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ABSTRACT

In this study we calculate the expected meaargs for 4-way crossed balanced model with
correlated data and notice the effect of the careel data on F statistic. The expected mean ofsgjua
for this study is calculated using an approach dhasesome aspects of linear algebra.
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Introduction

ANOVA has become a popular statistical (2000) [10] found the expected mean squares for
procedure in a wide variety of disciplines. For balanced crossed two-way model with correlated
all that the analysis of data from experimental data ,Abdullah and Al-kaabawi (2007) [8] found
designs is often hampered by lack of techniquethe expected mean squares for balanced
to correct the usual F-test for the effect of crossed 3-way model with correlated data ,
correlations. Although the assumption of the Al-Kaabawi (2007) studied the effect of
independence of the observations in ANOVA dependent data on type | error rates for
may be seen like a reasonable assumption irmultiple comparison  procedures for 3-way
examining data using experimental design . Thecrossed balanced model [9] .
assumption of independent however is rarely In this study, we have developed a method for
verified. Gastwirth and Rubin (1971) [2],Smith adjusting an ANOVA in the presence of
and Lewis (1980) [1]. correlated data, while their independence is an
Pavur and Liwes (1982) [7] study this caseessential assumption in (ANOVA). In addition,
and explain that the correlate causedthe model should be linear and error terms
weakness of results for the analysis of variance ,should be independent and have identical
Pavur and Davenport (1985) [6] study the effect normal distribution.
of correlated data on the analysis of variance The task has been accomplished by
results and on the type | error for 2-way determining the expected mean squares for error
balanced model . Pavur (1988) [5] studied and treatments for the balanced crossed 4-way
simple linear model with correlated error model and correcting the F statistics for testing
expression and notice the effect of corrdlate the factor effects. Also, this study focuses on the
on multiple comparison procedures for this true type | error probability and the effects of
model , Al-Shahiry (1997) [4] studied the departures from independence assumptions on
effect of correlation on F statistic and the hypothesis in the balanced crossed 4-way model
correction factor for one way model Al-kaabawi analysis of variance.
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DEFINING THE MODEL
Consider the balanced crossed 4- way model agittelated data
Y=XB+E ..@)

where Y is an(abcdmx1) vector of observations , X is the design matrixahtis equal to
1. L0102, 01,01 13,01 01, 1,01, :2,01,:2, 01, 010I,:
1. 01,0y 01,:23,01,01,01:1,01,.01,01L:1,01,:1,01,.:1,0L01,:|..Q
I UL O, ey U1, 0 ey
E=N_u, O o? R) , where R is a correlation matrix aorf is the variance of each component of
observations. Let,

B =[6,01, s BrveeesBos ViV OrreeeiBy s (AB) 1100 0B) s (AW )11 (@) i (@O) 11 (A5) .
(B 110+ BY) e (BO) 111+ BS) g (1) 111+ (¥0) it + (OB 1110+ (ABY) s (ABO) 1111+ (OB g
(@YO) 111, QYD) sy (BYO) 1111+ A BV g (ABYO) 1111, (ABYD) s ]
=[6.a'.8.y.5.(aB).(ay).(@d).(By) . (B3).(3) . (aBy) . (aBd) . (ay3) . (BYO) . (aBy3)] ...}

such that

Zai :Zﬂj :Zyk :Zd :Z(aﬂ)ij :Z(aﬂ)ij :Z(ay)ik :Z(ay)ik :Z(ad)n 22(0’5)”
:Z(ﬁy)jk :Z(ﬂy)jk :Z(ﬂd)n :Z(ﬂd)n :Z(yd)m :Z(yd)m :Z(aﬂy)ijk :Z(aﬁy)ijk

i j

:Z(aﬂy)ijk :Z(aﬁd)m :Z(aﬁd)m :Z(aﬁd)m :Z(ayd)ikl :Z(ayd)ikl :Z(ayd)ikl
:Z(ﬂyd)jm :Z(ﬂyd)jkl :Z(ﬂyd)jkl :Z(aﬁyd)ijkl :Z(aﬁyd)ijkl :Z(aﬂyd)ijkl
:Z(aﬂyd)ijkl =0 (4

then

HU=XB=61m +lm D +1,, 0401 +1, Oy0O1,+1 0001, +1,, O(aB)+

@ 001,00l ) e+, 01,01, 01,01, )a0)+1,, 0(By)0L, +

@ 0,01, 01,00)po)+1,000)01, +1,, 0@By)+@, 01,01, 01, 01,)@aBo) +
@ O, o001 ) (aw)+1, OBw) 01, +1 O (aByo) ..(5)
wherel is a vector of one antd denotes the kronecker matrix product of two masicdhe
kronecker product was defined by Grayhbill (198Blow, we have

Y = N(i,0°R) ...(6)
where
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R=Q=P) aoeam * (P1 = P2 =P =Py = Ps + Ps + P+ Ps+ Po + Pio+ Pri = Pr2 = Prs~ Pra
_p15+p16)‘]m ) +(p2 “Ps = Pr = Ps T P +p13+p15_p16)‘]dm O e +(p3 ~Ps
~Po =Pt Pt Prat Pra= Pre)dm Ulg U I Ul + (05 = Pro = Pz + Pig)doam Ul ap +
(p4 ~ P77 Po _pll+p12+pl4+p15_p16)‘]m Ol 03, 01, +(p7 _plz_p15+p16)‘]dm
Ol.0J,0 Ia+(p9_p12_pl4+p16)‘]m Olg 0Jy O |a+(p12_p16)Jbodm Ol +
(ps ~ P _plO_pll+p13+pl4+p15_p16)‘]m Olpe U J, +(p8 _p13_p15+p16)‘]dm
Ol DJa+(plO_p13_pl4+p16)Jm Oly 0J. 0l D‘]a+(p13_p16)‘]cdm Ol, 0, +
(P11~ P = Pis T P16)dm U log 0 Iy + (015 = Pr6) Igm U 1 U Iy + (014 = P16) I U 14

D Jabc +p16‘]abcdm (7)
Let
M.=13 =210 and N =1, -Mm, )
S S

( see Pavur (1988))
then the correlation matrix can be rewritten as

R=AM .y + A,Mp ON, +AM_ ON, OM, +A,M, ON_ OM, +AM_ON, O
M, +AM . ON, +A,M, ON. OM, ON,+AM_ON,OM, ON, +AM, ON,,
OM, +A,M, ON,OM_,ON, OM,+A,M_ON_OM,_ +A,M, ON_ +A M, O
N, OM_ON, +A,M,_ ON OM,ON, +AM_ON,,OM,+AM_ON,, +

/117Nm D Iabcd (9)
Where
Ay =1-p,)

AlB = (l_p1)+m(p1 TPy P3Py TPt P TPt Pyt Pyt Lot Prit Pro T Prs T Pra T Pis +p16)
/115 = /116 + am(p5 “ P P~ Put Pist PuuPis— plG)
Ay = A M0, = P = Pg = P11+ Pro + Prat Pis — Pis)
/113 = /116 + cm(p3 TP TPy Pt Pt Pt Py~ plG)
Ao = e +dM(0, = 0= 07 = P+ Prot Pist Pis — Pre)
Ay = A +bM(0, = ;= Py = P+ Prot Prat Pis = Pig) +AOM(O, = 01, = Prs + Pr6)
Ao =As+CM(0s = 05 = Py = Prot Prot Prat Pra= Prs) +aCM(015 = P13 = Pis + i)
Ay = A +dM(0, = 05 = Pr = Ps+ Pro ¥ Prs + Pris— Prs) +AAM(0; = P15 = Prs + Pre)
/18 = /114 + cm(p3 TP Py~ Pt Pt Pzt Py~ /016) + bcm(pg P Put /016)
Ay = Ay +AM(0, = Ps = P = Py + Pro+ Pist Prs = Pig) T 0AM(0; = 1, = P15 T+ i)
Ao = A +dM(0, = 05 = 01 = Ps+ P+ Pris+ Pris— Prs) +CAM(O5 = P, = Prs + Prs)
As = Ay +CM(0; = 6= Po = Pro+ Pt P+ Puy — Pis) +DCM(05 = 01, = Pra + P16) +ACM(010 = P13 = Puy + Pr)
+abem(py, = Pre)
Ay = A +dM(0, = 05 = P7 = Po + Pro + Pt Pis — Pre) +3AM(0; = P13 = P15 + P1) +0AM(0;, = 01, = P + Ps6)
+ abdm(p15 - 1016)
Ay = A +dM(0, = s = 07 = Py + Poo + Pt Prs = Pig) +CAM(05 = P, = P+ Pi) +AM(0, = P13 = Pis + Pye)
+ aCdm(p13 - 1016)
Ay = A 00 = 05 = P3 = Pro+ Pra Pra+ Pra~ Pis) + CAM(Ds = 1, = Prs + i) +BCM(Dy = P15 = Pra + Pse)

+ dem(plz - ple)

47
i
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/11 = /15 + dm(,O2 “Ps PPt Pt Pt Ps— 1016) + Cdm(pe PPt 1016) + bdm(p7 PPt 1016) +

adm(; = P13 = Prs + Pi) +edm(p,, = py6) +acdm(p,; — p,6) +abdm(po,s — p;6) +abcdmpo .10

A, A, Aprepresent the eigen values of the correlationimBRtrepeated
L(@-1,(b-1,(c-1,(d-D,(a-Db-1,(a-D(c-1,(@a-D(d -D,(b-D(c-1,(b-H(d -1,
(c-1) (d-D,(a-D(b-I(c-D.(a-1) (b-1) (d-D,(a-1)(c-1(d-1),(b-1)(c-1(d -1,
abcd(m-1)
respectively. These eigen values are positive aots(i.e A, > 0,0 =1,...17)
Since R is positive definite matrix, then theggen values are positive values. Furthermord) eac

the matrices

M cams Mpeam U NpyM gy DN, OM M, ON. OM M ON; UM ;Mg U N,

M, UN.OM, ON, M _UON,OM_ UON, M, UON ., OM_ M _ ON,OM ON,OM,_,
M, ON,UOM, M, ON, .M ON,OM_ON_, M ON,ZOM ON, M UON,, M,
M,ON_ ,and N Ol

is idempotent the product of any two which is egaoghe zero matrix , then there exists a unique

1

square matrixR_E where
1
R 2= ! +iMbodeN +iModeNbDMa+%MdeNCDMab
4

_Mabcdm a

JA VA VA
1 1 1
+- =M, ON,OMg +—=—M_ ONg +—=—M, ON,OM, ON, +—=—
VA Vs JA Ve
ON, +—— M, ON, OM, +—=-M_ON,OM, ON, OM, +—

\//]_9 \//]10 V/]ll
1|\/|DN+1MDNDMDN+1MDNDMDN+1MDN
5 Vldm abc ' 5 Vim d c ab = Vim cd b a = VIm bed
/112 /113 /114 /115

1 1
N, O 1)

OM, +—M,_ ON,, +——N,_
Ve Ay

1
Now , by usingR 2 to transform the model (1) to an ordinary Lineardelo

M, ON, OM,,

M, ON,OM, +

1 1 1
R2Y =R 2XB+R 2E .2
1
Y'=R 2XB+E" ..@3
Where
E"”= Nabodm(O,le) .9
and
1 1 1
,uD:RZXB:XBD Y°=zR2y |, E'=zR?2E .5
Such that
o4
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11 1 1,01 .1 1 1
0, a,——p, Y, 2 (aB)’, (ay) —=(ad)',——=
A AT AT A A A g
B =| 2 (83)\—— (6~ (aBy),——(aBS) ,—— (@) \—— (B
Alo All Alz Al3 Al4 AlS
1 '
(aByod)
_\//]16
So
Yo = XBY+ E°
Now , definee, = (0,...,01,...0)", (see Al-shahiry (1997))
Y =(. 01,00, 00,0e);i=1..a
A
Y2
Y=(1,01,01,01,0[:e:..:¢e])
Y,
Y, =(1, 01,00, 0e O1,)Y ; j=1..b
Yl
Y2
y=(1,01,01,0[e0l,:e,01,:.:601,])|"
Y,
Y. =(I. 01,06 O1,00,)Y ; k=1..c
Yl
Y2
Yy=(1,01,0e00,01,):ce00,01)] )"
Y.
53
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Y =(.0e O1,0L,OL)Y :l1=1.d
Yl
Y2
y=(1,0[e00,01,01,):.ce,00,01,01)])]| " .21
Yd
Y, =(1,01,01,0e 0g)Y ;i=l..a j=1..b
Yiu
Ue:e,Ue :...ig Ue g le, e, Ue, i...ig Ue, [0
Y:(lmmldmlcmrl %% A GHA G HE S HG G EG }) (22
ele, :....e Ue,
Yab
Y, =(I, 01,06 Ol,0e)Y ;i=1..a,k=1..c
Yll
Y=( 01,0 elDIbDel:elebDel:...:ecDIbDel:elleDez:elebDez) 23
m 4T e 01,0 g 01, 0e,:e,01,0e,:..:e,01,0e,
Yac
Y, =(I,0e O1,01,0e) ; i=l..a,l=1..d
Yll
e, 0O1)0e:e, 00, 01,)0e:..;e,00.01,)0e: .
Y=(1,0/e00.,01,)0e,:e,0(,01,)0e,:..:e,0(,01,)0e,:...:| ) ..(24)
e, 0O1)0e:e, 00, 01,)0e,:.ieg0(.01,)0e,
Yad
Y =(1, 01,06 Oe O ; j=L..b,k=1..c
Yll
Oe0l,:e,0e0l,:..;e0eg0l,:g0e 01, '
Y:(ImDIdD el el a eZ el a C el a el 2 a ) (25)
e, e Ul :...;e e Ul t.ielg Ul -1, Ug 01,
ch
Y, =(1,0¢ Ol Oe OI)Y :j=1..b,1=1..4d
Yll
egUl.UOeUl, el Oe0l,: ..;eg0l Oe0l,:e 01l .
Y=(,00e0l,:e,01 06,01, :.;e01, 0 01,:...:01,0e 01, ...(26)
e Ul Ueg Ul iy O, U O, .
de
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Y, =(I, Oe Oe O1,01,)Y;k=1..c,l=1..d
Yiu

Y=(,0e0e00,0O1,):e,0e,00,0l,):...;e0e,0(,01,) ) - ..(27)

ch
Yy =(1,01,0¢ Oe Oe)Y ;i=1..a,j=1.b,k=1..c
eglUele:e e le:...;e,Uele:elle e e, e, e Yiu
.ce0e e :.;elg Oe:e g Oe t...;e,0g Oe ... '
y=(_ 01,0 eUe Ue .iglgUeg:eUe Ue e, Ug Ue e
eglele, e, e le, :...;e,Ueg Ue, i...ig g Ue, e, g,
De,:...e Og Oe, v

abc
Y,=(1,06 Ol O¢ Oe )Y ;i=1..a,j=1..b,l=1..d

1]

gUl.Uegle ..iegUl Oe e gl Ue e ..iegUl Oe, Yins

Y=I,0 ) - (29
I.OelUe,:e0l,Oe, Ue, i..ie, Ul e, Oe, iig 0l Ue Ue,:
g Ul O Ue iUl Ug Ue, tieg Ul Ue Ue, Y.,
Yo=0,0¢ O¢ OI,0e)Y ;i=1l..a,k=1..c,1=1..d
Ylll

y=(_0 _ ' )| . 1@
Y.,
Ylll
Y=(1,0e 0eOe0l,:e0e0eg 0l,:.;e,0e 0e 01,:e Oe, ) I B X))

chd

ANALYSIS OF VARIANCE

The observatiolY;;,,has normal distribution =~ SSTO=SSA+SSB+SSC+SSD+SSAB+SSAC+S
SAD+SSBC+SSBD+SSCD+SSABC

with 4y, mean andg? variance then from

Cockran"s theorem the total sum of squares +SSABD+SSACD+SSBCD+SSABCD+SSE
(SSTO) to the model can be written as ...(32)
Where

a3
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a b c¢c d m
SSTo=>">" ZZY,Jklh —abedmY 2
i=1 j=1 k=11=1 h=1

SSA= bcdmz

i=1

Y2 —abcdmy ?

SSAB= cdmZZ\?i - bcdmZY o= acdmZY2 +abcdny 2

i=1 j=1 i=1 =

SSAC = bdmii\?i.ﬁ bcdmZY2 - abdmZY2 +abcdmy 2

—lkl i=1

j=11=1 j=1

SSCD = abm Z —abdmZY2 —abcmZY2 + abcdniy 2

ke R

o
(=1

b ¢

SSABC = dm zz Y2 —cdmd V2 —bdmd SV2 —admd S V2 +bedmd V2 +
i=1

i=1 j=1 i=1 j=1 i=1 k=1 j=1 k=1

Q

=

SABD= iy >3 ¥ —cdmZZf ~bomy 32 —acn3 > V7, +bodm ¥ +

i=1 J‘ll 1 i=1 j=1 i=1 1=1 j=1 1=1

=

SSACD = meZZYIil —bdmZZYlﬁ —bcmZZYIZI —ameZY2 +bcdmZY2

i=1 k=1 I=1 i=1 k=1 i=1 1=1 k=1 1=1

SSBCD= amZZZY —admZZY —acmZZY —ameZY2 +acdmZY2

j=lk=11=1 j=1 k=1 j=11=1 k=1 1=1

ak
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SHBCD=mY Y > I VE ~dmy > 32 —emy Y I VE -bmy S Y2 —amy I VE

i=1 j=1k=11=1 i=1 j=1k=1 i=1 j=11=1 i=1 k=1 1=1 j=lk=11=1
+cdmZZY2 +bdmZZY|2k +bcmZZY|2I +admZZY +ac Zb:i\?fl +
i=1 j=1 i=1 k=1 i=1 =1 j=1 k=1 j=11=1

ameZY2 - bcdmZY Z - acdmZY Z — abdmZY2 - abcmZY 2 +abcdmy? (49

k=1 1=1
a b c¢c d m
SE=22 22> > Yin~ mZZZZYuiI @9
i=1 j=1 k=11=1h=1 i=1 j=1k=1I=
The degrees of freedom for (c-1),(a-1)(d-1),(b-1)(c-1) ,(b-1) (d-1) , (c-1)(d-

SSA,SSB,SSC,SSD,SSAB,SSAC,SSAD,SSBC, 1),(a-1)(b-1)(c-1),(a-1)(b-1)(d-1),(a-1)
SSBD,SSCD,SSABC,SSABD,SSACD,SSBCD, (c-1)(d-1),(b-1)(c-1)(d-1),(a-1)(b-1)(c-1) (d-1),
SSABCD,SSE and SSTO are (a-1), (b-1) ,(c- abcd(m-1) and (abcdm-1) respectively

1) ,(d-1), (a-1) (b-1), (a-1)

EXPECTED MEAN SQUARES E(MS)
Now we calculate the expected mean squares, MSBD , MSCD , MSABC , MSABD ,

with correlated data for MSE , MSA , MSB , MSACD , MSBCD and MSABCD
MSC , MSD , MSAB , MSAC , MSAD , MSBC
SSE
= ...60
abcd(m—l)
a b c d m ) a b c d —
Y2 —m vz .63
ade(m 1) ;JZ:;. k=l§hzl an ;;k 12; a
Since
a b c d m
IIDIDID N =YY =Y, 01, 01,01,01,)Y .62
i=1 j=1k=11=1h=1
and
— 1 , 1.,
Yiia. 1mYIJk| ==Y, .03
m

/ 2 1 ] r
Yijk|. - m2 Yljk| 1m1mY|JkI
> 1 1
Yijkl. - mz Yukl‘]mYukI - Yljkl MmYukI (54)

a3
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1., 1, '
Z_Yijkl MY = E[YllllM mYi111 F et Yapg M mYabcd]

=L j=1 k=11=1 i=l j=lk=11=1M m

M O O Yllll

1., , - Y, 1.,
:E(Yllll""'Yabcd) : 1:112 :EY M, O1,4)Y
O O M, '
abcdxabed Yabcd
a b ¢ d 1
D222V ==Y(M, O, 01,01, 01,)Y ...65

i=1 j=lk=11=1 m

SE = Y1 ¥ ~ME)Y'(M , O] ,)Y
m

SSE=Y'(I,,-M_Ol,,)Y
SSE=Y'(N,, 01 44)Y .- (56)

by using converter model and using the relationg1(®),(15)
1

Y?=N(R 2u,0%) - (67)
by using the relation (56) but for converter model
SSE"=YY(N,Ol,01,01,01,)Y" - (59
by substituting the relation (15) in the relati@8) we get on
1 .
SSE"=YR2(N,Ol,01.01,01,)R?2Y -+~ (659)

by the substituting the relation (11) in the relat{59) and by using the relation (8)

1
SSE” = SSE ---(60)

17
SSE = A,,SSE” - (69

By using relations (57), (58) , and by using tle@orl and corollary in the appendix and since
(N, O1,4) is idempotent matrix so

SSED:UZXaZbod(m—l)( 1) (62
0 ]
M (Ng Ol _ 1 2
= = (N O )] - (63
1, represents the non central parameter for chi-satiatribution
Msls:]'s’Nslszpals Ns:Q (64)

see pavure (1988)
by using relations (5),(8),(64),(11),(15),(63),@mcel, a1 OL1. Oyl, 00
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1
n, = (?)ﬂm(Nm O 1 e )

1 1

1, , - -2
= (MR (N Ol )R 24

= (= 2/117)(_)

SE"=0o Xazbcd(m—l(Q)

E(SSE") = abcd(m-1)o?
by using the relation (65) and (66)

E(SSE) = abcd(m-1)A,,0°

— 2
EMse) =g SE |- E(SSE) _abed(m-DA,0
abcd(m-1) /) abcd(m-1) abcd(m—-1)

Also

_ SsA

(a-1)

=1 {bcdmZY2 — abedm 2

(a-1 =
Since

1

_(—)1bcdm i~ b deillbcdm

bcdm
N/ 1 2 [
Y? = W\ﬁ LicarmLodm Vi

1
=——Y'J .Y
(de )2 i~bedm i

Y

(bcdm) ' bcdm Jrcam
=(—)Y'M Y.
(dem) i bedm i

Now
Z Z( N M, = ("
= (i)(y' A M
bedm™ '’ ®
O
and also

PDF Created with deskPDF PDF Writer - Trial ::

)(YlM bcde teeet Ya, M bcdea)

Y,
...0 v L
Zl=——vY'(M,_. O )Y
M dem ( bcdm a)
bcdm Ya
53

= 0-2/]17 =0’ 1-p)

.. (66)

- 67)

- (70)

- (79
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> 1 1
Y =—— 1 == VY1 (72

..... adem abcdm adem abcdm (7 )
- 1 1 1 1
Y2=— T Y1 egmY =—————YJ_, Y = Y' J

""" (abcdm)? TP @bedm)? ™ abedm abedm” ™

YM
= (oYM Y 73
by substituting relations (71),(73)in the relati®) and by using the relation (8) then
SSA=Y'M,O0M,OM_OM, ON,)Y - (79)
by using the relation (74) but for converter maaledl using the relations (17),(57),
SSA"=Y"(M, OM, OM, OM, ON,)Y =|(M,OM,OM_ 0OM, O Na)YD“2 - (79
by substituting relation (15) in the relation (&)d by using the relations (11), (8), (64) then
1 1

SSA"=YR 2(M,OM,OM_OM, O Na)R_ZY:(/]i)Y'(Mm OM,OM_OM, ON,)Y

2

1
= (5)SsA - (76)
2
SSA= A,SsA” - (77)
by using the relations (57) , (75) , theorem 1ptlary in the appendix and since the matrix
(M e O N,) is idempotent matrix

SSA”= 02X 2, (17,) -+ (78)

o O
_4PM OM,OM_OM, ON)u” 1 ,
2 = e =DM, oM, OM OM, DN -9
1, represent non central parameter for chi-squatglision . by using the relations (5), (8), (64),

(11), (15) (79)

1 1

—(—),u (M, OM,OM_OM, ON_)u’ =(= ),uRZ(M OM,OM,OM, ON,)R 2y

= (Zcz‘i]r:‘)a'a = (U )bcdmzl:a .. 80)
So
S = 07X 2, (( dem)Z a) -+ 81
buy using Lemma 1 anfj Llémma 2 in the appendix
E(ssA) = (MY a7 + 0% (a-1) - 62
by using relatiorzls (;;) and (82)
E(SSAY) = bodmd o + 02, (a - 1) 83

i=1
E(MSA) = E( :f“l) = ESSlA) = (TﬁT};aE +02, - (84)
Similarly we obtain that
ak
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E(MSB) = (1‘3?2“}]2: B+, -89
E(MSC) = (ibfrl“j; 2+, .. (86)
E(MSD) = (?ﬂbiji: 52+ 0, .. @7)
E(MSAB):[%JZ;;( aB)’ + o’ ... (89)
EMSAC) =| 1)(c l)jgg(ay)lk+a ; .89
E(MSAD) = 1)(d 1))&2( ao): + oA, - ©0)
EMSBO) =| - 1)(C 1)jj=l;(ﬁy)1k+a - )
E(MSBD) =| 20 1)}22(,35)“ Ao @2
E(MSCD) = mjk;i(m“m . - (93
E(MSABC) =| 1)(b 1)( )Jgig(aﬁy)”km Y .. 94)
E(MSABD) = (- 1)(b l)(c 1))&] lZ:(a' B) + %A, - ©9)
E(MSACD) = = 1)(C 1)(d 1)};22(ay5)§+02/114 -+ (96)
E(MSBCD) = e 1)(Caml)( . 1)jjilki1|2i:(ﬁyd)?m+azﬁls - O7)
E(MSABCD) = [( T 1)(c EE il:g;émﬁya)wmum - (98)

Therefore the analysis of variance table (ANOVA) ba written as table (1)

E-TEST

After finding (ANOVA) for studying hypotheses to know that if the factor levels
models we can discuss Fifteen cases for null mean is equal and these hypotheses are

H,:a, =0 0i=1---,a

H,:a, #0 for somei (99
Hy:8,=0 Oj=1-b

H,:B;, #0 for somej ---(100)
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Hy: ¥ =0 0Ok=1---,c
H,:y, #0 for somek
H,:6 =0 0OI=1..-,d
H,:d, #0 for somel

HO:(aﬂ)ij =0 DI,J [i:l"‘,a,j:l,“',b
H, :(aB); #0 for somei or j
HO:(ay)ik:O D|,k [i:luc’a’k:l...’c

H,:(ay), #0 forsomei or k

H,:(ad), =0 0Oi,l Oi=%---,a,1=1---,d
H, :(ad), #0 for somei or |

HO:(ﬂy)jk:O Oojk Cj=1-,b, k=1-,C
H,:(By) 20 forsomej or k

Ho:(Bd); =0 Oj1 C j=1---,b, 1=1-,d

H,:(B9d); #0 forsomej or |
H,:(0), =0 Ok,I Ok=2---,c,1=2--,d
H,:()9), #0 for somek or |

Ho:(@By)y =0 Oijk Ci=%-a, j=L---,b k=1
H, :(aBy); 20 for somei or j or k

HO:(a',Bé)ijI =0 0Oi,j,l Ci=%---,a,j=1---,b,1=1-

H,;(aBd);, #0 for somei or j or |

H,:(ayw),, =0 Oik,I O =1---,a ,k=2---,c,1=1---,d

H, :(ayd),, #0 for somei or Kk or |

Ho:(BW)y =0 Ojkl L j=1--b,k=L-c, 1=1-,

le(ﬂyd)jklio forsomej or k or |

Ho:(aBd)y, =0 Oi,jkl Ci=1l-,a,j=1-b, k=1
H,:(aByd);,, 20 for somei or j or k or |
from the following relations
SSED:UZXaZbod m) (0)
SSA” = g2 X 2_1 bcdm)Z
/]2
0 2y2 gacdm& o
SB =0 X(b—l)((ﬁ)Zﬂj)
3 =
abdm
S‘SCDZUZX(ZC_l )Z k)
bcm
SD = 02X, (2
(d 1 /]50_ )lz_l: |)
cdm a2
SS(AB) =0 X(a 1(b1 )ZZ( ﬂ)u)
6 i=1 j=1
ak
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SS(AC) = 0*Xfey (51D D (@)3)
SS(AD) = 07Xy (G233 Y (@)7)
SS(BC)" = 0™ X ey (O3 Y. Y- (A)3)

SS(BD)" = 0" X ()22 2 (FO)3)
abm <

d
SS(CD)"= o x(c—l(d—l 2, —) (10)q)
==
dm a b c )
SS(ABC) = ¢o X(a—l(b -1)(c-1) ((ﬁ)ZZZ(aﬂy)uk)
120" =1 =1 k=1
cm a b d )
SS(ABD)" = o x(a ~1)(b-1)(d-1) ((ﬁ)ZZZ(aﬂd)m)
130" ===
bm a c¢ d )
SS(ACD)" = o x(a—l(c—l(d ) ((/] Z)ZZZ(ayd)ikl
140 =L k=1 1=1

SS(BCD)" = o x(b -1)(c-1)(d-1) ((a—mz)z Z(ﬂyb—)id)

SS(ABCD)" = o X(a—l(b ye-na-n) (( m )ZZ Z(aﬂya—)ﬁm)

2
/]16 i=1 j=1k=11=1
Also from the relations

SSED:YD'(Nm O 1 e)Y"
SSAD:YD'(Mbodm ON,)Y"
SsB” :YD'(Modm ON, OM,)Y"
SSCD—YD'(M ON, OM_)Y"
SD”=Y" (|v| ON, OM,,)Y"

SS(AB)" =Y" (|\/|odm ON,)Y"

SS(AC)” :YD'(Mdm ON,OM, ON,)Y"
SS(AD)" :YD'(Mm ON,OM,. ON,)Y"
SS(BC)” :YD'(Mdm ON,ON,OM,)Y"
SS(BD)D:YD'(Mm ON,OM_ON, OM,)Y"
SS(CD)” :YD'(Mm ON,OM,)Y"
SS(ABC)" :YD'(Mdm ON,.)Y"
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SS(ABD)” =Y" (M, 0N, OM_ON,)Y"
SS(ACD)"=Y"(M,,0N, OM, ON,)Y"
SS(BCD)’=Y" (M, 0N,y OM,)Y"

SS(ABCD)” =Y” (M, O N_iy)Y"
and Since the matrices
M oeem - Mpeam I N M N OM, M, ONOM, M ON;, OM . .M O N,

M, UN.OM, ON,,M_ UON,OM_ . UON,, M, ON, . OM_,M_ ON,OM_ ON,OM,
M, DN UM, .M, UON_..M_, DN UM DNab,M ONg UM ON, ,M_ ON, OM,
M, ONgw N, Ol

are idempotent and the product of any two is peatrix , by using point 3 from theorem (2), then
SSE”, SSA”, SSB”, SSC”, SSD”, SS(AB)”, SS(AC)”, SS(AD)", SS(BC)", SS(BD) ", SS(CD)”,
SS(ABC)", SS(ABD)", SS(ACD)", SS(BCD)", SS(ABCD)"

dependent therefore we can write tRe’ distribution for test to equal factor levels meen

%D
/0 ‘(a-1) % ‘(2] =C,F, =F((a-1),abcd(m-1)) , where C, =M

/ 2abed(m-1) /0 “abed(m-1) &

/J(b Y (17)/J(bl)—CF ~ F((b-1),abcd(m-1)) , where C, _//‘T

/ o*abcd(m-1) Jabcd(m i 8
= e =t ey = C,F, = F((c~1), abcd(m~-1) , where caz%
/ 2abed(m—1) /J 2abed (m-1) )
s
/” “d-D _(/1 )/J(dl)—CF ~ F((d -1, abcd(m-1)) , where C, =22
As
/ 2abed(m-1) o*abcd(m-1)
SS(AB)
Fo= SSE% (@=1(b- 1)—(/‘17) oo Y - R = F((a-1)(b-1), abed(m-1) , where CS:%
/ 2abed(m-1) S%E zabed(m-1 :
SS(AC
Fl= % “a-he-y /0' @DCD _ ¢k < F(a-1(c-1,abod(m-1) , where C, =22

6 / 2abed(m-1) /rf 2abod (m-1) &

SS(AD)
Fo= SSEDA (@-y@d-9 _ A 17) oy _ C7F7=:F((a—l)(d—J.),abcd(m—l)),whereq=%
/ 2abcd(m-1) /Uzabcd(m 1) 8

SS(BO)
Fo= A “b-DE-D _ Ay 17) oot = C,F, = F((b-1)(c~ 1), abed (m-1)), where C, = 22

SEY o ‘ P
/ 2abcd(m-1) /Jzabcd(m 1) o
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SS(BD)
Fo- ) o-11a- 1)_(

/0' 2(b-1)(d -12) _ - _ Ay
e / = C,F, = F((b-1)(d -1),abcd(m~1)), where C, /Tm
/ Zalocd (m—-1) o’abcd(m-1)
SS(CDV SCD
o_ o*(c-Hd-1 _ A, %J‘Z(C-l)(ﬂI - _ - —1(d — _ Ay
Fo= 5357 = (711 =/ CioFio = F((c=1)(d - 1), abcd(m—-1)), where C,, = A,
oabcd(m-1) o?abed(m-1)

SS(ABC SSABC
Fo= SSEA (a-1(b-1(c-1) _ Sy 17) Ség (a-Hb-1c-1) _ CF., = F((@a-1)(b-1)(c - 1), abed(m~-1)), where C,, = 27
/ Zabed(m-1) e o*abed(m-1) L

SS(ABD)
Fo = ss? (@-30-2@-3 .2z o) o a-3to-10a- D - ¢.F, = F((a-D)(b-1)(d -1),abed(m - 1)), where C,, = 2
/ *abcd(m-1) As /Uzabcd(m 1) 15

SS(ACD SSACD
F1§ = { (a 1)(C 1)(d 1) — ( 17) /U (a—l)(C—l)(d —1) = (;13|:13 = F((a—l)(c—l)(d —J-).ade(m—l)),VWere C13 - /171
/ Zabed(m-1) A o?abed(m-1) L

SS(BCD)-
FO - Az(b—l)(c—l)(d—l) =(@

cD
Sé’ B=0CE=DA-D _ ¢ k= F((b-1)(c-1)(d -1, abed(m-1), where C,, = jf

SSE/UZabcd(m—l) s o?abcd(m-1) 15
SS(ABCD
FO = ( % ‘@-)(b-D(c-H(d -1 _ A, BC%fz(a-l)(b ~D(c-H(d -1 _
15— ( ) $E - C15F15
o?abed(m-1) o?abed(m-1)
= F(@a-)(b-1(c-1)(d-1),abcd(m-1) ,whereC, = %

16

After finding F "statistics we find table values from F-distributtable with significance
level a and degree of freedom and compare between thesesva

CORRECTING FOR CORRELATION
The corrector factor€,,C,,...,C  may
take one of the following cases

1- corrector factor=1

2- corrector factor>1

3- corrector factor<1

a variety of values for significance level of
a was calculated for some hypothetical

values forC,,C,,...,C,;.To calculate the

true a in tables from 2 to 16 we used the
formula

(X3 = X,)
(Y, _Y.)

X, X, represents significance levels which

when the value of corrector factor is equal
to one then there is not need to the
correction F test . But when the corrector

X=X, +(Y —Yl){ }Where

factor is not equal to one then we need
correction.(see Al-Shahiry (1997)).
Tables

(2).(3).(4).(5).(6).(7).(8).(9),(10),(11),(12).(
13),(14),(15) shows the values of traefor

take from the tables in the statistical
distribution F and be known

Y1, Y, Y represents the values
corresponding to spreadshext, X, and
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X =Truealpharespectively and be known statistical spreadsheet F at the level
also whereY represents the value of a

CONCLUSIONS

multiplied by correction factor

1- This model is an extension of some and this leads to have a smaller
models studied earlier by many (bigger) rejection region for the
authors. But , under certain complete null hypothesis on testing
condition we may get the same factors.
models discussed before by pavur 3- This study may be extended to n-
and Davenport (1985)[6], Al- . \_?Vﬁy mOddetl o und i

. - e model which is under studying
kaabawi (2000)[10] and Abdullah, can be extended to unbalanced
Al-kaabawi (2007)[8]- model where i=1,...,.a , j=1,....b ,

2- Tables 2, ..., 16, show that the true k=1,...,c , =1,...,d and
alpha level inflate (deflate) when h:1,2,___mjkI
the correction constant <(or >) 1 ,

APPENDIX

Lemma 1: LetX be a random vector with

mean vectory variance matrixx .
a- letY =AX +b. The
E(Y) = Au+b and
COV(Y) = AZA' .
b- E||X||2 :||,Ll||2 +trX (wheretrX
is the trace o2).
Lemma 2: LetY = N_(u,0°l) , where
Y =M, Yo 4= (e, i) @nd
0% >0 is a scalar. Then th¢ are
independent Y, = N, (44,0°) and
Yl _ vy
; - ?
Theoreml: LetY = N, (,2),2>0.
Then
a-Y'ZY = XA(U ).

= x2(H4Ey
g

b- (Y - 1) £ (Y = = X2 (0).

Theorem2: LetN, = (u,07°1),0° >0, let
A and B bepxn and sxn matrices and
let C and D benxn nonnegative definite
matrices. Then

aAY and BY are independent if and
only if AB'=0

b-If AC =0, then AY andY'CY
are independent.

c-If CD=0, therY'CY and YDY are
independent.

Corollary: LetY = N (¢,0°1),0% > 0.If
A is idempotent and rarf®) = P , then

YAY = g?x2(HPH)
g

Lemma 1,lemma2 , theoreml,theorem?2,
corollary took from Arnold (1981).
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Table (6) true @ for different values of C5
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Table (2) true @ for different values of Cl

0.1 0.0t 0.02¢
a
c,
0.75 0.2204 0.1634 0.0852
0.95 0.1241 0.0727 0.0332
1 0.1 0.0t 0.02¢
1.5 0.0667 0.02599 0.0082
1.7 0.0534 0.0164 0.0014

a=5,b=c=d=2,n=4

Table (3) true @ for different values of C2

0.1 0.05 0.025
G
0.8¢ 0.143¢ 0.075! 0.040°
0.9¢ 0.102¢ 0.051° 0.026(
1 0.1 0.05 0.025
1.75 0.0547 0.0307 0.0101
1.9¢ 0.042¢ 0.025¢ 0.006:

a=5,b=c=d=2,n=4
Table (4) true @ for different values of C3

0.1 0.05 0.025
G,
0.6 0.2424 0.1909 0.0978
0.9¢ 0.114: 0.064: 0.032¢
1 0.1 0.05 0.025
1.77 0.0427 0.0284 0.0091
2 0.025¢ 0.0219! | 0.004-

a=b=2,c=3,d=n=2
Table (5) true @ for different values of C4

0.1 0.05 0.025
Cs
0.7% 0.247: | 0.184¢ | 0.149¢
0.9 0.15¢ 0.103¢ | 0.074¢
1 0.1 0.05 0.025
1.4 0.0665| 0.0266/ 0.0090
1.€ 0.049; | 0.014¢ | 0.001:
a=5,b=3,c=d=n=2
Table (7) true @ for different values of C6
0.1 0.0% 0.02¢
Ce
0.7 0.2404 | 0.1816) 0.1486
0.85 0.1702| 0.1158 0.0868
1 0.1 0.0% 0.02¢
1.5 0.046( | 0.029: | 0.010¢
1.8 0.0135| 0.0169 0.0016
a=5,b=c=d=n=2
Table (8) true @ for different values of C7
0.1 0.05 0.025
C7
0.5 0.245: | 0.200¢ | 0.176:
0.8¢ 0.134¢ | 0.086: | 0.061:
1 0.1 0.05 0.025
1.85 0.0503| 0.0291 0.0089
2.2 0.029¢ | 0.020¢ | 0.002:
a=2,b=5,c=3,d=n=2
Table (9) true @ for different values of C8
0.1 0.0 [0.02¢
Cs
0.55 0.2284| 0.1836 0.1588
0.63 0.2056| 0.1598 0.1350
1 0.1 0.0% 0.02¢
1.9¢ 0.046¢ | 0.028¢ | 0.008"
2.4 0.0245| 0.0201 0.0019

a=b=c=2,d=3,n=2

Table (10) true a for different values of

C9

0.1 0.0¢ 0.02¢
Cs
0.8 0.192° | 0.13¢ | 0.083:
0.99 0.1046| 0.0544 0.0292
1 0.1 0.0¢ 0.02¢
1.8 0.065¢ | 0.039. | 0.015¢
1.6 0.0316| 0.0234 0.0062

a=b=2,c=3,d=5,n=2
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0.1 0.05 0.025 0.1 0.05 0.025

Cis G
0.€ 0.247¢ | 0.1957 | 0.165¢ 0.6¢ 0.1927 | 0.146 | 0.075¢
0.7 0.210¢ | 0.159: | 0.130° 0.8¢ 0.134% | 0.08¢ | 0.043¢
1 0.1 0.05 0.025 1 0.1 0.05 0.025
1€ 0.050z | 0.030(C | 0.010¢ 1.6¢ 0.043¢ | 0.034. | 0.012}
17 0.025: | 0.019¢ | 0.002¢ 1.8¢ 0.029+ | 0.027¢ | 0.009:

a=2,b=5,c=3,d=n=2

Table (15) true @ for different values of C14

a=b=2,c=5,d=n=2

Table (16) true @ for different values of C15

0.1 0.0F 0.02¢ Table (11) true @ for different values of ClO
0.1 0.05 0.025
Cl4
0.8t 0.188% | 0.130¢ | 0.099¢ Cio
0.99 0.1059| 0.0554| 0.030 0.5 0.2403| 0.1953 0.1715
1 0.1 0.05 0.025 0.S 0.128: | 0.079¢ | 0.054:
1.2 0.058¢ | 0.0267 | 0.017( 1 0.1 0.0¢ 0.02f
1.3 0.037¢ [ 0.015¢ | 0.0130: 1.9 0.0549| 0.033 | 0.0118
a=2,b=5,c=3,d=n=2 2.5 0.0249 | 0.0216 0.0030
a=b=c=d=n=2

0.1 0.0¢ 0.02¢ Table (12) true @ for different values of Cll
0.1 0.05 | 0.025
C15

0.7 0.2068| 0.1557] 0.1273 C.,

0.8t 0.153. | 0.102¢ | 0.076:

1 01 oor oot 0.75 0.2393| 01782 0.1441

15 0.0628| 0.0360 0.0147 0.9 0.127¢ | 0.075. | 0.048t

18 0.0404| 0.0276 0.0085 1 0.1 0.05 | 0.025

2 B=3.c=den=2 L1 0.0805| 0.0388 0.0210
17 0.041¢ | 0.016¢ | 0.013

a=4,b=3,c=2,d=5,n=2

Table (13) true @ for different values of C12

0.1 0.05 0.025
Cp
0.5 0.2427 | 0.198¢ | 0.173¢
0.€ 0.128¢ | 0.079: | 0.054"
1 0.1 0.05 0.025
1.9 0.0515]| 0.0308 0.0101
2.4 0.024% | 0.020. | 0.001¢

a=b=c=2,d=3,n=2
Table (14) true a for different values of

Cl 3
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Fig{1) the relation between true alpha and Alpha with df{4,120)
0.25
g 02 —+—C(1=0.75
2 015
; 0.1 - ——C1=0.95
F 0.5 1 = C1-1
9] - - - -
——(1=1.5
0 0.02 0.04 0.06 0.08 0.1 0.12
———C1=1.7
Alpha

Fig (2) the relation between true alpha and Alpha with df {1,120)

0.2

£ 015 —+—(2-0.85

E 0.1 —m—(2-0.99
2 005 =1

0 —<(2=1.75

0 012 e 2-195

Fig(3) the relation between true alpha and Alpha with df{2,24)
0.3
s 0.25 1
fil 0.2 =—=(3=0.6
T 015 | —B—C3-0.96
E 0.1
0.05 & _ €3=1
0] ; ; ; ; ; C3=1.77
0 002 004 006 0.08 0.1 012 (322
Alpha
Fig(4) the relation between true alpha and Alpha with df{4,60)
0.25
£ 02 ——(4=0.8
S .
= 0.15 |
g 01 ——(4=0.99
= 005 4 = Ca=1
0 '
———4=1.3
0 0.02 0.04 0.06 0.08 0.1 0.12
———C4=1.6
Alpha
67
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Fig{5)the relation between true alpha and Alpha with df(8,60)
0.3
@ 025 1
| 02 //4 ——C5=0.75
i 0.15 | —|—(5=0.0.9
2 01
= 0.05 j Ch=1
0 - - - - C5=1.4
4] 0.02 0.04 0.06 0.08 0.1 0.12 c5-1.6
Alpha
Fig{6) the relation between true alpha and Alpha with df(4,40)
0.3
« 0.25 1
fﬂ- 0.2 / —4—CE6=0.7
: 0.15 =l C6=0.85
S 01 - _
= 0.05 » ce=1
o e —. C6=1.5
0 0.02 0.04 0.06 0.0 0.1 0.12 e CE=18
Alpha
Fig{7) the relation between true alpha and Alpha with df{1,60)
c.3
D.25 |
£ 02 | / —e—C7=0.5
3 015 —m—cC7-0.88
'g o1 | -/._/- i
005 | re c7=1
a A - C7=1.85
0 0.02 0.04 0.06 0.08 c.1 0.12  —=—C7=2.2
Alpha
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Fig(9)the relation between true alpha and Alpha with df{1,40)
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Fig{12)the relation between true alpha and Alpha with df(2,24)
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Fig{13)the relation between true alpha and Alpha with df{2,60)
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Fig{14)the relation between true alpha and Alpha with df{12,60)
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