v a a d
1U5U5933ﬂﬂ1uwufﬁ

UNAINGEY WHOINNNHATTITNS

ANYIFAATUHITUNG (ADR)

Sqan

a0a ana

GALR MAIV

Y

d’ A Aaa o 1% a 4 v o
1993 ﬂﬁlﬂ?EJ“lJLﬁEJU'J%1/]NﬁﬂGI’ﬁTVii‘]Jfﬂi’JLﬂinﬂllﬂuﬂTiﬂﬂﬁ@Q’Jﬂ‘MW

Comparison of the Statistical Methods for the Analysis of Repeated Measures Designs

U

NIV UNANTATAAT FUYNDA

lannsanivvevlae
UseEunssums
( S04MansNIdorTusTe 1WousITI, M.S, )
ASINMS
( A¥emans1nsdynydon Tnudl, PhD. )
AIIUMS
( soarnans1midilselnas gienl o ogsen, PhD. )
MNMnIm
( 9191598110 MeITIN N, Ph.D. )

%4

A A [y a [y do
HNAINEQYY N‘ViTJﬂﬂ]ﬁﬂ!ﬂ‘l&lﬂiﬁ1ﬁ'ﬂiﬁﬂ‘§ﬂﬁ!!éjﬂ




a a o
INPIUNUD
A
1393
= ~ ad aAa o o a 4 2 g;
M5SeuMeVITNNADATIUTUMIAATIEHURUNTNARDIIAG

Comparison of the Statistical Methods for the Analysis of Repeated Measures Designs

Tag

UNAIINTAN FUHNO

LUD

HadiaIneds UHIINRUNEAIAAAT
4 4 1 a a [} a Aaa
eANwaNYsainialSyaImnmaasuliuge (adn)

N.f. 2552



a A, Aaa o [ a Jd
TANT YUNNDI 2552: M5TouNeVITNNADATIMTUNMSUATIZHUNUMT
9
nAadiag YTy Inemansuiitiuga (add) aana Madmana sz

A (= J o Jao A 9
ﬂﬁillﬂ?i‘ﬂ‘].]'iﬂ’hl"l: TOIMNAATIVTUDUUAYY [ UDUDTTIN, M.S. 128 1"

9 ]
= %

= qﬂjl =\ J A X = =} ad a JY
MIANYIATIUY ﬁqﬂizmmwaﬁﬂmzﬂifmmme‘ﬁmmmswmagamamwumi
[ g; ad 9 v a Y] U ~ a 4
naavddad 4 35 laun F Und FilSumesrua’ mi’gmﬁwﬂ’nmgﬂiﬂi’muuuwn
[ @ o = oa.;l ~ a 4 [l I Al aad
LATAMUUNYTEAY Tagriinsanyinansalunsnganuulsdsiusmtluailessa wag
[ A Aaan KX Ao = 4 I £l J o ]
Tuluadlessa FaldunInuud () 1Y 4, 6, 8 NTNUUA INUIUNUIGNAAD (n)
I I 1 @ a v o J [ v o
du 10 anuudsdsawdly 1,20 mdudseansanduius (p) 3 5vAU Av sTAUM
(p=0.3) 52AUNaN (p=0.6) 52AUF (p=0.9) wazAnyINszAUiad Ay (O 0.01,0.05
o 1 4 a a o o :JI
Tﬂamifﬂmm%’aymmazﬁmumimﬁ’ammuﬂnau@lmﬂa 31UIU 1,000 ASY g
NITUININSIUIINMTNATOU uaxmmmmm“lumiﬂ’mﬂnmmsﬂmﬂmﬁauﬂizmﬂﬁ 1

£ = T 1 @ dy
FINaM ANy Uy 2 aIuael

= = o A 3 o
1. MsulseumevsiemsnageuienNuulsdsiwdu 1 81emsnagey
[ am ] [ o A A 3 A W a o ] o
uaazds iuanaany uazioanuulslsiuiianndu 20 Amdulseansanduius

g % A, a A o 1 @
HAZNTNNUAANNU ITNTAATIZHUSIUIINTNATOVLUANA NN

A 44 o

2. anuennsalumsaruauanuaatamasulszni 1 weanuulslsiuilu i
ad v [ 1 3 A A A 4 A
FawuungszaumiuiTmsonuauauaaamaoulszani 114 uaziien

I ax Y] 1 ~ Aad o Y]

walsilsaudlu 20 35 F Usumesentad tazisdiuuunyssAuaInnI LAY
aaanasulsziann 114

(% 3 = qﬂjl dy 1 Aan (% v A o
AUIUMIANHIATIHNLNADANATOVAWVUNYIEAVNS WM INATDUGIAL

A A Vo a a < \ o

gunsaanuauanuamanasulszani 1 ldnansaiwninganuulsdsiusaniu

Aaa (= Aaa
alessauay lutluadleTsa

A d‘ an A 4‘
DYUDBO U aeNe¥elsesIUNTTUMS



Chitlada Chumphutong 2009: Comparison of the Statistical Methods for the Analysis
of Repeated Measures Designs. Master of Science (Statistics), Major Field: Statistics,
Department of Statistics. Thesis Advisor: Associate Professor

Ananchai Khuantham, M.S. 128 pages.

The objective of this study was to compare four statistical methods for the analysis of
repeated measures designs, i.e. conventional F, adjusted degrees of freedom F, multivariate
analysis of variance (MANOVA) and multi-level modeling methods (MLM). Both sphericity
and asphericity covariance matrix of which treatments were 4, 6, 8 treatments (r), 10 subjects
(n), with variance equal to 1 and 20, three levels of correlation coefficient which were low level
(p = 0.3), moderate level (P = 0.6), high level (P =0.9) and level of significance 0.01, 0.05
were studied by simulating data of each situation by Monte Carlo Simulation 1,000 times via the
consideration of power of the test and the ability to control type I error. The study was divided

into two parts as follows:

1. The comparison of power of the test when variance was low (1) which meant that
power of the test of each method was not different and when variance was large (20) at different

correlation coefficient and treatment, analysis methods provided different power of the test.

2. For type I error, when variance was low (1), Only multi-level modeling method
could control type I error and when variance was large (20), adjusted degrees of freedom F and

multi-level modeling method could control type I error.

Therefore, from this study it was found that multi-level modeling method had high
power of the test and could control Type I error for both sphericity and asphericity covariance

matrix.
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\ (ZYU)(ZYl'J)
i=1 i=1
2 YiYii— : J

A =1 n
O =

22 1dumSnganunlsilsiusm

(228571 1.14286  0.71429  1.28571 |
1.14286 0.85714 0.28571  0.28571

0.71429  0.28571 1.07143  0.92857

1.28571  0.28571  0.92857  4.50000

a d o a 14 o
HazNInyauilsza@nsoos Isnousa (Orthogonal Coefficient Matrix)

§a length (|| [)ves €

e =1 +(=1)" +0° +0" =2

lco|=~/0" +0% +1° +(=1)" =<2

il =+/(0.5)° +(0.5)° +(=0.5)" +(—05)" =/T =1
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C Xc )=

o ' *
NIIAUIUAT V

v

—0.2857 1.8571 1.0101

0.4286 —0.2857  0.0000

0.0000 1.0101 1.9286

0.2653 —0.6530  —0.2886

—0.6530 4.5507 3.8239

—0.2886  3.8239 4.7398

*_ (r—1(n—1) (n—l)trace(C*‘ ZC*)2 .

2

trace (C*' EC* )2 =

[tmce(c*' >c )T =

*
V(X,( n—l),r

Y
[ Y

* * a a o ) a o [ 1
AUV >y, Wgasauudgiunan Wunemmsndganuulsilsousou

duaileSsa

T 2
[trace(c>x< ZC*):|
(0.2653)" + (4.5507)" + (4.7398)° = 9.556

(0.4286 + 1.8571 + 1.9286) = 17.760

(4=D@=1) { (4—1)(9.5560)

1} = 645
2 17.760

Vg,zsg,g = 5.886
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MINHINT N1 LaAIA Percentage Points of the Locally Best Invariant Test for Sphericity

Numerator Degrees of Freedom (v1)

n o 2 3 4 5 6 7 10 11 12
3 0.25 1.873
0.15 1.954
0.05 1.995
4 0.25 2.254 5.335
0.15 2.550 6.145
0.05 2.849 7.348
5 0.25 2414 5.540 9.745
0.15 2.866 6.519 11.191
0.05 3.454 8.165 13.856
6 0.25 2.509 5.684 9.974 15.317
0.15 3.080 6.764 11.466 17.238
0.05 3.886 8.678 14.380 21.052

3N: Kirk (1995)
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MS1WUINT Nl (9D)

Numerator Degrees of Freedom (v1)

n o 2 3 4 5 6 7 8 9 10 11 12
7 0.25 2.552 5.810 10.177 15.572 22.020
0.15 3.196 6.949 11.732 17.569 24.458
0.05 4.197 9.031 14.795 21.442 29.176
8 0.25 2.578 5.886 10.319 15.770 22.265 29.696
0.15 3.268 7.048 11.890 17.794 24.750 32.591
0.05 4.412 9.254 14.994 21.732 29.573 38.268
9 0.25 2.624 5.979 10.430 15.879 22.394 29.896 38.400
0.15 3.359 7.155 12.030 17.952 24.874 32.816 41.731
0.05 4.609 9.469 15.218 22.014 29.730 38.477 48.118
10 0.25 2.630 6.040 10.536 16.024 22.581 30.055 38.552 48.093
0.15 3.387 7.230 12.168 18.083 25.095 32.971 41.972 51.835
0.05 4.735 9.613 15.318 22.139 29.932 38.597 48.344 59.198

01



M519NUINT N1 (9D)

Numerator Degrees of Freedom (v1)

n o 2 3 4 5 6 7 8 9 10 11 12
12 0.25 2.663 6.163 10.692 16.199 22.785 30.266 38.859 48.382 58.951 70.492
0.15 3.466 7.387 12.382 18.307 25.297 33.264 42.262 52.159 63.191 75.077
0.05 4.957 9.824 15.577 22.445 30.162 38.850 48.653 59.281 71.186 83.869
14 0.25 2.671 6.227 10.788 16.307 22.941 30.415 39.093 48.623 59.264 70.720 83.362
0.15 3.506 7.460 12.486 18.452 25.464 33.405 42.554 52.422 63.467 75.424 88.369
0.05 5.094 9.954 15.784 22.566 30.388 39.153 48.988 59.566 71.409 84.035 97.762
16 0.25 2.701 6.264 10.832 16.459 22.960 30.588 39.138 48.816 59.466 70.959 83.603
0.15 3.558 7.547 12.549 18.609 25.556 33.559 42.562 52.588 63.685 75.563 88.635
0.05 5.219 10.117 15.953 22.722 30.529 39.181 49.070 59.627 71.504 84.094 97.814
18 0.25 2.698 6.316 10.931 16.508 23.094 30.674 39.360 48.882 59.457 71.165 83.6A1
0.15 3.574 7.614 12.684 18.649 25.672 33.684 42.711 52.734 63.735 75.777 88.
0.05 5.318 10.210 16.130 22.820 30.581 39.342 49.079 59.908 71.656 84.336 97.881

€0l



MS1WUINT Nl (9D)

Numerator Degrees of Freedom (v1)

n o 2 3 4 5 6 7 8 9 10 11 12
20 0.25 2.703 6.349 10.972 16.564 23.149 30.788 39.440 48.927 59.643 71.308 83.789
0.15 3.593 7.680 12.699 18.718 25.744 33.811 42.849 52.781 63.837 75.946 88.804
0.05 5.354 10.249 16.128 22.946 30.694 39.436 49.182 59.960 71.726 84.480 98.114
30 0.25 2.723 6.455 11.103 16.783 23.400 31.015 39.671 49.358 59.895 71.578 84.285
0.15 3.658 7.832 12.927 18.957 25.999 34.043 43.078 53.154 64.011 76.197 89.218
0.05 5.581 10.530 16.390 23.171 30.930 39.705 49.398 60.092 71.706 84.684 98.228
40 0.25 2.750 6.489 11.185 16.817 23.521 31.185 39.842 49.483 60.136 71.766 84.482
0.15 3.705 7.900 13.008 19.032 26.137 34.188 43.264 53.273 64.405 76.371 89.446
0.05 5.678 10.633 16.490 23.306 31.008 39.825 49.529 60.276 72.043 84.550 98.413
60 0.25 2.752 6.520 11.230 19.925 23.615 31.239 39911 49.662 60.281 71.841 84.586
0.15 3.719 7.945 13.100 19.168 26.261 34.268 43.347 53.442 64.465 76.374 89.472
0.05 5.746 10.760 16.625 23.415 31.174 39.879 49.561 60.335 72.002 84.680 98.397

Y01



M519NUINT N1 (9D)

Numerator Degrees of Freedom (v1)

n o 2 3 4 5 6 7 8 9 10 11 12
80 0.25 2.757 6.551 11.286 16.976 23.689 31.334 40.004 49.734 60.348 72.049 84.650
0.15 3.742 7.978 13.150 19.215 26.302 34.373 43.414 53.480 64.444 76.604 89.518
0.05 5.825 10.805 16.695 23.460 31.186 39.941 49.655 60.269 71.917 84.775 98.292
100 0.25 2.762 6.562 11.302 17.007 23.710 31.386 40.111 49.741 60.365 72.086 84.655
0.15 3.758 8.030 13.180 19.257 26.323 34.417 43.490 53.537 64.522 76.577 89.518
0.05 5.871 10.888 16.729 23.532 31.234 40.107 49.662 60.362 71.967 84.618 98.342
00 0.25 2.773 6.626 11.389 17.117 23.828 31.528 40.223 49913 60.600 72.285 84.968
0.15 3.794 8.115 13.288 19.406 26.498 34.574 43.640 53.700 64.755 76.807 89.857
0.05 5.992 11.070 16.919 23.685 31.410 40.113 49.802 60.481 72.153 84.821 98.484

SOl
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sk ke sfe ke sk sk sk sk sk sk sk sk sk sk sk sk sk skeosk skeosk skosk skeosk sk sk sk sk sk sk skeoske sk skt sk sk sk sk sk sk sk skeoske skeosk skeosk skeosk skt skt stk sk sk sk skokeskokeskokeskokoskok

clear all;

nrep=1000;

for i=1:nrep

RHO=0.3;

COV=0.3;

VAR=COV/RHO;
e11=0+sqrt(VAR)*randn(1,1);
e12=0+sqrt(VAR)*randn(1,1);
e13=0+sqrt(VAR)*randn(1,1);
e14=0+sqrt(VAR)*randn(1,1);
e15=0+sqrt(VAR)*randn(1,1);
e16=0+sqrt(VAR)*randn(1,1);
e17=0+sqrt(VAR)*randn(1,1);
e18=0+sqrt(VAR)*randn(1,1);
e19=0+sqrt(VAR)*randn(1,1);
e110=0+sqrt(VAR)*randn(1,1);
€21=0+sqrt(VAR)*randn(1,1);
€22=0+sqrt(VAR)*randn(1,1);
€23=0+sqrt(VAR)*randn(1,1);
€24=0+sqrt(VAR)*randn(1,1);
€25=0+sqrt(VAR)*randn(1,1);

€26=0-+sqrt(VAR)*randn(1,1);
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€27=0+sqrt(VAR)*randn(1,1);
€28=0+sqrt(VAR)*randn(1,1);
€29=0+sqrt(VAR)*randn(1,1);
€210=0+sqgrt(VAR)*randn(1,1);
€31=0+sqrt(VAR)*randn(1,1);
€32=0+sqrt(VAR)*randn(1,1);
€33=0+sqrt(VAR)*randn(1,1);
e34=0-+sqrt(VAR)*randn(1,1);
€35=0+sqrt(VAR)*randn(1,1);
€36=0+sqrt(VAR)*randn(1,1);
€37=0+sqrt(VAR)*randn(1,1);
€38=0+sqrt(VAR)*randn(1,1);
€39=0+sqrt(VAR)*randn(1,1);
€310=0+sqrt(VAR)*randn(1,1);
e41=0-+sqrt(VAR)*randn(1,1);
e42=0+sqrt(VAR)*randn(1,1);
e43=0-+sqrt(VAR)*randn(1,1);
e44=0+sqrt(VAR)*randn(1,1);
e45=0+sqrt(VAR)*randn(1,1);
e46=0-+sqrt(VAR)*randn(1,1);
e47=0+sqrt(VAR)*randn(1,1);
e48=0+sqrt(VAR)*randn(1,1);
e49=0+sqrt(VAR)*randn(1,1);
e410=0+sqrt(VAR)*randn(1,1);

ul=2;
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tl=-1;

t2=-1;

t3=1;

t4=1;
b1=0+sqrt(VAR)*randn(1,1);
b2=0+sqrt(VAR)*randn(1,1);
b3=0+sqrt(VAR)*randn(1,1);
b4=0+sqrt(VAR)*randn(1,1);
b5=0+sqrt(VAR)*randn(1,1);
b6=0+sqrt(VAR)*randn(1,1);
b7=0+sqrt(VAR)*randn(1,1);
b8=0+sqrt(VAR)*randn(1,1);
b9=0+sqrt(VAR)*randn(1,1);
b10=0+sqrt(VAR)*randn(1,1);
x11=ul+tl+bl+ell;
x12=ul+tl+b2+el2;
x13=ul+tl+b3+el3;
x14=ul+t1+bd+el4;
x15=ul+tl+b5+el5;
x16=ul+t1+b6+e16;
x17=ul+tl+b7+el7;
x18=ul+t1+b8+el8;
x19=ul+t1+b9+e19;
x110=ul+t1+b10+e110;
x21=u2+t2+bl+e2l;
x22=u2+t2+b2+e22;
x23=u2+t2+b3+e23;

x24=u2+t2+b4+e24;
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X25=u2+t2+b5+e25;
X26=u2+t2+b6+e26;
x27=u2+t2+b7+e27;
x28=u2+t2+b8+e28;
x29=u2+t2+b9+e29;
x210=u2+t2+b10+e210;
x31=u3+t3+bl+e31;
x32=u3+t3+b2+e32;
x33=u3+t3+b3+e33;
x34=u3+t3+b4+e34;
x35=u3+t3+b5+e35;
x36=u3+t3+b6+e36;
x37=u3+t3+b7+e37;
x38=u3+t3+b8+e38;
x39=u3+t3+b9+e39;
x310=u3+t3+b10+e310;
x41=ud+t4+bl+e4l;
x42=ud+t4+b2+e42;
x43=ud+t4+b3+e43;
x44=ud+t4-+bd+ed4;
x45=ud+t4+b5+e45;
x46=ud+t4+b6+e46;
x47=ud+t4+b7+e47,;
x48=ud+t4+b8+e48;
x49=u4+t4+b9+e49;
x410=u4+t4+b10+e410;
X=[x11x21 x31 x41,

x12 x22 x32 x42,
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x13 x23 x33 x43,

x14 x24 x34 x44,

x15 x25 x35 x45,

x16 x26 x36 x46,

x17 x27 x37 x47,

x18 x28 x38 x48,

x19 x29 x39 x49,

x110 x210 x310 x410,];
S=cov(X);
n=10;

r=4;
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clear all;

nrep=1000;

for i=1:nrep

RHO=0.3;

COV=0.3;

VAR=COV/RHO;
e11=0+sqrt(VAR)*randn(1,1);
e12=0-+sqrt(VAR)*randn(1,1);
e13=0-+sqrt(VAR)*randn(1,1);
e14=0-+sqrt(VAR)*randn(1,1);
e15=0+sqrt(VAR)*randn(1,1);

e16=0-+sqrt(VAR)*randn(1,1);
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e17=0+sqrt(VAR)*randn(1,1);
¢18=0+sqrt(VAR)*randn(1,1);
¢19=0+sqrt(VAR)*randn(1,1);
€110=0+sqgrt(VAR)*randn(1,1);
€21=0+sqrt(VAR)*randn(1,1);
€22=0+sqrt(VAR)*randn(1,1);
€23=0+sqrt(VAR)*randn(1,1);
e24=0-+sqrt(VAR)*randn(1,1);
€25=0+sqrt(VAR)*randn(1,1);
€26=0+sqrt(VAR)*randn(1,1);
€27=0+sqrt(VAR)*randn(1,1);
€28=0+sqrt(VAR)*randn(1,1);
€29=0+sqrt(VAR)*randn(1,1);
€210=0+sqrt(VAR)*randn(1,1);
€31=0+sqrt(VAR)*randn(1,1);
€32=0+sqrt(VAR)*randn(1,1);
€33=0+sqrt(VAR)*randn(1,1);
e34=0-+sqrt(VAR)*randn(1,1);
€35=0+sqrt(VAR)*randn(1,1);
€36=0+sqrt(VAR)*randn(1,1);
€37=0+sqrt(VAR)*randn(1,1);
€38=0-+sqrt(VAR)*randn(1,1);
€39=0-+sqrt(VAR)*randn(1,1);
€310=0+sqrt(VAR)*randn(1,1);
e41=0+sqrt(VAR)*randn(1,1);
e42=0+sqrt(VAR)*randn(1,1);
e43=0+sqrt(VAR)*randn(1,1);

e44=0-+sqrt(VAR)*randn(1,1);
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e45=0-+sqrt(VAR)*randn(1,1);
e46=0-+sqrt(VAR)*randn(1,1);
e47=0+sqrt(VAR)*randn(1,1);
e48=0-+sqrt(VAR)*randn(1,1);
e49=0-+sqrt(VAR)*randn(1,1);
e410=0+sqrt(VAR)*randn(1,1);
ul=0;

u2=0;

u3=0;

u4=0;

tl=-1;

t2=-1;

t3=1;

t4=1;
b1=0+sqrt(VAR)*randn(1,1);
b2=0+sqrt(VAR)*randn(1,1);
b3=0+sqrt(VAR)*randn(1,1);
b4=0+sqrt(VAR)*randn(1,1);
b5=0+sqrt(VAR)*randn(1,1);
b6=0+sqrt(VAR)*randn(1,1);
b7=0+sqrt(VAR)*randn(1,1);
b8=0+sqrt(VAR)*randn(1,1);
b9=0+sqrt(VAR)*randn(1,1);
b10=0+sqrt(VAR)*randn(1,1);
x11=ul+tl+bl+ell;
x12=ul+tl+b2+el2;
x13=ul+tl+b3+el3;

x14=ul+tl+b4d+el4;



114

x15=ul+tl+b5+el5;
x16=ul+t1+b6+e16;
x17=ul+tl+b7+el7;
x18=ul+t1+b8+el8;
x19=ul+t1+b9+e19;
x110=ul+t1+b10+e110;
x21=u2+t2+bl+e2l;
x22=u2+t2+b2+e22;
x23=u2+t2+b3+e23;
x24=u2+t2+b4+e24;
X25=u2+t2+b5+e25;
X26=u2+t2+b6+€26;
x27=u2+t2+b7+e27;
x28=u2+t2+b8+e28;
x29=u2+t2+b9+e29;
x210=u2+t2+b10+e210;
x31=u3+t3+bl+e31;
x32=u3+t3+b2+e32;
x33=u3+t3+b3+e33;
x34=u3+t3+b4+e34;
x35=u3+t3+b5+e35;
x36=u3+t3+b6+e36;
x37=u3+t3+b7+e37;
x38=u3+t3+b8+e38;
x39=u3+t3+b9+e39;
x310=u3+t3+b10+e310;
x41=ud+t4+bl+e4l;

x42=ud+t4+b2+e42;
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x43=ud+t4+b3+e43;
x44=ud+t4-+bd+ed4;
x45=ud+t4+b5+e45;
x46=ud+t4+b6+e46;
x47=ud+t4+b7+e47,;
x48=ud+t4+b8+e48;
x49=u4+t4+b9+e49;
x410=u4+t4+b10+e410;
X=[x11 x21 x31 x41,

x12 x22 x32 x42,

x13 x23 x33 x43,

x14 x24 x34 x44,

x15 x25 x35 x45,

x16 x26 x36 x46,

x17 x27 x37 x47,

x18 x28 x38 x48,

x19 x29 x39 x49,

x110 x210 x310 x410,];
S=cov(X);
n=10;

=4;
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clear all;

nrep=1000;

for i=1:nrep

RHO=0.3;

COV1=0.3;

COV2=l1.5;
VAR1=COV1/RHO;
VAR2=COV2/RHO;
el11=0+sqrt(VAR1)*randn(1,1);
e12=0+sqrt(VAR1)*randn(1,1);
e13=0+sqrt(VAR1)*randn(1,1);
e14=0+sqrt(VAR1)*randn(1,1);
e15=0+sqrt(VAR1)*randn(1,1);
e16=0+sqrt(VAR1)*randn(1,1);
e17=0+sqrt(VAR1)*randn(1,1);
e18=0+sqrt(VAR1)*randn(1,1);
e19=0+sqrt(VAR1)*randn(1,1);
e110=0+sqrt(VAR1)*randn(1,1);
€21=0+sqrt(VAR2)*randn(1,1);
€22=0+sqrt(VAR2)*randn(1,1);
€23=0+sqrt(VAR2)*randn(1,1);

€24=0+sqrt(VAR2)*randn(1,1);
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€25=0+sqrt(VAR2)*randn(1,1);
€26=0+sqrt(VAR2)*randn(1,1);
€27=0+sqrt(VAR2)*randn(1,1);
€28=0+sqrt(VAR2)*randn(1,1);
€29=0+sqrt(VAR2)*randn(1,1);
€210=0+sqrt(VAR2)*randn(1,1);
e31=0+sqrt(VAR1)*randn(1,1);
€32=0+sqrt(VAR1)*randn(1,1);
€33=0+sqrt(VAR1)*randn(1,1);
€34=0+sqrt(VAR1)*randn(1,1);
€35=0+sqrt(VAR1)*randn(1,1);
€36=0+sqrt(VAR1)*randn(1,1);
€37=0+sqrt(VAR1)*randn(1,1);
€38=0+sqrt(VAR1)*randn(1,1);
€39=0+sqrt(VAR1)*randn(1,1);
€310=0+sqrt(VAR1)*randn(1,1);
e41=0+sqrt(VAR2)*randn(1,1);
e42=0+sqrt(VAR2)*randn(1,1);
e43=0+sqrt(VAR2)*randn(1,1);
e44=0+sqrt(VAR2)*randn(1,1);
e45=0+sqrt(VAR2)*randn(1,1);
e46=0+sqrt(VAR2)*randn(1,1);
e47=0+sqrt(VAR2)*randn(1,1);
¢48=0+sqrt(VAR2)*randn(1,1);
€49=0+sqrt(VAR2)*randn(1,1);
€410=0+sqrt(VAR2)*randn(1,1);
ul=2;

u2=4;
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tl=-1;

t2=-1;

t3=1;

t4=1;
b1=0+sqrt(VAR1)*randn(1,1);
b2=0+sqrt(VAR1)*randn(1,1);
b3=0+sqrt(VAR1)*randn(1,1);
b4=0+sqrt(VAR1)*randn(1,1);
b5=0+sqrt(VAR1)*randn(1,1);
b6=0+sqrt(VAR2)*randn(1,1);
b7=0+sqrt(VAR2)*randn(1,1);
b8=0+sqrt(VAR2)*randn(1,1);
b9=0+sqrt(VAR2)*randn(1,1);
b10=0+sqrt(VAR2)*randn(1,1);
x11=ul+tl+bl+ell;
x12=ul+tl+b2+el2;
x13=ul+tl+b3+el3;
x14=ul+tl1+bd+el4;
x15=ul+tl+b5+el5;
x16=ul+t1+b6+e16;
x17=ul+tl+b7+el7;
x18=ul+t1+b8+el8;
x19=ul+t1+b9+e19;
x110=ul+t1+b10+e110;
x21=u2+t2+bl+e2l;

x22=u2+t2+b2+e22;
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x23=u2+t2+b3+e23;
x24=u2+t2+b4+e24;
X25=u2+t2+b5+e25;
X26=u2+t2+b6+€26;
x27=u2+t2+b7+e27;
x28=u2+t2+b8+e28;
x29=u2+t2+b9+e29;
x210=u2+t2+b10+e210;
x31=u3+t3+bl+e31;
x32=u3+t3+b2+e32;
x33=u3+t3+b3+e33;
x34=u3+t3+b4+e34;
x35=u3+t3+b5+e35;
x36=u3+t3+b6+e36;
x37=u3+t3+b7+e37;
x38=u3+t3+b8+e38;
x39=u3+t3+b9+e39;
x310=u3+t3+b10+e310;
x41=ud+t4+bl+e4l;
x42=ud+t4+b2+e42;
x43=ud+t4+b3+e43;
x44=ud+t4+b4+ed4;
x45=ud+t4+b5+e45;
x46=ud+t4+b6+e46;
x47=ud+t4+b7+e47,;
x48=ud+t4+b8+e48;
x49=u4+t4+b9+e49;

x410=u4+t4+b10+e410;
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X=[x11x21 x31 x41,
x12 x22 x32 x42,
x13 x23 x33 x43,
x14 x24 x34 x44,
x15 x25 x35 x45,
x16 x26 x36 x46,
x17 x27 x37 x47,
x18 x28 x38 x48,
x19 x29 x39 x49,
x110 x210 x310 x410,];

S=cov(X);

n=10;

r=4;
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clear all;

nrep=1000;

for i=1:nrep

RHO=0.3;

COV1=0.3;

COV2=1.5;
VAR1=COVI1/RHO;
VAR2=COV2/RHO;
e11=0+sqrt(VAR1)*randn(1,1);

e12=0+sqrt(VAR1)*randn(1,1);
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e13=0+sqrt(VAR1)*randn(1,1);
e14=0+sqrt(VAR1)*randn(1,1);
e15=0+sqrt(VAR1)*randn(1,1);
e16=0+sqrt(VAR1)*randn(1,1);
e17=0+sqrt(VAR1)*randn(1,1);
¢18=0+sqrt(VAR1)*randn(1,1);
€19=0+sqrt(VAR1)*randn(1,1);
e110=0+sqrt(VAR1)*randn(1,1);
€21=0+sqrt(VAR2)*randn(1,1);
€22=0+sqrt(VAR2)*randn(1,1);
€23=0+sqrt(VAR2)*randn(1,1);
€24=0+sqrt(VAR2)*randn(1,1);
€25=0+sqrt(VAR2)*randn(1,1);
€26=0+sqrt(VAR2)*randn(1,1);
€27=0+sqrt(VAR2)*randn(1,1);
€28=0+sqrt(VAR2)*randn(1,1);
€29=0+sqrt(VAR2)*randn(1,1);
€210=0+sqrt(VAR2)*randn(1,1);
e31=0+sqrt(VAR1)*randn(1,1);
€32=0+sqrt(VAR1)*randn(1,1);
€33=0+sqrt(VAR1)*randn(1,1);
€34=0+sqrt(VAR1)*randn(1,1);
€35=0+sqrt(VAR1)*randn(1,1);
€36=0+sqrt(VAR1)*randn(1,1);
€37=0+sqrt(VAR1)*randn(1,1);
€38=0+sqrt(VAR1)*randn(1,1);
€39=0+sqrt(VAR1)*randn(1,1);

€310=0+sqrt(VAR1)*randn(1,1);
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e41=0+sqrt(VAR2)*randn(1,1);
e42=0+sqrt(VAR2)*randn(1,1);
e43=0+sqrt(VAR2)*randn(1,1);
e44=0+sqrt(VAR2)*randn(1,1);
e45=0+sqrt(VAR2)*randn(1,1);
e46=0+sqrt(VAR2)*randn(1,1);
e47=0+sqrt(VAR2)*randn(1,1);
e48=0+sqrt(VAR2)*randn(1,1);
e49=0+sqrt(VAR2)*randn(1,1);
e410=0+sqrt(VAR2)*randn(1,1);
ul=0;

u2=0;

u3=0;

u4=0;

tl=-1;

t2=-1;

t3=1;

t4=1;
b1=0+sqrt(VAR1)*randn(1,1);
b2=0+sqrt(VAR1)*randn(1,1);
b3=0+sqrt(VAR1)*randn(1,1);
b4=0+sqrt(VAR1)*randn(1,1);
b5=0+sqrt(VAR1)*randn(1,1);
b6=0+sqrt(VAR2)*randn(1,1);
b7=0+sqrt(VAR2)*randn(1,1);
b8=0+sqrt(VAR2)*randn(1,1);
b9=0+sqrt(VAR2)*randn(1,1);

b10=0+sqrt(VAR2)*randn(1,1);
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x11=ul+tl+bl+ell;
x12=ul+tl+b2+el2;
x13=ul+tl+b3+el3;
x14=ul+tl+b4d+el4;
x15=ul+tl+b5+el5;
x16=ul+t1+b6+e16;
x17=ul+tl+b7+el7;
x18=ul+t1+b8+el8;
x19=ul+t1+b9+e19;
x110=ul+t1+b10+e110;
x21=u2+t2+bl+e2l;
x22=u2+t2+b2+e22;
x23=u2+t2+b3+e23;
x24=u2+t2+b4+e24;
X25=u2+t2+b5+e25;
X26=u2+t2+b6+€26;
x27=u2+t2+b7+e27;
x28=u2+t2+b8+e28;
x29=u2+t2+b9+e29;
x210=u2+t2+b10+e210;
x31=u3+t3+bl+e31;
x32=u3+t3+b2+e32;
x33=u3+t3+b3+e33;
x34=u3+t3+b4+e34;
x35=u3+t3+b5+e35;
x36=u3+t3+b6+e36;
x37=u3+t3+b7+e37;

x38=u3+t3+b8+e38;
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x39=u3+t3+b9+e39;
x310=u3+t3+b10+e310;
x41=ud+t4+bl+e4l;
x42=ud+t4+b2+e42;
x43=ud+t4+b3+e43;
x44=ud+t4+b4+ed4,
x45=ud+t4+b5+e45;
x46=ud+t4+b6+e46;
x47=ud+t4+b7+e47;
x48=ud+t4+b8+e48;
x49=u4+t4+b9+e49;
x410=u4+t4+b10+e410;
X=[x11 x21 x31 x41,

x12 x22 x32 x42,

x13 x23 x33 x43,

x14 x24 x34 x44,

x15 x25 x35 x45,

x16 x26 x36 x46,

x17 x27 x37 x47,

x18 x28 x38 x48,

x19 x29 x39 x49,

x110 x210 x310 x410,];
S=cov(X);
n=10;

=4;
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C=[1-100,001-1;.5.5-5-5];
L=sqrt(diag(C*C"));
Cc=[C(1,:)/L(1,:);C(2,:)/L(2,:);C(3,)/L(3,)];
O=Cc*S*Cc';

Tra=trace(0"2);

Tra_2=(trace(0))"2;

V=((n-1)*(r-1)/2)*((r-1)*Tra/Tra_2-1);
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T=sum(X);

Y=sum(X,2);

total=sum(sum(X));

N=n*r;
SSTr=sum(T.*T)/n-(total.~2)/N;
SSsub=sum(Y.*Y)/r-(total."2)/N;
SST=sum(sum(X.*X))-(total.~2)/N;
SSE=SST-SSTr-SSsub;
MSTr=SSTr/(r-1);
MSsub=SSsub/(n-1);
MSE=SSE/((r-1)*(n-1));
F=MSTr./MSE;

Smaba=sum(sum(S))/r"2;
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Smabaij=sum(diag(S))/r;
Smabaidot=sum(S,2)/r;

Smaij 2=sum(sum(S.*S));
Smabaidot 2=sum(Smabaidot."2);
Smaba 2=Smaba"2;

ep=(1r"2*(Smabaij-Smaba)"2)/((r-1)*(Smaij 2-2*r*Smabaidot 2+r"2*Smaba 2));
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Y ba=T/n;

TT=n*(C*Y_ba')*inv(C*S*C')*(C*Y_ba');
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nba=N/r;

Yba=mean(mean(X));
Stotal=(sum(sum((X-Yba).*(X-Yba))))/(N-1);
Ybaidot=mean(X);
Sbetween=sum((Ybaidot-Yba).*(Ybaidot-Yba))/(r-1);
Swithin=(Stotal-((nba*(r-1))*Sbetween/(N-1)))*(N-1)/(N-r);
Ti=Sbetween-(Swithin/nba);

Rho=Ti/(Ti+Swithin);

Neff=N/(1+(r-1)*RHO);

SE=sqrt(Stotal)/sqrt(Neff);

t=Yba/SE;
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