of the test in every cases. When k increased, 4 methods, the type I error rates were

higher than criterion in every cases.
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1vs2: icljcz = M@ + (-1)(0) + (0)(=1) + (0)(0) =1
1vs3: icl Cy; = ((0) + (-1)(0) + (0)(V) + (0)(-1) = 0
s 42 3161,y =0 DO + O 1) 10 ) =1

2'vs 3 Z:CZJ.C3j =MO)+OO)+ DO+ (O)(-1) =-1

25 4:3.C,iC.y = W) + O0) + (-D(-3) + O)(- 1) =15

3vs4; ic“c“ = (0)(1) + (0)(0) + (1)(—%) + (—1)(—%) =0
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v o = ~ v oA 4 o v A4 ) = = a 1
aviumsilSeufisumnvisdumnddumslsevionddass uanis
4 [~ a J 1A d
wisuifevuou liidumsilsemfeudasznelungumsnlSeumisuuuogniiuly 14
1 = = 13 A [l = = P A & o A o [ £ 1
dyunnmsSeuien luiludass wu msuSeuieumnuilsdumnaes dmiuniangy

1 = [ o ~ ~ =l =} I =l =\ a & [ o I
AuRaY J M EﬂTL!Tlﬂl“VI?J”If‘I“I/IQ’WllfNﬂ”liL‘]J'iEJ‘U!,“I/I‘c’J‘U!,‘]J“lﬂlfﬂ'i!f]JifJ‘]JL°lfIfJ‘]JfJﬁ'§$ FaunazouLllu

J-1

3.4 YszanvesananiylumsnlSsumeuidaton
Toothaker (1991) N1 AIUNTIVBIAAYULIFIFOUVD I ITO NI
Y ] ]
nSeuiieuwvganivinnuuanais Tagia lUvoeada e Kirk (1995) Tanan MAiunuiilu
=1 ~ 1 1 9y Aaa o (% d! % dyd
manfseuieunygudiulvges Isananaladaniiann 3 A Ao
3.4.1) t Statistic
o [ = = Y 9 [l d' d‘ [ 1 o 1 A
disumanlieuiieurzasaniiudoya 3 9619 NNBINUNQUAI0EN AD
[ A 1 1 o 1 3 A A 9 09/'
Aunde Manuulsdiauuaznisniavesnguated il unuulng iWensudoyans 2

9 [ . Y dy
HAITIWITONIA t Statistic Ilﬂﬂ\iu

a A =
ﬁNN@]ﬁTuﬂﬂﬂﬁ@UIﬂﬂ R3]
H,:w =0

y =Y, =Y, amsy j=j

=).

1 v 1 < Y
mslSeumeurianauls sudullarutonnauilosduuss ANOVA
1 o I~] a 1y B ~ o a 9
anuulsdsrumnuuaniluddse t Statistic aw1soNzimsnadevauuagiula

3.4.2) q Statistic

9
a

QY ax & aa A = = A .o A
L‘]JM’J‘E‘HuﬂuﬁﬂﬁWMﬂWHm@ﬁﬂ?ilﬂiﬂmﬂﬂUWﬂﬂm 71D Range Statistic H79

9

Studentized Range flg Yiyuasil
q= Yj -y
MS,,

n

sy j= '

1 a o Y o [ H
Studentized Range 32 A1W151ies Ao J AU S1IUveIAURAY 1Az
df 911519 Tldidend 115y @ =0.05 naz a =0.01 drvsumsilieuiiensiegd

E4
v o v Y [ 4
ANVANUNUITIEHIN t NV q Statistic Al
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o 7% QYo% 1
J2 o [Ms, 42
n

A o

1 A v < v oA
ANuuANA1Yedaedzluuy An t  Udrdwuanlszinaauiisauny
nasguveImslTeuiioy sufedady Y o =2 dmfumanlFeuieuseg vasiq
v v I 1 A & A = = ) o
aauilualsznunnuaaianaounaigiuvenieauag lumsnlseuney dimsy
maulSeuiieusieg Y ¢l iy 2 mag C, Ao Luaz —1 dwmfuaosdundoiisums
= ~ T W S 1 A o A [ 21’ yo 7 I 1 A
nfFeuiney tagminuguenaARasdIdu AaiuAIdILYl tiluaAnlszinaunnuAaIanasy
WIATFIUYDIANVUANANTLHINANR DU IADINGUAIDHN
3.4.3) F Statistic
= = 9 N . 9 [ = =) dyd
vumslseunsungald F - Statisic  dmsumsaSeuneu F 0
v o Jdo R A 2 [ 3 =" =" = 1A @
ANUTUNUTNUY t Statistic AD t = F AIUUIIUAT Degree of Freedom eenuae Tua ey
v J I o 1 % 1 ) o
INFIENNATF Statistic WudadIuueIa09 Mean Square A9 M19A1 F Statistic d115UNT
= = 3 o 1 o o = = Y
nfSsumeuudadiuved Mean Square  dmiUmMslSemen1sale MS,, #WasINVOY

o o o @ 14
Square 1182 Mean Square d145UMaToUNon 1150 NUANNTUNUT £ =F

J
L, w=w X cin
o W=v) _ =

= l_F
MS,, <& MS,,
e
;,

n

I [ 1
NAFUNS W512 F i udaaiuueaaod Mean Squares 19

J
SS; =MS, =@ —y)?/| D ci/n

i1
NAMS uag SS MAU N1 Degree ‘of Freedom INEIAABITIHNSUNIS

wSeumey

'
L

M31/581MeUNY ol (Multiple Comparison Test) 32I38N0NDH1M LI N3

4 o

I~ ~ 1 d‘ U 1 9 4' U a =Y o
L‘]Jifl‘]JWIEJ']JﬂHﬂaEJizVI’JNﬂQN 1o nun F anmsaasizianuudsisiuiidednnnie

g

-

aa & Y a Ay A 1A 1 oAa a ' '
A0 FIADIADUTUUATIUNITIVYLNYIIN Nﬂi%%?ﬂiﬂNﬂQﬂJﬂi\lﬂﬂﬂafJLWIﬂ@]Ni]"IﬂﬂQEJ@H 1959

e

[

] 1 1 Y A A v 2 9 Y = ~ £ o Y ax
th“VliTU’ﬂﬂQiJclﬂ‘lJN‘V]ﬂJﬂWmaEJG]NﬂLl %Qﬂ@ﬁiﬂfﬂﬁlﬂiﬁ]ﬂl%ﬂﬂ‘v\lﬂﬂm G]N‘I/H]lﬂ 295 AU
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250 1 My)Teuneunuu19KY (Planned or Priori Contrast)

I~ a an 9y 2 = 1 A 1 A o Y 9

Wumataisms lnlSeufiouaundovesnguilszanninsimualiarani
1 a 4 = ~ 1 = 1 d'alaw
AAUMINATIZHANU 55U TasnslTeumeummzaundsvesuanguigideanle

Y

WU

an A =) ~ o ..

9 2 MsulSeumeunierag (Post Hoc or Posteriori Contrast)

I a H 1 { 1 [ a

Humaiiadldulfeuieunnatevesnguilszrinsvasnnmsldfas H,

= = ] 1 a oA d Y
manfseuisuanuuanasvesaunasnnnguimiullla

Qﬁd' o = = a Y ‘d‘ = ‘ﬂ' d’ U V' o \
35 aaanldlumsimmstalSeuiewdeadeui ludinewlufsanumsmnuvesm
anuulsisau
3.5.1) Tamhane’ s T2 test
I ag = = Amt) ~Aq Y = ~ v o o
Wuasmanlseumeniraseunlslumsnlssumeunenasdimiunsg
=~ = J aa.z‘ @ d? & dy 9 an dy
Ssumeusegnavug WAy 1ag Tamhane  (1977)  FINUFIUMIATIITNAAOV
ARBAAINUADA Bonferroni t A0 19I5 NATBUAIINUANANVYBIAURABUUD 2 NQY TUANHUE
= [ = 3 Ja LY A A Yo
PEINUNUNITNATOUNNATY 9 ATI HAZ1FITHUIIATIANNAAIAATRUNIY IHAUNS
9 [ 1]
NATOUUAAZATY 1NDAIUANDATIAINAAIAIAAOUADYANITNAAD 11 1R uInN19R51
i1 ] 9
ANuAAIAAAOUNIZY d115UITV09 Tamhane’ s T2 7 9z l¥msnageunuLAna 19904
Aunduegatemaiaves Welch (1938) iie 1 19 IdilionaunisUsruvesllszmnnsuanaig
@ I d o
funaz 1¥oaunsnaguues Sidak (Sidak’ s Multiplicative Tnequality) 1 unasisimualuns
1w A A Y 1 ~ = A o A 1
HNgATIANNAMAINABUN LY IHudazMI)Toumay enIUANTATINNNAAIANTD UMD
1q Y ' v A A
gaMInaaed linnndvesnnuaaanonszy
Y (v a a o 1 3 I a 1 3 {
Tamhane (1979) 1@15u15935nsAndamyuanuiuoase 1dieiu Taolasu

9 3 3 a a =
nnmslsviiasuanuilueasslumaiinves Welch o

A4 A4
; O-j’

2 1 + 2 1
ni(n; =1 nj(n; -1

Y
A A =

I ' ~ qﬂjl A
Wy v =n;+n;, -2 lupnensal Mathitiesannsaianuudlsisiuvesszansvevuia

9
T @ ' ' ' 1 @ ] 1o I a ) o
ﬂqumaﬂmmazﬂ’qmmﬂ@Nﬂu"laJaJ”m m%ummgﬂuaﬁimzﬁﬂﬂ% nj + nj, -2 a1msuy
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A3tz e v/ = n,+n, -2 +1 Tamhane (1979) RS UAT AN T D Ury uag
Wiggins (1971) nanfe w14 v/ =n, +n, -2 diodeyaiulumuidonlvediedon 1 ¥o 1u
4 Ho uenmiioniniivy Wauanuiusaseitmualumaiinues welch aatoulv 4 9o
Mruaai

1. 9/10<n;/n; <10/9

2. 9/10< (62 /n,) /(62 /n,) <10/9

3. 4/5<n;/n, <5/4 waz 1/2< (5% [n)) /(G5 /n;) <2

4. 2/3<n;/n,<3/2 uaz 3/4<(65/n,)/(G; /n,)<4/3

UM INANMUVDI Sidak
. Y ) £ o vy &
Sidak (1967) llmﬁuaaﬁumiwa@mmm Sidak @aimuan 1Y =(Y,,...,Y, ) du
J a I Aa a o = J 1 ~ <
NAMDFIFIGUNNNMININUIW VDA a8l BAWOTUDIAURAY (Mean Vector) 111
4 3 S & [ 2L < o 1 { g a 1w
gud waz R ={p,} dummSndanduiugla 9 &1 S iWludulsquniudaszdonu uag

= 2 ) v o Y 14
dmsmnmaeuy y} /v, Mususauan a,,....a, 1o udr0z1a

P(l\;llgal,...,ws < j>HP(|Y| j

Jq 9 o v A ~ £ 9y ~ qgj
miﬂizEJﬂGﬂ“]fﬁ’Wii‘]J’JﬁLﬂiEmm‘t’J“iJ‘WV!ﬂm"U?N Tamhane (1977) ¥4 1915191901

a ' |Y | A ~ v QSI’ o o q’j |Y|| Y
WITUIA1 P <a; | 19 MINATOUN (t-test) HAATATIUUIDI ANUUDIILNU —— AY
S S

|t, | oerums Ao
m
Pt < a ol ty, |< am)ZHP(lti I<a)
) o =l =} Ao ) = = < a [ A 1
disumaSeuienwigunisiuay m-msalSeuiey suiludaszaenunie
I A T W 1 = = A @ o cu
Hudaszaenu tasnadouuaazmsilTsumeunssautivdnamIny. «, (i=12,...,m) a2
k4
1811 P(It, < @) = 1- ¢, dainodunIs Ao
m
P(l ti |S al""’ltm |S am) Z]i[(:l-_a(i)
i=1
Wnsan P(t [<a,,...|t, [<a,) Ao Temafe Limaanuaaiamaeunuui 1

Tumsnagou m msnlSeuiouniounudie 1-ay, 1o ag, Ao 9ATIANUAAIANADU

9
ADYANINAADY AIUUDAUNIT D

lI-agy 2 H(l_ai)
i1
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v A o 1 = ~ o = ~ A &
HUAND @ﬁiJﬂﬁﬂTﬁuﬂ’JﬂuﬂﬁlﬂiEJUL%EI“]JW“I’!ﬂmﬂWH’JU m ﬂTﬁL‘]JﬁEI‘UmEJ“U‘VIL‘]Ju
a 1w A 13 A 1w A 1 a A A
ﬂﬁi%@l@ﬂuﬁ‘i@hlillﬂu@ﬁizgmﬂu I’é)fﬂﬁ‘ﬂi]%lliJLﬂﬂﬂ’NiJﬂQWWﬂﬁf]ull‘UiJ‘Vl 1 Gluﬂﬁ‘ﬂﬂﬁf)‘ﬂ
=) = Qa: =) = 1 A 1w d' (=Y
mslseumeuns m mslseumey ﬁ]$3J1ﬂﬂ’NWi@mWﬂUWﬁﬂﬂ!"lﬁNI@ﬂWﬁﬂi]%vlﬂJLﬂﬂﬂ’NiJ

A = a A ' 2
amanaounuun 1 lumsnageumsiseumeunnazass

o d‘ Y o U I '
msannanlydmiumsnlsaunausien
HAIINMIAIANLANA1VBIA IR RS D 18E 13111AIANIANA YDA 1R AE5 1Y

1 E4
quaazg llSeueunuainga Fedaual

w(T2)=tDS,
E,C,v
1o tDS, = MnewNNMINi NlFeaunsnanmves Sidak
—.C v/
2
nag C=p(p-1/2

A o Y

manfSeueuneguaazgesiveddglon1nNuIANA 1Y IR TET W IAAZ 1)

o

AN (T 2)

maenlglumsnSeuineunigaisves Tamhane’ s T2
~ Yo ad Y] dgl £ J ~
@15 19N 1¥N VATV Tamhane’ s T2 WAUIYU 1A8 Games (1977) FUTUA1519NUTA

1A Aq ¥ . A (Y A = Y 1w

A1 (1) ﬂi%@ﬁuﬂﬁﬂﬁﬂmﬂlﬂﬂ Sidak maum@m3mamﬂmmﬂa@umxuimmﬂunﬂmi
= = A i dy 1A 3 I a

sy A9 @, =1- (L—a)™ M3 HUILUAAINNNINIUIYDITUANUT UDATE 2(1)

30, 40, 60 4ag 120 vazduIUMslseuiney 2-50 msulseuney

M10819 IDNATOUVD Tamhane’ s T2
Aarl A & A @ = S & FY 1A
AUVANTNINAABINUIT 4 TZAUNTNUUA T3 lanagaunu Uauulslsiulu
] 1 % = Qady 2
Uszans ldm iy TMadanugIUAINITN N,

9 A [ ~ 4
Yoya o n =10 lunnszAuveInITnNuA
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Y. =830 Y., =9.50 Y., =14 Y. =16
6. =20.01 G2 =99.94 G2 =40 62 =231.11
MS, ., =97.77 df =36
nndeyainnminas e undeudazg 1anine .
A9 V. LAAIHAANUBIA IR A8 10E
Y., Y., Y., Y.,
Y. i 1.20 5.70 7.70
Y. - 7 4.50 6.50
Y, = = - 2.00
Y., - - - -

Wan1319 Percentage Points of the Dunn-Sidak Multiple Comparison Test

Lﬁ@ g=O.05
2
C=p(p=D/2
=4(4-1)/2

=6



awlSeuiieungu 1 /o 2 9'la

vi= ~2 J J ~2
Gj N Gj'
ni(n;-1) ni(n; -1
\ 10 10
~ (20.01)° = (99.94)>
10?(10-1) 10°(10-1)
_143.8800
115427
—12.47
Faldnn tDS 05012 = 3.14

GwsumsulSeuieugon 9 i la laemsunus liiazg)

UNUA tDS 4561, =3.14, N =10, 67 = 20.01 waz &7 =99.94 avlugns

y 20.01 99.94
1214 = = =
10 10

=3.46
A (T 2) 1ngas

J(12) =08,

5

wld = (3.14)(3.46)

=10.86
HavoIMInadol lALaAIRInITIa A,
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MIN A, UAAINANINATOUANNATIU IABITNATOU Tamhane’ s T2

T =) = \ J d’ \ ~ U A
naal3sumeay WaMaUBINUNAEL My (T2) msnaaule

1112 1.20 10.86 not significance

9
Auguil lunnnaunlFeuiion

YOUNAIDGILNNIAY TAoUnd1909A1519 . ANATINITNAY LAZIRNVUIANGNAIDE1
4 4 o [ [
NI e n =30 udasmualianuilsdsiuves 4 sedunsnwudily 1.0, 2.0, 3.0 uag
4.0 MUAIAL
dwlSoudeungu 1 dv 29214
2
10 20
£A. .. _I_i
, 30 30
v 2 2
€.0° . (20
302(30—1) 30%(30-1)

=52.20

~ 52
Falden tDS 4565 = 2.74

GwsumsulSeuiieugou q Mldlagmsunuealiiazeg)

UNUAN tDS e 65, = 2.74, =30, 67 =1.0 uag 67 = 2.0 alugas

7 (T2) =tDS

CV

NR

Tasunumnguulseumeon 1 01 2 Tugas

M 10 20
2218 = ‘/—+—
30 30

=0.32
A (T 2) 1ngas

J(T2)=1DS,
E? )
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wld = (2.74)(0.32)

=0.88
Fansuil linng)

Wﬁsll@QﬂWiﬂﬂﬁ@UUlﬁllﬁﬂﬁﬁ\i@ﬁN J.

M3 9. uEAINaMINadoUaNNATIU 1A T NAEO U Tamhane’ s T2

nafSeunay Ham3uer M 7 (T2) msnaaule
11U 2 1.20 0.88 significance
1113 5.70 1.02 significance
1104 7.70 1.13 significance
21U 3 4.50 1.12 significance
2114 6.50 1.23 significance
30U 4 2.00 1.31 significance

3.5.2) Dunnett’ s T3 test
9 ag , dy o dy A g
N1ITNATDUAIYIT Dunnett” s T3 U WGJJHTEUHIQEJ Dunnett (1980) LW@L']JL!
ad 1 1 d‘ dd’d
TJTJﬂTi‘Vlﬂﬁ@‘]_Iﬂ'J”Ill!’mﬂ@"l\‘lﬂl@\iﬂ“ﬂﬁﬂ‘]]@ﬂﬂig“lf"lﬂﬁ °lummmmmmuﬂiﬂi’mmmﬂimmi

T v d! = v dy
Ty galigiuuuast

A = ~
we  mT3 unumsnlseuneunygaved Dunnett’ s T3

Y, unuAunasvesngy j

Y,  unusundevesngu |’

&2 unumanuualslsiuveangy j
j 1)

6f  wnumanuulsdsuvesnqy j’

N,  UNUTIUIUAIBENVBINGY |

N,  UNUUIUAIDINVRINGY |’
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Y a Yo o w I a 1 A Y aa
moeldauudgiulsvedingy H, 1fuese nanfe g = u, wdrdnanaaou
Dunnett’ s T3 test 92 NANHULAITUINLIIUY Studentized Maximum Modulus Distribution of
~ 3 a { 3 a
k No3maNuiudase (Degree of Freedom) (C,v') Tagnosrnanuiludase (Degree of

o’/’ [ 1 Ao A . Y J
Freedom) 1 11 ua1na1uIa Iae 5u09 Welch’ s Modified A1)

~4 ~4
O . Gjy

2 + 2
ni(n; -1 ni(n; -1

4 v A a 4 { 1
aamsanaulaszlgues Hy o ImT3=m, ., Tash m ., Ao A1

[ @ [

INANIAA1519 Studentized Maximum Modulus Distribution NU35AUNST1AYLAZDIAIAIIY

9

dludase (Degree of Freedom) (C,v") euaial

M0819 ITNATDUVDY Dunnett’ s T3
arl A 2~ [ = S & Y 1A
AUUANTNINAABINUIN 4 TZAUNTMUUA T3 lanagaunu uauulsilsiulu
] 1 % = Qady QU
Uszns iy UAnadaNUFIHAIAIT 1 N,
9 A 1Y =1 4
Yoya o n =10 lunnszauyeaninuua

Y

1 aa Y J
AN N. mﬁmﬁugmmmmwﬂam 4 SZAUNTNUUA

Y., =8.30 Y., =950 Y., =14 Y., =16
52 =20.01 52'=99.94 G5 =40 &2 =231.11
MS,,,, =97.77 df =36

MNPy AIMIHAA N YRIA IR ABIARLE 1ARIA1T1 v,



M9 V. UAAIHAANVRIANNTYITIYY)

42

Y., Y, Y., Y.,
2 - 1.20 5.70 7.70
Y., N 7 4.50 6.50
Y., — -~ - 2.00
V. - - - -
MuUIUMADANATIY

mT 3=

dnlSoudeungu 1 nu 292 ld

1.20

mT3 =
[20.01 N 99.94
10 10

=085
@msumauSeuiiougou q flalaemsunua liiiazg)

AINYA My .,

C=p(p=-1/2
=4(4-1)/2
=6
~ ~ 2
(G?ﬁ]
L n, n;
ol &4

J J

nz(n, _1)+ na(n, —1)
] ] J ]
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_ 10 10

~(20.00)° N (99.94)°
102(10-1) 10%(10-1)

_ 143.8800

11,5427

=12.47

(20.01 99.94]2

~12
11)An1519 Studentized Maximum Modulus Distribution i & =0.05, C =6, ' =12

awlamingd iy 3.09
E2
@il lnng)

NAYDINMINATD IALLAAIFINIT I A,

M A, UAAINANITNATOUANNAT U IAITNATOU Dunnett’ s T3

ngafSeunay Mada ANNgA msaaaula
1012 0:35 me.c1, = 3.09 not significance
10U 3 2.33 T = 287 not significance
17U 4 1.54 e — M not significance
2013 1.20 M 56,5 = 3.00 not significance
2 U 4 1.13 m 616 = 297 not significance
311 4 0.38 M 5615 = 3-09 not significance

YDINAIDIINUAL 1ABYDB19DIA13 19 4. ANEVIT AU HAZIANIUIANGUAIDE
3 4 Y o o EA~]
WU e n =30 udimualiianuialsilsiuves 4 saumsmuuaiiiu 1.0, 2.0, 3.0 tay
4.0 MUAAU

dwlSeuidieungu 1 du 2 918
1.20
1.0 20
7.,,_7
30 30

=3.75

[

@msumanlSeuiiougou q ilalaemsunua liazg)

mT3=
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AINGA M ge.c
C=4(4-1)/2
-6
(1.0 z.oj2
7_'_7
, 30 30
1 %
(1.0)2 N (2.0)2
30%(30-1) 30%(30-1)

=52.20

~ 52
11)An1519 Studentized Maximum Modulus Distribution 1 « = 0.05, C =6, v' =52

Y
vz 1daangd iy 2.74 Gisuil lilnng)

NavDINMINATa | AUAAIAIAIT1 9.

M Q. LAAINAMINAdoUaNNATIU IAITNATOU Dunnett’ s T3

ngfSauinay Alaaa AnINgA msfaaule
1012 3.75 m.cs, = 2.74 significance
1013 15.41 - ] significance
1 N 4 18.78 R — 2775 significance
2113 10.98 m o656 = 2-73 significance
21 4 14.44 M5, = 2.74 significance
30U 4 4.17 m 5657 = 2.73 significance

3.5.3) Games-Howell test
Y Y
MINAADVAIIT Games-Howell T WaI131 Iae Games t1ag Howell (1976)
A I as [ 1 ~ [ A A A
moluITmInadeuaNuLana YA uRdslszsInTaeIngy Tunsanianuuilsilsiu

) 1 5 d! = v dy
woaszans iy Faligunuuasil

gGH =
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d’ = =
1yo QGH Lmuﬂﬁlﬂiﬂﬂmﬂ‘u‘l"l?jﬂmﬂl@\? Games 1o Howell

Y, unuAundevedngy j

Y, unuaundovesngw j’

A2 1 1] ﬂ 1 -
6t wnumanuulslsiuvesnqy j
65 wnumanuulslsuvesnqy j’
N,  UNUIUIUAIDENUDINQY

N, UNUIIUMLENYeINgY |’

a ¥ o w < a 1 aa
meldauuagul$iieding H, Wuese nande g = 4, ndradanadou
a S a , = 3
Games-Howell test Ho3enANMTNOATY (Degree of Freedom) (p,v') lasfiosmaumilu

a qg.ll I Ao = . @ J
9652 (Degree of Freedom) W 1Tl umAd1u2a 1ae25409 Welch’ s Modified A1l

2 1 + 2 1
ni(n; =1 ni(n; -1

I8 v A a 4 { 1
inaansanaulvezlpas Hy e [gGH| 2 q,.,, Tasd q,.,, A0 A1

a a

An0ANITIAMI19 Studentized Range Distribution filiTzauiiddauazesmanuiludasy

(Degree of Freedom) (p,v') aua1au

M20819 ITNATDUVDI Games-Howell
anlr A & A Y] ~ S R Y =
AUNAINNNTNAADINTAN 4 TZAUNTNNUA T lanaaounu Uanuulsisiulu
1] 1 Q = 1 QQdal Q/
Uszans iy TAaDANUgIUAIIITN N,

9 A [ =~ 4
Joya o n =10 TunnIzAUVBINTNINUA
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Y. =830 Y., =9.50 Y., =14 Y. =16
6} =20.01 G =99.94 G2 =40 62 =231.11
MS, ., =97.77 df =36
nndeyainnminas e undeudazg 1anine .
A9 V. LAAIHAANUBIA IR A8 10E
Y., Y., Y., Y.,
Y. i 1.20 5.70 7.70
Y. - 7 4.50 6.50
Y, = = - 2.00
Y., - - - -
MuIUMTDANATDL

dnlSouieungu 1 fu 2018

1.20

qGH =

(20.01 99.94)
SR T2
10 10

=0.49



AINA 0.,

Tash o =0.05 p=4, v'="1491n Welch Modified 1¥11R821 Dunnett’ s T3

4
A9iu92 1A G541 = 4.20

Y
@ranguii lyng)

Y @
NaSU@\iﬂ’]i[V]ﬂﬁf]Ul’lﬂua@\iﬂ\?@'ﬁ’N fl.

M3 A, LAAINANTNATDUANNAFIU IAGITNATDY Games-Howell
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ngulSaunay aaan AnNgA mfaaule
1112 0.49 Aoos.412 =420 not significance
1013 3.29 Qoosate = 4-05 not significance
1 N 4 2.17 Qoosan — 426 not significance
2003 1.70 Qoosays —4-08 not significance
2N 4 1.60 Qoosane — 405 not significance
3N 4 0.54 Qoosarn =420 not significance

% L} A a Y { 1 9 Y A ' o ]
UBYNAIDYTUNNLA Iﬂ‘(’l"l]f]@NﬁxWﬂiN Q. ﬁﬂanmmmu LAagWNUHINNQUAIDYI

9 1 - o ¢
WINVY e n = 30 udddvualianuualsisiuves 4 sEaunsnwudiiv 1.0, 2.0, 3.0 tag

4.0 9IUA1N1

dmlSouioungu 1A 2 918

AINA 0.,

qGH =

1.20

(1'0+2'Oj/2
30 30

5.37

Tash o =0.05, p=4, v'="1421n Welch Modified 1¥11R821U Dunnett’ s T3

4
AU 14 Ggoges = 3.76

Y
@wranguil liyng)

Nasll’E]\iﬂ”livlﬂﬁ’f]ﬂblﬁllﬁﬂﬂﬁﬂﬁﬁN J.



M . HAAINAMINATOUANNATIU IASITNATDU Games-Howell

ngulSaunay Aaan AINgA mfaaule
1012 5.37 Aogsas = 3-76 significance
1013 22.08 Qoosaus = 3-78 significance
1 N 4 26.67 Qoosaas — 3-78 significance
2113 15.59 B s = 3.75 significance
2N 4 20.55 e — 3-76 significance
31014 5.86 o rmes 3-75 significance

3.5.4) Dunnett’ s C
Y an 5 491 o 421 I ax
MINATOUAIEIT Dunnett’ s C H WaIL1YY 1A Dunnett (1980) 1111355
: w1 : o
NAADUANVUANANYBIAUR AL szHINTaRIngy  Tunsanlanuulslsivveslszying

] 1 5 d! = e dy
T Fadigunusail

e  qC  umumsnlSeumeun e Dunnett’ s C
Y, unuAunasuedngy j
Yo o cunvAunfevesngy
&2 unumanuualslsiuvedngy
j W)
ol cumumanulslsuveangy j’
N,  UNUNUIUMBENYEINGN |
N, unUIUmLEveINgy j'
5] S
Qoipws| 7 [T Qaipry|
D - n, n;
Annga qC,., = >
O'j O-j’
74_7
n, n;

Tagh  q,,,,, = MINQANTAAITI Studentized Range Distribution
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115} o = Familywise Error Rate
P = UIUVDIANRAS U Family
v, =n;-1

J
A ]
Auriuazluerseundgiu Hy e [qC| = qC,,.,

A9813 IDNATOUVDY Dunnett’ s C
Al A & [y =l ¢ & FY 1A
AUUANNNMINAADINITIN 4 TEAUNTNWUA &9 lanaaounu Januudsilsiulu

L} 1 % = QQtﬂal o
ﬂiwmiulmmﬂu UMTADANUIIUAIAITI N.

P} A 9 ~ 7
Yoya 1o N =10 TunNIgAuVDINIT NINUA

F4

J an @ J
A3 N ﬂ1ﬁﬂﬁﬁuﬂ1uﬂl@iﬂﬁﬂﬂﬂ®\‘l 4 ‘i&iﬂ‘Uﬂ%‘ﬂlﬂJuGl

Y, =8.30 Y., =950 Y., =14 Y., =16
&7 =20.01 G2 =99.94 o7 =40 62 =231.11
MS,,,, =97.77 df =36

MNdoyati IR YDA IR AoLAAZE IAAIA1T 19 V.

M319 V. UAAIHAANNVRIANRTYT 18T

Y. 7., Vi Y.,
2 - 1.20 5.70 7.70
Y., - - 4.50 6.50
\ - - - 2.00
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dwlSoudeungu 1 du 2 918

1.20

20.01 99.94
oS ey
10 10

=0.49

ool =21+ 0,, .| =
aip i apyvi
- n; n;
0"_2

0 P47 o
O'J-,

AINgA qC
N
n, n

Tavi q,,, 1d919M31ilaA1513 Studentized Range Distribution

o @ =005, p=4, v, =n, —1=9 121§ qyp., = 4.41

4.41[ 20.01) s 4.41(99.94J
10 10
4C., =

N 20.01 . 99.94
10 10

9
v

umInga

=441
o 1 da‘ \ U
@uranguil lilyng) agdwamsnagouasniig a.

M3 A, LAAIHaNINATUaNNAT 1L IAeIENAT 0L Dunnett” s C

nguil3aunay Aann AINgA mafaaule
1712 0.49 qCy 54 =441 not significance
1013 3.29 qCp s, =441 not significance
1 N 4 2.17 qC s, =441 not significance
2013 1.70 qC s, =441 not significance
2N 4 1.60 qC s, =441 not significance
31U 4 0.54 qCy sy =441 not significance
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YDINAIDIIUNUIAL 1ABYDDNDIA1T 1 U, NNA1NTNAU LAZINNIUIANGUAIDE

P ' o o d
1Y e n =30 udrdrualianuulsisiuves 4 seaumsmuuaiiu 1.0, 2.0, 3.0 tay

4.0 MUAINY

dwlSeuidieungu 1 dvu 2 9218

qC = 1.20
L0, 20),,
30 30
=5.37
5% G
qa:;p,vj ~& +qa;p,vj,
Ca A n; n;
113NN qC,., = )
S Oy
n n

Iﬂﬂ‘ﬁ Quip, 1821AM311An1519 Studentized Range Distribution
o @ =005, p=4, v, =n, —1=29 14 gy, =3.86
3.86 o +3.86 20
AP 2R 0 30
e (1.0 2.0)
7_'_7
30 30
=3.86
@wranguiililnng) agdwamsnagouainisie .

4
MUUAINGA

M99 9. HAAINANITNATDUANNATIU IABITNATOU Dunnett’ s C

ngafSeunay Aaan AINgA msaaaule
1 12 5.37 qC 54 =3.86 significance
110U 3 22.08 qC s =386 significance
17U 4 26.67 qC s =386 significance
2013 15.59 qCys.s =3.86 significance
2114 20.55 qCy 5.4 =3.86 significance

3nu4 5.86 qCy 5.4 =3.86 significance
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{1 1 [ a { 1 { o o 1
lunsanamanuivziuvesnnuranaauun 1 ogluveuwanssydmsuuaay
I o 1 3 S 1 [ a { Y 1
NUNNTMUA 3zdoNMINaToUluTAIANNIIITuYeInNUAANAIALUDA T MIAUA
Ao 1 [~ a {
a Nfmua (r=a) wazannsanruguanuiaziuvesnnudanaauuun 14

% Y

AAUN 5 PNANIHAzNINN IV

v 4
NNMIANEINUINGARIUNIND D OUIToaIU 1M IMIIVeITINAaDIaLNITINY
Fad1sninigiimanageuanuivieding ludundsueslszmninTedeailiimsia
o ~Aq Y 1 T v ' = o o 9/ Aq ¥ 1 @
N3 (Treatment) 1% IupgiazNaudldeuMITanszi latien ldwananaiany Tums
a d' [ 1 1 d‘ d‘d 1 1 4? 9
NAOUTUUATIUNGINUANUANA19YDIA IR BBV 5zaNnTNTNINNI 2 nguau 11 vz 14
a 4 4 o [ 1
M3 AATIEHAMULLTUTIM (Analysis of Variance: ANOVA) 10#1m3nadouaIng 1 1az i
o Y a a [ A 1 A 1 1" v A
Mmsnadeuua pasanuagiunan (H,) 7191 Aunaesvedlszsnsnanguminumie
Hy gy = g, =...= i, 1A ANDAE0819T08H HINGUIZUANANIINNGUOU FIRIT084
= n Y [ o A 1 d' 1 9 d‘ 1
ajis1eaziden lildi1 wavinnisdanszilanioaunaevesilszaningulatheafiuanaig
nu givedosiiminageuiieandulade li Aundeveslszanningulalumiiuiig Tag
IYa = ~ a 9 A =\ = ) = [ 1 dy
1935 nsnlTeumeudetounsonisilssumeunas n151fJeumeudina1dil Toothaker
1 1 I = = 1 A o a Y 1 A & g
(1993) na11 Wumsnlseumeuannae k 9191 lugilvesnasuFuduvesnunay Fuily
1 [ 1 H 1 1 3 o 3 1 [ 1 {
ANUUANANTTUINAURAG 2 A1 VoA IRAY k 314U W30 UAMNIANANTENI A NDEY
& 0w 1 A v A A A =)
HINANUANNAGVDIAURATDUNINAD
Y] aa 1 Y o a 9 an ~ ~ a 9 A ~ =
WnadavatemulananaaauismalieuieudidounionislTouiion
wyge 3vainna1eds e Kirk - (1995) - 152159013 Tumiisde Experimental  Design:

g ' ' ' 3 1A
Procedures for the Behavioral Sciences t11a1)u 2 ﬂquiwmu o ﬂqmliﬂl‘ﬂuﬂ’qu?"ﬁmi
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{ g g 1 [l 1 [
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. an = = 1 dyd an 1 Y
(Homogeneous = Variances)  3sm3atfTemiiounyaa lunguiiiiva1sds uua iy ns
115 sV eVIUUINWMNUAINTN (Planned Contrast) 11 Dunnett’ s test 1482 Holm® s test 1A%
M35 euNeuN 18183 (Post Hoe Contrast) 13U Tukey’ s test, Fisher-Hayter test t46i& Scheffe’ s
I~ 9 1 VoA A 1 Aag =l = ~ [~ 9 dy 9
test 1udu drunguitdes Ao nquasmsnlSeuieunygu ludullawdoanaudesdn
' aa A 1 % . adn =) I
VDNATETDHN AD mmuﬂiﬂiaummu (Heterogeneous Variances) ’J‘ﬁﬂTiL‘}JiEI“]JmEJUWﬂﬂmGlu
Y

1 A an 1 9 I =l )=} 1 9 [
NANUNNAYID um”lmﬂu M5 UNI VLD UINURUA TN (Planned Contrast) (U

Dunnett’ s test with modifications (i6iZ Holm’ s test with Welch degrees of freedom 4a&NI3
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WSeuneunenas (Post Hoc Contrast) 19U Dunnett’ s T3 test, Dunnett’ s C test, Games-
Howell test Liaig Brown-Forsythe test
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J o 1 [ Y J o a 4
ﬂiﬁﬂquﬂ’)@ﬂ%ﬂﬁ‘"lﬂﬂl‘ﬂWﬂu 4 nQu (k=4) MIUUANITINNDT 1 =500 AL

o 1 < 4 1 o [ o w
saniduanuulsdsiwiu 1:22:3:4  ilengualednruIanan (n = 30) vz l¥irdean

Tal5un53 MATLAB 7.0 941

e=normrnd(500,1,[1 30]);
f=normrnd(500,2,[1 30]);
g=normrnd(500,3,[1 30]);
h=normrnd(500,4,[1 30]);
a=e+0
b=f+0
c=g+0
d=h+0

ez Idvoyanilu

499.9624
501.0668

500.8580

497.5951
500.4386
498.7128

501.7336
500.3553
500.7136

a=499.5674 498.3344 500.1253 500.2877 498.8535 501.1909 501.1892
500.3273 500.1746 499.8133 500.7258 499.4117 502.1832 499.8636 500.1139
500.0593 499.9044 499.1677 500.2944 498.6638 500.7143 501.6236 499.3082

501.2540 498.4063 498.5590 500.5711

b=499.2002 501.3800 501.6312 501.4238 502.5805 501.3372 502.3817
499.9604 499.6866-496.7918 500.5146 497.8871 502.8303 498.3898 501.0575
498:1562 .495.6587 499.8816 497.9787.501.2289 501.0155 503.3849 501.1826
500.7607-497.9818499.9610 499.9036

¢ =500.0001 499.0464 503.2850 494.3780 501.2845 502.6869 502.1929
500.1209 502.0313 501.7067 499.2331 498.8676 499.1123 495.5746 499.2980
500.9444 504.3305 498.9471 501.8697 502.3971 502.8227 497.0237 500.6361
496.9767 497.7739 503.2469 499.6055
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d= 501.5595 500.3519 497.4581 497.7617 501.7746 496.2004 503.1247
502.2758 496.7131 498.9376 495.2489 491.1907 503.9453 497.9255 501.3095 500.9362
500.0859 495.9842 496.2114 498.5023 495.2565 495.7764 505.8899 500.2230 495.1307
499.8351 495.4866 494.6029 498.9556 503.8139

9
mﬂﬁuﬁvﬁ’ayaﬁmmﬂﬂ Test of Homogeneity of Variances Tu One-Way ANOVA

#187151n51 SPSS for Windows Version 11.0 l@Hafail

Test of Homogeneity of Variances

DATA

Levene Statistic df1 df2 Sig.

12.434 3 116 .000

VNHAMINATUANMMINUVINaN5231ns 1ag1d Levene test U51nga1 A1 Sig.
R [ 1 I~ A an = | 1 ~ 9 o A 9
Futlumvesnnuiaziluiinada F dawinnd F aldenmadom (P(F>Fe) lanioy
Cda
N a NMYUA (o = 0.05)

Y
v o

a a 4 ' v T v
asul s auuagiugud uaaei anulsisouvesnguilszng lumiu
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Lﬁﬁ)k=3;n=10

Test of Homogeneity of Variances

DATA
Levene Statistic df1 df2 Sig.
13.246 2 27 .000
Wok=4;n=10
Test of Homogeneity of Variances
DATA
Levene Statistic dfl df2 Sig.
8.273 3 36 .000
1o k = 5;n=10
Test of Homogeneity of Variances
DATA
Levene Statistic dfl df2 Sig.
8.464 4 45 .000
1o k=6;:n=10
Test of Homogeneity of Variances
DATA
Levene Statistic df1l df2 Sig.
6.009 5 54 .000
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Lﬁﬁ]k=7;n=10

Test of Homogeneity of Variances

DATA
Levene Statistic df1 df2 Sig.
4.071 6 63 .002
o k=8 n=10
Test of Homogeneity of Variances
DATA
Levene Statistic df1l df2 Sig.
3.118 7 72 .006
N3AUNAUAIDINHVUIAMINY 1MBNANAIDENYUIANA I
1o k=3;n=30
Test of Homogeneity of Variances
DATA
Levene Statistic dfl df2 Sig.
8.267 2 87 .001
1o k=4;n =30
Test of Homogeneity of Variances
DATA
Levene Statistic df1l df2 Sig.
12.434 3 116 .000
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Lﬁﬁ]k=5;n=30

Test of Homogeneity of Variances

DATA
Levene Statistic df1 df2 Sig.
16.643 4 145 .000
1o k = 6;n =30
Test of Homogeneity of Variances
DATA
Levene Statistic dfl df2 Sig.
12.019 5 174 .000
1o k="7;n=30
Test of Homogeneity of Variances
DATA
Levene Statistic dfl df2 Sig.
18.743 6 203 .000
1o k = 8;n=30
Test of Homogeneity of Variances
DATA
Levene Statistic df1 df2 Sig.
15.894 7 232 .000
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Lﬁﬁ]k=3;n=60

Test of Homogeneity of Variances

DATA
Levene Statistic df1 df2 Sig.
21.479 2 177 .000
1o k=4;n=60
Test of Homogeneity of Variances
DATA
Levene Statistic df1l df2 Sig.
32.840 3 236 .000
1o k =5;n =60
Test of Homogeneity of Variances
DATA
Levene Statistic dfl df2 Sig.
26.281 4 295 .000
1o k = 6;n=060
Test of Homogeneity of Variances
DATA
Levene Statistic df1l df2 Sig.
23.620 5 354 .000
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Lﬁﬁ]k=7;n=60

Test of Homogeneity of Variances

DATA
Levene Statistic df1 df2 Sig.
29.289 6 413 .000
1o k=8;n=60
Test of Homogeneity of Variances
DATA
Levene Statistic dfl df2 Sig.
25.628 4 472 .000
~ 1w [ = Y Y A 1 o 1 <
ﬂimﬂiji]@]’)@ﬁﬂiiﬁlu1ﬂklm1fnﬂu WBNQNAIBYNUUIALAN
W k=3;n =10,n,=12 8% n, = 14
Test of Homogeneity of Variances
DATA
Levene Statistic dfl df2 Sig.
5.399 2 33 .009
1o k=4;n, =10, n,= 12, n,= 141azn, = 16
Test of Homogeneity of Variances
DATA
Levene Statistic df1l df2 Sig.
7.204 3 48 .000
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Wok=>5;n=10,n,=12,n,=14,n,=16 1z n, = 18

Test of Homogeneity of Variances

DATA

Levene Statistic df1 df2 Sig.

4.599 4 65 .002

Wok=6;n=10,n,=12,n,

= 14,0, =16, n, = 18 llag n, = 20

Test of Homogeneity of Variances

DATA

Levene Statistic dfl df2 Sig.

4.369 5 84 .001

Lﬁﬁ)k=7; n,=10,n,=12,n,= 14, n, = 16, n, = 18, n, = 20 LA n, = 22

Test of Homogeneity of Variances

DATA

Levene Statistic dfl df2 Sig.

5.085 6 105 .000

e k= &n,=10,n,=12,n,=14,n,=16,n, = 18, n, =20, n, = 22 L1AZ n, = 24
Test of Homogeneity of Variances
DATA
Levene Statistic df1 df2 Sig.

7.091 7 128 .000
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110 k = 3; n, = 30, n, = 34 1Az n, = 38

Test of Homogeneity of Variances

DATA
Levene Statistic df1 df2 Sig.
9.871 2 99 .000
10 k =4; n, =30, n, = 34, n, = 38 1A% n, = 42
Test of Homogeneity of Variances
DATA
Levene Statistic df1l df2 Sig.
16.458 3 140 .000
110 k =5;n, =30, n, = 34, n, = 38, n, = 42 118 n, = 46
Test of Homogeneity of Variances
DATA
Levene Statistic dfl df2 Sig.
13.594 4 185 .000
e k= 6;n,=30,n,=34,n, = 38, n, = 42, n,= 46 14as n, = 50
Test of Homogeneity of Variances
DATA
Levene Statistic df1l df2 Sig.
17.545 5 234 .000
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1ie k=7;n,=30,n,=34,n,=38,n,=42,n,=46,n,= 50 LlAL n, = 54

Test of Homogeneity of Variances

DATA

Levene Statistic df1 df2 Sig.

14.320 6 287 .000

1o k = 8, n,=30,n,=34,n,=38,n,=42,n, =46, n,= 50, n, = 54 llaZ n, = 58

Test of Homogeneity of Variances

DATA

Levene Statistic dfl df2 Sig.

14.922 7 344 .000

n3dinguiegivwia limnu dengualedisuuialvaj
110 k =3; n, = 60, n, = 70 1A% n, = 80

Test of Homogeneity of Variances

DATA

Levene Statistic dfl df2 Sig.

31.977 2 207 .000

110 k =4; n, = 60, n, =70, n;=8014az 1, = 90

Test of Homogeneity of Variances

DATA

Levene Statistic df1l df2 Sig.

26.595 3 296 .000
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Lﬁ'ﬂ k=5; n, = 60, n,= 70, n, = 80, n,= 90 1LY n, = 100

DATA

Test of Homogeneity of Variances

Levene Statistic df1 df2 Sig.

30.335 < 395 .000

1o k=6;n,=60,n,=70,n

DATA

3

=80, n, =90, n, = 100 4@ n, = 110

Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.

27.834 5 504 .000

o k=7;n,=60,n,=70,n

DATA

,=80,n, =90, n,= 100, n, = 110 La¥ n, = 120

Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.

30.310 6 623 .000

e k= 8;n, =60,n,=70,n,=80,n,=90,n, =100, n, = 110, n, = 120 Lag n, = 130

DATA

Test of Homogeneity of Variances

Levene Statistic df1 df2 Sig.

27.419 7 752 .000
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N=10000;

k=3;

n=10;

countd1=0;

countd2=0;

countd3=0;

counte1=0;

counte2=0;

counte3=0;

countf1=0;

countf2=0;

countf3=0;

countg1=0;

countg?2=0;

countg3=0;

for K=1:1:N
d=normrnd(500,1,[1 n]);
e=normrmd(500,2,[1 n]);
f=normrnd(500,3,[1 n]);
a=d+0;

b=e+0;

c=f+0;

df=k*(n-1);

aa=a(1)"2+a(2)"2+a(3)"2+a(4)2+a(5)"2+a(6)"2+a(7) 2+a(8)"2+a(9)"2+a(10)"2;
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bb=b(1)"2+b(2)"2+b(3)"2+b(4)"2+b(5)"2+b(6)"2+b(7)"2+b(8)"2+b(9)"2+b(10)"2;

ce=c(1)"2+¢(2)"2+¢(3)"2+c(4)"2+c(5)"2+¢(6)2+¢(7) 2+c(8)"2+¢(9)"2+¢(10)2;
sl=aa+bb+cc;
s2=(sum(a)"2)/n+(sum(b)"2)/n+(sum(c)*2)/n;
ssw=s1-s2;

msw=ssw/df;

x=mean(a)-mean(b);

y=mean(a)-mean(c);

z=mean(b)-mean(c);

varl=1;

var2=2;

var3=3;

A1=2.665*sqrt(varl/n+var2/n);
A2=2.709*sqrt(varl/n+var3/n);
A3=2.647*sqrt(var2/n+var3/n);
Bl1=x/sqrt(varl/n+var2/n);

B2=y/sqrt(varl/n+var3/n);

B3=z/sqrt(var2/n+var3/n);

BQI1=2.65;

BQ2=2.69;

BQ3=2.64;

CDI1=x/sqrt((varl/n+var2/n)/2);
CD2=y/sqrt((varl/nt+var3/n)/2);
CD3=z/sqrt((var2/n+var3/n)/2);

CQ1-3.65;

CQ2-3.70;

CQ3=3.63;
DQI1=((3.95*varl/n)+(3.95*var2/n))/(varl/ntvar2/n);
DQ2=((3.95*varl/n)+(3.95*var3/n))/(varl/n+var3/n);

DQ3=((3.95*var2/n)+(3.95*var3/n))/(var2/n+var3/n);
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if x>A1

d1=1;

else

end;

if y>A2
d2=1;
else
d2=0;
end;

if Z>A3

end;

if BI>BQI

end;

if B2>BQ2

ﬁﬂ']‘LI‘LL’JVIEJ‘U?ﬂ'ﬁ
e:iQW']NQ NIUAINETIRE

end;
if B3>BQ3
e3=1;

else

e3=0;

end;



if CD1>CQ1
fl=1;

else

f1=0;

end;

if CD2>CQ2
f2=1;

else

2=0;

end;

if CD3>CQ3
f3=1;

else

end;
if CD2>DQ2
g2=1;

else

g
end;
if CD3>DQ3

g3=1;
else

g3=0;

end;
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countdl=countd1+d1;

countd2=countd2-+d2;

countd3=countd3+d3;

countel=countel+el;

counte2=counte2+e2;

counte3=counte3+e3;

countfl=countfl-+f1;

countf2=countf2+12;

countf3=countf3-+f3;

countgl=countgl+gl;

countg2=countg2+g2;

countg3=countg3+g3;

end

countdl;

countd2;

countd3;

countel;

counte2;

counte3;

countfl;

countf2;

countf3;

countgl;

countg?;

countg3;
TamhaneT2=(countd1+countd2+countd3)/30000
DunnettT3=(counte 1 +counte2+counte3)/30000
GamesHowell=(countfl+countf2+countf3)/30000

DunnettC=(countg 1+countg2+countg3)/30000
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N=10000;

k=3;

n=10;

countd1=0;

countd2=0;

countd3=0;

counte1=0;

counte2=0;

counte3=0;

countf1=0;

countf2=0;

countf3=0;

countg1=0;

countg2=0;

countg3=0;

for K=1:1:N
d=normrnd(500,1,[1'n]);
e=normrnd(500,2,[1 n]);
f=normrnd(500,3,[1 n]);
a=d+0.2;

b=e+0.1;

c¢=f+0.0;

df=k*(n-1);
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aa=a(1)"2+a(2)"2+a(3)"2+a(4)2+a(5)"2+a(6)"2+a(7) 2+a(8)"2+a(9) 2+a(10)"2;

bb=b(1)"2+b(2)"2+b(3)"2+b(4)"2+b(5)"2+b(6)"2+b(7)"2+b(8)"2+b(9)*2+b(10)"2;
cc=c(1)"2+c(2)"2+c(3)"2+c(4)2+c(5)"2+¢c(6)"2+c(7) 2+c(8) 2+c(9) 2+c(10)"2;
sl=aa+bb+cc;
s2=(sum(a)"2)/n+(sum(b)"2)/n+(sum(c)"2)/n;
ssw=s1-s2;

msw=ssw/df;

x=mean(a)-mean(b);

y=mean(a)-mean(c);

z=mean(b)-mean(c);

varl=1;

var2=2;

var3=3;

A1=2.665*sqrt(varl/n+var2/n);
A2=2.709*sqrt(varl/n+var3/n);
A3=2.647*sqrt(var2/n+var3/n);
Bl1=x/sqrt(varl/n+var2/n);

B2=y/sqrt(varl/n+var3/n);

B3=z/sqrt(var2/n+var3/n);

BQ1=2.65;

BQ2=2.69;

BQ3=2.64;

CDI1=x/sqrt((varl/ntvar2/n)/2);
CD2=y/sqrt((varl/n+var3/n)/2),
CD3=z/sqrt((var2/n+var3/n)/2);

CQ1=3.65;

CQ2=3.70;

CQ3=3.63;
DQ1=((3.95*varl/n)+(3.95*var2/n))/(varl/n+var2/n);

DQ2=((3.95*var1/n)+(3.95*var3/n))/(varl/n+var3/n);
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DQ3=((3.95*var2/n)+(3.95*var3/n))/(var2/n+var3/n);

if x>A1

d1=1;

d2=0;
end;

if Z>A3
d3=1;
else
d3=0;
end;

if BI>BQI

™ e HONUUANYUSNNT )
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e3=0;



end;

if CD1>CQ1
fl=1;

else

f1=0;

end;

if CD2>CQ2
2=1;

else

2=0;

end;

if CD3>CQ3
f3=1;

else

£3=0;

end;

if CD1>DQI

= e HUUANYUSNNT

g2=

g2=0;

end;

if CD3>DQ3
g3=L

else

g3=0;

CRARNAINTAINANENRE
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end;

countdl=countd1+dl;

countd2=countd2-+d2;

countd3=countd3+d3;

countel=countel+el;

counte2=counte2+e2;

counte3=counte3+e3;

countfl=countfl1+f1;

countf2=countf2+12;

countf3=countf3-+f3;

countgl=countgl+gl;

countg?2=countg2+g2;

countg3=countg3+g3;

end

countdl;

countd2;

countd3;

countel;

counte2;

counte3;

countfl;

countf2;

countf3;

countgl;

countg?;

countg3;

Typell1=30000-(countd 1 +countd2+countd3);
Typell2=30000-(counte1-+counte2+counte3);
Typell3=30000-(countf1+countf2+countf3);

Typell4=30000-(countg 1 +countg2-+countg3);



PowerTamhaneT2=1-Typell1/30000
PowerDunnettT3=1-Typell2/30000
PowerGamesHowell=1-Typell3/30000

PowerDunnettC=1-Typell4/30000
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N=10000;

k=3;

n=10;

countd1=0;

countd2=0);

countd3=0;

counte1=0;

counte2=0;

counte3=0;

countf1=0;

countf2=0);

countf3=0;

countg1=0;

countg2=0;

countg3=0;

for K=1:1:N
d=normrnd(500,1,[1 n]);
e=normrnd(500,2,[1 n]);
f=normrnd(500,3,[1 n]);
a=d+1.0;

b=e+0.5;

c¢=f+0.0;
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df=k*(n-1);

aa=a(1)"2+a(2)"2+a(3)"2+a(4)2+a(5)"2+a(6)"2+a(7) 2+a(8) 2+a(9) 2+a(10)"2;
bb=b(1)"2+b(2)"2+b(3)"2+b(4)"2+b(5)"2+b(6)"2+b(7)"2+b(8)"2+b(9)"2+b(10)"2;
ce=c(1)"2+¢(2)"2+¢(3)"2+¢c(4)"2+¢(5)2+¢(6)2+¢c(7)"2+¢(8)"2+¢(9)2+c(10)°2;
sl=aa+tbb+cc;

s2=(sum(a)"2)/n+(sum(b)*2)/n+(sum(c)"2)/n;

ssw=s1-s2;

msw=ssw/df;

x=mean(a)-mean(b);

y=mean(a)-mean(c);

z=mean(b)-mean(c);

varl=1;

var2=2;

var3=3;

A1=2.665*sqrt(varl/n+var2/n);

A2=2.709*sqrt(varl/n+var3/n);

A3=2.647*sqrt(var2/n+var3/n);

Bl=x/sqrt(varl/n+var2/n);

B2=y/sqrt(varl/ntvar3/n);

B3=z/sqrt(var2/nt+var3/n);

BQI1=2.65;

BQ2=2.69;

BQ3=2.64:

CDI1=x/sqrt((varl/n+var2/n)/2);

CD2=y/sqrt((varl/n+var3/n)/2);

CD3=z/sqrt((var2/n+var3/n)/2);

CQ1-3.65;

CQ2-3.70;

CQ3=3.63;

DQI1=((3.95*var1/n)+(3.95*var2/n))/(varl/n+var2/n);



DQ2=((3.95*var1/n)+(3.95*var3/n))/(varl/n+var3/n);
DQ3=((3.95*var2/n)+(3.95*var3/n))/(var2/n+var3/n);
if x>Al

d1=1;

end;

if z>A3
d3=1;
else
d3=0;
end;

if BI>BQI _— -
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else

e2=0;

end;

if B3>BQ3
e3=1;

else
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e3=0;

end;

if CD1>CQ1
fl=1;

else

f1=0;

end;

if CD2>CQ2
2=1;

else

end;

if CD3>CQ3
f3=1;

else

f3=0;

end;

if CD1>DQI
gl=L

else

g1=0;

end;

—ARNaINTaluiNIneNae

else

g2=0;

end;

if CD3>DQ3
g3=L

else

FONUUINLUINNS
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£3=0;

end;
countdl=countd1+d1;
countd2=countd2-+d2;
countd3=countd3+d3;
countel=countel+el;
counte2=counte2+e2;
counte3=counte3+e3;
countfl=countfl1+f1;
countf2=countf2+12;
countf3=countf3-+f3;
countgl=countgl+gl;
countg2=countg2+g2;
countg3=countg3+g3;
end

countdl;

countd2;

countd3;

countel;

counte2;

counte3;

countfl;

countf2;

countf3;

countgl;

countg?;

countg3;
Typell1=30000-(countd 1 +countd2+countd3);
Typell2=30000-(counte1-+counte2+counte3);

Typell3=30000-(countf1+countf2+countf3);



191
Typell4=30000-(countg I +countg2+countg3);

PowerTamhaneT2=1-Typell1/30000
PowerDunnettT3=1-Typell2/30000
PowerGamesHowell=1-Typell3/30000

PowerDunnettC=1-Typell4/30000
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>> test3gas
TamhaneT2 = 0.0373
DunnettT3 = 0.0380
GamesHowell = 0.0419
DunnettC = 0.0313

>> test3gam
TamhaneT2 = 0.0505
DunnettT3 = 0.0506
GamesHowell = 0.0540
DunnettC = 0.0502

>> test3gal

TamhaneT2 = 0.0541
DunnettT3 = 0.0574
GamesHowell = 0.0582

DunnettC = 0.0561

>> test4gas
TamhaneT2 = 0.0558
DunnettT3 = 0.0577
GamesHowell = 0.0650
DunnettC = 0.0491

>> test4gam
TamhaneT2 = 0.0781
DunnettT3 = 0.0784

GamesHowell = 0.0862



DunnettC = 0.0793

>> testdgal
TamhaneT2 = 0.0837
DunnettT3 = 0.0894
GamesHowell = 0.0911

DunnettC = 0.0880
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>> testSgas
TamhaneT2 = 0.0789
DunnettT3 = 0.0827
GamesHowell = 0.0968
DunnettC = 0.0703

>> testS5gam
TamhaneT2 =0.1138
DunnettT3 =0.1146
GamesHowell = 0.1262
DunnettC =0.1170

>> test5gal
TamhaneT2 = 0.1229
DunnettT3 = 0.1314
GamesHowell = 0.1339

DunnettC = 0.1297

>> testbgas
TamhaneT2 = 0.1059
DunnettT3 =0.1125
GamesHowell = 0.1310
DunnettC = 0.0973

>> testbgam
TamhaneT2 = 0.1568

DunnettT3 =0.1584



GamesHowell =0.1741
DunnettC =0.1616

>> testbgal
TamhaneT2 = 0.1658
DunnettT3 =0.1771
GamesHowell = 0.1802

DunnettC = 0.1752
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>> test7gas
TamhaneT2 = 0.1402
DunnettT3 = 0.1502
GamesHowell = 0.1749
DunnettC = 0.1295

>> test7gam
TamhaneT2 = 0.2049
DunnettT3 = 0.2065
GamesHowell = 0.2267
DunnettC =0.2115

>> test7gal

TamhaneT2 = 0.2164
DunnettT3 = 0.2319
GamesHowell =0.2352

DunnettC = 0.2283

>> test8gas
TamhaneT2 =0.1727
DunnettT3 = 0.1853
GamesHowell = 0.2174
DunnettC =0.1615

>> test8gam

TamhaneT2 = 0.2456



DunnettT3 = 0.2542
GamesHowell = 0.2517
DunnettC = 0.2600

>> test8gal
TamhaneT2 = 0.2748
DunnettT3 = 0.2944
GamesHowell = 0.2995

DunnettC = 0.2899
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>> test3gbs
TamhaneT2 = 0.0406
DunnettT3 = 0.0411
GamesHowell = 0.0452
DunnettC = 0.0345

>> test3gbm
TamhaneT2 = 0.0489
DunnettT3 = 0.0520
GamesHowell = 0.0526
DunnettC = 0.0487

>> test3gbl

TamhaneT2 = 0.0540
DunnettT3 = 0.0539
GamesHowell = 0.0573

DunnettC = 0.0532

>> test4gbs
TamhaneT2 = 0.0623
DunnettT3 = 0.0633

GamesHowell = 0.0704
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DunnettC = 0.0554
>> testdgbm
TamhaneT2 = 0.0785
DunnettT3 = 0.0858
GamesHowell = 0.0856
DunnettC = 0.0801
>> test4gbl
TamhaneT2 = 0.0854
DunnettT3 = 0.0855
GamesHowell = 0.0925

DunnettC = 0.0855

>> testSgbs

TamhaneT2 = 0.0938
DunnettT3 = 0.0961
GamesHowell = 0.1069
DunnettC = 0.0868

>> testSgbm
TamhaneT2 = 0.1119
DunnettT3 = 0.1230
GamesHowell = 0.1231
DunnettC = 0.1148

>> testSgbl

TamhaneT2 = 0.1239
DunnettT3 = 0.1239
GamesHowell = 0.1329

DunnettC = 0.1242

>> testogbs
TamhaneT2 = 0.1282

DunnettT3 = 0.1308



GamesHowell = 0.1476
DunnettC = 0.1208

>> testbgbm
TamhaneT2 = 0.1530
DunnettT3 = 0.1682
GamesHowell = 0.1689
DunnettC = 0.1591

>> testogbl

TamhaneT2 = 0.1667
DunnettT3 = 0.1663
GamesHowell = 0.1792

DunnettC = 0.1680
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>> test7gbs

TamhaneT2 = 0.1705
DunnettT3 =0.1735
GamesHowell = 0.1959
DunnettC =0.1618

>> test7gbm
TamhaneT2 = 0.2037
DunnettT3 = 0.2231
GamesHowell =0.2236
DunnettC = 0.2113

>> test7gbl

TamhaneT2 = 0.2225
DunnettT3 = 0.2222
GamesHowell = 0.2377

DunnettC = 0.2246

>> test8gbs

TamhaneT2 =0.2172



DunnettT3 = 0.2213
GamesHowell = 0.2463
DunnettC = 0.2074

>> test8gbm
TamhaneT2 = 0.2545
DunnettT3 = 0.2771
GamesHowell = 0.2787
DunnettC = 0.2640

>> test8gbl

TamhaneT2 = 0.2763
DunnettT3 = 0.2752
GamesHowell = 0.2950

DunnettC = 0.2821
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>> test3gasA
PowerTamhaneT2 = 0.0510
PowerDunnettT3 = 0.0519
PowerGamesHowell = 0.0573
PowerDunnettC = 0.0435

>> test3gamA
PowerTamhaneT2 = 0.0826
PowerDunnettT3 = 0.0828
PowerGamesHowell = 0.0887
PowerDunnettC = 0.0824

>> test3galA
PowerTamhaneT2 = 0.1027
PowerDunnettT3 = 0.1077
PowerGamesHowell = 0.1084

PowerDunnettC =0.1061

>> testdgasA
PowerTamhaneT2 =0.0742
PowerDunnettT3 = 0.0768
PowerGamesHowell = 0.0873

PowerDunnettC = 0.0663

>> testSgasA

PowerTamhaneT2 = 0.0944
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>> test3gasB
PowerTamhaneT2 = 0.1445
PowerDunnettT3 = 0.1465
PowerGamesHowell = 0.1581
PowerDunnettC = 0.1292

>> test3gamB
PowerTamhaneT2 = 0.3424
PowerDunnettT3 = 0.3428
PowerGamesHowell = 0.3542
PowerDunnettC = 0.3418

>> test3galB
PowerTamhaneT2 = 0.5302
PowerDunnettT3 = 0.5395
PowerGamesHowell = 0.5410

PowerDunnettC = 0.5362
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>> test4gasB
PowerTamhaneT2 = 0.2200
PowerDunnettT3 = 0.2256
PowerGamesHowell = 0.2488

PowerDunnettC = 0.2038

>> testdgasB

PowerTamhaneT2 = 0.2932
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>> test3gbsA
PowerTamhaneT2 = 0.0558
PowerDunnettT3 = 0.0568
PowerGamesHowell = 0.0611
PowerDunnettC = 0.0490

>> test3gbmA
PowerTamhaneT2 = 0.0794
PowerDunnettT3 = 0.0843
PowerGamesHowell = 0.0850
PowerDunnettC = 0.0793

>> test3gblA
PowerTamhaneT2 = 0.1101
PowerDunnettT3 = 0.1099
PowerGamesHowell = 0.1159

PowerDunnettC = 0.1090
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>> testdgbsA
PowerTamhaneT2 = 0.0870
PowerDunnettT3 = 0.0887
PowerGamesHowell = 0.0984

PowerDunnettC = 0.0791
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>> test3gbsB
PowerTamhaneT2 = 0.1792
PowerDunnettT3 = 0.1816
PowerGamesHowell = 0.1914
PowerDunnettC = 0.1630

>> test3gbmB



PowerTamhaneT2 = 0.3860
PowerDunnettT3 = 0.3955
PowerGamesHowell = 0.3979
PowerDunnettC = 0.3853

>> test3gblB
PowerTamhaneT2 = 0.5929
PowerDunnettT3 = 0.5926
PowerGamesHowell = 0.6038

PowerDunnettC = 0.5903
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>> test4gbsB
PowerTamhaneT2 = 0.3005
PowerDunnettT3 = 0.3041
PowerGamesHowell = 0.3258

PowerDunnettC = 0.2793
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