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Abstract
This research is devoted to study of two-way Multivariate repeated measurements analysis of
covariance model (MRM ANCOVA), which contains two between-units factors (factor A and factor
B), and two covariates (Zl,Zz} .For this model the two covariates are time-independent, that is

measured only once. The test statistics of various hypotheses on between-units factors and the
interaction between them are given, and includes the application of the theoretical part. It studies the
effect of some internal and external factors on blood parameters, which are available in the experiment
during one year through nine months. The data are taken from Department of Biology, College of
Education, University of Basrah. Then , the data are analyzed according to the our model.

Key Words: Two-Way multivariate repeated measures model, Wilks distribution, Wishart
distribution, Analysis of covariance, Covariates.

Introduction

Repeated measurements analysis is widely randomized two-way MRM experiment, the
used in many fields , for example, in the health experimental units are randomized to two or
and life sciences, epidemiology , biomedical, more between units factors or groups. The
agricultural, industrial, psychological, response variables are measured on each of p
educational research and so on ,repeated occasions. We consider the case of a
measurements is a term used to describe data in multivariate response variables and two
which the response variable for each between-units factors (factor A and factor B).
experimental unit is observed on multiple Also we assume that we have two covariates.
occasions and possibly under different For convenience we use the following notation:-
experimental conditions [8]. The focus of this
paper is the two-way multivariate repeated ~ where "#" means a number.
measurements analysis of covariance (MRM
ANCOVA) model with two covariates. We can p = # of responses = td, t = # of levels of Time,
conclude from the applications study that the d= # of levels of Day.
main effects for two factors into unites (one year
and nine months), the effects of each of the q = # of groups = ab, a=# of levels of between-
error two covariates ( £4,Z, ] and the units factor A.
interaction between factors among units are .
high incorporeal and we found that the effects of b= # of levels of between-units factor B.
each of attendant factors and the factors among

; . . .= # of experimental units assigned to level
units will be not incorporeal. We used for il P g

extraction the results MATLAB program. (1.k) of (A,B);

1.1 Two-Way Multivariate  Repeated , ,

Measurements Design n =nyy + -+ n,, is total sample size.
There is a variety of possibilities for the . . .

between units factors in a two-way design. In a For convenience ,we define the following

linear model and the parameterization for the
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two-way repeated measurements design with
two between-units factors incorporation two

covariates:-

Vieem = ta;+ B t(af)p+ 7 +¥, +(et)y+ (ay)j, + (B0 + (B1)im +
[T}’]:m + [:ﬂJGT]_:l'kI + [ﬂi?}’]j:;m + (ﬁT}’]j:m + (fry) pirn T [ﬂﬁT}’]jk:m +

[Zii_;'k —Zy Jny + (Zii}'k —Zy Yy + € jkelm

where

i=1,--,m, IS an index for experimental

unit of level (j, k) of the treatment factors (A
1B)|

j=1,--,a is an index for levels of the
between-units factor (Group A),

k=1,-,% is an index for levels of the
between-units factor (Group B),

l=1,--,¢ iS an index for levels of the
within-units factor (Time),

m=1,-,d IS an index for levels of the

within-units factor (Day),
Tt;:'_,".'-c;'!."! = [Y:'_,".'«:;'Jr!‘li "ty 1i;:'_,".'«:.'.1.1'!.1'] iS the
response measurement of within-units

factors (Time , Day) for unit i within
treatment factors (A, B),

p= [py, -+, ] is the over all mean,

.a;,]is the added effect of the
" level of the treatment factor A,

a; = ey, -

Be = [Byqy . B, ]1s the added effect of
the k" level of the treatment factor B,

(af) ;e = [(aB) jur = (@B) ] i the
added effect of the interaction between the
factors A and B at levels j ,k,

r, = [1;4,", T, ] is the added effect of the
1% level of Time,

e

Vor = V1. Vol 1 the added effect of
the »™ level of Day,

(11)

(ﬂl—)_’l}' = [(ﬂr)_ll'{‘]_.l "t ("—T r)_,"n':"] iS the added
effect of the interaction between the
treatment factors A and Time at levels ;, 1,

[ﬂ?’?)_}'yn = [[ﬂ:’fj_ll'y_vq‘]_.l T [ﬂ‘:’?j_'.'my- :| IS the
added effect of the interaction between the
treatment factors A and Day at levels j ,m,

(Bx),, = [(BT)yyy. . (FT),,,] Is the added
effect of the interaction between the
treatment factors B and Time at levels k.1,

I:JQ::;).'{J_"! = [I:Jg‘:;)kmi-' " I:JIg‘:;jkm_r] Is the
added effect of the interaction between the
treatment factors B and Day at levels k ,I,

(r':’fjl'm = [(r':’fjl'm'li T (r:;);'m."] iS the
added effect of the interaction between the
Time and Day at levels I ,m,

(@f7)j = [(@BT)jqq, (@FT)y.] is the
added effect of the interaction between the
treatment factors A and B, and Time at their
j5% k™ and 17" levels respectively,

(@B8Y) i = [(@BY) e, (@BY) s 18
the added effect of the interaction between
the treatment factors A and B, and Day at
their 7% , k" and m™" levels respectively,

(ﬂr':"j_,l'.'yn = [Eﬂr:;)_,";'!:"!ii (ﬂr':;)_."n'.‘-"!-"] IS
the added effect of the interaction between

the treatment factor A and Time and Day at
their 7= 1" and m"™" levels respectively

By)im = [(B¥me - (Br)igme] 18

the added effect of the interaction between
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the treatment factor B and Time and Day at
their &%* 17" and m*" levels respectively

(@B )t = [(@BT¥ )ity s (@BTY) s |
is the added effect of the interaction

between the treatment factors A , B and

Time and Day at their j*%, k17 and m™™

levels respectively,

Zye = [Zype - Zoe] s the value of

covariate Z, for unit i within groups j ,k ,

f'_[... = [f‘_[...'_[.l '“.l-':—-?'j_..-_r] IS the mean Of
covariate Z, over all experimental units,

My = [y 11, ) is the slope
corresponding to covariate Z,,

E?:i n:_.'. = l::l H E:::’:‘]_ JISJ_'{ = ID H E?:'_[ L, = 'D .:Efv!
2o (af) = Eii(aB) Yioylat)y

E?:i (ﬂ‘:’fj_,-'m =0= Eﬁn :1(':1‘:":]_;'_1_11 H Td—
1[;‘3 Vi = =Efﬂ=1[£?)km ;

E?:i [':-[:181-:]_,1'.'1:_1?1 = ID = EF{J =1 [':-[:181_)_,".'{.1:"!

Il
]
Il

E?:i (r’."t: r':”:l jim EE-Z'.I. (ﬂ: 1"}) jim
2By, = 0=
E?:i (':TJSF:]_,I'.'{JH =0= E::, =1 EHJS‘:;)_,".'{:'."! =

25:1 ("—'TJ'SJ r:;)_,-'.k:.'m =
Ei- =1 ("—'"518 r:;j_,-'.k:.'m

:Td 1(':1}5]?).{1 :E

L
1
i
)
po—
3

1l
]

Il

Zoipe = [Zaierr

covariate Z , for unit i within groups j,k ,

Zy5.] s the value of

z, =1z, ,-+.2,] is the mean of
covariate Z, over all experimental units,

My = [M21, .72, ] is  the  slope

corresponding to covariate Z,,
= [Ef_,".'{;'!?"!'l-' "t Ef_,".'{nl!?"!!'] iS the random
error on of within-units factors (Time , Day)
at their levels (I,#) for unit i within

treatment factors (A , B) at their levels (j ,k)
respectively.

Eiitim

For the parameterization to be of full rank,
we impose the following set of conditions :

?:'_l Eﬂ:r)_}'{ =0

E.=1(JS 1':';.::

E‘d“ =1 [r':;:]hn

_1 (,81’“‘ j.{ I Efﬂ:-l(fgr?jk.'m
EFH =1 E':IJS:")_,-'.'{ m
h:1 ("-"'518 r?)_,-‘.‘c.'m =

X045 =X _“1 Zyne =10 (1.2)
Diei Zyige = ZieaZijpe = 0 Xioy Ty = Kimg Zaippe = 0

We assume that ¢, , are independent with

€iiklm [:E:'_,-'.'«:.'m‘ll " Bijkelmy } L i.d~N, (0,X,) (1.3)
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where N, denotes to the multivariate-normal distribution, and Z, is = x r positive definite

variance- covariance matrix.

Let ¥ = [Y:'_.".'«:‘li LTI Y:'_.".'-c:_l] » L E.
1;:'J-'ﬂ:u Y;‘jk:i e Y;‘jk;i

V. = F:'_,-'.'«:‘l: F:'J-':‘::: F:'J-':c_u:
Y:'_,".'«:‘l." Y:'_,".'{E." A £ flepr

ta

(1.4)

Let the variance- covariance matrix of 17:;:{ be denoted by )", where

A=Vec (4).

The Vec (-) operator creates a column

vector from a matrix A by simply stacking
the column vectors of A below one another

[8].

I, 0 0
=1,®5=". % " .°
o 0 X,

where

[, denotes the p % p identity matrix.

Where the variance- covariance matrix ) of
the model (1.1) satisfies the assumption of
compound symmetry, i.e.

(1.5)

& is the Kronecker product operation of two matrices.

S0, = [t €] ~bind N,y (0,1,8E,)

L4

LA

(1.6)

1.2 Transforming the Two-Way Multivariate Repeated Measurements Analysis of

Covariance (ANCOVA) Model

In this section, we use an orthogonal
matrix to transform the observations
Y, for

U= ijlp Urp Uy Urpl .

*I-I = ]-.l I“.ln_ln'.'c .I_Jf = l_. I“.l':-[.l'.II|C = l_. I“.l'?::I
Let U* be any » % p orthogonal matrix. It is
partitioned as follows:

(1.7)

where j, denotes the p > 1 vector of one's , Up is px (t— 1) matrix, Uy is p % (d — 1]

matrix ,and Urwp

px(t—1)(d—1) matrix.

Urj, =0,UsUr =1._y,Upj, = 0,UpUp =1;_,,and
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Urwpo = 0, UrupUrxp = lieog) (a-1)-

Uy Ugr—1 Vg Va1
UT = : : , UD = : : )

Uyq Upe—q Vp1 Vy a1

Wqq Wole—1)la—-1)
Urip = '
Wy Woie—11(d-1)
Let
Yie = Yl
[Y:'}':cv Yikas ,Y',k_,_,] = [Y:';}'c‘ll Yipear o ¥, k;l] u
Yifen1 it Yiienn Ve | _.
5 o= 5 [Tﬂ iy Ur Up Urm] (1.8)
Tl;:'_,-".«:‘1.1' Y_,'.«:_ﬂ Y:'_,".'«:‘l!' Y:'_,".'«:_'_u
So
Cov [?ﬂ:} = Cov [?J,‘:U } = Cov UU : & Ij?.«:)
= (v @)z eL) (1.9)
So
Cow II?_.'.( = [U- @ IJ'J (IF @ EE)EE’I- @ f:,.;l
I 0 0
=[,®I = o 0 (1.10)
0 0 z,

1.3 Analysis of covariance (ANCOVA) for the Two-Way Multivariate Repeated
Measurements Model
In this section, we study the ANCOVA with these effects and the interaction

for the effects of between-units factors for
the two-way RM model (1.1). Also we give
the null hypotheses which are concerned

between them, and the test statistics for
them.

Now
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1 .
AT 325:1 e =1 ?ﬂ: ni
. 1 o
S i S
Vi = Ve = | 0902 | = [F20m 2=t Figeams
L) AN X o Yim
From (1.1), we obtain
Vi = .G z Th"l 2=y Yk
=p= T, X5 (u+ a; + By +(af) e+ 1+ Tlat)y + (ay)j, + (1) +
(18"L j.{m (1“ j m T EC‘::JIQI) (ﬂllga’)_."km T (ﬂr:’j_,"n'm o I:J'gr:’?j.'{;'m Ll (ﬂ-'lgr':;)_."kt'-‘-"!
[_Z'l._,.{ Z }T;r'l Z:;‘_‘.‘:{ - j...}n: a El:'_,"kn'.‘."!}
= piu +pia; +p: 6, +p° (-m?) [31 e ~ 21 )m + 07 (Zogp — Zp )y +
P Xy E.ﬁ!:j B rrim

O A T P [ﬂﬁ)ﬁ: T [:21 k _fi...}m T [Z:ﬂ:

Then the set of vectors

(Yiees Y».:zniii}J (Yioge Ynnﬂii} (¥iags Ynﬂnn} AV iaper
Have mean vectors

1 1 1 1 1 -
plu+ play +p2fy+p2ay ) + 0 Zy — 2y 0m

1 _ 1 1 1 1
+02(Zyy —Z;. 00y, PIu+p2ay + 026+ p2(ayf)
1 _ 1 _ 1 1
_702(21;':1 _Z-l...)'-"h _TG:(Z:;':;[ _Z:...)TF: P T plog
11 1 )
+p2fy +p2aghy + P22y — 210
1 - 1 1 1
02 (Zyi01 — Z5. I P20+ play + 26,

1

1 1 1
_Tﬂ‘:(“ifg::‘ _70:(21:'1: _Zi---j'ﬁ"i _Tﬂ:(z:n: —2:___)'.?,?: » P2u

1 1

1 1
+pla, +pIf,+ pilayfy) +p2(Zy 0, — 2, 0

1 1 1 1

1
+p2 2y —Z, Iy . pip+ pla,+ p2f, + pla, B,

- fﬂ...}'ﬂ"i T €k

F?-zna :t-!:i]
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1 1 1 1
_TG:(Z‘HEE _31...3”1 _TGE(Z:::: _z:...:"-ﬁ":; L PR T plag

1 1 1 1
+p2y + pra By + P Zyap — 210 + 07 (Zoiay — Z5.0M;

Respectively, and each of them has covariance matrix ;..

So, the null hypotheses of the same treatment effects are:

Hy:aj=a,=--=a, =0

Hc.n:ﬁ.i=_|8:':...=££;:ﬂ

Hog:aibi = ayfi = = a fi =aify =arf; =~ =a fi; = -

By = axfy = =ayfp=0
Hog (2311 —Z1.0) = (Z4iq —Z1.) = - = (L1 — Z1.)
=(Zh1—Z21.) = (B — Z1.) = = = (Ziiqn — 210 = (Z1p — Z1.)

=(Zyim —Z7.)="=(Z]

liab

—-Z;)=0

Hsi(Zoqq =25 )= (Z3py —Z5 ) == (250, —Z5.)
=(Zh—Z3.)= Egpp — 23 ) = = (2500 — Z22.) = (T3 —Z3.)
=25 —Z5 )= =(25—2:)=0

Hog: (Z141 = 21,0 + (230 —Z23.) = (24 —Z1.) + (E5q — Z2.) =
= (251 =21 )+ (2500 — 25 )= (25, — 21 ) + (250, — Z5)

=(Zy0, — 21 )+ (25— 25 )= = (Zlgy — Z1.) + (235, — 23.)
=(Zip — 29 )+ (Bh4p — 23 )= (Bgigy — 21 )+ (25 — 23 ) = =
(Zl-;',;g; - f‘l) T (Z::;-Eb —f,_:) =0

The ANCOVA based on the set of provides the ANCOVA for between-units
transformed observations above the Y = effects. This leads to the following form for
) the sum squares terms:
ss

ulAxE)

SSAJSSE :Ssz,_ JSSZ: JSSAXE ’SSU':C-:"DU[J Z,Z b

554 = TJ 1nk[‘rlk1 -Y; }[‘rjl{i ?-1} k=1,-.b

Fxt

SSg = Zpzy B hﬁm 1}(?11(1 -Y) =12

where
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. = Uik .
- o Yh.  — T2 Fh_ § My
Fe o — §a Tb_ Y ik k= Fe __ Sjzislezs Si=a Yijks
‘r,lk'-l =] A= o ni "Il - N

a 0 1 T TF o e T Ak
Ssz,_ = Ej:‘l EE:1 E._:;n_: [[_Y:jk1 —Yjiy — ngzjijk}[_‘r:jki =Yg — "Igz::jk} ]

s

a 0k 1 £y T & & E = % & _
Ssz: = Ej:‘l EE:1 E._:;n_: [[_Y:jk1 — Yy — nizl'.jk}[_‘r:jk'l = Y — niz'.l:jk} ]

534 (Group 2,2.) — EJEL— 1 ‘-'l{ 1 X, —1 (C(C) j
where

a o] Dik
T Ej_i EI.-c_‘]. E-_ -1‘1r ikl
ijkl —
q

Wil v, TFi T T
SSu(AxB_'- = Eflzi Eﬁ='1 E-_:; [.‘r:jk‘l - ‘Ijk‘l}[.‘r:_ik‘l - ‘rjk‘l}
Thus
88~ W, (a—1,%.), SSg~W.(b—-1,%.), 88; ~W,. (LX), 85; ~W,(LE)

8S 4z W, (= 1)(b—1).E.) , SSucroupz,2,) W, (n—ab—2,%,)
S8utaxes) W (n—ab, X.)

where W, denotes the multivariate-Wishart distribution.

The multivariate Wilks test [10]

— _ |Z5ulaxE) ; L
T,_,'.: = m when Hgq 1S True, T,_‘.i_ \_-'J'hr.(n —ab,a— ljl
SEAwE) .
T, = —UaE _ \when H,, istrue, T, ~A,(n—ab,b— 1)
T 55, (AxEITESE = z r
T, = % when Hy; istrue, T,, ~A (n—ab,(a—1),(b—1))

T, =——=*E— when Hy, istrue , T,, ~A,(n—ab,1)

T, = —4&B _ when H,; istrue, T, ~A,(n— ab,1)
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where A, denotes the Wilks distribution.

when Hy, istrue, T, ~A.(n— ab,n —ab — 2)

1.4: The Experiment

The experiment was carried out to study
the effect of some internal and external
factors on blood parameters, which are
available in the experiment during one year
through nine months. The data was taken
from the Department of Biology, College of
Education, University of Basrah.

The experiment included fishes infected
with Ancylodiscoides parasiluri were
categorized into three groups according to
the level of infection:

Group Al: Light infection, Group B1: Mild
infection, Group C1: Heavy infection

The blood samples were then placed in
clean dry marked tubes provided with
anticoagulants. Tubes were kept in the
refrigerator in the laboratory prior to its
examination and analysis [9].

1. Hemoglobin estimation (Hb)

2. Total erythrocyte counts (Red Blood
CellR.B.C))

3. Haematocrit estimation (Packed Cell
Volume P.C.V.)

The design of the experiment was done
according to the two-way multivariate
repeated measurements model considering
the effects of two independent factors.
Multivariance analysis was done by the
fraction the total differences into two classes
or groups:-

The First Class: refers to the differences of
essential elements between the measurement
elements (between-units factors) which are
out of control.

The Second Class: refers to the differences
in within-units factors which are rerated to
External factors.

The experiment was classified into nine
groups, the measurement was studied during
one year through nine months.

According to the mathematical formula of
the model study (1.1) and by applying the
model on the experiment, we get : The sum
squares, of the effects between-units
factors, interaction between-units factors,
the two covariates and the error of two
covariates ( Z,,Z, ), where Group A denoted
the Packed Cell Volume ( a), Group B
denoted the Packed Cell Volume (b), Z,
denoted the Hemoglobin estimation and Z,
denoted the Red Blood Cell , of the
Experiment as follows:

1. The sum squares of the effect of
between-units factors to test the
hypotheses

Hyroay=a; =a3 =0.Hy: 1= B = 53
are 55,555, 55,.4x5, Whichare 27 x 27
matrices. So that the values of Wilks
statistics is shown in the following :

Trl.l._r___ = 0.493 y Trl.l._r: :0-493

As it is not easy to obtain a tabulated value
by Wilks statistic so the values were

estimated to the statistical test using the
following relationship :

1-A5 | ks—r
F=—FX

= bl

~F(pm, ks —1)

N
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where m refers to the degree of k,s,r are explained in above and n taken the
freedom incrospording of the effect to null degree of freedom about the error. It is clear
hypothesis test and p means the number of from the above that the Wilks statistics is
measurement values for each experiment distributed the Wilks distribution in the
unit. A is the estimated value of Wilks and following :

No1~Ms1s. With F = 0.471, F~F(18,20), F.(18,20,0.05) = 2.15, and

Aga~Mg1e. With F = 0471, F~F(18,20), F.(18,20,0.05) = 2.15

At 0.05 level of significance, we found that 2. The sum squares of the effect to
the calculated F-value is less than the interaction between-units factors to
statistical test value, so there are no level of test the hypothesis

significance found among the nine groups.

Hyg:ayfy = a3fy = azfy = ayff; = ayfpy = agfy = aifi; = a;f; =az;f3 =018 S5,
which is 27 % 27 matrix as 55, with the value of Wilks statistics is T, = 0.493 and
Mgz~Neqz. With F = 4171, F~F(36,43), F.(36,43,0.05) = 1.69

At 0.05 level of significance, we found 3. The sum squares of the two
that the calculated F-value is grater than the covariates ( Z,.Z,) to test the
statistical test value , this means that there hypotheses :

are level of significance of blood parameters
among the nine groups.

Hog: (Z301 —Z1.) = (Z{im — Z1.) = (Z{31 — Z1.)
= (Zi:'i: _fi---) = (Z{::: - f{---) = (Z{:E: _f{---:' = (Zifis _fi---)
= Ezi:‘:a _f{---) = (2{533 - f{...) =0

Hogt (Z3y —Z5.)= (25 — Z5.) = (Z330 — Z2.)

= Ezf:‘i: _ff---j = [E:':-:: - ff---) = (25:3: _ff---j = (25:13 _fi---j

2--- 2i33

=(Z323 —Z;. )= (Z53; — Z;.) = 0 are 85;_,85;  which are 27 x 27 matrices.

So that the values of Wilks statistics are T, = 0.756, T, =0.756 and Mgz~ Ngqe 4
Moz~Mg1e1 With F = 0.357 , F~F(9,10), F.(9,10,0.05) = 2.07

At 0.05 level of significance, we found that the calculated F-value is less than the statistical
test value , this means that there are no level of significance of blood parameters among the
nine groups i.e., there are no level of significance of the two covariates on blood parameters.

4. The sum squares of the error two covariates ( Z,,Z, ) to test the hypothesis:
Hog: (Z1i11 = Z1.) + (Z310 —Z23.) = (Ziizq — Z1.) + (23 — 232.)
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=(Z331 —Z3 )+ (235, — 23 )= (@50 — 21 )+ (2312 — 23 )
= (250 —Z1.)F (250 — 25 ) = (23, —Z1.) + (235, — Z3.)

=(Zjs =21 )+ (E5ys =25 )= (2403 — 21 ) + (2503 — 25 ) = (Z{as —
z{...)_[z::;' _zé...j: 0 is
58

3

(<)

wlGroupz,z,3 Which is 27 X 27 matrix .

So the values of Wilks Statistics is T,,, = 0.940and NApe~/Ng 1z 1, With
F=5427  F~F(14497) , F.(14497,0.05) = 1

At 0.05 level of significance, we found among the nine groups i.e., there are level of
that the calculated F-value is grater than the significance of the two covariates on blood
statistical test value , this means that there parameters.
are level of significance of blood parameters

1.5: Conclusions

The conclusions which are obtained Hy:ai=ay=-=a.=0
through out this work are given as follows
when we use: Hy:B1=F; = =F; =0

1. the null hypotheses which are tested
for the ANCOVA for between-units
effects are :
HI}E:“iJS'i = ,-_"[::B_l e ﬂn."g'.l = ﬂ“@: = ,'_"[::.IS: = e = ﬂm@: e
=aif, =afy = =a_f, =0
Hpy: (zi:n _fi---) = (21:::1 —2_1_'___) == ':zi:'ci - f{---)
= (Zi:'i: _fi---) = (z{::: —2_1_'___) == (zi:c: - f{---) = (Zi:w _f{---j
=(Zip—Z; )==(Z25,—Z;)=0
Hys: (Z341 —Z3.) = (Z39q — Z23.) = = = (351 — Z3..)
=(234, =23 ) =250 —Z5 )= = (Z5:pn — Z5 ) = (Z3:4p — Z5.)
=(Zyp—Z5 )= =(Z3;5,—Z5.)=0
Hoe: (2] — 27 )+ (234, —Z5 )= (2], — 2] )+ (23,0 — Z5 )=

= I:zi:'c‘l _f{---) T [szci _ff---j = (Z{n: _E_i...) T (2551: _f:'...j

=(Zym =2, )+ (250 —2Z5 )= =(Zlpn— 21 )+ (25, — 25 )
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=(Z3ap =21 )+ (23145 — 25 ) = (Zyiap — 21 )+ (253 — Z3. ) ==

=(z 210+ (23 —25.)=0

liab ~

Then the multivariate Wilks test statistic for the null hypotheses for between-units effects
are :

a) T, = % when Hyy is true :
T, ~MA (n—aba—1)

b) T, = ——24E _ when Hg, is true ,
- E]

T, ~M (n—abb—1)

c) T, =——225_ when Hys is true :

W

W

Tu, \_-*:-.:,[:n —ab,(a—1),(b— lj}

d) T, =—22E _  when Hy. is true ,

T, ~A(n—ab 1)

e) T, =—u&El _ when H,. is true :

T, ~A.(n—ab,1)

W

f) T, = o B when  H,. is  true

W S8 A g5
= oy AxEl+oy (Group Z. 2]

T E\;’!._,[n —ab,n—ab—2)

W

2. We can conclude from the
applications study that the main effects
for two factors into unites (one year and

interaction between factors among units
are high incorporeal and we found that
the effects of each of attendant factors

nine months), the effects of each of the
error two covariates ( £,,Z, ) and the

and the factors among units will be not
incorporeal.
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