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ABSTRACT:

In this study we calculate the expected mean squares for 4-way crossed unbalanced model with
correlated data and notice the effect of the correlated data on F statistic.
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1. INTRODUCTION:

The use of limited way analysis of variance on the assumption that the terms of random error for the
experiment are independent of each other. So it seems that the imposition of independence between
observations is to impose logical to examine observation using the designs of experiment. Under
this, the basis of analysis of variance was built on the fact that observations are independent of each
other , but the imposition of independence rarely achieved.

Pavur and Davenport (1985) study the effect of correlated data on the analysis of variance results
and on the type | error for 2-way balanced model. Pavur (1988)

studied simple linear model with correlated error expression and notice the effect of correlated on
multiple comparison procedures for this model, Al-Shahiry (1997) studied the effect of correlation
on F statistic and the correction factor for one way model. Al-Kaabawi (2000) found the expected
mean squares for balanced crossed 2-way model with correlated data , Abdullah and Al-Kaabawi
(2007) found the expected mean squares for balanced crossed3-way model with correlated data |,
Al-Kaabawi (2007) studied the effect of dependent data on type | error rates for multiple
comparison procedures for 3-way crossed balanced model , Al-Kaabawi (2010) found the expected
mean squares for balanced crossed 4-way model with correlated data , Al-Kaabawi and Abdul-
Wahab (2012) found the expected mean squares for 3-way crossed model with unbalanced
correlated data.
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This research aims to account for expected mean squares in the absence of independence between
the limits of errors, and then lack of independence between observations, although the
independence between the errors is one of the usual assumptions in the analysis of variance, which
is rarely achieved. It also deals with this research study the effect of lack of independence between
observations when the formation of the distribution of F to test the effects of these factors by using
the correction factor and by which are recognized over the potential impact of type | error because
of the existence of correlations between observations and that the model adopted in this study is to
model a 4-way cross unbalanced.

2.THE MODEL.:

Consider the 4-way crossed model

Yien =0+ + B + 7 +6, + (@B +(@n)y +(@d)y +(By) i +(BS) +(70)u +(afy)y +
(aBo)y +(ayd)y +(Bro) ju +(aBro)i + @)

Withi=1,....,a j=1,....,b, k=1,....,c, I=1,....d, h=l,...,n and 6 unknown

s Mg
parameter and

iai :Z j :i_ﬂ = 4 ) :O’i(aﬂ)ij :Z(aﬂ)ij zo’i(oﬁ/)ik =

(@ =0 (@), =Y (@), =0,

j=1 =1

Z(IBV)jk :ZC:(,BV)jk :O’Z(IB5) ji :i(ﬂé)jl zo’i(aﬂy)ijk :Z(aﬂ7)ijk :i(aﬂy)ijk =0,

Za:(aﬂé)ijl :Z(Ofﬂé)m :Z(aﬂé)ijl :O’Za:(a75)ik| :Zc:(aVé)im :Z(a75)ik| =0,

d a

Z(ﬂ75) jkI :ZC_:(IB75) jkl :Z(ﬂ75) jkl :O’Z(aﬁyb)ijkl = A (aﬂyé)ijkl :i(aﬂyé)ijkl =

d

Z (aByo) ikl = 0

1=1
and ey, are independent random variables having normal with zero mean and

cov (Yijklh 7Yi'j'k’|’h') =COoV (eijklh ' ei'j'k’l’h') --(2)
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o’ =i j=jk=k'\I=I'"h=h'
o’p, =i j=j k=K' I1=I""h=h'
o2p, =i = k=K1l
o2p, =il =ik =k, =1
o2p, =i k=Kl =1
o2p, il j=j k2k =1
o2 p, =il = kk ]
o2 p. =il k=K,
COV Yy Vi) =1 .7 1l j=Jk=kil el e
lo o =i j= j k=k’ =1
o2 p,, i = kek, =1
o2p,, il je k=K, 1=1'
o?p,, =i kK 2D
2 py, il = kEk Il
o2p,, il kek 2]
o2p,. il e k=K,
o2p,, i e kK 2]
let
Yigan = Higan + i ...(4)
Where

Higan =0+ + B + 7 +6, +(af)y +(@p)y +(ad)y +(By) i + (B + (¥0) +(afy)y +
(@Bo)y +(ayd)iy + (Brd) ju + (@Brd) (%)

3. ANALYSIS OF VARIANCE:

Yijklh ~N (/Uijklh 1 2)
From Cockran's theorem

SSTO= SSA + SSB + SSC +SSD+ SSAB + SSAC +SSAD+ SSBC +SSBD+SSCD+ SSABC +

SSABD+SSACD+SSBCD+SSABCD+SSE ...(6)
Where
a b ¢ d Niu —
§STO= Z Z (Yigen —Y...) (D)
i=1 j=1 k=1 I=1 h=1
a b ¢ d _ _
SSA=2 2> > (Vi -V ) -.-(8)
i=1 j=1 k=1 I=1
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a b ¢ d _ _
SSB = D> (Y, =Y. )? ...(9)
i=L j=1 k=1 1=
a b c¢c d _ _
SSC = Zzznijkl (Y..k.. =Y. )2 "'(10)
i=1 j=1 k=1 I=1
a b ¢ d _ _
$SD=2> > > N (Y., -Y. ) ...(11)
i=1 j=1 k=1 I=1
a b ¢ d _ _ _ _
SSAB=D">> >y, (Y;. - Y. =Y, +Y_) .- (12)
i=L j=1 k=1 I=1
a b ¢ d _ _ _ _
SSAC = Zzzznijkl (Yi.k.. _Yi.... _Y..k.. +Y )2 "‘(13)
i=L j=1 k=1 I=1
a b ¢ d
SSAD = zzzznijkl (Y_u _Y_I _Y_...I. +Y_)2 ...(14)
i=1 j=1 k=1 I=1
a b ¢ d _ _ _ _
SSBC = Zzzznijkl (Y.jk.. _Y.j... Y, +Y. )2 ...(15)
i=L j=1 k=1 I=1
a b ¢ d _ _ _ _ )
SSBD = zzzznijkl (Y.j.l. _Y.j... Y +Y. ) ...(16)
i=1 j=1 k=1 I=1
a b ¢ d _ _ _ _
SSCD = z znijkl (Y..kl. =Y =Y +Y )2 ...(7)
i=1 j=1 k=1 I=1
a b ¢ d _ _ _ _ _ _ _ _
SSABC= ;Zlggnijkl (Yijk.. _Yij... —Yik. _Y.jk.. +Yi . +Y.j... +Y, =Y. )2 -+(18)
i=1 j=1 k=1 I=
a b c¢c d _ _ _ _ _ _ _ _
SSABD= lelkz;;nijkl (Yi.kl. _Yij... —Yi”,. _Y.j.l. +Yi.... +Y.j... +Y...|. -Y )2 ...(29)
i=1 j=1 k=1 I=
a b ¢ d _ _ _ _ _ _ _ _
SSACD = > > > Ny Vi = Vi, = Vi =Yoo +Yi Y, +Y, =Y )? ...(20)
i=L j=1 k=1 I=1
a b ¢ d _ _ _ _ _ _ _ _
SSBCD=> > > >Ny (Vo =Y =Y ~ Y +Y, +Y, +Y, =Y ) ...(21)
i=L j=1 k=1 I=1
a b ¢ d _ _ _ _ _ _ _ _ _
SSABCD = ZZZ M Vi, = Vi, = Yir Vi =Y Y5 Yo HYig Y Y5+
i=1 j=1 k=1 I=1
Vi =Y =Y, =Y, =Y, +Y ) ..(22)
a b ¢ d N _
SSE = _ z (Yijklh _Yijkl. )2 ---(23)

and the degrees of freedom for SSA, SSB, SSC, SSAB, SSAC,SSAD, SSBC,SSBD,SSCD SSABC,
SSABD,SSACD,SSBCD,SSABCD,SSE and SSTO are (a-1), (b-1), (c-1),(d-1), (a-1)(b-1),

(a-1)(c-1),(a-1)(d-1), (b-1)(c-1),(b-1)(d-1),(c-1)(d-1), (a-1)(b-1)(c-1).(a-1)(b-1)(d-1),
(a-1)(c-1)(d-1),(b-1)(c-1)(d-1),(a-1)b-1)(c-1)(d-1),
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a d a b ¢ d
D> > ny —abed and DD > ny, —1 respectively

4. EXPECTED MEAN SQUARES E(MS):

Now we calculate the expected mean squares with correlated data for MSE, MSA, MSB,
MSC,MSD, MSAB, MSAC,MSAD,MSBC,MSBD,MSCD, MSABC,MSABD,MSACD,MSBCD,

and MSABCD.

MSE: a b ¢ ?SE
ZZZZn”k, —abcd
i=1 j=1 k=1 I=1

a C

1 b
| a b c d _ Z
D 2, 2.2 Ny —abed |k

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

C 2
Z (Yljk|h Ijk|
1=1

Since Yin = Y. = €in — i

There fore
1 a b ¢ d Mk
MSE B a b ¢ d Z ZZ ( ijkih — |]k| )
z znijkl _abed |7 kL 1AL L
i=1 j=1 k=1 I=1

( ijklh 2eljk|heljk| +e|]k|)

Il
.Mc_
Mo
Ma_

C d ijkl

1 a o _
a Zb:izd: b d Z;JZ; 1|21: |:Zeuklh r]ijkleij2l<l.:|
N, —abc ==
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There fore
1 a b ¢ d Nijki ) ,
E(MSE): a b c d Z Z ZE(eijklh)_nijkIE(eijkl.)
Zz Znijkl _abed =t i k=t 1= [ b=
i=1 j=1 k=1 I=1
1 a b ¢ d Nijki ) )
=@ b ¢ 4 ZZZ ZO- -0 (1_pl+nijklp1)
Z Znijkl _abed =t k=t 1=n [ b
i=1 j=1 k=1 I=1
1 a b c¢c d ) )
=172 v ¢ 4 ZZZ [nijklo- -0 (1_p1+nijklp1)]
zznijkl —abed |t i kLA
i=1 j=1 k=1 1=1
0_2 a b ¢ d
=l b ¢ 4 ZZZZ (nijkl -DA-p,)
Zz znijkl _abed =t ikt 1=
i=1 j=1 k=1 I=1
2 1_ a b ¢ d
| & b f (d £1) Zzznijkl_ab(:d:o-z(l_pl) ...(24)
Z Znijkl — abcd i=1 j=1 k=1 I=1
i=1 j=1 k=1 1=1
S A 1 a b ¢ d )
AISO MSE =_=_zzzznukl (YI Y ..... )
a-1 a-19393=

...(25)
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Since
EE.-€.)=0 ...(26)
, |10 (00 = Py = Py = Put Py Py = Pro) + ANy (0, = P = p7 + p1p) +
E(éi?..) = # Clij (P = Ps = Po + P1p) + bnijkl (P4 = P7 = Po + Pro) + Cdnijk| (06 = P12) + ...(27)
* bdny, (07 — p1,) +beny, (pg — p1,) +bedny, oy,
(L= p)+ N0y (P = P2 =3 = Pu=Ps+ P+ P+ P+ Py + P+ |
Pi1 = Pia = Pia = Pis T Pis) + ANy (0, = P = p7 = P + Pro + Prg +
Pis = P16) + Ny (05 = P6 = Po = Pro + Pro + P13 + Pra = Prg) +
L bnijkl (P4 = P71 = Po = P+ Pyt Pra + Pris — Pig) + any, (o5 —ps —
EE. €)= ab’c2d2n? Pro =Pt Pist Pist P~ Pis) T Cdnijkl (P = Pro = Prs + Pis) + ...(28)
kI

bdny, (0; — P, — P15 + P1g) +DCNy, (Pg — P1; = P14y + P16) +

adny,, (05 — Piz — Pis + Pis) T ACN, (P19 — P13 — Prs + P16) +

abny, (P — P — P15 + P1g) +bCdny, (01, — pig) +acdny, (o15 — O16)
a abdnijkl (015 — P16) + abcnijkl (P14 — Pr6) + adenijklp16

2
_ 1 a b d Miji
=e. :WE[ZZ = e}
ijkl

_1_,01 +nijk|(p1 P2 P3Py PstPs TP TPt Pyt Prot P11 Pro T
Pz = P~ Pis + Pig) + dnijkl (02 = Ps = P7 = P+ Py + Prs+ Prs — Pr) +
CNi (P5 = P = Py = Pro + Prz + Prg + Pra = Pre) T BNy (04 = P71 = Py = 1y +

B o’ P2+ Pyt Pis — Pig) + ang (05 = Ps = Pro = Pru+ Pra+ Pra + Prs — Prg) +

- abedny, | cdny, (05 — P, — P1s + P16) +bANy, (0, — 1y — P15 + P1g) +bCNG, (05 — P1; —
Pra T Pig) T ACN (01 — P13 = Prs + P16) + 3O, (01 — P15 — P14 + P16) +
bedny, (01, — p16) +acdny, (o1 — o16) +abdny, (o5 — p16) +

_abcnijkl (P14 — Pis) + adeniijm

...(29)

By substituting (26), (27), (28) and (29) in (25) we get :

1abcd

E(MSA) = ﬁzzzz Njaai +0°¢

i=L j=1 k=1 I=1

Similarly we obtain that
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1 a b ¢ d , )

E(MSB)—ﬂ |—1JZ—1:kZ—1:|Z—1:nijklﬂj +o°9,
E(MSC) = ]_-1) a Zb:iinijm?/kz"'o'z%
EMsD) = 123333 0,07 0%,

1 a b c¢ d
E(MSAB) = 5D 1)Z§§§nuk.(aﬂ).,+a 4,

1 a b ¢ d , ,
E(MSAC) —m;;é;nijkl (a7 )i + 0 ¢
E(MSAD) = o333 0 (a0)] 0,

(a-)(d-)=F=ia
l a b
E(MSBC) = —(b DD Z;

E(MSBD) —miiilinm (B5); + 0",
E(MSCD) _Tl(dl)iéiin““ (76)% + o4,
E(MSABC) = a _1)(b11)(c 1)2‘,?“;:121%(%7)&% s
EMSARD) D L%+
MR = e 2 T

1 a b ¢ d ) )
E(MSBCD)_(b Dc-1)(d - 1)Zzzznukl(ﬁ75)jk|+a¢14

E(MSABCD) =

(@-Db-Hc-Hd-1) i3

Where
P =1-—p

a b d
D5 = P + N (oL =Py = Ps— Py

P12 = Pz~ Pua

C

— P15 + Prs)

: a Ziznum (aﬁVé)izjkl +62¢15

—Pst P+ Pt Pg TPyt Prot P11

-+(30)

-++(31)

..(32)

..(33)

-+ (34)

...(35)

...(36)

...(37)

...(39)

...(39)

...(40)

...(4D)

...(42)

...(43)

- (44)

...(45)
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[ a b c d , 7
> > 2N
i1 9 k= 1=
: N (0L =Py = P35 — P4+ Ps+ P7+ Py = Pry) +
b =P + a b ¢ d ..(46)
N2 —bcdz Z Z Zn;k,
i1 j4 k= 11
bCéjN (05 = Ps = Pro =Pt Pra+ Pry + Prs — ,016)_
[ a b c d ) ]
z Z Mij
i1 9. k=1 1=
: N (L= Py = Ps—Ps + Pg + P+ Pro— Prz) +
by = P + a b ¢ d ..(47)
NZ—acdd > > >'ni,
i1 o1 k=l 1=
I acéjN (Ps = P71 = Po =P+ Pyt Pra + Prs — Pla)_
[ a b c d , ]
> D, 2 M
il j9 k=L 1=
: N (L= P2 = P4 = Ps+P7+ Pg+ Py — Prs) +
b = P + a b ¢ d ..(48)
N?—abdS 3 S,
il o k=L 11
I ab(JjN (03 = Ps = Po = Pro + Py + Prs + Py — plG)_
T a b ¢ d , 7
2.2 2.2 i
i1 j=1 k=L =1
: N (L= P35 =P4=Ps + Po + Pro + Pr; — Prg) +
by =P + a b ¢ d .-(49)
N —abcd > > > i
i1 j=1 kel =1
achN (02 = Ps = P7 = P+ Pyt Prs+ Prs — Ple)_
fa b ¢ d , ) a b ¢ d , 7]
2222 N N*—acd) > > > nj
i=1 j=1 k=1 1=1 (P, = Py — Py + Pe) + i=1 j=1 k=1 1=1 (P4 = P7 = Po + P1r)
N 1 2 3 6 acdN 4 7 9 12
a b ¢ d
N®—bed) > > > ni
il jo1 k=l 1=
P = +| + bCC;N (05 = Pg = Pro + P13) + ...(50)
5 a b ¢ d 5 a b ¢ d 5 a b ¢ d 5
N?—bcd) > > > ng—acdd D> > g, +cdd D> > ng,
i1 =1 k=L I i1 =1 k=l I il j=l k=l 11 (pys — 3 o)
cdN P~ Pia — P15 T P
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...(51)

...(52)
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abdN
abcN

bdN

bcdN

¢8:¢16+ +

-++(53)
...(54)

abdN
abcN

10

bcN
adN
acN
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¢5 = ¢16 +

¢4 = ¢1e +

11

a b ¢ d a b ¢ d
222222 Mg N*—abcy > > > njy
R (g = p.— P+ pu) + e (P, — Py~ Pt Prs)
N 1 4 5 11 abCN 2 7 8 15
a b ¢ d
N?—abd> > > > ni,
i=1 j=1 k=1 I=1
+ abdN (93— Py = Pro + Pra) +
) a b c¢c d ) a b c¢ d ) a b ¢ d )
NZ—abc) > > > ni —abdd D > > ni, +abd > > > niy
i=1 j=1 k=1 1=1 i=1 j=1 k=1 I=1 i=1 j=1 k=1 I=1
abN (Ps — P12 = P13+ Prs)
B ) a b ¢ d ) ) a b ¢ d ) ]
N?—abcd D> > > ni, (a—-1)(N?—abc) > > >'niy)
i=1 j=1 k=1 I=1 D= p,)+ i=1 j=1 k=1 I=1 (. - py)
abc(d —1)N o abc(d —1)N >
a b ¢ d
(b—1)(N? —achZZZnifkl)
+ i=1 j=1 k=1 I-1 (P, - p,) +
abc(d —1)N N
a b ¢ d
(C-D(N*—abcd D> > > " ni)
i=1 j=1 k=1 I-1 (py—p.) +
abc(d —1)N e
a b ¢ d
(@a-D)b-1)(N°? —abczzzznu@m)
abe(d _1)?] me= (Pu = P1s) ... (56)
a b ¢ d
(a-1)(c-1)(N* —abc Zzznijgﬂ)
+ i=1 j=1 k=1 I=1 (P — 1) +
abc(d —1)N oo
a b ¢ d
(b-D(c-1)(N*—abcd > > > niy)
i=1 j=1 k=1 I=1 _
abc(d —D)N (Ps = pPr) +
a b ¢ d
(@a-Db-DEc-1(N?-abcd D > > ni))
i=1 j=1 k=1 I-1 (Prs — P1c)
abc(d —1)N e

...(55)
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(N2 —abdiijin;k,) (@ -1(N? ~abd3> >3 3 nz,)
adeZ: 1_11)k|\1| Sl abd(c I_ll)Jr_\i -

(b-DN? —abd>' > 3 3 n,)
i abd(cl 11)1;\1 e p) ¥
(a-1)(N? —abdzz C injkl)

BdC_ DN PsPe)
(a-D@ -HN* ~abdy" Y " Snz,)
by =5 + abd (c _1)I_Nl s (Ps = P13)

(a-Db-DIN? -abd> S>3 n2)
+ abd ( _1)|_|\1| 2= (Pu = pra) +
(b—1)(d —~1)(N? —abdZa:Zb: "3 nz,)

abd (c _1)I_Nl S (P7 = Pr) +
(a-Db-D[E-DN* ~abd Y >3 3 nz)
= me s (P15 — Pis)

abd(c-1)N

12

(0, = Ps)

...(57)
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(Nz—acdiiiinﬁk,) (d —1)(N2—acdiiizd:niﬁk,)
T AR db-DN )

(c— 1)(N2—acdizb:iin,’fkl)
’ sl DN P
(a- 1)(N2—acdzzz°:in§kl)

acd (b _11);\3 )
(d-1)(c-1)(N? —acdizb:zc:inﬁk,)
b = o + oON P - (58)

(@-Da-DIN* -acdy 3> Snz,)
" T
(c—l)(a—l)(NZ—acha:Zb: C inﬁk,)

Ao Lo pa)t
(d-De-Da-DIN* ~acdy 3> S'nz,)
acd(b—L)N (e p)

13
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(Nz—bcdizb:zc:in;k, (d —1)(N2—bcdizb“zc:in§k,)
by PP pedaDN )
-DN*-bed Y Y > 3 n,)
bed(a i11)1=|\1| o (Ps = Pro) +
(b—1)(N —bcdizb: S )
ped@-DN P
(@-DE-DN* -bed Y Y > S ns,)
=P + de(a—l)l_l\lI m e s (Ps = Pr3) ...(59)
(@-Db-DN*-bed 33 > n2,)
+ de(a—l)l;\ll e (P7 = pis) +
-DO-DIN* ~bed 3 >3 S ng,)
bed (a—l)lzlil 2= (Ps = Pra) +
(@-DE-DO-HIN* ~bed 3 33 n3,)
bed(a—1)N e (P12 = Pis)

the analysis of variance table (ANOVA) can be written as table (1)

5.F-TEST:

After finding (ANOVA) for study models we can discuss 15 cases for null hypotheses to
know that if the factor levels mean are equal and thses hypotheses are.

Ho:a; =0
H, :a; 20

Hy: ;=0

Hl:,Bj;tO

Ho v =
H,:7.#0

vi=12,..,a
for some i ...(60)
Viji=12,...pb
for some | ...(62)
vk=12,....c
for some k ...(62)

14
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H,

10, =0
20, %0

(ap); =0
H(ap); #0

H(ay)y =0
H(ay)y =0

H(ad), =0
“(a0),; #0

:(Br)y =0
:(Br)y #0

1(B6); =0
(Bd); #0

1 (70) =0
1 (70) # 0

H(aBr)y =0
H(aBr)y =0

H(aBo)y =0
H(aBo)y #0

H(ayd)y, =0
(ayd)y, 20

H(Byd)ju =0
H(Byd) ju =0

vli=12,...d

for some |

vi=12,....4,
for some i or |

Vi=12,...4a,
for some i or k

Vi=12,....4,
for some iorl

Vj=12...b,

1=12,..d

k=1..c

for some j or k

Vj=12,....b,

1=12,...d

for some j or |

vk =12,....C,
for some k or |

I=12,...d

vi=1...a, j=1..b, k=1..c
for some i or j or Kk

Vi=12,...a, j=12,..b, 1=12,..d
for some i or j orl

Vi=12,..a, k=12,...c¢,
for some i or k or |

Vj=12,..b, k=12,...c,

for some

j or k or |

15

1=12,...d

1=12,...d

...(63)

...(64)

...(65)

...(66)

...(67)

...(68)

...(69)

...(70)

(72

.(72)

..(73)
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H, :(aﬂy@ukl =0 Vi=12,...4,
H, : (aByd)y, =0

From Cockran's theorem. Under null hypotheses we obtain

SSA
Wa= —~¢1X (a-1)

W, = sse 2~ g (b-1)

W, =S— - ¥ (c-1)

SSD
Wo =— ~¢,X*(d-1)

Wi =250 = g (- 0-1)

W, = SSAC - gx2((a-D)(c D))

o _ssAD_ #x%((@—1)(d - 1)
O_

W
Wee =2 = 4 (0-D(c-1)
W

w0 _ssop_ 432 (b -1)(d ~1))
O-

Weo =222 = (e ~D(d ~1)

SSABC

WABC =

SSABD
WABD =

SSACD

Waco =——— ~ ¢X*((@-D)(c-1)(d -D)

SSBCD
WBCD =

SSABCD

Wageo = O'— ~ P X ((a_l)(b_l)(c_l)(d -1))

a b ¢ d

We = SSE ~ X Z(ZZZZnijkl —abcd

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

—z ¢ X’ ((@-D(b-D(c-D)
-2 ¢12X2((a_1)(b -1(d -1))
O

— ~$ X (b-D(c-1(d-D)
O

ey k=12,

for some i or j or k or |

c 1=12..d

..(78)

..(75)
...(76)
..(77)
...(78)
...(79)
...(80)
..(81)
...(82)
-(83)
..(84)
...(85)
...(86)
...(87)
...(89)

...(89)

...(90)

Where Wa, Wg,Wc ,\Wp, Wag, Wac,Wap, Wec, Wep, Wep, Wase, Wasp, Wacp, Weep, Wascp, and We

are independent therefore we can write the F* distribution for test to equal factor levels mean as:
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Wt [Za: Zb: Zc: i Nyt — abcdj

‘ - a b c¢c d
F*: i=1 j=1 k=1 1=1 -C.E ~F a—l, ni' —abcd
1 WE¢1(a—1) 1'1 (( ) i_l;k_l; ijkI )
WhereC, = tis and F = M5A
¢1 MSE
a b c¢ d
WB¢16(_ Zzznijkl _ade] a_ b c d
F* _ i=1 j=1 k=1 I=1 -C.E. ~E b—l, ni' —abcd
2 W4, (0-1) F, ~ F(( )Z:,JZ;,“IZI‘, iI )
Where C, _ s and F, _ MSB
¢2 MSE
a b ¢ d
Wc¢16[zzzzniikl _adeJ a b c d
F* _ i=1 j=1 k=1 1=1 —C.F. ~F((c- ’ ni' —abcd
) Wog.c D 3Fs ~ F(( )21;;; " )
Where C, = Yo and F, = MsC
¢3 MSE
a b ¢ d
WD¢16(ZZ Znukl _ade} a b ¢ d
F* _ i=1 j=1 k=1 I=1 :C F - F d _1’ ni' —ade
4 WE¢4(d _1) 47 4 (( ) Fl;k—l; ijkI )
Where C, = @ and F :@
é MSE
4
a b c d
WAB¢16(ZZZZnUk| ade] a b c d
F* _ i=1 j=1 k=1 1=1 =C F - F((a—l)(b_l), ni' _abcd)
: Weds(a-1)(b-1) e i_l,z_;k_uz_ll W
WhereC, = L and F. = MSAB
] MSE
a b c d
WAC¢16(ZZZZnUk| _ade] a b ¢ d
F = SRS =CF, ~ F(a-1(c-1), Ny, —abced)
° Weds (@a-1)(c-1) °e i—lgk—lg i

Where C, = %o and F = MSAC

&, MSE
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* AD¢16(ZZZZn,Jk| —abcd

J =C,F,~F(@@-1)(d -1,

a b ¢ d
= i n,, —abcd) ...(97)
! Weg, (a—1)(d -1) ZZZ
Where C7:% and F7:M
&, MSE
a b ¢ d
Wit 3355 n,, -] e
= Ttk =C,F, ~ F((b-1)(c-1), n., —abcd) ...(98)
i Weg, (b-1)(c—1) o ZZZ
WhereC, —¢ﬂ and F, = MSBC
é, MSE
b ¢
oot 335550, -aeo] e
=g Ltk = =C,F, ~ F((b—-1)(d -1), n., —abcd) ...(99)
: Wedy (b-1)(d -1) oo ZZ
Where CQ:% and FQ:M
&, MSE
a b ¢ d
WCD%(ZZ Znijkl_ade] a b ¢ d
£ — =1k 1 =C,F,, ~ F((c-D(d -1), n., —abcd) ...(100)
. WE¢10(C_1)(d _1) 1o i= ;k—l; .
Where Cm% and FlO:MSCD
o MSE
a b ¢ d
WABC¢1{ZZZZnUkI_adej a b ¢ d
F— e =C,F, ~F((@a-)(b-(c-1), N, —abcd)  ...(101)
. Wedy(@a-D)b-1(c-1) e ZZZ
Where C _ P and F _ MSABC
g T MSE
b ¢ d
Wt 3355 0, -t o
E =1 j=1 k=1 1= =C,F, ~ F((a-1)(b-1)(d -2), n., —abcd) ...(102)
27 Wep,(a—1)(b-1)(d -1) e .1§k_1§ .
Where C _ P and F _ MSABD
o v MsE
Wt 335 5, - s e
"= Sl il =CyFy; ~ F(@-D(c-D(d -1), n,, —abcd) ...(103)
B Weds(a-D)(c-1(d-1) B ZZ
Where C _ P and F _ MSACD
U © MsE
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WBCD¢16 (ii i i nijkl —abcd

J =C,F, ~F(b-D(c-Dd-D),

o a b o d
F, = WE¢1:(1b‘j1k)‘(lc"_11)(d 3 3 JZ:‘ kﬂ;n”“ —abcd) ...(L04)
Where C,, = Z—j and Fu.= MI\S/E(E:D

WABCD¢16£giglelnﬂk| —abch a b o d
Fp= Woa (a—_l)JEb—_l)_(c—l)(d T CFs ~F(@-D(0-1(c-1( —1),%:; k:1|§:l:nijk, —abcd)
Where C, = %o and Fis = MSABCD ...(105)

s ~ MSE
After finding F* statistic we find table values from F- distribution table with significance level a
and degree of freedom and a compare between these values.

6.CORRECTING FOR CORRELATION:

The correction constants C, :h=123,..,15 may be = (or > or <) one. If the correction constant

equal to 1, then no correction is needed to the F test , where as if the correction constant > (or <) 1,
then we need correction. (see Al-Shahiry (1997)).

Tables (2),(3),...,(15) shows the values of true « for a variety of values for significance level of «
was calculated for some hypothetical values for C,,C,,---,C. To calculate the true « in tables

X, =X
from 2 to 15 we used the formula X =X, +(Y —Yl)[w} where X, X, represents
2
significance level which take from the tables in the statistical distribution F and be known , Y,,Y,,Y
represents the values corresponding to spreadsheet X,, X, and X =True alpha respectively and be

known also where Y represents the value of a statistical spreadsheet F at the level o multiplied by
correction factor.
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Table(1) Analysis of Variance (ANOVA)

For indep. Data For dep. Data

SSA
(@-1)

SSB ii i i i znljldﬂ

(b-1) + o 1)—

SSC
(c-1)

SS_D L L ij Y. Znijkl5lz
(d -1) to itk A +o°g,

(a-1) (b-1) Sls—AbBl % Z znukl (aﬂ)u |Z—1:nljkl (aﬁ)u
A (@-00-1 * e 56-3

C C

b
(a-1) (c-1) ﬂ Z Znukl (a7)1k Z znum (0‘7)|k
@-D(c-) R ERE rog
@D D) (a-Dc-1) :
a b ¢ d a b

(a-1) (d-1) __SSAD ZZZHW (@9); ZZZc]Znuk. (a9);

e @E-y @@y o

+ Uz¢5

C

SSBC Zb: ZC: inijkl (/7)7)1 ¢ Z Z Znijkl (ﬁ?’)fk

(b-1) (c-1) = =1 k=1 14 +02¢8

(b-Dc-1

(b—1)(c—1) T
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For indep. Data

For dep. Data

(b-1) (d-1)

SSBD
(b-1)(d -1

>3S0, (65),

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

(b-1)(d-1)

S>30, (65);

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

(b-1)(d-1)

+ O'2¢9

(c-1) (d-1)

SSCD
(c-1)(d -1)

a c d

ZiZZnuk. (78)

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

(c-H@-1)

a b c

>3S0, 06

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

(c=1)(d-1)

2
+0°Py,

(a-1) (b-1) (c-1)

SSABC
(a-1)(b-1)(c-1)

a b c d

Z z Z Znijkl (aﬂ7)5k

=1 j=1 k=1 I=1

(a-Db-Dc-1

b c d

Z z znijkl (aﬂ?/)ﬁk

a
=1 j=1 k=1 =L

(a-Db-H(c-)

2
+o'dy

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

SSABD
(a-1)(b-1)(d -1)

a b

Zzii Miju (aﬂé)ﬁl

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

(a-Db-Hd-1)

Za:ZZC: Z Mij (0‘,85)5|

i=1 b=l k=1 I=1 2¢
12

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

(a-1) (c-1) (d-1)

SSACD
(a-1(c-1)(d -1

ZalZchZnuku (@79)i

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

(a-Dc-Hd-1

a b

Z Z ZC: Zd:nijkl(ayé)ﬁd

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

(a-Dc-Hd-1)

2
+0°¢,

(b-1) (c-1) (d-1)

SSBCD
(b-1)(c-1)(d -1)

a b c

Z Z Z Znijkl (ﬁ75)?k|

i=1  j=1 k=1 I

(b-D(c-D{d-1)

a b c

Z Z Z inijkl (137/5)5<|

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

+ ‘72¢14
(b—D(c-1)(d-1)

(a-1

) (b-1) (c-1) (d-1)

SSABCD

SSABCD

(a-1)(b-1)(c—-1)(d -1)

a b c d

Z Z Z Znijkl (aﬂﬂfé)ﬁm

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

(a-Db-DEc-Hd-1)
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Table (2) true o for different values of C,

a 0.05 0.025
C,
0.7 | 0.098 0.07
09| 0.066 0.035
1 0.05 0.025
15| 0.026 0.002
19| 0.017 0.001

a=b=c=2, d=3 , N=40

Table (3) true « for different values of C,

a 0.05 0.025
c,
0.5 0.199 0.174
0.8 0.082 0.045
1 0.05 0.025
1.4 0.031 0.013
1.6 0.021 0.007

a=b=c=d=2, N=42

Table (4) true o for different values of C,

a 0.05 0.025
Cs
0.6 | 0.169 0.087
0.7 0.098 0.071
1 0.05 0.025
13| 0.035 0.016
15| 0.026 0.009

a=b=c=d=2 , N=44

Table (5) true o for different values of C,

a 0.05 0.025
C,
0.55| 0.185 0.095
0.85| 0.095 0.048
1 0.05 0.025
1.45| 0.026 0.039
16| 0.018 0.007

a=b=c=d=2 , N=46
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Table (6) true o for different values of C,

a 0.05 0.025
CS
0.65| 0.178 0.092
0.77 | 0.134 0.069
1 0.05 0.025
1.4 0.023 0.008
1.45| 0.019 0.006

Table (7) true « for different values of C;

a=2,b=3,c=2,d=2, N=84

a 0.05 0.025
CG
0.7 0.158 0.082
09| 0.086 0.044
1 0.05 0.025
1.3 | 0.030 0.013
1.4 0.024 0.01

Table (8) true o for different values of C,

a=2,b=2,c=3,d=2, N=64

a 0.05 0.025
C7
0.75| 0.099 0.070
0.95| 0.060 0.034
1 0.05 0.025
12| 0.038 0.0178
1.35| 0.029 0.012

Table (9) true o for different values of C,

a=b=c=2,d=3, N=46

a 0.05 0.025
C8
0.75| 0.149 0.075
0.95 0.07 0.035
1 0.05 0.025
1.25| 0.033 0.016
15| 0.017 0.044

a=2,b=3,c=3,d=2, N=51
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Table (10) true o for different values of C,

a 0.05 0.025
C9
0.7] 0.191 0.098
09| 0.097 0.049
1 0.05 0.025
11| 0.041 0.019
1.2 0.072 0.014

Table (11) true a for different values of C,,

a=2,b=3,c=2,d=4, N=78

a 0.05 0.025
ClO
0.7 0.205 0.167
0.99| 0.055 0.0297
1 0.05 0.025
1.15| 0.035 0.016
13| 0.019 0.008

Table (12) true a for different values of C,;

a=b=2,c=d=4, N=92

a 0.05 0.025
Cy
0.7| 0.193 0.097
0.85| 0.121 0.061
1 0.05 0.025
1.25| 0.028 0.009
1.4 | 0.015 0.0003

Table (13) true « for different values of C,,

a=b=c=3,d=2, N=74

a 0.05 0.025
Cp
0.7 0.218 0.18
0.95| 0.078 0.051
1 0.05 0.025
1.05| 0.044 0.021
1.2 0.023 0.01
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Table (14) true a for different values of C,

a 0.05 0.025
Cis
0.55| 0.237 0.203
0.75| 0.154 0.124
1 0.05 0.025
1.15 0.04 0.017
1.35| 0.027 0.007

Table (15) true o for different values of C,,

a=2,b=2,c=2, d=4, N=152

a 0.05 0.025
C14
0.7] 0.232 0.162
0.85| 0.141 0.093
1 0.05 0.025
1.15| 0.041 0.016
1.3 ] 0.033 0.007

Table (16) true o for different values of C,.

a=2,b=3,c=2, d=6, N=192

a 0.05 0.025
Cs
0.85 0.075 0.041
0.95 0.058 0.03
1 0.05 0.025
1.45 0.026 0.009
1.55 0.021 0.006

Vol.31(1),1-27, 2013

a= b=c=d=2, N=136

7.CONCLUSIONS:

1- This model is an extension of some models studied earlier by many authors. But under
certain condition we may get the same models discussed before by Pavur and Davenport
(1985), Al-Shahiry (1997) , Al-Kaabawi (2000) and Abdullah , Al-Kaabawi (2007).

25



RENNA D. ABDUL-WAHAB Expected Mean Squares.....

2- Tabels 2,...,15, show that the true alpha level inflate (deflate) when the correction constant

<(or>)1, and this lead to have a smaller ( bigger) rejection region for the complete null

hypothesis on testing factors.
3- This study may be extended to n-way model.
4- Can be done statistical tables values of real alpha for different values of the coefficient is
greater or less than one.
5- We Can use the existing laws in this research to find a table of analysis of variance in the
case of the correlated data form a unbalanced cross with five factors.
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