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11Jm'jib~'jl::-H~112JbbU'jU'jl1J (analysis of variance) 'lIeJ-3m'j'YI~aeJ-3iJ~:i)ubt1iUl (single factor

experiment) bba::~m'jbb~nbb~-3'Y11-3bt1iUl (one way classification) tf1JbiJ1Jm'j'YI~"eJu 1~u1{fGi'1,,(j~ F -test

(overall F -test) 1~um'ji-3"2J2J~~11Jil ~aa1Jbn~~ln'YI'i'YIb2J1J'" (Treatment) vf-3'112J~~lOil1ajbb~n~1-3ti1J
.J oS.. ..,J.I 'i ~ ~ .
'If-3n~eJ~lbi1~U'lleJ-3u'j::'lfln'j l.~um'j~-3"2J2J~~11Jl1

Ho : ,u. = ,u. ; J]n '7 i * j
1 )

H ] : ,u. * ,u. ; J]n'7 i * j
I I

'Gi~~ &I~l'Uifl~i 'U fJl,;),;)~L tJ'U m)'YI~ 'GifJU f.J ~f1)~'YIU'IJ fJ~ LLl'i~~'YI~'YI L~'U rII (treatment effect) 1~fJ m)~~ 'Gi~ ~ &I~l'Uil

1~flL~liAfl1~(define) 1113.
1

Jl. -Jl 1\l~ULLUU (model) 'lJf)~
I

.,J
L3J eJ Y..

1J

f:jJ
£"

...OJ .1. .1 1.
~f) ~1"~Lf1G1V1~'\J1EJVI\i1Gif)~VI 1 VI~VlL)J'\JG1V1 J

1 .
~f) NGif1~~VlU'IJf)~VI~VlL)J'\JG1V1 J

?if) ~113J~1\i1L~~f)'\J (error) 'lJf)~~U1EJVI\i1Gif)~~ j VI~VlL)J'\Jt/, j

LrleJ1Iilm'i't1~aeJU11~lLW~tI'lJeJ-3't1~'t1L3Jutil"'-3 r 't1~'t1L3JUtii (a3J3J&l11aj r 't1~'t1L3JUtil) LL~nl'il-3nUeJUl-3aj

,j'tI-alf1t1j't11-3afl&l~'1eJ lJj (1~tl1-ii F-test ) t11r.J~m'i't1~aeJUU'iln.r;]11f1113JLL~nl'i1-3'lJeJ-3~lLw~tI'lJeJ-3't1~'t1L3Jutii

lJjaj,j'tI-alf1t1j't11-3 afl &1 ~'1eJ tleJ3J:;ua3J3J&l~lu~-an (accept Ho) LLa~-311~lLw~tI'lJeJ-3't1~'t1L3Jutil"'-3 r 't1~'t1L3Jutii

lJjLL~nl'il-3nu

nu) rJ't1~~ eJ-3~~~&lm'i't1~aeJu L .wtl-3LL~d LL'lil"a1u r.J~ LLl'it11 r.J~m'i't1~~ eJ-3U'iln.r;]11 f1113J LL~ n l'i1-3'lJ eJ-3~l Lw~tI

.ejriJE/P/1iff/n91'iE4 

111f11r1'1f1tUf/P/1iff/{ fltJI::lnE/1P/1iff/{ 1JH11nE/1BE/nnYtJI
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f111b U'1fJUb fifJUb:a~~~~1f11 'Uf1111 b~11::""

~113J bb U1U11'Ubb UU'Y11~ b~fJ164

'/JeJ~ 'Y1'i'Y1baJ'lJt/1ajiifJallPi't"I!'Y11~~i)~~'ieJullb~i)~aJaJ~~1'IJ~f!n (reject Ho) bb~~~ilaj'Y1'i'Y1baJ'lJt/1eJl:.il~iieJfJ 2

'Y1'i'Y1 baJ 'IJ t/1~ aj fO11 b~ ~fJ bbW n vil~n'IJ bbvi1aj~laJl'j{)~'ju1C?iil b tI'IJ 1"l11 aJ bbwn vil~'/J eJ~'Y1'i'Y1 baJ'IJ w1~ ~~ C?i eJ~ aj m'j'Y1~ ~eJU

." "
m'jbu'ifJUb";fJulii'~nal11~fJ,t11 u~:;aj 2 b 'Y1I"lUI"l fleJ

1. m'jbu'ifJUb~fJUj)lfJ~f!~ (Posteriror tests ~'ieJ post-hoc comparisons) btl'IJm'jbu'ifJUb~fJU

fO11b~~fJ'/JeJ~'Y1'i'Y1baJ'lJt/1b tI'IJ~ '1 ~~b'Y1I"lUl"liI~:; 1-l1~f!~~ln'Y1~~eJu~aJaJ~~1'IJ bb~1U!1b~i) Ho ~~ 1C?ibbnb'Y1I"lUI"l

'/JeJ~ Duncan, LSD, Tukey btl'IJC?i'IJ

2. m'jbu'ifJUb~fJUbbUU11~bbr.J'IJ (Planned comparisons ~'ieJ Prior test) btl'IJm'jbu'ifJUb~fJUfO11

..I '" 1 '" 0 1" .". " ..I "'.1 ~" 1 '" "

b~~fJ'/JeJ~'Y1'j'Y1baJ'lJW'Y1aJm'jm~'IJ~ 1~1~~'lJlneJ'lJm'j'Y1~~eJ~bb~:;b'Y1I"l'IJI"l'Y1aJu'j:;(1'Y1i)j)1~ ~bbn b'Y1I"l'IJl"lbbUU

.J 1 ..IJ' .'" , ::
orthogonal contrast '/I'~ 'IJ'Y1'IJb'j1~:;n~11{)~b~~1:; orthogonal contrast b'Y11'IJ'IJ

" 1 " 4 l; 1 .
t11 \'1 T.. rleJ r.I~'j1aJ'YI~\'1aJ~'lJeJ~'YI'j'YIbaJU~'YI J

]
4 ,.1 1.

Jl. rleJ rl1b~~fJ'lJeJ~'YI'j'YIbaJU~'YI J
]

bb~:: n fleJ 'lJU1~1?i'1eJri1~ 1 UbbGi~::'YI~'YIbaJUtfI

Gi1\'1:;um'j'YI~"eJu 1 um'j1brl'j1::~rl11aJbb U'jU1U'YI1~b~fJ11 Uf)'j&~~ 2 U'j::'lf1f)'jb'j1~~"aJaJl1i!lUi1

HO : Jli = Jl2

Hi : Jli * Jl2

bb~::"laJl'jt1'i1::b~fJu1u~ur.I~'j1aJbti~b-liU ( linear combination) 1il?i'~d

L =Jli- Jl2

ril'IJa3J m')"m')"U')"::3Jl WL=iiU'IJ 1t/{L U'IJ

+ C,.x.
1\
L = c.x.

1" 4 'i .J
LLa::m~'YI~"f)UL~l 'lI F -test 'YI~"f)U"3J3J~~ltib~£J'YI...

MSE f .c'
j=l n

"l3Jl~(JLt1[Jti 1~1 ~~1.f1Ltlti
1 ...1

Uf)~fU'YI n = n

.,J "".1 ~ ~
b)JtJ cf1tJa)Ju')::~'Y1G'lJtJ~ T
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-~ ..~.I: 1 ~ ..

m'1LU'1fJUL't'IfJUL'lf-3~-3~ln Um'11L~'11::\1

~11~ LL U'1U'11ULL UU't'Il-3 L~fJ1 65

4' .J.., ~
MSE ~f)~lLwafJma~Gif)~'lIf)~~113J~al~L~af)'\J (mean square of error)

t111,.;'

2

'OJ~L~'UilL'lf~'lJf)~ U 'OJ~LU'U~a'i13JLti~Li'U'lJf)~~a'i13Jnlii~nf)~'lJf)~'t1~'t1L3J'Ul91 (sum square of treatment:

SSTr) ~~,j d.f = r -1 l~fJ SSTr = v: + ~ + v: + ...+ ~-1

,f'U~f)t11 L , L , L ,...,L LU'U r -1 mutually orthogonal contrasts LLa~'t1nL't1f)3JLyjlnu
" U 1,11 3 [ I~~ ~ ~ ~ ~ " ~.. ..,~ 0 ~~'U'U 'OJ~LnfJ1'lJf)~nU L , , L ,...,L ~1f)fJl~L'lf'U L'i13J't1'i't1L3J'U~L't11nU 4 't1'i't1L3J'U~

1 2 3 r-1
L'ilf)l'OJ't1~nf)Uil

H :,u =,u Jf1f1,u -,u = 0
0 1 2 1 2

HI :,u:t: ,uI 1 2
H :,u =,u Jf1f1

0 3 4

H':,u:t:,u1 3 4
H II :,u +,u -,u -,u = 0

0 1 2 3 4
H ": II +,u -,u -,u :t: 01 1 2 3 4

,u-,u=o
3 4

LLa:: L =.u +.u -.u -.u
3 1 2 3 4

= (T.,-T.)2v:
2n

(T. -T. J
S 4

2n

= (T. + T. -T. -T. J
, 2 ..

v:

4n

~ln~laf.il~'lil~tiiUL~l~l3Jl~(J"~~3J3J~~lU ltii~n LL uu~~d

LUU mutually orthogonal contrast 0/1~ ~ ~f)
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m~L u"1fJU L -tifJUL:a~J~uln 11Jm~1Lf'1~1::\f.

f'1113J LL U~U~11JLL UU"'l~ L~fJ166

Ho
HI
H'0
H'I
H"

0

H"I

: T. =T.
1 2

: T. *T.
1 2

: T. =T.
8 4

: T. *T.
8 4

: T. + T. = T.
1 2 8

: T. + T. * T.
.~

+ T.
4

+ T.

m'jL u'iEJU L ";EJU'j~-.l11~~~~~L'iEJn11L U'Um'jL u'iEJU L ";EJULL UU contrast -.l3J1EJfl113J11 m'jL u'iEJU L ";EJU"
LLL9ia~'l!~LU'U~'d'j~L9if)n'U nci11~f) ~~ 1~~m'jLu'iEJUL";EJU'l!~ 1~'l!~-.ld~L'li'11u'j13Jf)f.i1 'Um'jLu'iEJUL";EJU'l!~~'U..." .
~13J,;)1f)f.i1~'li'1~t/{'U~~L U'ULL UU contrast 3 'l!~ ~~L U'U~'d'j~L9if)n'ULLa~m'jL u'iEJU L ";EJuli1'~nci11~fln'Mru~L U'U~a'j13J.
Lfj~L-lf'U'lJf)~'t1'i't1 L3J'Ul?l' LLa~~a'j13J'lJf)~'li3Ju'j~~'t1fiL U'U 0

UEJl3-1~ 1 ~~n-i1'ULfj~L-lf'U1~ '1 LoIf'U L = c Jl + C,}l + C, jl +...+ C,/I ~~L'iEJn11LU'U contrast
d J 11 1 1 2 1 3 iT £

'j~-.l11~~lL\1aEJ (Jl) t11 C + C, + C +... + C = 0
11 12 13 1£

~ d ~I .,
'Utll3-1't1 2 contrast L LLa~ L ~~Lu'U orthogonal contrasts (11 C C + C C +...+ C C = 0

1 2 11 21 12 22 1£ 2£

r;}1arll~Li'U m'j'YI~aa~~iJ 4 'YI~'YIL2J'Ut/I (d.t = 3) L'jl"l2Jl'j(1~~ contrast 1t/1 3 'lI~~a
.,I f'1 .1'" '" ,.,I ""..,1 ,

'lI~'YI 1 : L = .u - .u Lu'Um'jLu'jfJUL'YIfJU~lL~afJ'lIa~'YI'j'YIL2J'UGI'YI 1 LLa:: 4
, 1 1 4

.,I f'1 .1'" '" ,.,I '" ,..,1
'lI~'YI 2 : L = .u - .u Lu'Um'jLu'jfJUL'YIfJU~lL~afJ'lIa~'YI'j'YIL2J'UGI'YI 2 LLa~ 3
, 2 2 3

.,I f'1 .1'" '" ,.,I ""..,1 ., , .,I
'lI~'YI 3 : L = .u - .u - .u + .u Lu'Um'jLu'jfJUL'YIfJU~lL~afJ'lIa~'YI'j'YIL2J'UGI'YI 1 LLa~ 4 f)U~lL~afJ'lIa~

'", ,..,1 3 1 2 3 4

'YI'j'YIL2J'UGI'YI 2 LLa~ 3
, ""'.1 ~.(., , 1.1.f LLGla~ contrast 'OJ~2J"2Ju'j~t1'Y1Li~~GI1'jl~GIa u'U

~~'j13J'lIa~f(3Ju'j::~'t1~,ul 1l2 .Ll3 ,u4

L +1 0 0 -1 (+1)+0+0+(-1) = 0

L 0 +1 0-1 0+(+1)+(-1)+0 = 0
2

L +1 +1 (+1)+(-1)+(-1)+(+1) = 0
8

Ll LLa:: L2 LUU orthogonal nu L'W~l::il (+1)(0)+(0)(+1)+(0)( -1)+( -~)(o) = 0
oj 01 0

L LLa:: L LUU orthogonal nu L'W~1::11 (+1)(+1)+(0)(-1)+(0)(-1)+(-1)(+1) = 0
1 3

L LLa:: L LUU orthogonal nu L'W~l::il (0)(+1) +(+1)(-1)+(-1)(-1)+(0)(+1) = 0
2 3 "0

cto octOl"OI 01

~::L'VIU11 L , L , L ~l-3n~-3\)'ln'1f-3nULLa::nu (mutuall y orthogonal contrasts)1 2 3



.." " ~ l! 1 ~ ..
m1Lu1fJUL'Y1fJUL'lI~~~'i11n 'Um11L~11~~
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L2
iSSL, = --

r

nL~
j=l

~I '.1 .J .OJ "" 1 .. ~~buUGflUu~~fleJU"'U~ (a component) 'lIeJ~f.J~~l3Jm~~GfeJ~'lIeJ~'Y1~'Y1b3JU~ (SSTr) ~fJ3J d.E. =

'nq'Ma'lJfI~ orthogonal contrasts

51 L , L , L , L LtJ'tl mutually orthogonal contrasts 'lJfI-3 Treatment total ~Gl'}13Jti'1-;;-3
1 2 3 r-l

Gffl-3'lJeJ-3 L( i = 1,2,3,...r-1) l:.ieJ3JL'ti1nU~Gl'}13Jti'1-;;-3GfeJ-3'lJeJ-3'n"i'nL3J'tlt/l (SSTr) J'tl~fI
1

2
2 2 L,

r T T r-I-2-
L -:!:.. ---::- = !. L r 2

j=I n N n i=I :L Cij
J=I

~ ,.mjwa~u"
ril~u~1~ r fia~lU1U'Y1~'Y1LaJUtJ1 (~:;ltJi~lu1u contrasts r-l 'lf~).

n fia'llUl~vi'1arll~ 1 ULLl9i~:;'Y1~'Y1LaJUtJ1
4 .Ii J ..

T.. ~a~~j1aJ'Y1~~aJ~'lIa~'Y11'Y1LaJU~'Y1 J; J = 1, 2, 3,...,r
J "

T.. fia~~j1aJi~~aJ~

~ln~ljl~lfilU1fU1u one -way ANOV A

r 2

SSTr = ~!:LJ=l -

n

r
N

r
r.c

j=l kj
1~tJ~flfl L1 i contrasts k

r
= LC.T.

j=l kJ j
=0k

r
LC

j=1 aj
1~fJ~~f) L

r
= ~c T.

j=l aJ j
1-H contrasts a =0

d, ..I
f)~flL3JfI

..f'1 , .I;{)1 L LLa:: L ~::Lu\J mutually orthogonal contrasts 'I-1JJliJf111JJ11 L GI~\11n L
k a k ,

=0
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.1'" '" ~ J; 1 ~ ..
m1bu1£JUb'Y1£JUb'lf-3~-3~ln 'Um11b~11::'1-1

~113Jbb U1U11'Ubb UU'Y11-3 b~£J168

1ii'~,futil1..:;' L,(i = 1,2,3,...,r-1) LtiU contrasts 1~ 'l 'lIeJ~ r 't1"1't1L3JUti'i L'jl~::W~~u1..:;'L~uil
1

4 .,J
-.I'iE) SSTr = r.J~'ilaJ'lIE)~ SSL, LaJE) L fiE contrast

~ ~,.
'lJUG1BUm~'Wa'i}U"

r
z= I-T

r j=l.j
1~ = r.J~'jlaJ'/Ja~ Treatment total = T. 1~f.Im'jLLua~ (transformation)

L, -> W LLa~ L
k

--> w

..I
L3JfI1~u111

bkj=

'"
L3J eJLLa:: b.=

aJ

w , oj ~I
~l~f)Lu'\J mutually orthogonal contrasts L\'j'jl::

LL~::
r r

Lb =0 Lb =0j=l kj , j=l aj

Z T..

r
~b b = 0
j=l kj aj

1\1 W r= =-= -=-
rr ~r

~:; 1~il

W
1

W
2

W
3

.

.

.

W
r-

W
r

" " ,.
V'! 'ill 'j Wl L3J'YI'jfi'lf

~ 

=~I
To

1

T.
2

T.
3

.

..
T.

r-l

T.-

=
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~:: 1rJ{ B L U'U orthogonal matrix Lrl f) -1 ..., ,.D. = ~ \1'ieJ B ~ = I = ~ B "Iln'lil~.;{'U

2

CkjfJnfil-a~aeJ~ 1i~~M b =
kj b2 =

kj ~

m~~')13J

2

Ckj
r r

1: b2, = 1:
.k. .}=1 ' }=1 -;-=1

~C2
j=l kj

Loi/'UL~fJ1n'U b ~:: 1rJiil LL'iI::

r
:L b2. = 1

J=1 aJ
bba:;aj

r
~ b.b
j=l kj aj =0

OJ 3: 1"
~~UU'il:: ~

1
b

11

b
12

.

..
b

1,r-1

BE'=

...b
1r

...b
2r

.

.

...b
r-1,r

1

[i

b b
11 12

b b
21 22

..

..

..

b b
r-l,1 r-l,2
1 1~~

b b
l,r 2,r

.I, ..
1J1JfleJ

100 .
010.
001 .
...
...

000 .

BE'= =1

nl! = l! u. = I LL~~ !l!1!l!1 = I ~~ 1tJi B L UU orthogonal matrix

b
21

b
22

.

.

.

b
2,r-1

000 b r':""
r-l,r ~ r

.0

.0

.0

.

...
.1
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m'iL U'1EJUL ";EJU LW-3J-3illn 1 um'ii L~'il::t1'

~11~LL U'iU'i1ULL UU'V11-3 Ll11EJ170

'illn ~ = HI 'iI:: 1t/1i, L'jl~~ 1t!111
...,J 0 ,T = BW LL"~~11LaJeJm~'U~~lL~'\'jl::'lJeJ~ T.

---i

r-1
T.. = L b..w +

} i=l l} 1

W
r

J';'"
tJnril-a~"a~ 1r!1~ln

2w r-l W2
--!. r. b"w, + -!-
r; j=l 1) 1 r

r-l r-l
~ ~W2 + 2 ~b..w +j=l 

)I J i=l )I J

jli'1

m~~u1ntil-a~~a~ lC9i

iT2" i[i'lfw2]+2ii'bw +J-' 
j r' J-' fl' J-' i-' fl '

#,

OJ "JOJ 1 "

"~u'YIn'U ~

.,J ~I ~ ~I
L'UfI~~lnLu'Um')m~~')l)J'lf'U~ FINITE L')l~l)Jl')(1Lu'U }::;

J
LL~:: L

i

LLl1i bb~::
r
Lb2 =j=l ji 1

r

:Lb=O)=1 ]1

r-1 L: T2
~ -r-- + -::-
)=1 1: C2 r

j=1 ij



-~ ..-:; 1 -..
m"jLu"jElUL't'IElUL'If~~~~ln 'Um"j1LfI"jl::-"

fl113JLL U"jU"j1'ULL UU't'Il~ LliiEl1

.1 ~ ~I.J ~ .J
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Lell n m'j~~eI~'OJ:: Mil

L2
I i
-:;:--+
~C2

ij=l ij

T2

m
= ...!. ~1

n .
}=1

1 r
-1:. T2n. .

J=1 .J

L2
-L-

T2

m

1 r-1
=- r,

n .
J=l

L2-LT2

N

1 r-1
=- r.

n .
J=1

1 r
-r. T2n. .

}=1 .J

J, 4 .., 3: .1...
'\J'\J~f) SSTr = r.J~'i13J"lIf)-3m~-3nf)-3"l1f)-3 CONTRASTS 'YI-3~3J~'lf-33J"Jl'\J1'\J r-1 'lf~.
'U~~W1Ufl~a.J

'I
OJ OJ OJ ~~ ~~.. ~OJ ~ ..3:.,1 ~OJ OOJ~ "

~~t1J ~\JYlan'lJW1. atlGl : 11i1LfI~1::'ttLLa::11~LLe.JU1~fJ. ~~~~~~YI 5. n1~LYI~ "1 : U~'MYI alUn~~~

1Y1fJiWJ\Jl~111'1f ojln~, 2527.

Ul~L~f1 'If~~1. m~BBnLLUUf11~'rI~aB~ 'rIl~1A1n~~3J. n~~LYI~ "1 : riliin~~.wLL~~~Wla-3n~tU~m1Y1fJl~fJ,

."

2545.

a~a ~~-3f1iWJ\Jl. m~1LfI~1::,1,L:a-3aiiGi : f11~1LfI~1::,1,fll13JLLU~U"1U. n~-3LYI~ .,: .tll~1'1flaii~...
~ " OJ .."~OJ

~W::~lW'lffJf11a~~LLa~m~Ut1J'If ~Wla-3n~W~m1Y1EJlafJ, 2536.
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