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1 2 Random Experiment:

 

 

Sample Space( )

n( ) 

={ H, T} n( )=2  

     ={ HT, HT, HH, TT },      n( )=4      



 
 

H

T

TH

HH

HT

TT

ТϼϜМ ϜЮЛтжϣ )жϦϝϚϭ ϜЮϦϮϼϠϣ(

 
 

   ={ 1, 2, 3, 4, 5, 6}          n( )=6       

 Discrete Sample Space

={ H, T}={ 1,2,3,4,5,6} 

 Continuous Sample Space

 

13Random Variables :

Variable: 

               

                

            

              

             



 
 

            

              

    0, 1, 2         

  .

{1: 2: 3: 4: 5: 6}

.

 :(Random Variable) 

:

 Discrete Random Variable 

 Continuous Random Variable 

1 4 Discrete Random Variables)( 

X

1, 2 , 3 , 4 , 5 , 6

2, 1 , 0

Probability Distribution 

 

 



 
 

(Probability Function)

 

 Discrete Probability Distributions)

  (Continuous Probability Distributions) 

 

 

 

 

  

  

 

1 5 (Discrete Probability Distributions

  

 

 



 
 

       )X(}n3,x2,x1X:{x=x         P(X 

)i)=f(xi=x)i(x

(X)

}n3,x2,x1X:{x=x

 )i)=f(xiP(X =x 
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)=1
i

f(x     

X )if(x

 (Probability Function) 

 

P(X = x) 

P(X=x)=f(x)f(x)

1

1 
P(X = x)=f(x)X 

1/61 

1/62

1/63

1/64

1/65

1/66

1 
 

151

 


6

1
1)(

x
xXP



 
 

 푓 (푥) ≥ 0 

 ∑ 푓(푥) = 1 
 

1
XX

1/6

P(X = 1) = f(1) = 1/6,  P(X = 2) = f(2) = 1/6

X 

  

  + 1/6 = 6(1/6) = 1  

1 

X 1 2 3 4 5 6 
f(x)=P(X=x) 1/6 1/6 1/6 1/6 1/6 1/6 

152 

X 

12X

 

  X.

 X. 

XS=(HH,HT,TH,TT)

4

1
P(2H)         and        

2

1
 P(1H)          

4

1
)0( HP



 
 

H

T

TH

HH

HT

TT

0.50

0.50

0.50

0.50

0.50

0.50

ТϼϜМ ϜЮЛтжϣ )жϦϝϚϭ ϜЮϦϮϼϠϣ(

 X

1 

f(x)=P(X=x) 
X  

0.500.50=0.25  TT

0.500.50+0.500.50=0.50 TH, HT

0.500.50=0.25  HH

∑ 푃(푋 = 푥) = 1    

 

X

 

 



 
 

153F(x)

f(x)

퐹(푥) = 푃(푋 ≤ 푥) = ∑ 푓(푢)

 

13F(x) 

X

F(X)

1 
210X 

1/41/21/4f(x)

13/41/4F(x)=P(X  x)

 

 

 

 

 

 

14(0.60)

(0.40)

X 

 

 X

 

 

0             

1
 

3/4 

1/  

 x 

F(x) 



 
 

5 

 

 

 

 

X

X

16 

16 

)if(x )=iP(X=x )ix(

0.6×0.6 = 0.36 

0.4×0.6= 0.24 1 

0.4×0.6= 0.24  

0.4×0.4=0.16 0 

1 

x=0.

x=1

x=2.



 
 

X:{x=0,1,2}

1

)if(x )=iP(X=x  )ix(

0.4×0.4 = 0.16 0 

0.4×0.6+0.6×0.4= 0.48 1 

0.6×0.6=0.36 2 

1 

 f(x)X6
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µ

= ∑ 푥 푓(푥 )
2

= ∑ 푥 푓(푥 ) − 휇 = ∑(푥 − 휇) 푓(푥 )

15 

 

 

 



 
 

:∑ 푥 푓(푥 ) ∑ 푥 푓(푥 ) 

1 

풙풊
ퟐ풇(풙풊) 풙풊풇(풙풊) 풇(풙풊) 풙풊 

0 0 0.16 0 

0.48 0.480.48 1 

1.44 0.72 0.36 2 

1.92 1.20 1 

 

= ∑ 푥 푓(푥 ) = 1.20

= ∑ 푥 푓(푥 ) − 휇 = 1.92 − (1.20) = 0.48

σ = √휎 = √0.48 = 0.693

 

 

  Binomial Distribution 

2 Poisson Distribution 

1 6  Binomial Distribution:

Success

Failure

 

 

 

  



 
 

161

n

 

 

162Features of a Binomial Experiment 

 n 

  

  (p)  (q) .(q=1-p) 

 )  .(p + q = 1 

   rn 

 P, n  . 

163 

 

 p

  q=1-p

X

n

XX: 

r (n)

P(X)  

  

 n  

  p 
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(푋 = 푟) = !

!( )!
푃 푞

푃(푋 = 푟) = 푃 푞       푟 = 0, 1, 2, … . . 푛
푛
푟

nrrn

 
푛
푟

=
!

!( )!
 

    
푛
0

= 1          
푛
푛

= 1            
푛
1

= 푛     

7
3

=
!

!( )!
=

× × × × × ×

× × ×( × × × )
 

 nnumber of trials  

  :(r)number of successes) 

 rn:number of failures 

 :(p)probability of success 

 (q)probability of failure1-p  

165 

 µ=np 

 p)-(1 = npq=np2  

 :휎 = 푛푝(1 − 푝)

 

 p=0.5

 p<0.5

 p>0.5 
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(p=0.80)             (q=1-p=0.02)           (n=4) 

 

푃(푋 = 푟) = !

!( )!
푃 푞

  

1

   r

0.0016 4×  (0.20)  0= 4C0 ×  (0.80) 4 0 

0.0256 3×  (0.20)  1= 4C1 ×  (0.80) 3 1 

0.1536 2×  (0.20)  2= 4C2 ×  (0.80) 2 2 

0.4096 1×  (0.20)  3= 4C3 ×  (0.80) 1 3 

0.4096 0×  (0.20)  4= 4C4 ×  (0.80) 0 4 

 P(3) = 0.4096

 P(1) = 0.0256

  P(2)+P(3)+P(4) =0.9728   

 µ = n × p = 4 × 0.80 = 3.2

5  흈 =  풏 × 풑 × (ퟏ − 풑) =  √ퟒ × ퟎ. ퟖ × ퟎ. ퟐ = ퟎ. ퟖ



 
 

17 1000150

5

.

.

.

.

:

p = 150/1000 = 0.15

q = 1-p= 1-0.15 =0.85

5n = 5

X0, 1, 2, 3, 4, 5 

푃(푋 = 푟) =
푛
푟

푃 푞       푟 = 0, 1, 2, … . .5 

 r = 0 

푃(푋 = 0) =
5
0

(0.15) (0.85) =
!

!( )!
 (1) × (0.85) = 0.4437      

 r  1 

푃(푋 ≤ 1) = 푃(푋 = 0) + 푃(푋 = 1) =
5
0

(0.15) (0.85) +
5
1

(0.15) (0.85)   

= 0.443 +
!

!( )!
 (0.15) × (0.522) = 0.8352  

3r  2 

  P(X  2) = 1  p(r  2)                     

푃(푋 ≥ 2) = 1 − 푃(푋 < 2) = 1 − [푃(푋 = 0) + 푃(푋 = 1)] = 1 − 0.8325 =

0.1648  

 . 

µ=np 

µ=np=50.15=0.75
=0.63750.850.15 = npq=5 2



 
 

1 7  Poisson Distribution

 p

=np

n

 pq

  p

  n =np

 

  

  

  

  

 

 

 



 
 

1

>0 

       é..

 0.11      

X

xf

X

X=0 X=5

XX=0 

X=3

>0 

171

 

푃(푋 = 푟) =
×

!
         푟 = 0, 1, 2, ….  

:r 

 : ee=2.718.

휆>0 

172

 E(X)= µ = = np     

 = np  = µ  2

 

 n

 pµ =np . 
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X

 

 

 

  

 

 

 3

 

X 

X: 

 

(µ  =3) 

푃(푋 = 푟) =
×

!
=

×

!
         푟 = 0, 1, 2, ….  

 P(2) 

푃(푋 = 2) =
×

!
=

. ×

!
= 0.224

 3 

푃(푋 ≤ 3) = 푃(푋 = 0) + 푃(푋 = 1) + 푃(푋 = 2) + 푃(푋 = 3)

=
!

+
!

+
!

+
!

×
.

= 0.647

 µ µ  =3    

 2ů=3  = µ  2  

 ů= √휇 = √3 = 1.732
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(350)

X

 

 

 

 

n=350

p=0.003np np  350(0.003)  1.05

푃(푋 = 푟) =
푒 × 휆

푟!
=

푒 . × (1.05) 

푟!
         푟 = 0,  1,  2,  … 

X r = 0, 1, 2,

 367.0)05.1)(0.3499(
!1

05.1
)1(

105.1





e

Xp 

  

0.193)0.55125)(0.3499(
!2

05.1
)2(

205.1





e

Xp

  

0.350
!0

05.1
)0(

005.1





e

Xp

 

P(X 2) = p(X=0) + p(X=1) + p(X=2) = 0.350 + 0.367 + 0.193=0.91  

 

 



 
 

1 8 (Continuous Probability 

Distributions

 

 

 

 

 

  

  

  

1 8 1 )Continuous Random Variable(

Xa, b  

  :X x a x b  Xa, b

 200150 :150 200X x x  

  : 2000 3500X x x   

  :10 40X x x  

  :1 5X x x  

  :55 80X x x   

 

200, 



 
 

182

1 8 3 

  

 

 

 

 푓 (푥) ≥ 0 

 ∫ 푓(푥)푑푥 = 1 

1 8 4 

  (X)

P(X=x)0



 
 

f(x)푃 (푎 < 푋 < 푏 ) = ∫ 푓 ( 푥 ) 푑푥  
 

 

 

 

1 8 5 F(x) 

퐹 (푥 ) = 푃 (푋 ≤ 푥 ) = ∫ 푓 ( 푥 ) 푑푥  
 

  
  

a, bXb > aX

]a, b]

푃 (푎 < 푋 ≤ 푏 ) = 푃 (푋 ≤ 푏 ) − 푃 (푋 ≤ 푎 ) = 퐹 (푏 ) − 퐹 ( 푎 )  

 

 



 
 

X. 

 
 

 

1 8 6  

f(x)X

a<x<b

 X      휇 = 

∫ 푥푓  ( 푥 ) 푑푥  
 

 
 

  X 

휎  = ∫ 푥  푓 (푥 )푑푥  − 휇   

 
 

 



 
 

Normal Distribution 

 ZStandard Normal Distribution 

t  Distribution

)Distribution  2X( 

F  Distribution

tF2X

1 9   Normal Distribution

 

 

 

 t2XF 

1 9 1 

     : 

 Mean= ɛ:    )      .

 )2ůVariance= (        

           

1 9 2 Probability Density Function



 
 

 X 

X

푓(푥) =
√

푒
( )

     ,      − ∞ ≤ 푥 ≤ +∞  

 X2

푋~푁(휇, 휎 )

Xc, d 

P(c ) (x=c) (x=d)

 

 

푐 ≤ 푋 ≤ 푑

푝 (푐 ≤ 푋 ≤ 푑 ) = ∫ 푓 ( 푥 ) 푑푥  
   

   

( ) 0P X value 

110 X

=160=5

P(X<100),      P(140<X<180),      P(X>180),      P(X>140) 



 
 

1 9 3 

 

 

 X=  

 

X=

 

  



 
 

 

 

1 9 4 

 :

 68.26 %  + ,  - 

 95.44 % +2 ,  -2

 99.72 % +3 ,  -3

 

 

 



 
 

p (  - 1  x   + 1  ) = 0.6826 

p (  - 2  x   + 2  ) = 0.9544 

p (  - 3  x   + 3  ) = 0.99.74         

110  (Standard Normal Distribution)

 =0 =12 

      (Z)  푍~푁(0, 1) 

 X Z

 푍 =

푓(푧) =
√

푒   ,       − ∞ ≤ 푧 ≤ +∞

1101

 :



 
 

 68.26 % +1, -1 

 95.44 %+2, -2  

 99.72 %+ 3 , - 3

P (  -1  Z  1 ) = 0.6826 

P (  -2  Z  2 ) =  0.9544 

P ( ( -3  Z  3 ) = 0.9974 

 

 

 

 

 
 

(Z)

(Z)

(Z) (Z)

(Z)



 
 

P(1 )(Z)

 ZP(0 )

 

:

 푃(−∞ ≤ 푍 ≤ +∞) = 1 

 푃(푍 ≤ 0) = 푃(푍 ≥ 0) = 0.5 

1102 Z - Tabulated Value 

    (Z)       

  (a)     a-1 aZ 

  .

        : a-1Z aZ

Z 

111ZZ<1.64 



 
 

1

 

1.641.60.04

1.60.041.64Z

P(Z<1.64)=0.9495Z1.64 

ZZ

Z

Z

1

 P( ∞–  Ò Z Ò +∞ ) =1 1- 
 P(Z Ò 0) = P(Z Ó 0)  2- 

P(Z > 0) =1- P(Z < 0) = 3- 
P(Z < 1.5) = 1.5P(Z < a) = a4-

P(Z < 1.2) = P(Z < -a) = a5-
P(1 < Z < 2.4) = 

2.41

P(a < Z < b) = 

ba
6-

P(Z > 0.8) = 1- 0.8P(Z > a) =1- a7- 
P(Z > - 0.8) = 1- 0.8P(Z > -a) =1- a8- 

 



 
 

112Z 
  

 P(-

 

: 

 P( Z  1.54 ) = 0.9382          

 P(- 1.8  Z  0 ) =  0-1.8 

 P( 1  Z  2 )=  21 

 

1103 

X)()2(

X푍 =

푍~푁(0, 1)

 P( a  <  X <  b ) 

푃(푎 ≤ 푋 ≤ 푏) = 푃 ≤ ≤ = 푃 ≤ 푍 ≤

 

113168 

6 

 159  

  180 

  

1 159  

XX

168 6 

푃(푋 ≤ 159) = 푃 ≤ = 푃(푍 ≤ −1.5) = Φ(−1.5) = 0.0668

2  180  



 
 

푃(푋 ≥ 180) = 푃 ≥ = 푃(푍 ≥ 2) = 1 − Φ(2) = 1 − 0.9772 =

0.0228

3 174165 

푃(165 ≤ 푋 ≤ 174) = 푃 ≤ ≤ = 푃(−0.5 ≤ 푍 ≤ 1) =

Φ(1) − Φ(−0.5) = 0.841 − 0.308 = 0.532  

 

(350)
X

 

 

 

 

 

n=350

p=0.003np np  350(0.003)  1.05

푃(푋 = 푟) =
푒 × 휆

푟!
=

푒 . × (1.05) 

푟!
         푟 = 0,  1,  2,  … 

X r = 0, 1, 2,

 367.0)05.1)(0.3499(
!1

05.1
)1(

105.1





e

Xp 

  

0.193)0.55125)(0.3499(
!2

05.1
)2(

205.1





e

Xp

  

0.350
!0

05.1
)0(

005.1





e

Xp

 

P(X 2) = p(X=0) + p(X=1) + p(X=2)= = 0.350 + 0.367 + 0.193=0.91  
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 Testing Statistical Hypotheses
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(Test of Hypothesis) 
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  

 Hypothesis

 Statistical Hypothesis) 

   

 

 

Significant.
 



 
 

 
Parametric Tests

Non Parametric Test

 
 

)O(Null Hypothesis) ( H

0H
  (=, ≤, ≥)  :

)0µ =µ :0H(



 
 

)2µ =1µ :0H( 

)1(Alternative Hypothesis) (H

 

1H

) 2µ  1µ :1H( 

 
)0H ( 

ŬŬ–1
100 %

 

 –(1
(Significance Level

=0.05

=0.05=0.01



 
 

 

 n-1

 

241

the 
level of significance 

1a type I error

            

2a type II error

 

  ϼϜϽЧЮϜ ̳       
  Т ̴   ЙЦϜнЮϜ с ̴          (ϣЧуЧϳЮϜ)Population 

 0H  0H 

  уЛ
ЮϜ 

с
Т

 ̵  
   

 
 

ϣз
 S

a
m

p
le

 

ЍТϼ 0H 

 
  ( ) 

(power of test probability = 1- )

 ЬнϡЦ 0H 

  

 

(power of test probability = 1- ) 
 ( ) = 

 0H
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0H1H

1  

     

P(accept Ho| Ho is correct) = (1 ) 

2 

       

   P(reject Ho| Ho is correct)   

3  

     

P(reject Ho |Ho is uncorrected) = (1  )

4 

0H0Hɼ 

     P(accept Ho| Ho is uncorrected) 

 

 

 

 

 

  

Power of the Test 



 
 

 

푝표푤푒푟 표푓 푡푒푠푡 = 1 − ɼ  . 
 

 ɼ = 1 −   푝표푤푒푟 표푓 푡푒푠푡 

 

 

2

25

1 

  

ZtF

 



 
 

Critical region

1-



 

 













01

00
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N=rt

 푦 − 푦••(푦..)

 푦 − 푦 •

 (푦 • − 푦••)(푦..)



 
 

 

푦 − 푦•• = 푦 − 푦 • + (푦 • − 푦••)    

푦 − 푦••  = 푦 − 푦 • + 푟 (푦 • − 푦••)   

 ∑ ∑ 푦 − 푦••  

Sum Squares of Total SSTO 

 ∑ ∑ 푦 − 푦 •  

Sum 

of Squares Within GroupsSSE

  ∑ r (푦 • − 푦••)   

Sum of Squares Between 

GroupsSSB. 

SSTO

SSB

SSE 

     =   

Sum Squares of Total  =  Sum Squares Between Groups +  Sum Squares of Error 



 
 

     SSTO =                     SSB               +             SSE                         

푦 − 푦••    =       푟 (푦 • − 푦••)      +          푦 − 푦 •  

SS

MeansSummations  

 

 

 

 

3

  ϼϸϝЋв ̳      ЮϜ  ϧ ̵   тϝϡ ̳     е ̴  

S.O.V 

SS 

Summations Means

  еуϠ ̲      ϤϝКнгϯгЮϜ ̴          

Between Groups 
푆푆퐵 =

(푦 •)

푟
− 퐶퐹  푆푆퐵 = 푟 (푦 • − 푦••)   

  Э϶Ϝϸ ̲       ϤϝКнгϯгЮϜ ̴          

Within Groups 

Error) 

푆푆퐸 = 푦 −
∑ (푦 •)

푟
  

SSE=SSTO - SSB 

푆푆퐸 = 푦 − 푦 •  

SSE=SSTO- SSB

  ИнгϯгЮϜ ̳        

Total 
푆푆푇푂 = 푦 − 퐶퐹  푆푆푇푂 = 푦푖푗 − 푦••             



 
 

 

372ANOVA Table

 ( ANOVA )    

 :

   :(Source s of Variance- SOV)  ( S.O.V)  

             .

2  Degrees of Freedom-df  :( d.f.)   

         )    (1 -    

 t  1N-t

    

3   :(Sum Squares of deviation-SS)   

 .

4    :(Mean Squares of Deviations-MS)  

             

   )     .(

5cFF 퐹 =
 
 

  

 

3ANOVA

      F 



 
 

Source of Variance 

(S.O.V) 

Sum of squares (SS) df Mean squares (MS) Calculated 

  еуϠ ̲      ϤϝКнгϯгЮϜ ̴          

Between Groups 
SSB  t ï 1  푀푆퐵 =

 
  
 

퐹 =
푀푆퐵

푀푆퐸
 

  Э϶Ϝϸ ̲       ϤϝКнгϯгЮϜ ̴          

Within Groups 

Error) 

SSE  N ï t  푀푆퐸 =   

  ИнгϯгЮϜ ̳        

Total 

SSTO = SSB+ SSE  

           
N ï 1    
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1 Correction Factor - CF:   

      퐶퐹 =
( ••)

2 Sum Square of Total - SSTO

푆푆푇푂 = 푦 − 퐶퐹 

3  

 Sum Squares Between Groups -SSB

푆푆퐵 =
(푦 •)

푟
 − 퐶퐹                 

4 SSTO

SSB SSE 

 SSTO = SSB + SSE 



 
 

5 

Sum Square of Error-SSESSE=SSTO-SSB 

6 6   

(Mean Square Between Groups -MSB) 

푀푆퐵 =  

7 7MSE: 

(Mean Square of Error-MSE) 

 

푀푆퐸 =   

8 8cF

 퐹 =    

9 9cF tFcF

tFT< FC F

 

3 7 4 :

  

  AVOVA TABLE 

 cF 

  tF 

 

1   

 ) tµ2µ=1µ: 0(H . 

 )1(H   )     . 

2 AVOVA TABLE



 
 

 AVOVA TABLE

 

3ANOVA Table

 

Source of Variance 

(S.O.V) 

  

Sum of squares (SS) 

 

df 

  

Mean squares (MS) 

F 

Calculated 

F 

Tabulated 

  еуϠ ̲      ϤϝКнгϯгЮϜ ̴          

Between Groups 
SSB t ï 1 푀푆퐵 =

푆푆퐵

푡 − 1
 

퐹 =
푀푆퐵

푀푆퐸
 퐹 = 퐹 (푡 − 1, 푁 − 푡) 

  Э϶Ϝϸ ̲       ϤϝКнгϯгЮϜ ̴          

Within Groups 

Error) 

SSE N ï t 푀푆퐸 =
푆푆퐸

푁 − 푡
 

  ИнгϯгЮϜ ̳        

Total 

SSTO = SSB + SSE 

 
N ï 1 

 

SSB, SSE, SSTO  

3 

 БЂнϧвϤϝТϜϽϳжъϜ 

M.S 

ϤϝϮϼϸ тϽϳЮϜϣ 

d.f 

Ингϯв ϤϝЛϠϽв ϤϝТϜϽϳжъϜ 

S.S 

  ϼϸϝЋв ̳      ЮϜ  ϧ ̵   тϝϡ ̳     е ̴  

S.O.V 

푀푆퐵 =
푆푆퐵

푡 − 1 
t-1 

푆푆퐵 =
(푦 •)

푟
 − 퐶퐹                 

 

  еуϠ ̲      ϤϝКнгϯгЮϜ ̴          

Between Groups 



 
 

tN

SSE
MSE


 N-t 

푆푆퐸 = 푦 −
∑ (푦 •)

푟
  

SSE=SSTO- SSB 

  Э϶Ϝϸ ̲       ϤϝКнгϯгЮϜ ̴          

Within Groups 

Error) 

 N-1 푆푆푇푂 = 푦 − 퐶퐹 
  ИнгϯгЮϜ ̳        

Total 

 

N=t×r 

:퐶퐹 =
( ••)

 

3cF

cF  퐹 =

 tF

Ft-1(N-t)

퐹 = 퐹 (푡 − 1, 푁 − 푡) 

32 

 

32



 
 

 

 CFtF

38 

rir

r×N=tt2+ r1r N=

r ir 

3 

  Ингϯв ̳        в ̳   ϠϽ ̵    ϤϝЛ ̴      ϤϝТϜϽϳжъϜ ̴          

S.S 
 

  ϣЮϝϲ ̳      аϹК ̴      анϯϲ рмϝЃϦ ̴             уЛЮϜ ̵      Ϥϝз ̴      ϣЮϝϲ ̳       анϯϲ рмϝЃϦ ̴             уЛЮϜ ̵      Ϥϝз ̴    
  ϼϸϝЋв ̳      ЮϜ  ϧ ̵   тϝϡ ̳     е ̴  

S.O.V 

푆푆퐵 =
(푦 •)

푟
 − 퐶퐹                 

푆푆퐵 = 푟 (푦 • − 푦••)   

 

푆푆퐵 =
∑ (푦 •)

푟
− 퐶퐹 

푆푆퐵 = 푟 (푦 • − 푦••)   

  еуϠ ̲      ϤϝКнгϯгЮϜ ̴          

Between Groups 

32 



 
 

3 

   

Sample_1       50  

Sample_2         

Sample_3         

 

 

1   

 ) 3µ=2µ=1µ: 0(H  . 

 )1(H   )   

  . 

3

 

     N = 18           t=3

 

(푦 •) (푦 •) 
ijy 

푦 •=64.85 푦 •=454 

 

 

 

 

50 44 608684 72 581Y 

푦 •=64 푦 •=320 

 

 466455 80 752Y 

푦 •=81 푦 •=486  70 807478 96 883Y

 

(푦•• = 70)
 

(푦•• = 1260) 

 

푁 = ∑ 푟 = 푟 + 푟 + 푟 = 18  



 
 

 :(푦 •). 

 :(푦 •). 

 :(푦 •). 

 

 Correction Factor-CF:  

퐶퐹 =
(푦••)

푁
=

(1260)

18
= 88200 

 Sum Square of Total - SSTO: 

푆푆푇푂 = 푦 − 퐶퐹 = ((58) + (72) + … … (70) ) − 88200 = 92118 − 88200

= 3918        
  

Sum Square Between Groups -SSB:

푆푆퐵 =
(푦 •)

푟
− 퐶퐹 =

(454)

7
+

(320)

5
+

(486)

6
− 88200 = 1091.143 

 Sum Square of Error-SSE 

푆푆퐸 = 푆푆푇푂 − 푆푆퐵 = 3918 − 1091.143 = 2826.86  

 MSB MSE: 

푀푆퐵 = =
.

= 545.57

푀푆퐸 = =
.

= 188.48

2 AVOVA TABLE)  

 

3ANOVA Table 



 
 

 

Source of Variance 

(S.O.V) 

  

Sum of squares 

(SS) 

 

Df 

  

Mean squares 

(MS) 

F 

Calculated 

F

Tabulated 

  еуϠ ̲      ϤϝКнгϯгЮϜ ̴          

(Between Groups) 
SSB = 1091.14 t ï 1 = 2 

푀푆퐵 = 545.57

   

퐹 = = 2.89  

 

 

퐹 . (2, 15) = 3.68 

  Э϶Ϝϸ ̲       ϤϝКнгϯгЮϜ ̴          

Within Groups 

Error) 

SSE = 2826.86 
N ï t = 18 ï 

3 = 15 

푀푆퐸 = 188.48

 

  ИнгϯгЮϜ ̳        

Total 
SSTO = 3918 N ï 1 = 17   

3  

F 

퐹 = =
.

.
= 2.89

4  

tF  

1=-1=3-t=2-18t=-NtF

퐹 = 퐹 (푡 − 1, 푁 − 푡) = 퐹 . (2, 17) = 3.68 

 



 
 

 

33

 

5  

 2.89 =cF=3.68tF

 

33 

)4µ, 3µ, 2µ, 1µ(

)2(

3

   

150 26 30 28 25 21 20 1 

138 20 26 20 27 22 23 2 

126 18 20 28 21 20 19 3 

162 24 27 28 30 29 24 4 



 
 

1   

 ) 4µ=3µ=2µ=1µ: 0(H  . 

 )1(H   )   

  . 

 

3

 

(푦 •) (푦 •) 
ijy 

푦 •=25 푦 • = 150  

 

 

 

 

26 30 282521 201Y 

푦 •=23 푦 • = 138 20 26 202722232Y 

푦 •=21 푦 • = 126 18 20 282120193Y

푦 • = 27 푦 • = 162 24 27 28 30 29 24 4Y 

푦•• = 24 푦•• = 576 푁 = ∑ 푟 = 푟 + 푟 + 푟 + 푟 = 24  

2 AVOVA TABLE) 

     r1 = r2 = r3 = r4= 6   ,  t=4        N =tr= 24           

 

 Correction Factor-CF:  

퐶퐹 =
( ••)

=
( )

= = 13824  

 Sum Square of Total - SSTO: 

푆푆푇푂 = 푦 − 퐶퐹 = (20)2 + (21)2 + … … (24)2 − 13824 = 336       



 
 

 Sum Square Between Groups -SSB 

푆푆퐵 =
푦푖•

푟
− 퐶퐹 =

2222 )162()126()138()150( 

6
− 13824 = 120 

 Sum Square of Error-SSE 

푆푆퐸 = 푆푆푇푂 − 푆푆퐵 = 336 − 120 = 216  

 MSB MSE: 

푀푆퐵 = = = 40

푀푆퐸 = = = 10.8

 

3ANOVA Table

 

Source of Variance 

(S.O.V) 

  

Sum of squares (SS) 

 

df 

  

Mean squares 

(MS) 

F 

Calculated 

F 

Tabulated 

  еуϠ ̲      ϤϝКнгϯгЮϜ ̴          

Between Groups 
SSB = 120 

t ï 1 = 4 ï 1 

= 3 

푀푆퐵 = 40

   

퐹 =
푀푆퐵

푀푆퐸

=
40

10.8
= 3.7 

 

FŬ (3 ,  20)=3.1 

  

 

  Э϶Ϝϸ ̲       ϤϝКнгϯгЮϜ ̴          

Within Groups 

Error) 

SSE = 216 
N ï t = 24 ï 4 

= 20 

푀푆퐸 = 10.8

 

  ИнгϯгЮϜ ̳        

Total 

SSTO = SSB+ SSE  

           = 336 

N ï 1 = 24 ï 1 

= 23 
  

 

3  

퐹 = =
.

= 3.7



 
 

4   

tF 

1=-1=4-t4= -t=24 -NtF

퐹 = 퐹 (푡 − 1, 푁 − 푡) = 퐹 . (3, 20) = 3.10 

3

333

) =3.7cF( 

=3.10)t(F 

5%

1%=4.94)t(F



 
 

3434

 

=3.7cF

= 0.01

34 ABCD

 

3 

A 1 3 5 

B 6 5 7 

C 7 8 6 

D 2 6 4 

95%

1  



 
 

 ) 4µ=3µ=2µ=1µ: 0(H . 

 )1(H )   

  . 

3 

 

(푦 •) (푦 •) 
푦 •=3 푦 • = 9  

 

 

 

 

5311Y 

푦 •=6 푦 • = 18 7562Y 

푦 •=7 푦 • = 21 6873Y

푦 • = 4 푦 • = 12 4 6 2 4Y 

푦•• = 5 푦•• = 60 
 

푁 = ∑ 푟 = 푟 + 푟 + 푟 + 푟 = 12   

r1 = r2 = r3 = r4=    ,      t=4            N =  

 

 Correction Factor-CF:  

퐶퐹 =
(푦••)

푁
=

(60)

12
=

3600

12
= 300 

 Sum Square of Total - SSTO: 

푆푆푇푂 = 푦 − 퐶퐹 = (1)2 + (3)2 + … … (4)2 − 300 = 50      

 Sum Square Between Groups -SSB: 

푆푆퐵 =
푦푖•

푟
− 퐶퐹 =

2222 )12()21()18()9( 

3
− 300 = 30 

 Sum Square of Error-SSE 

푆푆퐸 = 푆푆푇푂 − 푆푆퐵 = 50 − 30 = 20  

 MSt MSE: 



 
 

 

푀푆퐵 = = = 10

푀푆퐸 = = = 2.5

2  AVOVA TABLE)  

 

3ANOVA Table

 

Source of Variance 

(S.O.V) 

  

Sum of squares (SS) 

 

Df 

 

 

Mean squares 

(MS) 

F 

Calculated 

F 

Tabulated 

  еуϠ ̲      ϤϝКнгϯгЮϜ ̴          

Between Groups 
SSB = 30 

t ï 1 = 4 ï 1 

= 3 
푀푆퐵 = 10   

퐹 =
10

2.5
= 4 

 

F0.05 (3 , 8)=4.07 

  

 

  Э϶Ϝϸ ̲       ϤϝКнгϯгЮϜ ̴          

Within Groups 

Error) 

SSE = 20 
N ï t = 12 ï

4 = 8 

푀푆퐸 = 2.5

 

  ИнгϯгЮϜ ̳        

Total 

SSTO = SSB+ SSE  

           = 50 

N ï 1 = 12 ï 

1 = 11 
  

3  

퐹 = =
.

= 4

  

tF  

1=-1=4-t4= -t=12 -N) tF( 

퐹 = 퐹 (푡 − 1, 푁 − 푡) = 퐹 . (3, 8) = 4.07 5
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5cF

TF 

35  ABC

3 

  

A 14 15 16 14 16 15 

B 20 22 21 27 23 19 

C 9 14 21 8 7 19 



 
 

=0.05 .

1  

 ) 3µ=2µ=1µ: 0(H . 

 )1(H  )    

 . 

3 

 

(푦 •) (푦 •) 

ijy 

푦 •=15.2 푦 • = 90 

 

 

 

 

  1Y 

푦 •=22.4 푦 • = 132 19 23 272122202Y 

푦 •=13.4 푦 • = 78 19 7 8211493Y

푦•• = 16.665 푦•• = 300 
 

푁 = ∑ 푟 = 푟 + 푟 + 푟 = 18   

 

r1 = r2 = r3 = 6   ,            t=3        N = 18 

 Correction Factor-CF:  

퐶퐹 =
(푦••)

푁
=

(300)

18
=

90000

18
= 5000 

 Sum Square of Total - SSTO: 

푆푆푇푂 = 푦 − 퐶퐹 = (14)2 + (15)2 + … … (19)2 − 5000 = 490      

 Sum Square Between Groups -SSB 

푆푆퐵 =
푦푖•

푟
− 퐶퐹 =

222 )78()132()90( 

6
− 5000 = 268 



 
 

 Sum Square of Error-SSE 

푆푆퐸 = 푆푆푇푂 − 푆푆퐵 = 490 − 268 = 222  

 MSB MSE: 

푀푆퐵 = = = 134

푀푆퐸 = = = 14.8

2  AVOVA TABLE)  

 

3ANOVA Table

 

Source of Variance 

(S.O.V) 

  

Sum of squares (SS) 

 

df 

  

Mean squares (MS) 

F 

Calculated 

F 

Tabulated 

  еуϠ ̲      ϤϝКнгϯгЮϜ ̴          

Between Groups 
SSB = 268 

t ï 1 = 3 ï 1 

= 2 

푀푆퐵 = = 134

   

 

퐹 = 9.05 

F  15)=  

  

 

  Э϶Ϝϸ ̲       ϤϝКнгϯгЮϜ ̴          

Within Groups 

Error) 

SSE = 222 
N ï t = 18 ï

3 =15 
푀푆퐸 =

푆푆퐸

푁 − 푡
== 14.8 

  ИнгϯгЮϜ ̳        

Total 

SSTO = SSB + SSE  

           = 490 

N ï 1 = 18 ï 

1 = 17 
  

 

3  

퐹 = =
.

= 9.05

 : 



 
 

tF  =0.05 

1=-1=3-t=3 - 18t=-NtF

퐹 = 퐹 (푡 − 1, 푁 − 푡) = 퐹 . (2, 15) = 3.68 

6
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 cF

tF 
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 ̳ϘϸϝϡгЮϜ цϜ ̵уЂϝЂ ̳ϣ  ̴бугЋϧЮ  ̴ЭуЯϳϦм  ̵ϧЮϜ ̴Ϟϼϝϯ 
 )Basic Principles of Design and Analysis of 

Experiments( 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

  

   

 

Experiment

  

    

Design

 :(Analysis)

          

 

Experimental Material

Experimental Unit

Sampling Unit



 
 

Factors

Factor

Treatments. 

Treatments:

Treatment

Factor

 

 

41 



 
 

  :(Experimental Error)     

       

                 

     

 

  

                 

    .         

             .

42 ̳анлУв  ̵ϧЮϜ ̴ϣϠϽϯ )Concept of Experiment(:

A , B

 

 

 

  

 Factor

 AB.

 Treatments.

 Response Variable

Y 



 
 

 

421 ̵ϧЮϜ ̳ϣϠϽϯ пЮмцϜ:

 Plots

  

 A

B

AB

 

          

 B A A B A A B B A B 

  

  

 AB 

  

 n=5 

 

. 

4A, B 

A B 



 
 

=3.4161 =2.6082

= 0.1181
2S = 0.1442

2S

 

A

 

B

A

B

 

. 

 :0H 

 

 :1H 

-

 

Testing of Hypotheses  about the Means

Estimating the Differences between the Means



 
 

422 ̵ϧЮϜ ̳ϣϠϽϯ ЮϜ ̵ϫ ̳ϣужϝ:

A B

A B

  

  

 AB 

  

 n=10 

 

A

 

B  

 

B  

 

A 

 

A 

 

B  

 

A 

 

A

 

B  

 

B  

 

B 

 

A 

 

A 

 

B 

 

A 

 

A 

 

B 

 

B 

 

A 

 

B 

 

423 ̵ϧЮϜ ̳ϣϠϽϯ ЮϜ ̵ϫ ̳ϣϫЮϝ:

A B

A 

B



 
 

  

 

 

 AB 

 

. 

 n=2  

Sampling Unit



 
 

43  :(Experimental Error)

           

 

A

  

  

A

 . 



 
 

  

A

Sampling Error 

Sampling Error  ) (

 

44Basic Principles of Design of Experiments

               

    

1 Replication 



 
 

2 Randomization 

3 Blocking 

 

441Replication 

                

.  

      

   Standard Error  

   . 

442Randomization 

  

             

  

 (Independence)

 

  

  

AB



 
 

A

B 

A

A

A

 

 

 

 

443   BlockingLocal Control

       Blocks

        



 
 

   

Blocks

45

Simple Experiments

Factorial Experiments 

Combinations

  

46    rimental DesignsExpe

 Simple Experiments

 Completely Randomized Design- CRD 

   RCBDRandomized Completely Block Design 

   Latin Square

  Factorial Experiments

        CRD 



 
 

         RCBD 

        

        CRD 

        RCBD 

Block Designs-Plot & Split-Split 
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 ̵ϧЮϜ ̳бугЋ  ΗсϚϜнЇЛЮϜ  ̳ЭвϝЫЮϜ  

Completely Randomized Design (CRD) 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Completely Randomized Design (CRD) 

51

CRD 

 

52CRD

521 CRD 

 

 

 

 

         

 

dfe

MSE 



 
 

522 CRD

  

 

SSE 

MSE  

푷풓풆풄풊풔풊풐풏 =
ퟏ

푴푺푬
 

 

Randomization

 

   

54  аϜϹϷϧЂϜ ̳          ϧЮϜ ̵     бугЋ ̴       сϚϜнЇЛЮϜ Θ           ЭвϝЫЮϜ ̴         Т ̴ с   ϣЮϝϲ ̴     рмϝЃϦ   ϧЮϜ ̵     ϤϜϼϜϽЫ ̴         ЭЫЮ Θ      ϣЯвϝЛв ̱       

Completely Randomized Design with Equal Replications 

  

  

541  Layout of the Experiment
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ijy. 

     (t) 

r 

N=t  r.



 
 

               

    

5CRD 
  в ̳   Ђнϧ ̵     Б ̳    ϤывϝЛгЮϜ ̴         

(푦 •) 

  Йувϝϯв ̳         ϤывϝЛгЮϜ ̴         

  (푦 •) 

  ϤϜϹкϝЇгЮϜ ̳            мϒ ̴     ϧЮϜ ̵   ϤϜϼϜϽЫ  

) ijy -Observations( 

  ϤывϝЛгЮϜ ̳         

Treatments (T) 

푦 • 푦 • y1r  y12 y11 t1 

푦 • 푦 • y2r  y22 y21 t2 

      ... 

푦 • 푦 • ytr  yt2 yt1 tt 

  БЂнϧгЮϜ ̳          аϝЛЮϜ Η      

퐲•• 

  ИнгϯгЮϜ ̳          аϝЛЮϜ Η      

푦•• 
 

 

 

 

ijy: i j 

         43y 

(푦 •)i 

푦 • = 푦 = 푦 + 푦 + 푦 +∙∙∙∙∙∙∙∙ + 푦  

    :  푦 • = 푦 + 푦 +∙∙∙∙∙∙∙∙ + 푦

(푦 •)i

543Mathematical Model

     

                

             

              

 : 

푌 = 휇 + 푡 + 푒  



 
 

ijy ji

 휇̂ = 푦•• 

iti       i  

  푡̂ = 푦 • − 푦••

ijeijy       

    푒 = 푦 − 푦 • 

544CRD 

1 

)tμ …………,2μ ,1μ 

  

 ) t2=µ1: µ0(H 

. 

 )1(H   )     

. 

2 

 

545CRD 

CRD 

 

  

  AVOVA Table 

 cF 

  tF 

  

1  



 
 

 ) t2=µ1: µ0(H 

 

 )1(H   )     

. 

2 AVOVA TABLE

 

 

Experimental Error

푦 − 푦•• = (푦 • − 푦••)   + 푦 − 푦 •               푖 = 1,2 … . 푡,     푗 = 1,2 … … 푟 

 푦 − 푦••(푦..)

 푦 − 푦 •

 (푦 • − 푦••)(푦..)

푦 − 푦••  = 푦 − 푦 • + 푟(푦 • − 푦••)   

 ∑ ∑ 푦 − 푦 •  

Sum Squares of 

ErrorSSE

  ∑ 푟(푦 • − 푦••)   

Sum Squares of 

TreatmentsSSTr. 



 
 

 ∑ ∑ 푦 − 푦••  

Total Sum of Squares SSTO 

SSTO

SSTr

SSE

  Ингϯв ̳        гЮϜ ̳     ϠϽ ̵    ϤϝЛ ̴      ЯЫЮϜ ̵      с Θ        =      Ингϯв ̳        в ̳   ϠϽ ̵    ϤϝЛ ̴      ̭ ϝГ϶цϜ ̴                   +  Ингϯв ̳        в ̳   ϠϽ ̵    ϤϝЛ ̴      ϤϝϯЮϝЛгЮϜ ̴                

Sum Squares of Total  =  Sum Squares of Treatments +  Sum Squares of Error 

     SSTO =                     SSTr                 +             SSE                         

푦 − 푦••              =         푟(푦 • − 푦••)      +            푦 − 푦 •  

 

SS

MeansSummations  

 

5CRD 

SS  ϼϸϝЋв ̳      ЮϜ  ϧ ̵   тϝϡ ̳     е ̴  

S.O.V 
Summations Means

푆푆푇푟 =
∑ (푦 •)

푟
− 퐶퐹 푆푆푇푟 = 푟(푦 • − 푦••)   

 

Treatments 

푆푆퐸 = 푦 −
∑ (푦 •)

푟
  

SSE=SSTO - SSTr 

푆푆퐸 = 푦 − 푦 •  

SSE=SSTO- SSTr 

  ϧЮϜ ϓГϷЮϜ ̵         тϽϯ  сϡ Η   

Experimental Error 

푆푆푇푂 = 푦 − 퐶퐹  푆푆푇푂 = 푦푖푗 − 푦••             
  ИнгϯгЮϜ ̳        

Total 

t=ri=….r3=r2=r1r 



 
 

ANOVA Table 
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Source of Variance 
(S.O.V) 

  Ингϯв ̳        в ̳   ϠϽ ̵    ϤϝЛ ̴      ϤϝТϜϽϳжъϜ ̴           

Sum of squares (SS) 

  ϤϝϮϼϸ ̳        ϽϳЮϜ ̵      т ̵   ϣ ̴  

df 

  в ̳   Ђнϧ ̵     Б ̳    гЮϜ ̳     ϠϽ ̵    ϤϝЛ ̴      ϧЮϜ) ̵      тϝϡ ̳     е ̴ ( 

Mean squares (MS) 

F 

Calculated 

F 

Tabulated 

 
Treatments 

SSTr t-1 푀푆푇푟 =
푆푆푇푟

푡 − 1
 

 

퐹 =
푀푆푇푟

푀푆퐸
 

FŬ (t ï 1) ,  (tr ït) 

  

 

 

 (Experimental Error) 
SSE  t(r-1)         푀푆퐸 =

푆푆퐸

푡(푟 − 1)
 

 

Total 

SSTO = SSTr + SSE 

 
tr-1              

:

r      

t

 :CF               

 (t)   r  퐶퐹 =
( ••)

3 cF

cF

                                          퐹 = 

4TF 

Ft-1 t(r-1) 

 퐹 = 퐹 (푡 − 1, 푡푟 − 푡)

 



 
 

 

FCRD

 

5 )C(F 
 )t(F

 )C(F

)t(F  
      

51 
CRD  

 

  

       

         

5CRD 



 
 

  в ̳   Ђнϧ ̵     Б ̳    ϤывϝЛгЮϜ ̴         

(퐲퐢•) 

  Йувϝϯв ̳         ϤывϝЛгЮϜ ̴         

(퐲퐢•) 
  ϤϜϹкϝЇгЮϜ ̳          (yij)   РϝзЊцϜ ̳       

푦 •=  푦 • = 16 
14y 

40
13y 

42

12y 

40 
11y 

46 1t 

푦 •=  푦 • = 188 
24Y 

42 
23Y 

47 
22Y 

48 
21Y 

51 2t

푦 •=  푦 • = 168 
34Y 

46 
33Y 

44 
32Y 

42 
31Y 

36 3t

푦 • = 43 푦 • = 172 
44Y 

43 
43Y 

45 
42Y 

42 
41Y 

42 4t

푦 • = 36 푦 • = 144 
54Y 

36 
53Y 

37 
52Y 

36 
51Y 

35 5t

 ̳гЮϜ ̵Ђнϧ ̳Б   ΗаϝЛЮϜ 

푦•• = 42 

  ИнгϯгЮϜ ̳          ЯЫЮϜ ̵      с Η  

푦•• = 840 

  ϸϹК ̳      ϤϜϹкϝЇгЮϜ ̴            ЯЫЮϜ ̵      с Θ  

푁 = 푟 = 20 
 

 

1   

 ) 5=µ4=µ3µ =2=µ1: µ0(H 

 

 )1(H)   
  . 

2 AVOVA TABLE) 

 Correction Factor-CF: 

퐶퐹 =
( ••)

=
(∑ )

=
( )

×
= 35280  

 Sum Square of Total - SSTO: 

푆푆푇푂 = 푦 − 퐶퐹 = ((46) + (40) + … … (36) ) − 35280

= 35658 − 35280 = 378 
 Sum Square of Treatments-SSTr: 

푆푆푇푟 =
∑ (푦 •)

푟
− 퐶퐹 =

222 )144(......)188()168( 

4
− 35280

= 35528 − 35280 = 248 
  Sum Square of Error -SSE: 

푆푆퐸 = 푆푆푇푂 − 푆푆푇푟 = 378 − 248 = 130 



 
 

   

  (Degree of Freedom-df)  
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Source of Variance 
(S.O.V) 

  Ингϯв ̳        в ̳   ϠϽ ̵    ϤϝЛ ̴      ϤϝТϜϽϳжъϜ ̴           

Sum of squares (SS) 

  ϤϝϮϼϸ ̳        ϽϳЮϜ ̵      т ̵   ϣ ̴  

df 

  в ̳   Ђнϧ ̵     Б ̳    гЮϜ ̳     ϠϽ ̵    ϤϝЛ ̴      ϧЮϜ) ̵    (етϝϡ 

Mean squares (MS) 

F 

Calculated 

F 

Tabulated 

 

Treatments 
SSTr=248  t-1=4 

   

푀푆푇푟 =
248

4
= 62 퐹 =

푀푆푇푟

푀푆퐸

=
62

8.67
= 7.15 

 

F0.05 (4, 15)=3.06  

 (Experimental Error) 
SSE=130  t(r-1)=15         푀푆퐸 =

130

15
= 8.67 

 

Total 

SSTO = SSTr+ SSE=378 

 
tr-1=19              

3F

퐹 =
푀푆푇푟

푀푆퐸
=

62

8.67
= 7.15 

4  

)t(F F

t-1t(r-1) 

퐹  = 퐹  (푡 − 1 , 푡푟  − 푡 ) = 퐹  .   (4 , 15  ) = 3 . 06    

 



 
 

=7.15)c(F

=3.06)t(F

 

 
푒 = y − 푦 • 

 

5CRD 

  в ̳   Ђнϧ ̵     Б ̳    ϤывϝЛгЮϜ ̴         

(퐲퐢•) 

  Йувϝϯв ̳         ϤывϝЛгЮϜ ̴         

(퐲퐢•) 
  ϤϜϹкϝЇгЮϜ ̳          (yij)   РϝзЊцϜ ̳       

푦 •=  푦 • = 16 

14y 

40 

-2 

13y 

42 

0

12y 

40 

-2

11y 

46 

4
1t 

푦 •=  푦 • = 188 

24Y 

42 

-5 

23Y 

47 

0

22Y 

48 

1

21Y 

51 

4
2t

푦 •=  푦 • = 168 
34Y 

46 

4

33Y 

44 

2

32Y 

42 

0

31Y 

36 

-6
3t

푦 • = 43 푦 • = 172 
44Y 

43 

0

43Y 

45 

2

42Y 

42 

-1

41Y 

42 

-1
4t

푦 • = 36 푦 • = 144 
54Y 

36 

0

53Y 

37 

1

52Y 

36 

0

51Y 

35 

-1
5t

 ̳гЮϜ ̵Ђнϧ ̳Б   аϝЛЮϜ

푦•• = 42 

  ИнгϯгЮϜ ̳          ЯЫЮϜ ̵    с  

푦•• = 840 

  ϸϹК ̳      ϤϜϹкϝЇгЮϜ ̴            ЯЫЮϜ ̵    с  

푁 = 푟 = 20 
 

 

SSE 

푆푆퐸 = ∑ ∑ (푦 − 푦 •) = (16 + 4 + 0 + 4) + (16 + 1 + 0 + 25) +∙∙∙∙∙

+(1 + 0 + 1 + 0) = 130
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  t=4A, B, C, D

1-24

A

BCD

6 A 5 A4 A3 B2 A1 C 

12 B11 C10 D9 C8 C7 B

18 D17 C16 B15 A14 D13 B

24 A23 C22 D21 C20 A19 C

CRD

552

 푟 = ∑ 푟

ijy



 
 

(푑푓퐸 = ∑ 푟 − 푡) 

t(r-1).

SS

MeansSummations  

5CRD 
 

SS

Summations Means
S.O.V

푆푆푇푟 =
(푦 •)

푟
− 퐶퐹  푆푆푇푟 = 푟 (푦 • − 푦••)   Treatments 

푆푆퐸 = 푦 −
(푦 •)

푟
  

SSE=SSTO - SSTr 

푆푆퐸 = 푦 − 푦 •  

SSE=SSTO- SSTr 

Experimental Error

푆푆푇푂 = 푦 − 퐶퐹  푆푆푇푂 = 푦푖푗 − 푦••             
  ИнгϯгЮϜ ̳       

Total 

 

5ANOVA Table CRD 
 

 

Source of Variance 
(S.O.V) 

  Ингϯв ̳        в ̳   ϠϽ ̵    ϤϝЛ ̴      ϤϝТϜϽϳжъϜ ̴           

Sum of squares (SS) 

  ϤϝϮϼϸ ̳        ϽϳЮϜ ̵      т ̵   ϣ ̴  

df 

  в ̳   Ђнϧ ̵     Б ̳    гЮϜ ̳     ϠϽ ̵    ϤϝЛ ̴      ϧЮϜ) ̵      тϝϡ ̳   (е 

Mean squares (MS) 

F 

Calculated 

F 

Tabulated 

 

Treatments 
푆푆푇푟 =

(푦 •)

푟
− 퐶퐹  t-1 푀푆푇푟 =

푆푆푇푟

푡 − 1
 

 

퐹 =
푀푆푇푟

푀푆퐸
 

FŬ (t ï 1, dfE) 

  

 

 

 (Experimental Error) 
SSE= SSTO - SSTr   ∑ 푟 − 푡       

 


tr

SSE
MSE

i

 

 

Total 
푆푆푇푂 = 푌 − 퐶퐹 ∑ 푟 − 1            

 

  

 



 
 

 
5, t4, t3, t2, t1t

1 t2 t4 3 t

4 t45 t.

5CRD

  ϤϜϼϜϽЫ ϧЮϜ  ϸϹК ̴      ̵     ̳    

)ir( 
  ϤывϝЛгЮϜ  Йувϝϯв ̴          ̳       

(푦 •) 

)  ϤϜϹкϝЇгЮϜ   ̳         ijy( 

 

  мϒ  Ϥϝз уЛЮϜ  ̴    ̳   ̵    

  РϝзЊцϜ ̳       

3 푦 • = 9 
 

 

 

 

 3 4 2 t1 

4 푦 • = 24 4 6 7 7 t2 

3 푦 • = 9  4 3 2 t3 

4 푦 • = 42 12 9 11 10 t4 

3 푦 • = 18  6 5 7 t5 

푟 = 17 
с ЯЫЮϜ  ИнгϯгЮϜ ̵      ̳        

푦•• = 102 

 

с ЯЫЮϜ  ϤϜϹкϝЇгЮϜ  ϸϹК ̵      ̴           ̳    

푁 = 푟 = 푟 + 푟 + 푟 + 푟 + 푟 = 17 

1 

=0.05 

 

1  

 ) 5=µ4=µ3= µ2=µ1: µ0(H 

 )1(H   )     
. 

2 AVOVA TABLE)  

 Correction Factor-CF: 



 
 

퐶퐹 =
( ••)

∑
=

( )
= 612 

 Sum Square of Total - SSTO:
푆푆푇푂 = ∑ ∑ 푦 − 퐶퐹 = ((2) + (4) + (3) … … (6) ) − 612 = 764 −

612 = 152  

 Sum Square of treatments-SSTr:

푆푆푇푟 =
푦

푖•

2

푟푖

− 퐶퐹

푡

푖=1

=
(9)

3
+

(24)

4
+

(9)

3
+

(42)

4
+

(18)

3
− 612 = 135 

  Sum Square of Error -SSE: 
푆푆퐸 = 푆푆푇푂 − 푆푆푇푟 = 152 − 135 = 17 

    

5  (Degree of Freedom-df)  

511

5ANOVA Table CRD 
 

Source of Variance 

(S.O.V) 

  ϤϝТϜϽϳжъϜ  ϤϝЛ ϠϽ в  Ингϯв  ̴           ̴   ̵   ̳   ̳      

Sum of squares (SS) 

  ϣ т  ϽϳЮϜ  ϤϝϮϼϸ ̴ ̵  ̵      ̳      

df 

  ϤϝЛ ϠϽ гЮϜ  Б Ђнϧ в ̴   ̵   ̳    ̳  ̵    ̳ (е тϝϡ ϧЮϜ)  ̳   ̵     

Mean squares (MS) 

F 

Calculated 

F 

Tabulated 

 

Treatments 
SSTr=135  t-1=4 

   

푀푆푇푟 =
135

4
= 33.75  

퐹 =
33.75

1.42
= 23.77 

 

FŬ (4, 12)=3.26 
 

 (Experimental 

Error) 

SSE=17 
∑ 푟 − 푡 =

17 − 5 = 12        
푀푆퐸 =

17

12
= 1.42 

 

Total 
SSTO =152 

∑ 푟 − 1 =

17 − 1 = 16  
  

3 F

 

퐹 =
푀푆푇푟

푀푆퐸
= 23.77 

4  

) t(FF

t-1∑ 푟  − 푡 = 17  − 5 = 12  

퐹  = 퐹  .   (4 , 12  ) = 3 . 26    



 
 

 

 

 

 

5 23.77)=CF(

=3.03)tF(
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z
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z
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Multiple Comparisons
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F

Tests Suggested after Experimentation 

62

 Test of Significant

(F) 

 

F 

 

F



 
 

Multiple Comparisons

 

  Least Significant Difference  LSD

 Duncan's Multiple Range Test 

 TestTukey's 

 Scheffe's Test 

63 Least Significant Difference ï LSD 

LSD

Comparisons Pairwise 

t  

 631LSD 

ANOVA Table퐹 = 

cF

cF  

 

  

 LSD

LSD

 

퐿푆퐷 = 푡
,   

푀푆퐸 +               푖푓   푟 ≠ 푟
 

 푆( ) = 푀푆퐸 +   

 푌 , 푌 

 푡
,   

t2α/

edf 

LSD:



 
 

   푌 , 푌 , … . 푌. 

 퐿푆퐷 

 |푌 − 푌 | 

 |푌 − 푌 |퐿푆퐷 

 |푌 − 푌 | ≤ 퐿푆퐷 푌 , 푌 

 |푌 − 푌 | > 퐿푆퐷 푌 ,

푌

 

  

 (푟 = 푟 =∙∙∙∙∙∙ 푟 = 푟)

LSD

퐿푆퐷 = 푡
,   

              푖푓   푟 = 푟 … = 푟 = 푟

61CRD 

(푦 •) 
 

(푦 •) 
)ijy( 

5r 4r 3r 2r 1r treat. 

푦 •=7.2 푦 • = 36      1t 

푦 •=9.8 푦 • = 49      2t 

푦 •=6 푦 • = 30      3t 

푦 • = 4.8 푦 • = 24      4t 

푦 • = 8.6 푦 • = 43     5t 

 

푦•• = 7.28 푦•• = 182 
 

 ANOVA Table 



 
 

  

  

LSD  

        : 

4  

 ) 5=µ4=µ3µ =2=µ1: µ0(H 

 

 )1(H   )     
. 

5 AVOVA TABLE) 

 Correction Factor-CF: 

퐶퐹 =
( ••)

=
(∑ )

=
( )

×
= 1324.96

 Sum Square of Total - SSTO: 

푆푆푇푂 = ∑ ∑ 푦 − 퐶퐹 = ((6) + (10) + … … (11) ) − 1324.96 = 157.04  

 Sum Square of treatments-SSt: 

푆푆푇푟 =
∑ (푦 •)

푟
− 퐶퐹 =

222 )43(.....)49()36( 

5
− 퐶퐹 = 1404.4 − 1324.96

= 79.44 
  Sum Square of Error -SSE: 

푆푆퐸 = 푆푆푇푂 − 푆푆푇푟 = 157.04 − 79.44 = 77.6  

5  (Degree of Freedom-df)  
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Source of 

Variance 
(S.O.V) 

  Ингϯв ̳        в ̳   ϠϽ ̵    ϤϝЛ ̴      ϤϝТϜϽϳжъϜ ̴           

Sum of squares (SS) 

  ϤϝϮϼϸ ̳        ϽϳЮϜ ̵      т ̵ ϣ  

df 

  в ̳   Ђнϧ ̵     Б ̳    гЮϜ ̳     ϠϽ ̵    ϤϝЛ ̴      тϝϡϧЮϜ) ̳       (е 

Mean squares (MS) 

F 

Calculated 

F 

Tabulated 

 

Treatments 
SSTr=79.44  t-1=4 

  푀푆푇푟 =
.

=

19.86 
퐹 =

푀푆푇푟

푀푆퐸
2.87 



 
 

 

 (Experimental 

Error) 

SSE=77.6  t(r-1)=20   푀푆퐸 =
77.6

20
= 3.88 

=
19.86

3.88
= 5.11 

 

 

 Total SSTO = SSTr + SSE=157.04 
 

tr-1=24  

  

 

 

 

6 Fc

퐹 =
푀푆푇푟

푀푆퐸
= 5.11 

 

4  

tF F

t-1t(r-1) 

퐹  = 퐹  (푡 − 1 , 푡푟  − 푡 ) = 퐹  .   (4 , 20  ) = 2 . 8  

 

 

5 =5.11)c(F

=2.87)t(F     
. 

 (LSD)
,  MSE = 3.88 r=5 t    푡  

 
,          

= 푡 ( .    ,         ) = 2 . 086   



 
 

퐿푆퐷 =
×

× 푡 =
×( . )

× 2.086 = 2.59

LSD

* 

* 

63LSD

t =  t =  t =  t =   LSD = 2.59 

 2.6* 3.8* 5* =2t 

1.6 2.6* 3.8* =5t

1.2 2.4 =1t

 1.2 =3t 

2t3t 6.0=3.8-9.8 

=7.21t=63t

 LSD=2.239 

  Duncan's Multiple Range Test 
(DMRT)

1955Duncan

1  

2 

 F

Duncan

Student zed Significant Range-SSR 

Least Significant Rang - LSR

641 DMRT)
  



 
 

 (푟 = 푟 =∙∙∙∙∙∙ 푟 = 푟)

푆 =    

 

 

푟 =
∑

 

 SSR

ESSR P

 )Edf(  

3 LSRSSR

퐿푆푅 =  × 푆푆푅 

 LSR

LSR

LSR

LSR 

 

DMRT  

64CRD 

(푦 •) 
 

(푦 •) 
)ijy( 

5r 4r 3r 2r 1r treat. 

푦 • = 7.2 푦 • = 36      1t 

푦 •=9.8 푦 • = 49      2t 

푦 •=6 푦 • = 30      3t 

푦 •=4.8 푦 • = 24      4t 

푦 •=8.6 푦 • = 43     5t 

 

푦•• = 7.28 푦•• = 182 
 



 
 

 
 

ANOVA 

푆   
= 

   

 
  = 

 .   

 
  = 0 . 88  

 
SSR 20) 5, SSR(0.05, )E, p,dfSSR( 

65LSR 
 

 

     

SSR 2.95 3.09 3.19 3.25 

MSE

r
 0.88 

LSR 2.59 2.71 2.80 2.86 

LSRSSR0.88

  

6DMRT 
 

t5=8.6 t1=7.2 t3=6 t4=4.8 
  буЦ ̳    LSR 

  уЮϾϝзϦ ̵        ϝ ̯  

  в ̳   Ђнϧ ̵     Б ̳    ϤывϝЛгЮϜ ̴         

  уЮϾϝзϦ ̵        ϝ ̯  

1.2 2.6 3.8* 5* 2.86 = 9.82t 

 1.4 2.6 3.8* 2.80 = 8.65t 

  1.2 42. 2.71 = 7.21t 

   1.2 2.59 = 63t 

 

8=9.2t=4.84t
LSR
*



 
 

CRD

 

67CRD 

(푦 •) 
 

(푦 •) 
)ijy( 

5r 4r 3r 2r 1r treat. 

푦 • = 46.8 푦 • = 234 58 55 45 52 24 1t 

푦 • = 74 푦 • = 370 33 66 64 115 92 2t 

푦 • = 84.8 푦 • = 422 84 95 45 100 98 3t 

푦 • = 145.8 푦 • = 729 162 157 172 150 88 4t 

 

푦•• = 87.75 푦•• = 1755 
 

 

 

       DMRT

LSD  0.05

 

1  

 ) 4=µ3µ=2=µ1: µ0(H 

 

 )1(H   )    
 . 

2 AVOVA TABLE) 

 CFCorrection Factor 

퐶퐹 = ••)
=

(∑ )
=

( )

×
= 154001.3 

2 SSTOSum Square of Total 



 
 

푆푆푇푂 = ∑ ∑ 푦 − 퐶퐹 = ((24) + (52) + … … (162) ) − 154001.3 =

37353.7  

3 Sum Square of treatments -SSTr: 

푆푆푇푟 =
∑ (푦 •)

푟
− 퐶퐹 =

222 )729(.....)370()234( 

5
− 154001.3 = 26235 

 

  SSE Sum Square of Error 

푆푆퐸 = 푆푆푇푂 − 푆푆푇푟 = 37353.7 − 26235 = 11118.8  

 Degree of Freedom-df .

dft = t  1=4-1=3                   

dfT = (t × r)-1=(4 × 5) 1= 19 

dfe = dfT  dft =19  3 = 16 

6  MSMean Square 

푀푆푇푟 = = = 8744.98

푀푆퐸 =
( )

=
.

= 694.9

1 Analysis of Variance (ANOVA Table) 

6ANOVA Table CRD 
 

Source of Variance 
(S.O.V) 

  Ингϯв ̳        в ̳   ϠϽ ̵    ϤϝЛ ̴      ϤϝТϜϽϳжъϜ ̴           

Sum of squares (SS) 

  ϤϝϮϼϸ ̳        ϽϳЮϜ ̵      т ̵ ϣ  

df 

  в ̳   Ђнϧ ̵     Б̳    гЮϜ ̳     ϠϽ ̵    ϤϝЛ ̴      ϧЮϜ) ̵      тϝϡ ̳   (е 

Mean squares (MS) 

F 

Calculated 

F 

Tabulated 

 

Treatments 
SSTr=26234.95 t-1=  

푀푆푇푟 =
26234.95

3
= 8744.98 

  
퐹 =

푀푆푇푟

푀푆퐸

=
8744.98

694.9
= 12.58 

 

 

FŬ (3, 16)=3.24 

 

 

 (Experimental 

Error) 

SSE=11118.8 t(r-1)=16 푀푆퐸 =
11118.8

16
= 694.9 

 

Total 

SSTO = 37353.7 

 
tr-1=19  

3   F

퐹 = =
.

.
= 12.58

4  

tFFF

t-1t(r-1)



 
 

 퐹  = 퐹  (푡 − 1 , 푡푟  − 푡 ) = 퐹  .   (3 , 16  ) = 3 . 24   

 

 

 

5=12.58)c(F

=3.24)t(F

Multiple Comparisons

(LSD) Least Significant Difference Test

L.S.D.

t
r

MSE
LSD 

2

   ttedf

 

푡
,   

= 푡( . ,   ) = 2.12

퐿푆퐷 =
×

× 푡 =
×( . )

× 2.12 = 35.34

LSD



 
 

6LSD 
 

LSD =  

t =  t =  t =  t =   

00 61.4* 71.8* 99* =4t 

00 10.4 37.6* =3t

00 27.2 =2t

 00 =1t 

t4 = ***             t3 = *             t2 = * 

4t

  (DMRT) Duncan Multiple Range Test

Least Significant Range (LSR)

퐿푆푅 =  푆 ̅  × 푆푆푅  

푆 ̅ =  =
.

= 11.79  

Studentized Significant Range (SSR)Duncan edf

6LSR 
    

3.23 3.15 3.00 SSR 

11.79 S  

38.08 37.14 35.37 LSR 



 
 

LSR

LSR

6DMRT 

t3 84.4 t2 74 t1 46.8 
LSR

61.4* 71.8*99* 38.08145.8 =4t 

 10.4 37.6* 37.1484.4 =3t 

  27.2 35.3774 =2t 

 

  Ьϝϫв ̰       К ̲   ХуϡГϦ е ̴          ϼϝϡϧ϶Ϝ ̴       LSD  мDuncan   Т ̴   ϣЮϝϲ с̴         аϹК ̴      ϤϜϼϜϽЫϦ рмϝЃϦ ̴                ϤывϝЛгЮϜ ̴        

CRD5  

5, t4, t3, t2, t1t

6CRD 
 

  ϤϜϼϜϽЫ ϧЮϜ  ϸϹК ̴      ̵     ̳    

 )ir( 

 Ϥϝ Г Ђнϧ в   ̳  ̵    ̳

  ϤывϝЛгЮϜ ̴         (푦 •) 
  ϤывϝЛгЮϜ  Йувϝϯв  ̴          ̳       

(푦 •) 

  ϤϜϹкϝЇгЮϜ  ̳          

 )ijy( 
  РϝзЊцϜϜ ̳        

3 푦 •=39 푦 • = 117 
 

 

 

 

 41 39 37 t1 

4 푦 •=47 

 
푦 • = 188 42 47 48 51 t2 

3 푦 •=44 

 
푦 • = 132  42 44 46 t3 

4 푦 • = 43 푦 • = 172 43 45 42 42 t4 

3 푦 • = 35 푦 • = 105  34 36 35 t5 

푟 = 17 
 аϝЛЮϜ  БЂнϧгЮϜ

푦•• = 41.6 
 

сЯЫЮϜ ИнгϯгЮϜ 

푦•• = 714 

 

сЯЫЮϜ ϤϜϹкϝЇгЮϜ ϸϹК 

푁 = 푟 = 푟 + 푟 + 푟 + 푟 + 푟 = 16 

 

 

1 =0.05 

2 LSD

∑ ∑ 푦 = 30344



 
 

1  

 ) 5=µ4=µ3=µ2=µ1: µ0(H  

 

 )1(H  )    
 . 

2 AVOVA TABLE) 

 

 Correction Factor-CF: 

퐶퐹 =
( ••)

∑
=

( )
= 29988

7 Sum Square of Total - SSTO: 

푆푆푇푂 = ∑ ∑ 푦 − 퐶퐹 = ((37) + (39) + (41) … … (34) ) − 29988 =

30344 − 29988 = 356 

 Sum Square of treatments-SSTr: 

푆푆푇푟 =
푦

푖•

2

푟푖

− 퐶퐹

푡

푖=1

=
(117)

3
+

(188)

4
+

(132)

3
+

(172)

4
+

(105)

3
− 29988

= 30278 − 29988 = 290 

 

 Sum Square of Error-SSE: 
푆푆퐸 = 푆푆푇푂 − 푆푆푇푟 = 356 − 290 = 60 

  (Degree of Freedom-df)  

 

6 CRD 
 

Source of 

Variance 
(S.O.V) 

  ϤϝТϜϽϳжъϜ  ϤϝЛ ϠϽ в  Ингϯв ̴           ̴   ̵   ̳   ̳       

Sum of squares (SS) 

  ϣт  ϽϳЮϜ  ϤϝϮϼϸ ̴   ̵      ̳      

df 

  ϤϝЛϠϽ гЮϜ  Б Ђнϧ в ̴      ̳    ̳  ̵    ̳ ( етϝϡϧЮϜ)  ̴         

Mean squares (MS) 

F 

Calculated 

F 

Tabulated 

 

Treatments 
SSTr=290  t-1=4 푀푆푇푟 =

290

4
= 72.5 퐹 =

72.5

5.5
= 13.18 

 

 

FŬ (4, 12)=3.26 

  

 (Experimental 
SSE=66 

∑ 푟 − 푡 =

17 − 5 =
푀푆퐸 =

66

12
= 5.5 



 
 

Error) 12        

 

Total 

SSTO =  356 

 

푟 − 1

= 17 − 1

= 16 

 

3 F

 

퐹 =
푀푆푇푟

푀푆퐸
=

74

5.5
= 13.18 

6  

tF F

t-1∑ 푟  − 푡 = 17  − 5 = 12  

   퐹  = 퐹  .   (4 , 12  ) = 3 . 26  63 

 

6364 

 

=13.18)c(F

=3.26) t(F

(LSD) Least Significant Difference Test



 
 

퐿푆퐷  

퐿푆퐷 = 푡
,   

푀푆퐸 + 

푡( . ,   ) = 2.18 
퐿푆퐷

6퐿푆퐷 
퐿푆퐷  |푌 − 푌 |  

퐿푆퐷 = 푡( . ,   ) 5.5
1

3
+

1

4
= 3.90 |푌 − 푌 | = |39 − 47| = 8∗ 1 

퐿푆퐷 = 푡( . ,   ) 5.5
1

3
+

1

3
= 4.17 |푌 − 푌 | = |39 − 44| = 5∗ 2 

퐿푆퐷 = 푡( . ,   ) 5.5
1

3
+

1

4
= 3.9 |푌 − 푌 | = |39 − 43| = 4∗ 3 

퐿푆퐷 = 푡( . ,   ) 5.5
1

3
+

1

3
= 4.17 |푌 − 푌 | = |39 − 35| = 4 4 

퐿푆퐷 = 푡( . ,   ) 5.5
1

4
+

1

3
= 3.9 |푌 − 푌 | = |47 − 44| = 3 5 

퐿푆퐷 = 푡( . ,   ) 5.5
1

4
+

1

4
= 3.62 |푌 − 푌 | = |47 − 43| = 4∗ 6 

퐿푆퐷 = 푡( . ,   ) 5.5
1

4
+

1

3
= 3.9 |푌 − 푌 | = |47 − 35| = 12∗ 7 

퐿푆퐷 = 푡( . ,   ) 5.5
1

3
+

1

4
= 4.3.9 |푌 − 푌 | = |44 − 43| = 1 8 

퐿푆퐷 = 푡( . ,   ) 5.45
1

3
+

1

3
= 4.17 |푌 − 푌 | = |44 − 35| = 11∗ 9 

퐿푆퐷 = 푡( . ,   ) 5.45
1

4
+

1

3
= 3.90 |푌 − 푌 | = |43 − 35| = 8∗ 10 

 

* 
퐿푆퐷  



 
 

 (푌 , 푌 )

(푌 , 푌 )(푌 , 푌 )

6LSD 
t3=44 t4=43 t1=39 t5=  35  

2 4  8* 12* =2t 

  * =3t

4  8* =4t

 4 =1t

 

|푌 − 푌 | = 4∗

|푌 − 푌 | = 4

 (퐿푆퐷 = 3.92)(퐿푆퐷 = 4.19)

2t

4735

(DMRT) Duncan Multiple Range Test

Least Significant Range (LSR)

퐿푆푅 =  × 푆푆푅  

푆 =

 

 

푟 =
∑

= = 3.33  



 
 

. 

푆 = =
.

.
= 1.29

퐿푆푅 = 푆푆푅 ∗ 푆 = 푆푆푅 ∗ 1.29

Studentized Significant Range (SSR)Duncan edf

6LSR 
5     

3.39 3.34 3.25 3.11 SSR 

1.  S  

4.  4.  4.  4.  LSR 

LSR

LSR

6DMRT 

t3 44 t4 43 t1 39 t5 35 
LSR

3 4 8* 12* 4.37= 472t 

 2 5* 5* 4.3= 443t 

  4 8* 4.19= 434t 

   4 4.01= 391t 

 

|푌 − 푌 | = 4

LSR=
|푌 − 푌 | = 4∗LSD  



 
 

LDSDMRT 
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Completely Randomized Block Design 

(CRBD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Completely Randomized Block Design (CRBD)

 (CRBD)    
   

 

            
         

)CRBD( 
        

        . 
        

  (Blocks)

     .
7 3 

      



 
 

ІϼФ

ОϼϞ

ϒЦЬ ϶ЊмϠϣ

ϒЪϪϼ ϶ЊмϠϣ

АϼтЧϣ ϦЧЂта Њϲтϲϣ

t3 t1 t2t4

t2 t4 t3t1

t1 t4 t2t3

Block 3

Block 2

Block 1

 

ІϼФ

ОϼϞ

ϒЦЬ ϶ЊмϠϣ

ϒЪϪϼ ϶ЊмϠϣ

t4

t2

t1

Block 1

t3

t4

t2

t1

t3

Block 2

t2

t4

t1

t3

Block 3

АϼтЧϣ ϦЧЂта ϶ϝАϚϣ

 
 



 
 

4, t3, t2, t1t

 

(4)4, t3, t2, t1t

 
     

 

CRBD
CRBD

      
      
            

   )      CRD      
      . 



 
 

       )  (
. 

           
  

 CRBD:(

               
  . 

       8 
        

         
    . 

  

  
  

 

 

  
  

CRBD(: 
       

 

 

 

 



 
 

 

 
 

7 6 

A, B, C, D, E, F

71CRBD 
 

B5

 

B4

 

B3

 

B2

 

B1 

C E FA E 

D CDBD

AFEDB

FBCEA

BDAFC 

EABCF 

 

77

  

  

  

   CRBD(:

    
              

         it

jR   ijE   
        :

ijE+  jB+  it= ɛ +  ijY 



 
 

ijy ij

 휇̂ = 푦•• 

iti       i  
   푡̂ = 푦 • − 푦••

jBj

j

ijE

ij

 jB,  i

t     

r

 

79Layout of the Experiment 

t=55, t4t ,3, t2, t1t

 

72CRBD 

B4 B3B2B1 

t3 t5 t3 t5 

t5 t4 t1 t2 

t4 t3 t4 t1 

t1 t2 t5 t4 

t2 t1 t2 t3 
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t

t2,t1t. 



 
 

rr2, B1B. 

N=t*r 

  

  CRBD

7CRBD 

ГЂнϧвϤϝ ЮϜϤывϝЛг 

(푦 •) 

ЮϜ ЙувϝϯвϤывϝЛг 

(푦 •) 

) ϤϝКϝГЧЮϜBlocks( ϤывϝЛгЮϜ 

)Treatments( 
Br ééééé B2 B1 

푦 • 푦 • 
 

 

 

 

y1r éééééé. y12 y11 t1 

푦 • 

 
푦 • Y2r ééééé Y22 Y21 t2 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 
 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

푦 • 푦 • ytr ééééé yt2 yt1 tt 

 аϝЛЮϜ  БЂнϧгЮϜ

퐲•• = 

 

аϝЛЮϜ ИнгϯгЮϜ 

퐲•• = 

 

퐲•퐫 ééééé 퐲•ퟐ 퐲•ퟏ 
ЮϜ ЙувϝϯвϤϝКϝГЧ 

퐲•퐣  

 

  

  CRBD

7CRBD 
  в ̳   Ђнϧ ̵     ϤϝГ ̳    

  ϤывϝЛгЮϜ ̴          

i. 

  Йувϝϯв ̳       

  ϤывϝЛгЮϜ ̴          

i.Y 
  ГЧЮϜ ̵      ϤϝКϝ ̳     

  ϤывϝЛгЮϜ ̳         

it 

  

B4 B3 B2 B1 

 

푦 • 푦 • 

 
14y 13y 12y 11y 1t 

푦 • 

 

푦 • 

 
24Y 23Y 22Y 21Y 2t 

푦 • 푦 • 

 
34Y 33Y 32Y 31Y 3t 

푦 • 

 

푦 • 

 
44Y 43Y 42Y 41Y 4t 

푦 • 

. 
푦 • 

 
54Y 53Y 52Y 51Y 5t 



 
 

 аϝЛЮϜ  БЂнϧгЮϜ

퐲•• = 

 ИнгϯгЮϜ

аϝЛЮϜ 

퐲•• = 

퐲•ퟒ 퐲•ퟑ 퐲•ퟐ 퐲•ퟏ 

 Йувϝϯв

ЮϜϤϝКϝГЧ 

퐲•퐣  
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1   

)t 2 1,

 

2       

   

CRBD( 
CRBD 

 

  

  AVOVA TABLE 

 cF 

  tF 

  

2  

 ) t2=µ1: µ0(H 

 



 
 

 )1(H   )     

. 

3  AVOVA TABLE


 


t

i

r

j
ij

YySSTO
1 1

..)(

 TrSS1-=tTrSSdf. 

 BkSS1-=rBkSSdf. 

 SSE1)-1)(r-=(tSSEdf.

푦 − 푦.. = 푟 (푦 . − 푦..)   + 푡 푦. − 푦.. + 푦 − 푦 . − 푦. + 푦..  

     SSTO =         SSTr        +     SSBk         +        SSE                         

 

SS

MeansSummations CRBD

 

CRBD 

SS 

Summations 
Means

 

S.O.V 

푆푆퐵푘 =
∑ 푦.

푡
− CF 푆푆퐵푘 = 푡 푦. − 푦..  

 

Blocks 

푆푆푇푟 =
∑ (푦 .)

푟
− CF 푆푆푇푟 = 푟 (푦 . − 푦..)   

 

Treatments 

SSE=SSTO – SSTr- SSBk 
푆푆퐸 = 푦 − 푦 . − 푦. + 푦..  

SSE=SSTO- SSt-SSr 

 

Experimental Error 



 
 

푆푆푇푂 = 푦 − 퐶퐹  푆푆푇푂 = 푦 − 푦..             
 

Total 

:

r  

t

 :C.F     퐶퐹 =
( ∙∙)

ANOVA Table 

ANOVA Table CRBD 

F 

tabF

F 

calF 
 

M S 

 

d.f 
 

S S 

 

S.O.V 

 

퐹  퐹 =

  

푀푆퐵푘 =
푆푆퐵푘

푟 − 1 

r-1 
  SSBk 

 

Blocks 

퐹  퐹 =   푀푆푇푟 =
푆푆푇푟

푡 − 1
 

t-1 
SSTr 

 

Treatments 

  푀푆퐸 =
( )( )

  

(t-1) (r-1)        
SSE 

 

Experimental Error 

   
tr-1     

SSTO 
 

Total 

 

T, FBTF  

퐹 = 퐹 (푡 − 1, (푡 − 1)(푟 − 1)) 

퐹 = 퐹 (푟 − 1, (푡 − 1)(푟 − 1)) 

 

4 cF

cF 

퐹 =   

5 TF F

Ft-1(t-1) (r-1) 

α퐹 = 퐹 (푡 − 1, (푡 − 1)(푟 − 1))

 



 
 

 

4 F CRBD 

 

5  ) C(F)T(F

)C(F )T(F 
 )C(F

)T(F

       

       

     퐹 =

 

퐹 = 퐹 (푟 − 1, (푡 − 1)(푟 − 1))

Fr-1

(t-1)(r-1)

 퐹 > 퐹 

 퐹 ≤ 퐹

2



 
 

55t, 4, t3, t2, t1t 
       

5

    
CRBD 

  ϤϝГЂнϧв ̳        

  ϤывϝЛгЮϜ ̴         

  Йувϝϯв ̳         ϤывϝЛгЮϜ ̴         

Yi. 
  ГЧЮϜ ̵      ϤϝКϝ ̳     

  ϤывϝЛгЮϜ ̳         

it 

  
 ̳ИϝГЧЮϜ  ̵ϽЮϜЙϠϜ 

B4 

 ̳ИϝГЧЮϜ  ̵ϫЮϜϩЮϝ 

B3 

 ̳ИϝГЧЮϜ  ̵ϫЮϜсжϝ 

B2 

 ̳ИϝГЧЮϜ  ̵мъϜЬ 

B1 
 

푦 • = 10 푦 • = 40 

 
12 10 10 8 t1 

푦 • = 14.25 푦 • = 57 

 

16 15 15 11 2t 

푦 • = 15 푦 • = 60 

 

13 16 14 17 3t 

푦 • = 15 푦 • = 60 

 

15 16 14 15 4t 

푦 • = 15.75 

. 
푦 • = 63 

 

17 15 14 17 5t 

퐲•• =퐲•• = ퟐퟖퟎ 
퐲•ퟒ = ퟕퟑ 퐲•ퟑ = ퟕퟐ 퐲•ퟐ = ퟔퟕ 퐲•ퟏ = ퟔퟖ 

퐲•퐣  

  
 

  
     )( 
     ) (    : 

    )(
        :

t=5     r=4

3-   Њ ̴   ϣОϝт ̳       ЌмϼУЮϜ ̴        шϜ  тϚϝЊϲ ̵       ϣ ̴ : 

 ) 5µ =4=µ3= µ2=µ1: µ0(H  

 



 
 

 )1(H  )   
  . 

4 AVOVA TABLE) 

 C.F퐶퐹 =
( ∙∙) =

(∑ )
=

( )

×
= 3920 

6- SSTO 

푆푆푇푂 = ∑ 푦 − 퐶퐹 = ((8) + (10) + … … (17) ) − 3920 = 126  

  SSTr

푆푆푇푟 =
∑ 푦 ∙

푟
− 퐶퐹 =

22222 )63()60()60()57()40( 

4
− 3920 = 84.5 

 SSBk: 

푆푆퐵푘 =
∑ 푦∙

푡
− 퐶퐹 =

(68) + (67) + (72) + (73)

5
− 3920 = 5.2 

 SSE 
푆푆퐸 = 푆푆푇푂 − 푆푆푇푟 − 푆푆퐵푘 = 126 − 84.5 − 5.2 = 36.3  

 d.f   
  tFF

 퐹 = 퐹 = 퐹 (푡 − 1, (푡 − 1)(푟 − 1) = 퐹 . (4, 12) = 3.26 
(ANOVA Table)  

7ANOVA Table CRBD 
 

 

F 

calF 

F 

tabF 

 

M S 

 

d.f 
 

S S 

 

S.O.V 

FBt=3.45

 
퐹 =

1.73

3.02
= 0.57

 

푀푆퐵푘 =
5.2

3
= 1.73

 

r-1=3 SSBk=5.2 
 

Blocks 

Ft=3.26

 
퐹 =

21.1

3.02
= 6.98 푀푆푇푟 =

84.5

4
= 21.1 t-1=4 SSTr=84.5 

 

Treatments 

 
 푀푆퐸 =

36.3

12
= 3.025 (t-1) (r-1)=12        SSE=36.3 

 

Experimental Error 

 

   tr-1=19     SSTO=126 
  ИнгϯгЮϜ ̳        

Total 



 
 

5  

F퐹  = 
    

   
= 6 . 98  

6 -  ̳ϸтϸϲϦ ̳        сϦЧАжв        ̴ЬмϠЧЮϜ ̴         ̵ϼЮϜм ̵     Ќ̴Т ̴  :  

TF FF

=41-t=12)1)-(r1)-((t

26.3)12  ,4())1)(1( ,1( 05.0  FrttF

 
77 

6.98CF

3.26tF

Least Significant Difference ï LSD( 

LCD퐿푆퐷 = 푡
,   

t 푡
,   

= 푡( . ,   ) = 2.179

퐿푆퐷 = 푡
,   

= 2.179 ×
× .

= 2.68  

 
 

LSD

LSD = 2.68 t1=  t2=  t3=  t4=  



 
 

treats Mean 

t5  *  0.   
t   *    
t   *    
t       

LSD5t 

    )  (     
     , BCF

BTF 
퐹 = =

.
= 10.41

)BT.(F  
퐹 = 퐹 (푟 − 1, (푡 − 1)(푟 − 1) = 퐹 . (3, 12) = 3.45  

Fr-1

 {(t-1)(r-1)}.

 퐹 = 10.41) > (퐹 = 3.45)    

 

  Missing Value) 
(

 CRBD   

 



 
 

푌 =
푟 퐲•퐣 + 푡(푦 •) − 퐲••

(푟 − 1)(푡 − 1)
 

퐲퐢퐣.
r 

퐲•퐣 
t   

(퐲풊•)

퐲
••

퐲퐢퐣

 

. 
                 

   (푌 ∙)
(푌∙ )  

푌 =
푦

푖•
+ 푦

•j

2
 

        
           

              
          . 

               
         



 
 

                  
             r-1  
 (t-1) 

  CRBD      
 32Y 

 
CRBD 

  Йувϝϯв ̳         ϤывϝЛгЮϜ ̴         

i.Y 

  ϤϝКϝГЧЮϜ ̳           ϤывϝЛгЮϜ ̳          

 it 

 
  ГЧЮϜ ̵      Иϝ ̳     ϫЮϜ ̵   ϩЮϝ 

B3 

  ГЧЮϜ ̵    сжϝϫЮϜ Иϝ 

B2 

ГЧЮϜцϜ Иϝ  м ̵ Ь 

B1 

 

푦 • = 25 

 

7 10 8 1t 

푦 • = 30 

 

9 11 10 2t 

푦 • = 23 

 

11 32Y 12 3t 

푦 • = 22 

 

6 7 9 4t 

퐲•• = ퟏퟎퟎ 퐲•ퟑ = ퟑퟑ 퐲•ퟐ = ퟐퟖ 퐲•ퟏ = ퟑퟗ 
  Йувϝϯв ̳       

  ϤϝКϝГЧЮϜ ̴         

.jY 

      .
   

푌 =
퐲•퐣 ( •) 퐲••

( )( )
= 푌 =

( ∙ ) ( ∙) ∙∙

( )( )
=

( ) ( )
= 12.67  

         
CRBD 

  Йувϝϯв ̳         ϤывϝЛгЮϜ ̴         

i.Y 
  ϤϝКϝГЧЮϜ ̳         

  ϤывϝЛгЮϜ ̳         

it 

 
ϩЮϝϫЮϜ ИϝГЧЮϜ 

B3 

сжϝϫЮϜ ИϝГЧЮϜ 

B2 

ЬмъϜ ИϝГЧЮϜ 

B1 

 

푦 • = 25 

 

7 10 8 1t 

푦 • = 30 

 

9 11 10 2t 

푦 • = 35.67 

 

11 12.67 12 3t 



 
 

푦 • = 22 

 

6 7 9 4t 

퐲•• = ퟏퟏퟐ. ퟔퟕ 퐲•ퟑ = ퟑퟑ 퐲•ퟐ = ퟒퟎ. ퟔퟕ 퐲•ퟏ = ퟑퟗ 
  Йувϝϯв ̳       

  ϤϝКϝГЧЮϜ ̴         

.jY 

 
 

       

  C.F퐶퐹 =
( ∙∙) =

(∑ )
=

( . )

×
= 1057.88 

 SSTO 
푆푆푇푂 = ∑ 푦 − 퐶퐹 = ((8) + (10) + … … (6) ) − 51057.88 = 1106.53 −

1057.88 = 48.65 

  SSTr: 

 푆푆푇푟 =
∑ ∙ − 퐶퐹 =

222 )22(.....)30()25( 
− 1057.88 = 35.9 

 SSBk: 

푆푆퐵푘 =
∑ ∙

− 퐶퐹 =
222 )33(...)40()39( 

− 1057.88 = 1066.01 −

1057.88 = 8.13

 SSE 
푆푆퐸 = 푆푆푇푂 − 푆푆푇푟 − 푆푆퐵푘 = 48.65 − 35.9 − 8.13 = 4.62  

 d.f  
 

  
7ANOVA Table CRBD 

F   уЮмϹϯЮϜ) ̵        (ϣ 

calF 

F (ϣϠнЃϳгЮϜ) 

tabF 

  в ̳   Ђнϧ ̵     в Б ̳     ϠϽ ̵    ϤϝЛ ̴    

  ϤϝТϜϽϳжъϜ ̴          

M.S 

  Ингϯв ̳        в ̳   ϠϽ ̵    ϤϝЛ ̴    

  ϤϝТϜϽϳжъϜ ̴          

S.S 

  ϤϝϮϼϸ ̳        ϽϳЮϜ ̵      т ̵ ϣ  

d.f 

  ϼϸϝЋв ̳        ϧЮϜ ̵     тϝϡ ̳     е ̴  

S.O.V 

 
 

4.065 8.13 r-1=3-1=2 
  ϤϝКϝГЧЮϜ ̳           ϤϜϼϽЫгЮϜ) ̳         (  

Blocks 

5.41 13.11
 

11.97
 

35.9 t-1=4-1=3 
вϝЛгЮϜ  Ϥы ̳   

Treatments 

  0.92
 

4.62 
(t-1)* (r-1)=6 

6-1=5 

тϽϯϧЮϜ ϓГϷЮϜсϡ  

Experimental Error 

 

   48.65 
tr-1=12-1=11 

11-1 

  ИнгϯгЮϜ ̳        

Total 



 
 

                
         

         SSTr

tSS   
 

푆푆 = 푆푆푇푟 −
퐲•퐣 ( )

( )
  

tSS

퐲퐢퐣.
퐲•퐣 

t 

푆푆 = 푆푆푇푟 −
퐲•퐣

( )

( )
= 35.9 −

[ ( ) . ]

( )
= 35.9 − 8.35 = 27.55  

=27.55tSS

 
 

7ANOVA Table CRBD 
F   уЮмϹϯЮϜ) ̵        (ϣ 

calF 

F (ϣϠнЃϳгЮϜ) 

tabF 

  в БЂнϧв ̳         ϠϽ ̵    ϤϝЛ ̴      ϤϝТϜϽϳжъϜ ̴          

M.S 

  Ингϯв ̳        в ̳   ϠϽ ̵    ϤϝЛ ̴      ϤϝТϜϽϳжъϜ ̴          

S.S 

  ϤϝϮϼϸ ̳        ϽϳЮϜ ̵    тϣ  

d.f 

  ϼϸϝЋв ̳      ЮϜ  етϝϡϧ ̴      

S.O.V 

 
 

4.065 8.13 r-1=3-1=2 
  ϤϝКϝГЧЮϜ ̳           ϽЫгЮϜ) ̵        ϤϜϼ ̳   (  

Blocks 

   5.41 9.98
 

9.18
 

27.55 t-1=4-1=3 
вϝЛгЮϜ  Ϥы ̳   

Treatments 

  0.92
 

4.62 
(t-1)* (r-1)=6 

6-1=5 

тϽϯϧЮϜ ϓГϷЮϜсϡ  

Experimental 

Error 

   48.65 
tr-1=12-1=11 

11-1 

  ИнгϯгЮϜ ̳        

Total 



 
 

) CF(
TF

 CRBD

CRD.
Relative Efficiency between RCBD & CRD  

 

CRBDCRD

푅퐸(퐶푅퐵퐷: 퐶푅퐷)% =
( ) ( )

( )
× 100

(100) 

cr

RCBDbr 
 b=RE*rcr

RE=1.6
=r=5br

=1.6*5=8b*r=REcR      

  CRBD  
 

7ANOVA Table CRBD 
ϣϠнЃϳгЮϜF 

F cal. 

  ϤϝЛϠϽв БЂнϧв ̴               ϤϝТϜϽϳжъϜ ̴          

M.S 

Ингϯв ϤϝЛϠϽв   ϤϝТϜϽϳжъϜ ̴          

S.S 

  ϤϝϮϼϸ ̳      тϽϳЮϜ  ϣ ̴  

d.f 

ЮϜ ϼϸϝЋветϝϡϧ  

S.O.V 



 
 

 
MSBk=5.36 SSBk=21.46 r-1=4 

(ϤϜϼϽЫгЮϜ) ϤϝКϝГЧЮϜ 

Blocks 

20.46 MSTr=44.83 SSTr=134.45 t-1=4-1=3 
вϝЛгЮϜ  Ϥы ̳   

Treatments 

 MSE=2.19 SSE=26.26 (t-1)* (r-1)=12 
тϽϯϧЮϜ ϓГϷЮϜсϡ  

Experimental Error 

  SSTO=182.17 
tr-1=19 

 

  етϝϡϧЮϜ ̳          ЯЫЮϜ ̵    с  

Total 

RCBDCRD 

CRBDCRD

 
푅퐸(퐶푅퐵퐷: 퐶푅퐷)% =

( ) ( )

( )
× 100 =

× . × .

× .
× 100 =

131%

 
CRBDCRD

CRD

CRBDCRD

CRBD

RE=1.3

=r=5br

 
=1.3*5=6.5=7 b=RE*rcR 

CRBD

  3t2, t1, t

 



 
 

t2=5 t1=6 t3=3  B1 

t3=2 t1=10 t2=6  B2

 t3=4 t1=9 B3 

t1=10 t3=4 t2=2 B4

76 

 

1  

2   

3   

 LSD=0.05 
 CRBD

CRD 
 

 

 

 
 
 
 

 
B4B3B2B1  

Y1.=35 10 9 10 6 t1 

Y2.=13 

 
2 …. 6 5 t2 

Y3.=13 4 4 2 3 t3 

Y..=61 
 

16 13 18 14 
 

 

푌 =
푟 퐲•퐣 + 푡(푦 •) − 퐲••

(푟 − 1)(푡 − 1)
=

4(ퟏퟑ) + 3(13) − ퟔퟏ

(3)(2)
= 5 

4  

 ) 3=µ2=µ1: µ0(H  



 
 

 )1(H   
   . 

5 AVOVA TABLE)  

 

 
 
 
 

 

B4B3B2B1 
 

8.75 Y1.=35 10 9 10 6 t1 

4.5 Y2.=18 

 
2 5 6 5 t2 

3.25 Y3.=13 4 4 2 3 t3 

 Y..=66 
 

16 18 18 14 
  

 

CFCorrection Factor 

퐶퐹 =
( ∙∙) =

(∑ )
=

( )

×
= 363  

7 SSTOSum Square of Total 

푆푆푇푂 = 푦 − 퐶퐹 = ((7) + (12) + … … (3) ) − 363 = 452 − 363 = 89 

8 Sum Square of treatments -SSTr: 

푆푆푇푟 =
∑ 푦 ∙

푟
− 퐶퐹 =

222 )13()18()35( 

4
− 363 = 429.5 − 363 = 66.5 

 SSBK: 

푆푆퐵퐾 =
∑ ∙

− 퐶퐹 =
( ) ( ) ( ) ( )

− 363 = 366.66 −

363 = 3.66

10  SSE Sum Square of Error 

푆푆퐸 = 푆푆푇푂 − 푆푆푇푟 − 푆푆퐵퐾 = 89 − 66.5 − 3.66 = 18.84 

 
 



 
 

етϝϡϧЮϜ ϼϸϝЋв 

Source of Variance 

(S.O.V) 

 ϤϝЛϠϽв Ингϯв

ϤϝТϜϽϳжъϜ  

Sum of squares 

(SS) 

ϣтϽϳЮϜ ϤϝϮϼϸ 

df 

ϤϝЛϠϽгЮϜ БЂнϧв 

(етϝϡϧЮϜ) 

Mean squares 

(MS) 

F (ϣϠнЃϳгЮϜ) 

Calculated F (ϣуЮмϹϯЮϜ) 

Tabulated 

ЛгЮϜ еуϠ) Ϥывϝ(РϝзЊцϜ  

Treatments 
SSTr=66.5 t-1=2 MSTr= 33.25 푭풕 =

ퟑퟑ.ퟐퟓ

ퟑ.ퟕퟕ
= ퟖ. ퟖퟐ  (2,5)=5.790.05F 

 ϤϝКϝГЧЮϜ 

Blocks 
SSBK=3.66 r-1=3 MSBK= 1.22 푭푩풕 =

ퟏ. ퟐퟐ

ퟑ. ퟕퟕ
= ퟎ. ퟑퟐ 

(3,5)=5.410.05F 
 

ϣуϡтϽϯϧЮϜ ̭ϝГ϶цϜ 

 (Experimental 

Error) 
SSE=18.84 

(t-1)(r-1)-

1=5 
MSE=3.77 

 

 
ИнгϯгЮϜ 

Total 

SSTO = 89 

 
tr-1-1=10   

 

 

5   

TF F

5)=5.79 (2,0.05F  

7775 

 

5  2=8.8tF5.79TF

.

       :
     퐹

(퐹



 
 

 F 퐹 = 0.32) < (퐹 = 5.41)  
 .

 

LSD: 

LCD퐿푆퐷 = 푡
,   

t 푡
,   

= 푡( . ,   ) = 2.57

퐿푆퐷 = 푡
,   

= 2.57 ×
× .

= 3.53 

 

LSD 3.53 
=3.253t =4.52t =8.751t 

Mean 
=8.751t 5.5* 4.25* 0 
=4.52t 1.25 0 0 
=3.253t 0   

CRBD
CRD

CRBDCRD 

푅퐸(퐶푅퐵퐷: 퐶푅퐷)% =
(푟 − 1)푀푆퐵퐾 + 푟(푡 − 1)푀푆퐸

(푟푡 − 1)푀푆퐸
× 100

=
(3)1.22 + 4(2)3.77

(11)3.77
× 100 = 81.5% 

 

 
 

 

 

 

 



 
 

 

 

 

 

 

 ̳бугЋϦ  ̳гЮϜ ̵ϠϽ ̴Й  ̵сзуϦыЮϜ 

Latin Square Design (L.S) 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

  бугЋϦ ̳        гЮϜ ̳     ϠϽ ̵    Й ̴    сзуϦыЮϜ ̵       

Latin Square Design (L.S) 

CRBD

CBRD. 

  
Rows

Columns

 

8 -2 -   ̳бугЋϦ ̳        ̳гЮϜ ̳    ̵ϠϽ ̵   ̴Й ̴    ы̵ЮϜ ̵    ̵сзуϦ ̵     ) LS( :  

   

RowsColumns  



 
 

              
    

            
         

      . 

) LS( 

 

          
         

       . 
 

 

 

 
 

 
 )  

         )(   
    )        (   

  )(. 



 
 

LS 

  LS

 

t=r=c      
  

          
  

     
       

 RCBDCDR 
  
            

             . 
 ̳ϞнуК ̳      ̵ϧЮϜ ̵    ̴бугЋ ̴      :(LS)  

 

 dfe=(t-1)(t-2)

푀푆퐸   = 
   

   
.

dfe=0

dfe=2 
 

 

 



 
 

              
 

8 -3 -   ̳БуГϷϦ ̳        ̵ϧЮϜ ̵    ̴ϣϠϽϯ ̴      ) Layout of the Experiment( :  

A, B, C, D, E

     
  

E DC B A 

AEDCB

BAEDC

CBAED

DCBAE

81

 

1 35 4 2

EDACB 3

DABEC5

CEDBA1

BCEAD

ABCDE2

82



 
 

 

  
t=5E), D, C, B, A =252t

          
 

81LS

 

C C4 C3 C2 C1 

C D A B E R1 

 

ACBEDR2 

EBDCAR3 

DECABR4 

BAEDCR 

 

(5)           
 A, B, C, D, E) 25



 
 

 25

. 

82LS

  

 

      

 D A B C E 

 A B E D C 

 B C D E A 

 E D C A B 

 C E A B D 

  A, B, C, D

L.S

44

8LS 



 
 

 

C4 

90-120 

C3 

60-90 

C2 

30-60 

C1 

0-30 

C A B D 
R1 

0-20 

D C A B 
R2 

20-40 

A BD C 
R3 

40-60 

B D C A 
R4 

60-80 

        
   

 

LS 

 

 

 

 



 
 

 

푦•( ) 

 

푦•( ) 푦 • 

 

C4 C3 C2 C1 

푦•( ) 푦•( ) 푦 • (3)14y (1)13y (2)12y (4)11y R1 

 

푦•( ) 푦•( ) 푦 • (24y4) (23y3) (22y1) (21y2) R2 

푦•( ) 푦•( ) 푦 • (34y1) (33y2) (32y4) (31y3) R3 

푦•( ) 푦•( ) 푦 • (44y2) (43y4) (42y3) (41y1) R4 

  

 
푦•• 

y•  y•  y•  y•   
푦•  

 

LS 

ij(k)+ e kt+  jc+  ir= µ + ij(k) Y 

 

ij(k)Y k
ij

µ

iri

icj

ktk 



 
 

ij(k)ek
ij

86LS

 . 

  

 

  LSD, 

DMRT 

861 

)LS( 

LS

  :

  

  AVOVA TABLE 

 cF 

  tF 

  

4  

 ) t2=µ1: µ0(H 

 

 )1(H   )     

. 



 
 

5  AVOVA TABLE


 


t

i

t

j

ij YySSTO
1 1

..)(1-21=t-=NTOdf 

4

 SSTr1-=tSTrSdf. 

 SSr1-t=SSrdf.

 SSc1-=tSScdf. 

 SSE)2-t1)(-=(tSSEdf. 

푦 − 푦.. = 푡 푦.( ) − 푦.. + 푡 (푦 . − 푦..)   + 푡 푦. − 푦.. + 푦 − 푦 . − 푦. − 푦.( ) + 2푦..  

     SSTO  =        SSTr      +     SSr         +     SSc     +      SSE                        

SS

MeansSummations LS

85 

85LS 

SS

Summations 
Means

S.O.V

푆푆푟 =
∑ (푦 .)

푡
− CF 푆푆푟 = 푡 (푦 . − 푦..)   

Rows 

푆푆푐 =
∑ 푦.

푡
− CF 푆푆푐 = 푡 푦. − 푦..  



 
 

Columns

푆푆푇푟 =
∑ 푦∙( )

푡
− 퐶퐹 푆푆푇푟 = 푡 푦.( ) − 푦..   

 

Treatments

SSE=SSTO – SSTr- SSr -

SSC 

푆푆퐸 = 푦 ( ) − 푦 . − 푦. − 푦.( )

+ 2푦..  

SSE=SSTO – SSTr- SSr -SSC 

 

Experimental Error

푆푆푇푂 = 푦

− 퐶퐹  

푆푆푇푂 = 푦 ( ) − 푦..             
Total 

    ANOVA Table 

6

86ANOVA Table LS

 

F

Tab.F  

F

.calF  MSd.f 
SS

S.O.V

-1)(t-1,(t-(tF

2)) 

퐹 =
푀푆푟

푀푆퐸

 

1


t

SSr
MSr

 
t-1   SSr 

Rows 

퐹 =
푀푆푐

푀푆퐸
 

1


t

SSc
MSc t-1 SSc 



 
 

Columns 

퐹 =
푀푆푇푟

푀푆퐸  
푀푆푇푟 =

푆푆푇푟

푡 − 1 
t-1 SSTr 

Treatments 

 
푀푆퐸

=
푆푆퐸

(푡 − 1)(푡 − 2)
 

(t-1)(t-2) 

     SSE Experimental 

Error

 
  

1-2t 
SSTO 

Total 

 

 :C.F    퐶퐹 =
( ∙∙)

6 cF

cF 

퐹 =   

4)TF( 

 (F)t-1(t-1) (t-2) 

퐹 = 퐹 (푡 − 1, (푡 − 1)(푡 − 2))

 



 
 

 

FLS

 

  )C(F) TF( 
 

)C(F)TF(
    

   

 

862  LS 

     

퐹 =

 

퐹 = 퐹 (푡 − 1, (푡 − 1)(푡 − 2))

Ft-1

(t-1)(t-2)

 퐹 > 퐹 



 
 

 퐹 ≤ 퐹

863 LS

     

퐹 = 

퐹 = 퐹 (푡 − 1, (푡 − 1)(푡 − 2)) 

 퐹 > 퐹 

 퐹 ≤ 퐹

864 LSD, DMRT 

ANOVA

LSDDMRT

CRD

RCBD

Relative Efficiency between LS & CRD & RCBD 

)LS

CRD 



 
 

LS 
CRD

푅퐸(퐿푆: 퐶푅퐷)% =
( )

( )
× 100

LS

 CRD.

 LS 
RCBD

LS 
RCBD

 

LS  

푅퐸 (퐿푆: 푅퐶퐵퐷)% =
( )

×
× 100

 

LS : 

푅퐸 (퐿푆: 푅퐶퐵퐷)% =
( )

×
× 100

 RCBD 
LS

 

LS

87ANOVA Table  



 
 

MSd.f SS 
S.O.V

MSr=3400
 

 
  SSr=13601 

Rows 

MSc=1536 
4 

SSc=6144 

Columns

MSt=1039
 

4 
SSTr=4156 

Treatments 

MSE=1056 
12 

SSE=12668 Experimental 

Error

 
24 

SSTO=36569 
Total 

LSCRD

(RCBD)  

 LS CRD 

푅퐸(퐿푆: 퐶푅퐷)% =
( )

( )
× 100 =

( )

( )
× 100 =

145%



 
 

.(CRD)   

 LSRCBD( 
 

LS 
푅퐸 (퐿푆: 푅퐶퐵퐷)% =

( )

×
× 100 =

×

×
× 100 = 143%

43 

 

LS  

푅퐸 (퐿푆: 푅퐶퐵퐷)% =
( )

×
× 100 =

×

×
× 100 = 109%

9 

 Missing Observations)  (

 LS    

푌 ( ) =
∙ ∙ ∙( ) ( ∙∙)

( )( )
  

푌 ( ) 
 i.Y



 
 

.j Y

 (k).Y

 ..Y

  푌 ( ) 
 

  {(t-1)(t-2)-
1}  )2-2t( 

. 

LS 

 

푦•( ) 

 

Yi.C3 C2 C1 

푦•( )

= 1247 

2223 
=6511t =9723t t2=600 

R1 

푦•( )

= 2087 

1595 
=8253t t2=770 1t 

R2 

푦•( )

= 2526 

2042 
t2=717 =5961t =7293t 

R3 

 

5860 2193 2338 1329 

Y.j 



 
 

푌 ( ) =
∙ ∙ ∙( ) ( ∙∙)

( )( )
=

( ) ( )

( )( )
= 397  

 

A, B, C, D)
L.S

 
LS 

푦•( ) 

  Йувϝϯв ̳       

  ϤывϝЛгЮϜ ̴         

푦•( ) 

  Йувϝϯв ̳       

  ЋЮϜ ̵     РнУ ̴    

푦 • 

 

цϜ  ϢϹгК ̳     

  ЋЮϜ ̵     РнУ ̳   

C4 C3 C2 C1 

퐴̅ = 69 A= 320 D      C     A     B       R1 

퐵

= 78.75 
B= 

313 C      89D      90B     70A      71R2 

퐶̅

= 82.25 
C= 

305 A      75B     83D    71C      76R3 

퐷 = 84.5 D= 320 B      90A      68C      77D      85R4 

    ИнгϯгЮϜ ̳        

  ЯЫЮϜ ̵    с 

푦••

= 1258 

346 328 280 304   Йувϝϯв ̳       

  ϢϹгКъϜ ̴       

푦•  

 



 
 

  
 LSD  (DMRT)  . 
 CRD, CRBD. 

   t=r=c=4          

 Correction Factor-CF: 
퐶퐹 =

( ∙∙) =
( )

= 98910.25  

 Sum Square of Total - SSTO: 
푆푆푇푂 = ∑ 푦 − 퐶퐹 = ((72) + … … (90) ) − 98910.25 = 100232 −

98910.25 = 1321.75 

 Sum Square of treatments-SSTr: 

푆푆푇푟 =
∑ ∙( )

− 퐶퐹 =

2222 )338()329()315()276( 
− 98910.25 = 561.25

 :(Sum Square of Columns-SSc) 

푆푆푐 =
∑ ∙

− 퐶퐹 =

2222 )346()328()280()304( 
− 98910.25 = 618.75

 Sum Square of Rows-SSr: 

푆푆푟 =
∑ ∙ − 퐶퐹 =

2222 )320()305()313()320( 
− 98910.25 = 38.25

 Sum Square of Error-SSE: 
 

푆푆퐸 = 푆푆푇푂 − 푆푆푇푟 − 푆푆푟 − 푆푆푐 = 1321.75 − 618.75 − 561.25 − 38.25 =

103.5  
  (Mean Square-MS)

 
푀푆푇푟 = =

.
= 187.08



 
 

푀푆푐 = =
.

= 206.25

푀푆푟 = =
.

= 12.75

푀푆퐸 =
( )( )

=
.

= 17.25

   

 Analysis of Variance (ANOVA Table) 
 

8ANOVA Table 
LS 

() 

F

Tabl.F 

() F

.calF  
MSd.f SS

S.O.V

 ,3F(

=4.76)6 

퐹 =
푀푆푟

푀푆퐸
= 0.739

 

MSr=12.75
 

t-1=3 SSr=38.25 

Rows 

퐹 =
푀푆푐

푀푆퐸
= 11.59 

MSc=206.25 

 
t-1=3 SSc=618.75 

Columns

퐹 =
푀푆푇푟

푀푆퐸
= 10.85 

=187.08MSTr 

 
t-1=3 SSTr=561.25 

Treatments 

  
MSE=17.25 

 

(t-

1)(t-

2)=6 
SSE=103.5 Experimental 

Error

   
-2t

1=15 
SST=1321.75 

Total 



 
 

 

  
1  

 ) 4=µ3µ =2=µ1µ: 0(H 

 

 )1(H )   

  . 

 trF

퐹 = = 10.85

 

trFtrF) tabF( 
4.76(3, 6)=F 2))=-1)(t-1, (t-(tF=tabF

 

 

8486 



 
 

  

:

퐹 = = 0.739  

rF rF)tabF(
=4.76tabF

  

:

퐹 = = 11.59  

cF11.59cF)tabF(
=4.76tabF

LSD( : 

MSE = 17.25    , r = 4

LCDtedf



 
 

푡
,   

= 푡( . ,   ) = 2.45

퐿푆퐷 = 푡
,   

= 2.45
× .

= 7.19

LSD

* 

* 

LSD 

LSD=7.19 
C=82.25B=78.75A=69 

2.255.7515.5*D=84.5

 

3.513.25*C=82.25

9.72*B=78.75

 

A D  (15.5) (7.19) 

A D

A C  (13.25)  (7.19) 

A C

 Duncan's Multiple Range Test (DMRT)

 DMRSSRSSR-
Duncan)=edf(p=4

)6,4SSR(0.05,)E, p,dfSSR(  

ANOVA 
 



 
 

푆 =  =
.

 = 2.076

LSR 

퐿푆푅 =  × 푆푆푅

LSR 

 

 

    

SSR 3.926 4.013 4.033 

푆 =
푀푆퐸

푟
  2.076 

LSR 8.15 8.33 8.37 

LSRSSR2.076

  

DMRT 

C=82.25B=78.75A=69 
LSR

2.255.7515.5*8.37D= 84.5 

3.513.25*8.33C= 82.25

9.72*8.15B= 78.75

 

A69D84.515.5
LSR8.37AD

*

CRD, CBRD 

 LS( CRD( 



 
 

LS 
CRD

푅퐸(퐿푆: 퐶푅퐷)% =
푀푆푟 + 푀푆푐 + (푡 − 1)푀푆퐸

(푡 + 1)푀푆퐸
× 100 = 

=
. . ×( . )

×( . )
× 100 = 314%

 

 

 LS RCBD:(

 

LS 

푅퐸 (퐿푆: 푅퐶푅퐷)% =
( )

×
× 100 =

. ×( . )

×( . )
× 100 = 93%

 

 

LS  

푅퐸 (퐿푆: 퐶푅퐷)% =
( )

×
× 100 =

. ×( . )

×( . )
× 100 = 347%



 
 

247 
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 ̵ϧЮϜ ̳Ϟϼϝϯ  ̵уЯвϝЛЮϜ ̯ϣ  
Factorial Experiments) ( 
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 Factorial Experiments) ( 
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Factorial Experiments   

     

     CRD, CRBD, LS

  

Interactions

34

  

        :     

                

: 

      

       

           

      

      

                

            ...  .    

    (One Factor Experiment)   

             

       Interactions  



 
 

         ,        

          

           Interactions .

 Treatments

 or 

CombinationsInteractionsFactors  

     

      A,B,C     

 3,a2,a1a     

   B)  (A,  3,a2,a1a3,b2,b1b  

  

1 
(A) 

a3 a2 a1 

a3b1 a2b1 a1b1 b1 

(B) 
a3b2 a2b2 a1b2 b2 

a3b3 a2b3 a1b3 b3 

 

(3)

Aa=3 3, a2, a1A: a 

B b=2 2b, 1b: B 

Cc=2 2, c1C: c 

 Combinationst=abc=322=12

 



 
 

(A) 

a3 a2 a1 

b2 b1 b2 b1 b2 b1 (B) 

a3b2c1 a3b1c1 a2b2c1 a2b1c1 a1b2c1 a1b1c1 c1 
(C) 

a3b2c2 a3b1c2 a2b2c2 a2b1c2 a1b2c2 a1b1c2 c2 

 CRD

 CRBDLSSplit-

Plot

92

-Advantages of the Factorial Experiment
 

 

       

(Interaction Effects)     

        

 

922

 

 

93

 Two  Factor Factorial Experiments

 Three  Factors Factorial Experiments 

 



 
 

94Two ï Factor Factorial 

Experiments

                 

           

Interactions           

   

      

 

      Two-Factors Experiment in a 

CRD 

      Two-Factors Experiment in a 

RCBD

     Two-Factors Experiment in a 

L.S 

       

95      Two-Factors 

Experiment in a CRD 

951Layout of the Experiment: 

32 2, a1aA:  

3, b2, b1B: b CRD

4

 (r  a  b=432=24)

3b2, a2b2, a1b2, a3b1, a2b1, a1b1a4



 
 

CRD 
a1b1 a2b1 a1b2 a2b3 a2b2 a1b1 

a1b3 a2b3 a2b2 a2b1 a1b2 a1b3 

a2b2 a1b2 a1b3 a1b1 a2b3 a2b1 

a2b3 a1b1 a2b1 a1b2 a1b3 a2b2 

 

952

23

CRD4

  (rab=423=24)

CRD 
 

 

yijk (푦 •) 
  

(푦 •)  
(A) 

 
(B)  r  r  r  r    

a1 

b1 a1b1 5 6 6 7 24 6 

b2 a1b2 6 5 7 8 26 6.5 

b3 a1b3 8 9 8 9 34 8.5 

a2 

b1 a2b1 4 3 4 6 17 4.25 

b2 A2b2 5 4 6 5 20 5 

b3 a2b3 6 7 6 6 25 6.25 

  
Y..k 

    
 

 

953  

ijk+ E(ij)+AB j+ B i ijkY

iA

jB

ijAB

 



 
 

5ANOVA TableCRD 
 

F

ab.tF 

 F 
F cal. 

 
M S 

 
S S 

 
df 

 
S.O.V 

퐹 ( )

 
( )Cal A

MSA
F

MSE


 

1


a

SSA
MSA

 
SSA = A  CF a - 1 

 
A 

퐹 ( ) ( )Cal B

MSB
F

MSE
  

1


b

SSB
MSB  SSB = B  CF       b - 1 

 
B 

퐹 ( ) 
( )Cal AB

MSAB
F

MSE


 
)1)(1( 


ba

SSAB
MSAB

 

SSAB = AB  B  A + 

CF    

(a -1)(b - 

1)          

 
AB 

 

 
)1( 


rab

SSE
MSE  SSE = RAB  AB         ab(r - 1)          

 

Experimental 

Error 
 

  SSTO = RAB CF     abr  1            
 

Total 
 

퐹 ( ) = 퐹 (푑푓 , 푑푓 )  

퐹 ( ) = 퐹 (푑푓 , 푑푓 )  

퐹 ( ) = 퐹 (푑푓 , 푑푓 )  

aA

bB 

 rF. 

CRD 
 

M S 

 

d.f 

 

S S 

 

S.O.V 

1


a

SSA
MSA

 
a - 1 

SSA=A-CF 

br

ai
A




2

 

 
A 

1


b

SSB
MSB  b - 1 

SSB=B-CF 

ar

bi
B




2

 

 
B 

)1)(1( 


ba

SSAB
MSAB

 
(a -1)(b - 1)          

SSAB=AB-A-B+CF 

r

y
AB




2

 

 
AB 



 
 

)1( 


rab

SSE
MSE  ab(r - 1)          

SSE=RAB-AB 


abr

ijkYRAB
1

2

 

 

Experimental Error 

 abr  1            
SSTO=RAB-CF

 
 

 

Total 

 

퐶퐹 =
( •••)

 

 
)()( ATabACal

FF A. 

 
)()( BTabBCal

FF  B. 

 
)()( ABTabABCal

FF 

AB. 

96Comparisons in Factorial 

Experiments 

F

  

  Least Significant Difference  LSD 

 DMRT Duncan's Multiple Range Test  

961 Least Significant Difference ï LSD 

 LSD         t  

   ABAB 

1 LSD A: 

F퐹 ( )A 

A: 퐿푆퐷( ) = 푡( , 푑푓퐸) ×   

푡( , 푑푓퐸)t Edf

.



 
 

 푁표. 표푓 퐶표푚푝푎푟푖푠표푛푠 =
( )

2 LSD B: 

F퐹 ( )B 

B: 퐿푆퐷( ) = 푡( , 푑푓퐸) ×  

푡( , 푑푓퐸)t dfE

.

 푁표. 표푓 퐶표푚푝푎푟푖푠표푛푠 =
( )

3 LSD AB: 

F퐹 ( )AB 

AB: 퐿푆퐷( ) = 푡( , 푑푓퐸) ×   

푡( , 푑푓퐸)t dfE

.

 푁표. 표푓 퐶표푚푝푎푟푖푠표푛푠 =
( )

962 DMRTDuncan's Multiple Range Test 

1 Duncan A: 

 F퐹 ( )A 

(A)LSR A: 퐿푆푅( ) = 푆푆푅 ×   

(푆푆푅)Duncan dfE

 A a ESSR 

p=a

2 Duncan B: 

F퐹 ( )B )B(LSR 

B: 퐿푆푅( ) = 푆푆푅 ×  



 
 

(푆푆푅)Duncan dfE

 B b ESSR 

p=b

3 Duncan AB: 

F퐹 ( )AB 

)AB(LSR AB: 퐿푆푅( ) = 푆푆푅 ×   

(푆푆푅)Duncan dfE

 AB ab 

EdfSSR p=ab

      a1, a2     b1=20,

b2=30,b3=40          

   (24)     

CRD 

  

ijky 
Yi. 

 

i. 

  
(A) 

 
(B)  R  R  R  R    

a1 

b1 a1b1 5 6 6 7 24 6 

b2 a1b2 6 5 7 8 26 6.5 

b3 a1b3 8 9 8 9 34 8.5 

a2 

b1 a2b1 4 3 4 6 17 4.25 

b2 A2b2 5 4 6 5 20 5 

b3 a2b3 6 7 6 6 25 6.25 

  

 

    
 

 

 

  



 
 

a1, a2

b1=20,b2=30,b3=40

 r=4    

 (24)  

    : 

         98    

     A   B 

CRD 
 yi  

 b3 b2 b1 
         B 

A 

84 34 26 24 a1 

62 25 20 17 a2 

ijk 

=146 
59 46 41  

AVOVA TABLE) 

a=2     b=3     r=4

 Correction Factor-CF: 
    퐶퐹 =

( •••)
=

( )

× ×
= 888.16 

:(Sum Square of Factor A -SSA)

푆푆퐴 = A –  CF 퐴 =
∑

=
( )  ( )  

×
= = 908.33 

    푆푆퐴 = A –  CF = 908.33 − 888.16 = 20.164 
 

:(Sum Square of Factor B -

SSB)

푆푆퐵 = B –  CF 

퐵 =
∑

=
( )  ( ) ( )  

×
= = 909.75

푆푆퐵 = B –  CF = 909.75 − 888.16 = 21.59 

:(Sum Square of Interaction AB - SSAB)

퐴퐵 =
∑

=
( )  …  ( )

= 930.5  



 
 

SSAB = AB  B  A + CF= 930.5- 908.33 -909.75 +888.166= 0.586 

 Sum Square of Total - SSTO: 
SSTO =  RAB – CF       푅퐴퐵 = ∑ 푦 = (5) + ⋯ + (6) = 946 

  SSTO = RAB CF 946  888.16 = 57.84 

 Sum Square of Error-SSE: 
 SSE = RAB  AB=946  930.5 = 15.5   
 

Mean Square- MS

 

푀푆퐴 = =
.

= 20.16  

푀푆퐵 = =
.

= 10.79  

푀푆퐴퐵 =
( )( )

=
.

= 0.29  

푀푆퐸 =
( )

=
.

= 0.86  

 

Analysis of Variance (ANOVA Table)

ANOVA TableCRD

F tab. F cal. MS SS Df S.O.V 

4.41 FCal(A)=23.42
 

MSA=20.146

 
SSA = 20.164 a-1=1 A 

3.55 FCal(B)=12.56
 

MSB=10.79

 
SSB = 21.59 b-1=2 B 

3.55 FCal(AB)=0.34
 

MSAB=0.293

 

SSAB = 0.586 (a -1)(b - 1)=2          AB 

  MSE=0.861

 
SSE = 15.5         ab(r - 1) =18         Error 

  

 
 SSTO = 57.84 abr  1 =23           Total 

 (퐹 ( ) = 23.42) ≥ (퐹 ( ) = 4.41)

A. 

 (퐹 ( ) = 12.56) ≥ (퐹 ( ) = 3.55

B 

 (퐹 ( ) = 0.34) ≤ (퐹 ( ) = 3.55)

AB. 



 
 

 

3, a2, a1A: a 3, b2, b1B: b 

CRD 
   

Treats ijky 
Yi. 

 
i.  

 
 (A) 

 

(B)  R  R  R  R   
 

a1 

b1 a1b1 1.1 1.3 1.2 1.3   

b2 a1b2 1.4 1.2 1.3 1.5   

b3 a1b3 1.7 1.5 1.7 1.6   

a2 

b1 a2b1 1.3 1.1 1.3 1.2   

b2 a2b2 1.5 1.8 1.7 1.6   

b3 a2b3 1.7 1.8 1.9 1.7   

a3 

b1 a3b1 1.2 1.3 1.1 1.2   

b2 a3b2 1.5 1.6 1.3 1.3   

b3 a3b3 1.6 1.5 1.4 1.6   

  
 

    

52 

 

 

 

=0.01
 LSD 

1 910911

AB

CRD 



 
 

 

  yi  

 

Mean A  
b3 b2 b1 

        B 

A 

1.4     a1 

1.5      a2 

1.3      a3 

 i =52    
 

 

  1.6  1.4  1.2  
 

Mean B 

AVOVA TABLE) 

a=3     b=3     r=4

 Correction Factor-CF: 
퐶퐹 =

( •••)
=

( )

× ×
= 75.11  

2 :(Sum Square of Factor A -

SSA)

      푆푆퐴 = A –  CF  퐴 =
∑

=
( . ) ( . )  ( . )  

×
=

. . .
=

75.3      

  푆푆퐴 = A –  CF = 75.3 − 75.1 = 0.2 
 

3 :(Sum Square of Factor B -SSB) 

푆푆퐵 = B –  CF      퐵 =
∑

=
( . ) ( . )   ( . )  

×
=

. . .
=

76.21 

 푆푆퐵 = B –  CF = 76.2 − 75.1 = 1.1  

4 :(Sum Square of Interaction AB - 

SSAB) 

퐴퐵 =
∑

=
( . )  …  ( . )  

= 76.5  

SSAB = AB  B  A + CF= 76.5  76.2  75.3 + 75.1 = 0.12 
 

 Sum Square of Total - SSTO: 
푅퐴퐵 = ∑ 푦 = (1.3) + ⋯ + (1.6) = 76.86  

 SSTO = RAB CF=76.86  75.1= 1.75 

 Sum Square of Error-SSE: 



 
 

 SSE = RAB  AB = 76.86  76.5 = 0.33  

Or  

SSE = SSTO-SSA-SSB-SSAB = 0.33     
 

7 Mean Square- MS

 

푀푆퐴 = =
.

= 0.1  

푀푆퐵 = =
.

= 0.55  

푀푆퐴퐵 =
( )( )

=
.

= 0.03  

푀푆퐸 =
( )

=
.

= 0.012  

Analysis of Variance (ANOVA Table)

 

ANOVA TableCRD 
F tab. F cal. MS SS df S.O.V 

5.49 FCal(A)=8.33
 

MSA=0.1

 
SSA = 0.2 a-1=2 A 

5.49 FCal(B)=45.8
 

MSB=0.55

 
SSB = 1.1 b-1=2 B 

4.11 FCal(AB)=2.5
 

MSAB=0.03

 
SSAB = 0.12 (a -1)(b - 1)=4          AB 

  MSE=0.012

 
SSE = 0.33         ab(r - 1) =27         Error 

  

 
 SSTO = 1.75       abr  1 =35           Total 

 

12calFA, B, AB  

퐹 ( ) =  =  
.

.
= 8.33    퐹 ( ) =  =  

.

.
= 45.8 

퐹 ( ) =  =  
.

.
= 2.5  

13TabF 

퐹 ( ) = 퐹 (푑푓 , 푑푓 ) = 퐹 (2, 27) = 5.49  

퐹 ( ) = 퐹 (푑푓 , 푑푓 ) = 퐹 (2, 27) = 5.49  

퐹 ( ) = 퐹 (푑푓 , 푑푓 ) = 퐹 (4, 27) = 4.11  



 
 

 (퐹 ( ) = 8.33) ≥ (퐹 ( ) = 5.49)

A. 

 (퐹 ( ) = 45.8) ≥ (퐹 ( ) = 5.49

B 

 (퐹 ( ) = 2.5) ≤ (퐹 ( ) = 4.11)

AB

LSD

  LSDt  
  푡 , 푑푓퐸 = 푡

.
, 27 = 2.771 

A BAB 

퐿푆퐷( ) = 푡 , 푑푓퐸 ×  = 2.771 ×
× .

×
= 0.123  

퐿푆퐷( ) = 푡 , 푑푓퐸 × = 2.771 ×
× .

×
= 0.123

퐿푆퐷( ) = 푡 , 푑푓퐸 ×  = 2.771 ×
× .

= 0.215

 A 

LSD

LSDA = 0.  a3 

1.38 

a1 

1.4 treats Mean 

a2 1.5  0. * 0.1 * 
a1 1.4 0.1 0.0 

 2a

3a

  B 

LSD 
LSDB = 0.  

b1 

1.22 

b2 

1.48 treats Mean 



 
 

b3 1.6  0.4 * 0. * 
b2 1.4  0.2 * 0.0 

b3=

1.64b11.2

  AB 

 

LSD 
a2b2 

1.7 

a1b3 

1.6 

a3b3 

1.5 

a3b2 

1.4 

a1b2 

1.4 

a1b1 

1.2 

a2b1 

1.2 

a3b1  

1.2 

퐿푆퐷  

Mean 

AB 

Treat 

AB 

0.1 0.2 0.3* 0.4* 0.4* 0.6* 0.6* 0.6*  a2b3 

0.0 0.1 0.2 0.3* 0.3* 0.5* 0.5* 0.5*  a2b2 

 0.0 0.1 0.2 0.2 0.4* 0.4* 0.4*  a1b3 

  0.0 0.1 0.1 0.3* 0.3* 0.3*  a3b3 

   0.0 0.0 0.2 0.2 0.2  a3b2 

    0.0 0.2 0.2 0.2  a1b2 

     0.0 0.0 0.0  a1b1 

      0.0 0.0  a2b1 

2a=303b a2b3

1.8

a1b1a2b1a3b11.2 

 

97      Two-Factors 

Experiment in a RCBD

   

 

CBRD  .

971Layout of the Experiment: 

32 2, a1A: a , 1B: b

3, b2b DBCR 



 
 

3b2, a2b2, a1b2, a3b1, a2b1, a1b1a.

23CRBD 

B4B3B2B1 

a2b3 a2b1 a2b2 a1b1 

a1b3 a2b3 a1b2 a2b2 

a1b2 a1b1 a2b1 a2b3 

a1b1 a1b3 a1b1 a1b2 

a2b1 a1b2 a2b3 a2b1 

a2b2 a2b2 a1b3 a1b3 

 

972

23

CRBD

  (rab=423=24)

 

23CRBD 
 

 

Yi. 

 
i.  

 
(A) 

 
(B)  

 
B1 

 
B2 B3 

 
B4  

 

a1 

b1 a1b1 5 6 6 7 24 4 

b2 a1b2 6 5 7 8 26 4.3 

b3 a1b3 8 9 8 9 34 5.7 

a2 

b1 a2b1 4 3 4 6 17 2.8 

b2 a2b2 5 4 6 5 20 3.3 

b3 a2b3 6 7 6 6 25 4.1 

Y.j 
    

 

 



 
 

 

973  

ijk+PK+ E(ij)+AB j+ B i ijkY 

ijkYkiA

j(B)

 

iAiA

jBjB

ijABiAjB

 PK(k)

kijEijkY

   

ANOVA TableCRBD 
 



 
 

 

CRBD 

 

M S 

 

d.f 

 

S S 

 

S.O.V 

푀푆퐵푘 =
푆푆퐵푘

푟 − 1
 

r-1 

SSBk=R-CF 

푅 =
∑ 푌..

푎푏  

 
Blocks 

1


a

SSA
MSA

 
a  1 

SSA=A-CF 

br

ai
A




2

 

 
A 

1


b

SSB
MSB  b  1 

SSB=B-CF 

ar

bi
B




2

 

 
B 

)1)(1( 


ba

SSAB
MSAB

 
(a -1)(b - 1)          

SSAB=AB-A-B+CF 

r

y
AB




2

 

 
AB 

)1)(1( 


rab

SSE
MSE  (ab-1)(r - 1)          

SSE=RAB-R-AB+CF
 


abr

ijkYRAB
1

2

 

 

Experimental Error 

 abr  1            
SSTO=RAB-CF

 
 

Ϝ 

Total 

 

F 
FTab. 

 F 
Fcal. 

 
M S 

 
S S 

 
df 

 
S.O.V 

퐹 ( )

 

 

퐹( )

=
푆푆퐵푘

푀푆퐸  

 

푀푆퐵푘 =
푆푆퐵푘

푟 − 1
 

SSBk=R-CF r-1 
 

Blocks 

퐹 ( )

 
( )Cal A

MSA
F

MSE


 

푀푆퐴 =
푆푆퐴

푎 − 1 
SSA = A  CF a - 1 

 
A 

퐹 ( ) ( )Cal B

MSB
F

MSE
  푀푆퐵 =

푆푆퐵

푏 − 1
 SSB = B  CF b - 1 

 
B 

퐹 ( ) 
( )Cal AB

MSAB
F

MSE


 
AB

SSAB
MSAB

df


 

SSAB = AB  B  A 

+ CF 
(a -1)(b - 1) 

 
AB 

  
E

SSE
MSE

df
  SSE = RAB R- AB 

+CF 

(ab  1)(r - 

1) 

Experimental 

Error 

 
   SSTO = RAB CF abr  1 Total 



 
 

2( ...)Y
CF

abr


 

F

퐹 ( ) = 퐹(푑푓 ,  푑푓 )  

퐹 ( ) = 퐹(푑푓 ,  푑푓 )  

퐹 ( ) = 퐹(푑푓 ,  푑푓 )  

퐹 ( ) = 퐹(푑푓 ,  푑푓 )  

 3, a2, a1A: a

 3, b2, b1B: b 

CRBD

CRBD 

  

 

  в ̳   Ђнϧ ̵   Г  Ϥϝ ̳   

   ϤывϝЛгЮϜ ̴         
Means 

i. 

  Йувϝϯв ̳       

  ϤывϝЛгЮϜ ̴         

  i 

 

yij 

 

 

Treats 

B3 B2 B1 

 
 

(B) 

 

(A) 

17.7 

1.5 4.6 1.5 1.5 1.6 a1b1 b1 

a1 2.0 6 2.1 2.0 1.9 a1b2 b2 

2.3 7.1 2.3 2.5 2.3 a1b3 b3 

19.1 

  1.7 1.6 1.7 a2b1 b1 

a2   2.2 2.3 2.4 a2b2 b2 

  2.4 2.3 2.5 a2b3 b3 

20.5 

  1.8 1.8 1.9 a3b1 b1 

a3   2.5 2.3 2.4 a3b2 b2 

  2.5 2.6 2.7 a3b3 b3 

  57.3 19.4 18.9 19.0   Bi 



 
 

 Duncan

 

A BA B 

SSA, SSB, SSAB

CRBD 
  yi.  

Mean 

A 
 b3 b2 b1 

        B 

A 

1.9 17.7 7.1 6.0 4.6 a1 

2.1 19.1 7.2 6.9 5.0 a2 

2.2 20.5 7.8 7.2 5.5 a3 

 ijk =57.3 22.1 20.1 15.1  

  2.5 2.2 1.7 Mean B 

AVOVA TABLE) 

a=3     b=3     r=3 

 Correction Factor-CF: 
퐶. 퐹. =  

( … )
=  

( . )

× ×
= 121.603  

 

 

2  :(Sum Square of Block-SSBk) 

 SSBk= R  CF             

R =
∑ 푌..

푎푏
=

(19) + (18.9) +  (19.4)  

3 × 3
=

361 + 357.21 + 376.36

9
= 121.618 

SSBk= 121.61-121.6=0.016 

 

3 :(Sum Square of Factor A -

SSA)

      푆푆퐴 = 퐴 − 퐶퐹                    퐴 =
∑

=
( . ) ( . )   ( . )  

×
=

. . .
= 122.038      

 푆푆퐴 = 퐴 − 퐶퐹 = 122.038 − 121.603 = 0.435  

 



 
 

4 :(Sum Square of Factor B -SSB) 

SSB = B  CF      

퐵 =
∑

=
( . ) ( . ) ( . )

=
. . .

= 124.492  

푆푆퐵 = B –  CF = 124.492 − 121.603 = 2.889  

5 :(Sum Square of Interaction AB - 

SSAB) 

6 퐴퐵 =
∑

=
( . )  …  ( . )  

= 124.983

SSAB = AB  B  A + CF= 124.983  124.492  122.038 + 121.603 = 0.056 
 

 Sum Square of Total - SSTO: 
SSTO = RAB CF                       

    푅퐴퐵 = ∑푦 = (1.6) +. . . +(2.5) = 125.13  

SSTO = 125.13  121.603= 3.527 

 Sum Square of Error-SSE: 
SSE = RAB  AB  R + CF = 125.13  124.983  121.618 + 121.603 = 0.132    

9 Mean Square- MS

 

푀푆퐴 = =
.

= 0.215   푀푆퐵 =  =
.

= 1.44 

푀푆퐴퐵 =  =
.

= 0.014         푀푆퐸 =  =
.

= 0.0083 

푀푆퐵푘 =  
푆푆퐵푘

푑푓
=

0.016

2
= 0.008 

Analysis of Variance (ANOVA Table)

ANOVA TableCRBD 
F tab. F cal. MS SS df S.O.V 

3.36 FCal(Bk)=0.96
 

MSBk=0.008 SSBk=0.016 r-1=2 Blocks 

3.36 FCal(A)=25.9
 

MSA=0.215

 

SSA = 0.436 a-1=2 A 

3.36 FCal(B)=173.49
 

MSB=1.44

 

SSB = 2.889 b-1=2 B 

3.01 FCal(AB)=1.68
 

MSAB=0.014

 

SSAB = 0.056 (a -1)(b - 1)= 4         AB 

  MSE=0.0083

 

SSE = 0.132 (ab  1)(r - 1)=16                           Error 

  

 
 SSTO = 3.527 abr  1 =26          Total 

 



 
 

 F 

퐹 ( ) =  =  
.

.
= 25.9  

퐹 ( ) =  =  
.

.
= 173.49  

퐹 ( ) =  =  
.

.
= 1.68                          

퐹 ( ) =  =  
.

.
= 0.96  

 

 F tab)F(edf16

0.05Adf Bdf2ABdf 

 (퐹 ( ) = 25.9) ≥ (퐹 ( ) = 3.36)

A. 

 (퐹 ( ) = 173.49) ≥ (퐹 ( ) = 3.36

B  

 (퐹 ( ) = 1.68) ≤ (퐹 ( ) = 3.01)

AB

AB 

 

Duncan

DMRT

 A. 

 B. 

 AB.

A.

SSRDuncan-SSRedf

A

퐿푆푅( ) =  푆 ̅  × 푆푆푅  

푆 ̅ =  =
.

×
= 0.0303  



 
 

LSR

LSR 

3.15 3.00 SSR 

0.0303 푆 ̅  

0.095 0.091 LSR(A) 

A 

DMRT 
 

 

(DMRT)

 a3
a1

 (DMRT)B. 

SSRDuncan-SSRedf

B

 

퐿푆푅( ) =  푆 ̅ ( )
 × 푆푆푅 

푆 ̅ =  =
.

×
= 0.0303  

LSR

a2 

2.1 

a1 

1.9 

 

LSR

 

0.1* 0.3* 0.095 a3=2.2 

0.0 0.2* 0.091 a2=2.1 

Means Treats A 

2.2 a a3 

2.1 b a2 

1.9 c a1 



 
 

LSR 

 

B

DMRT 

b2 

2.2 

b1 

1.7 

 

LSR

 

0.3* 0.8* 0.095 b3=2.5 

0.0 0.5* 0.091 b2=2.2 

 

(DMRT)

 b3

b1 

3(DMRT)AB.

SSRDuncan-SSR = Edf

16(=0.05)(P=9) AB

Ep, df ,SSR
퐿푆푅( ) =  푆 ̅ ( )

 × 푆푆푅  

 

3.15 3.00 SSR 

0.038 푆 ̅  

0.095 0.091 LSR 

Means Treats 

2.5 a b3 

2.2 b b2 

1.7 c b1 



 
 

푆 ̅ ( )
=  =

.
= 0.0525  

LSR 

LSR 
      3.15 3.00 SSR 

525 푆 ̅ ( )
 

0.179 0.178 0.177 0.175 0.173 0.169 0.166 0.158 LSR(AB) 

 

 AB 

DMRT 

a1b3 

2.4 

a2b3 

2.4 

a3b2 

2.4 

a2b2 

2.3 

a1b2 

2.0 

a3b1 

1.8 

a2b1 

1.7 

a1b1 

1.5 
LSR

 

Mean 

AB 

Treat 

AB 

0.2* 0.2* 0.2* 0.3* 0.6* 0.8* 0.9* 1.1* 0.179 2.6 a3b3 

0.0 0.0 0.0 0.1 0.4* 0.6* 0.7* 0.9* 0.178 2.4 a1b3 

 0.0 0.0 0.1 0.4* 0.6* 0.7* 0.9* 0.177 2.4 a2b3 

  0.0 0.1 0.4* 0.6* 0.7* 0.9* 0.175 2.4 a3b2 

   0.0 0.3* 0.5* 0.6* 0.8* 0.173 2.3 a2b2 

    0.0 0.2* 0.3* 0.5* 0.169 2.0 a1b2 

     0.0 0.1 0.3* 0.166 1.8 a3b1 

      0.0 0.2* 0.158 1.7 a2b1 

DMRT 
 

Means AB Treats AB 

2.6 a a3b3 

2.4 b a1b3 

2.4 b a2b3 

2.4 b a3b2 

2.3 b a2b2 

2.0 c a1b2 

1.8 d a3b1 

1.7 d a2b1 

1.5 e a1b1 



 
 

(DMRT)

a3 b3

a3b3) 

a1 b1  

a1b1

98     Two-Factors 

Experiment in a L.S

LS

2ab 

9 8 1 Layout of the Experiment: 

32 2, a1A: a , 2, b1B: b

3b LS 

 36=23)2 (=2b)(a

3b2,   a2b2,   a1b2,   a3b1,   a2b1,  a1b1a.

        t1=a1b1          t2=a1b21          t3= a1b3           t4= a2b1          t5= a2b2           t6= 

a2b3            

    
      



 
 

23LS 
 

C  C  C4 C3 C2 C1 

6t 5t4t3t 1t 2t R1 

 

2t 1t 6t 5t 3t 4t R2 

3t2tt  6t 4t5tR3 

1t 6t 5t4t 2t 3t R4 

4t3t2t1t 5t6t R  

5t4t3t2t 6t 1t R  

 
 

Yijjk = µ + ri + cj + Ak + Bl +AB(kl)+ eij(k)                         

푖 = 1, 2, 3. … . 푎푏
푗 = 1, 2, 3. … . 푎푏
푘 = 1, 2, 3. … . 푎
푙 = 1, 2, 3. … . 푏

 

 

klijYij
kAlB. 

µ 

ir i

jc j
kAkA

lBlB

klABkAlB

ij(k)e)klijY(

   

 

 



 
 

31ANOVA TableLS 
F

Tab.F

 F 
Fcal. 

 
M S 

 
S S 

 
df 

 

S.O.V 

  푀푆푟 =
푆푆푟

푎푏 − 1 
SSr ab - 1 

 

Rows 

  푀푆푐 =
푆푆푐

푎푏 − 1 
SSc ab - 1 

 

Columns 

퐹 ( )
 

( )Cal A

MSA
F

MSE


 

1


a

SSA
MSA

 
SSA = A  CF a - 1 

 
A 

퐹 ( ) 
( )Cal B

MSB
F

MSE


 1


b

SSB
MSB  SSB = B  CF b - 1 

 
B 

퐹 ( ) 
( )Cal AB

MSAB
F

MSE


 
)1)(1( 


ba

SSAB
MSAB

 

SSAB = AB  B  A 

+ CF 
(a -1)(b - 1) 

 
AB 

  )2)(1( 


abab

SSE
MSE

 

SSE 
(ab -1)(ab - 

2) 

 

Experimental 

Error 
   SSTO = RAB CF (ab)2  1 

 
Total 

 

32LS 
 

M S 

 
d.f 

 

S S 

 

S.O.V 

 ab - 1 CF
ab

Y
SSr

i


 2
.

 

 

Rows 

 ab - 1 CF
ab

Y
SSc

j


 
2

 
 

Columns 

1


a

SSA
MSA

 
a  1 

SSA=A-CF 

2

2

ab

ai
A


  

 
A 

1


b

SSB
MSB  b  1 

SSB=B-CF 

ba

bi
B

2

2
  

 
B 

)1)(1( 


ba

SSAB
MSAB

 
(a -1)(b - 1)          

SSAB=AB-A-B+CF 

ab

y
AB




2

 

 
AB 

)2)(1( 


abab

SSE
MSE  (ab -1)(ab - 2)          

SSE=SSTO-SSR-SSC-

SSA-SSB-SSAB
 
 

 
Experimental Error 



 
 

 (ab)2  1            

SSTO=RAB-CF 



2)(

1

2
ab

ijklYRAB

 
 

 
Total 

 

퐶퐹 =
( … )

( )

 

F

퐹 ( ) = 퐹 (푑푓 ,  푑푓 )  

퐹 ( ) = 퐹 (푑푓 ,  푑푓 )  

퐹 ( ) = 퐹 (푑푓 ,  푑푓 )  

 

96
LS    , 1A: a

2a 2, b1B: b 

 

         2 b2a =D          1 b2a =C          2b1a=B          1b1a=A  

 
 LS 

 

 

 

Y..(k) Yi.  

 

C4 C3 C2 C1 

 t1=-5 
Y1.= -8 B=-5 A= 0 D=-2 C =-1 R1 

 

 8-=2t 2-= .2Y A= 0 D=-2 C=-1 B=1 R2 

 2-=3t 2-= 3Y D=-4 C=-3 B=1 A=4 R3 

 t4=0 3-.=4Y C= -4 B=0 A=1 D=0 R4 

  

Y..=-15 
13-= .4Y 5-= .3Y 1-=.2Y 4=.1Y 

Y.j 

  



 
 

 

            

     A   B 

 LS 
 

 B A 
 b2 b1 

2 -3 5 a1 

-17 -8 -9 a2 

i =-15 -11 -4 
 

 

 

AVOVA TABLE) 

a=2     b=2     c=4    r=4  t= 4

1 C.F                          퐶. 퐹. =
( … )

( )
=  

( )

 
= 14.06  

 Sum Square of Columns-SSc 

 푆푆푐 =
∑ ∙

− 퐶퐹 =
2222 )13()5()1()4( 

− 14.06 = 52.75 − 14.06 = 38.69 
 Sum Square of Rows-SSr 

푆푆푟 =
∑ ∙ − 퐶퐹 =

2222 )3()2()2()8( 
− 14.06 = 6.19

Sum Square of Factor A-SSA

푆푆퐴 = A –  CF 퐴 =
∑

=
( )  ( )  

×
= = 36.66 

    푆푆퐴 = A –  CF = 36.66 − 14.06 = 22.6 
 
 

Sum Square of Factor B-SSB

푆푆퐵 = B –  CF 

퐵 =
∑

=
( )  ( )

×
= = 17.13 

푆푆퐵 = 17.13 –  14.06 = 3.07 

:(Sum Square of Interaction AB-SSAB)  

퐴퐵 =
∑

=
( ) ( ) ( ) ( )

= = 44.75  

SSAB = AB  B  A + CF= 44.75  17.13- 36.66 + 14.06 = 5.02 



 
 

:(Sum Square of Total-SSTO)

SSTO =  RAB – CF      푅퐴퐵 = ∑ 푦
( )

= (−1) + (−2) … + (−4) = 95 

  SSTO = RAB CF 94  14.06 = 80.94 

  (Sum Square of Error-SSE)

 SSE = SSTO- SSr  SSc  SSA  SSB - SSAB=  

            80.94 - 6.19  38.69 - 22.6 - 3.07 - 5.02= 5.37  
 

Mean Square-MS

 

푀푆푐 = =
.

= 12.9

푀푆푟 = =
.

= 2.06 
푀푆퐴 = =

.
= 22.6  

푀푆퐵 = =
.

= 3.07 
푀푆퐴퐵 =

.

( )( )
=

.
= 5.02

푀푆퐸 =
.

( )( )
=

.
= 0.895

Analysis of Variance (ANOVA Table)

 
 ANOVA TableLS 

 F 
F Tab. 

 F 
Fcal. 

 
M S 

 
S S 

 
df 

 

S.O.V 

 
 MSr=2.06 SSr=6.19 3 

 

Rows 

 
 MSc=12.9 SSc=38.69 3 

 

Columns 

퐹 ( ) = 5.99 

 
퐹 ( ) =

푀푆퐴

푀푆퐸
= 25.25

 

MSA=22.6 SSA = 22.6 1 
 

A 

퐹 ( ) = 5.99 
퐹 ( ) =

푀푆퐵

푀푆퐸
= 3.43 MSB=3.07 SSB = 3.07       1 

 
B 



 
 

퐹 ( ) = 5.99 

 
퐹 ( ) =

푀푆퐴퐵

푀푆퐸
= 5.6

 
MSAB=5.02 SSAB =5.02     1          

 
AB 

 

 MSE=0.895 SSE= 5.37 6          
 

Experimental 

Error 
 

  
SSTO =80.94 

 
15 Total 

 

F

퐹 ( ) = 퐹 (푑푓 ,  푑푓 ) = 퐹 . (1, 6) = 5.99  

퐹 ( ) = 퐹 (푑푓 ,  푑푓 ) = 퐹 . (1, 6) = 5.99  

퐹 ( ) = 퐹 (푑푓 ,  푑푓 ) = 퐹 . (1, 6) = 5.99  

A=0.05B

AB.

 

 (퐹 ( ) = 25.25) ≥ (퐹 ( ) = 5.99)

A. 

 (퐹 ( ) = 3.43) ≤ (퐹 ( ) = 5.99

B 

 (퐹 ( ) = 5.6) ≤ (퐹 ( ) = 5.99)

AB. 
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z
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(Split-Plot & Split-Block Designs) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

Split-Plot & Split-Block Designs 
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   )       (  

CRD

CRBDL.S

102 

        :

  :        (Whole or Main Plots)  

       (Whole Plots Factor)     

    )  (       

  .

          Sub or 

Split Plots          (Split Plots Factor) 

 (Sub Plots Factor)           

(              ) 

 (

           Main 

Plots     )  (    )  



 
 

(     )        

           (Whole Plots) 

   (Blocks)      

              

   
         )  
(       )      
     

          
 (     .
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  Error(a)     ) 
        A. 

   Error(b)     
)    B      

AB. 

              
 :

  )(          . 
          . 

AaBb

BA

B



 
 

10  4  

  

 )        
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Applications of Split- Plot Designs
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107     Split Plots Design 
Using CRD

  

 

       

1071Layout of the Experiment: 



 
 

43AA: a1, a2, a3, a4

BB: b1, b2, b3 

r=3 

 

101 

CRD

 ANOVA TableCRD

 
 

S.O.V Df SS MS F cal. 

A a-1 SSA= A-CF                 A =
∑

 MSA=   =  
푆푆퐴

푆푆퐸( )
 

Error(a) a (r-1) SSE(a)= RA-A            RA =
∑

             푀푆퐸( ) =  
푆푆퐸( )

푑푓 ( )
  

B b-1 SSB= B-CF                B =
∑

      푀푆퐵 =  
푆푆퐵

푑푓
 =  

푀푆퐵

푀푆퐸( )
 

AB (a-1)(b-1) SSAB=AB-B-A+CF    AB =
∑

 푀푆퐴퐵 =  
푆푆퐴퐵

푑푓
 =  

푀푆퐴퐵

푀푆퐸( )
 

Error(b) 
a (b-1)(r-

1) 
SSE(b)= RAB-AB-RA+A 푀푆퐸( ) =  

푆푆퐸( )

푑푓 ( )
  

Total rab-1 
SSTO= RAB-CF          RAB=

∑푦  
  



 
 

   LSD  Duncan      MSE (a)    

 A     B  AB         MSE 

(b) 

     ГЧЮϜ ̵      ϤϝКϝ ̴       уϚϜнЇЛЮϜ ̵          ϣ ̴  Ϝ  ϣЯвϝЫЮ ̴      Split Plots 

Design Using CRBD

1081Layout of the Experiment: 

CRBDMain Split 

43AA: a1, a2, 

a3, a4BB: b1, b2, b3

    A  

 

 

 

 

b2

b1

b3

   a4

b3

b2

b1

   a2

b3

b2

b1

   a1

b3

b2

b1

   a4

b3

b1

b2

   a2

b1

b2

b3

   a1

b1

b3

b2

   a3

b1

b3

b2

   a3

b1

b3

b2

   a2

b3

b1

b2

   a4

b2

b1

b3

   a1

b1

b3

b2

   a3

Block 1 Block 2 Block 3

 

10CRBD 



 
 

A

B

         A )   

  (        (A)   

             ) B    

  /  (      B   

     .

     :

  . 

      4   )   (     A 

    A: a1, a2, a3, a4      (Block)  

  ) (Whole Splits) 

      ) (Whole Plot      

)  (Sub Plot /Split Plot ) (    .(B)     

  (B)       .      

   Blocks   . 

   (A)      (B)    

 (B)     (A) 

(CRBD)

2 ANOVA TableCRBD

S.O.V Df SS MS F cal. 

Blocks r-1 SSBk=R-CF              R =
∑

 MSBk =
SSBk

r − 1
  

A a-1 SSA= A-CF              A =
∑

 MSA=   =  
푆푆퐴

푆푆퐸( )
 

Error(a) (a-1) (r-1) SSE(a)= RA-A-R+CF     RA =
∑

             MSE(a)=
( )

( )
  



 
 

:
 

 LSD 

퐿푆퐷( ) = 푡
, ( )

( )
  

퐿푆퐷( ) = 푡
, ( )

( )
  

퐿푆퐷( ) = 푡
, ( )

( )
  

 

tt

A A

(a)dfe BABB)b(dfe

 
A: a1, a2, a3, B: b1, b2, 

b3
A, B, AB 

=0.05 
3 CRD 

Means  

 

 3r2r 1r 
 

 

A

B b-1 SSB= B-CF                   B =
∑

      SSB=   =  
푀푆퐵

푀푆퐸( )
 

AB (a-1)(b-1) 
SSAB=AB-B-A+CF      AB =
∑

 
SSAB=   =  

푀푆퐴퐵

푀푆 ( )
 

Error(b) a (b-1)(r-1) SSE(b)=  RAB-AB-RA+A MSE(b)=
( )

( )
  

Total rab-1 
SSTO= RAB-CF          RAB=

∑푦  
  



 
 

AB  B 

10.6 31.9 10.410.511.0 (b1) 

(a1) 11.6 34.9 11.411.512.0(b2) 

13.2 39.6 12.913.213.5(b3)

12.8 38.3 1312.712.6(b1) 

(a2) 13.7 41.0 13.713.513.8(b2) 

15.7 47.1 15.716.115.3(b3)

10.5 31.6 10.210.311.1(b1)

 (a3) 11.1 33.4 11.11111.3(b2) 

11.3 33.8 11.111.411.3(b3)

 331.6    

  AB

 RA

 (AB) 

Mean A 
b3 b2b1 AB 

11.8     a1 
14.0     a2 
11.0     a3 

    

13.4 12.1 11.3 
Mean B 

 

(RA) 
Mean A r3 r2r1 RA 

11.8     a1 
14.0     a2 
11.0     a3 
     

 

AVOVA TABLE) 

 Correction Factor-CF: 



 
 

퐶. 퐹. =  
(∑ )

=
( . )

× ×
= 4072.5            푛 = 푎 × 푏 × 푟       

11 :(Sum Square of Factor A 

-SSA)

SSA = A – CF           퐴 =
∑

=
( . )  …  ( . )  

×
= 4117.7 

푆푆퐴 = 4117.7 − 4072.5 = 45.5  
 ) (a)SSE-Sum Square of Error(a)(

푆푆퐸( ) = 푅퐴퐵 − 퐴                    RA퐵 =
∑

=
( . )  …  ( . )  

= 4118.9  

                    

푆푆퐸( ) = 4118.9 − 4117.7 =  1.2  
13 :(Sum Square of Factor 

B -SSB) 

SSB = B – CF          퐵 =
∑

=
( . )  …  ( . )  

×
= 4092.2 

    푆푆퐵 = 4092.2 − 4072.5 = 19.7  

14 :(Sum Square of Interaction AB - 

SSAB) 

  SSAB = AB – B – A + CF   퐴퐵 =
∑

=
( . )  …  ( . )  

= 4142.4 

 

  SSAB= 4142.4 – 4092.2 – 4117.7+ 4072.5 = 5.0 
 Sum Square of Total - SSTO: 

SSTO=RAB –CF            푅퐴퐵 = ∑푦 = (11.01)2+. . . +(11.1)2 = 4144.06 
SSTO= 4144.06 – 4072.5 = 71.56 

 
 -(b)Sum Square of Error

(b)SSE: 
 푆푆퐸( ) = 푅퐴퐵 − 퐴퐵 − 푅퐴 + 퐴 = 4144.06 –  4142.4 −

 4118.9 +  4117.7 =  0.46

 (Degree of Freedom-df) 

 

dfa = a – 1             = 3 – 1 = 2        dfe(a)= a(r-1)  =3×2=6                                                                 

dfb = b – 1             = 3 – 1 = 2       dfab = (a-1)(b-1)         =2×2 = 4 

dfT = abr  – 1        = 27 – 1= 26                  dfe(b)= a (b-1)(r-1)       =3×2×2= 18 



 
 

Mean Square-MS 

푀푆퐴 =  =
.

= 22.7            푀푆퐸( ) =  
( )

( )
=

.
= 0.2 

푀푆퐵 =  =
.

= 9.7                         푀푆퐴퐵 =  =
.

= 1.25 

푀푆퐸( ) =  
( )

( )
=

.
= 0.038  

  10Analysis of Variance (ANOVA Table)
 

6 ANOVA Table

CRD. 
S.O.V df SS MS cal.F  tab.F  

A 2 45.5 22.7 113.5 퐹 ( ) = 5.14 

Error(a) 6 1.2 0.2   

B 2 19.7 9.8 257.8 퐹 ( ) = 3.89
 

AB 4 5.0 1.25 32.8 퐹 ( ) = 3.26 

Error(b) 12 0.46 0.038   

Total 26 71.56    

 
11calF A, B, AB   

퐹 ( ) =  
( )

=  
.

.
= 113.5  

퐹 ( ) =  
( )

=  
.

.
= 257.8  

퐹 ( ) =  
( )

=  
.

.
= 32.8  

  

21TabFA, B, AB  

퐹 ( ) = 퐹 푑푓 ,  푑푓 ( ) = 퐹 (2, 6) = 5.14  

퐹 ( ) = 퐹 푑푓 ,  푑푓 ( ) = 퐹 (2, 12) = 3.89  

퐹 ( ) = 퐹 푑푓 ,  푑푓 ( ) = 퐹 (4, 12) = 3.26  



 
 

 (퐹 ( ) = 113.5) ≥ (퐹 ( ) = 5.14)

A.

 (퐹 ( ) = 257.8) ≥ (퐹 ( ) = 3.89

B

 (퐹 ( ) = 32.8) ≥ (퐹 ( ) = 3.26)

AB

RCBD  

  (Sum Square of Block-SSR) 

SSBk= R-CF                     푅 =
∑

=
( . )  …  ( . )  

×
= 4072.8                

푆푆퐵푘 = R − CF = 4072.8 − 4072.5 =  0.3  
) )(aSSE-Sum Square of Error(a)(

푆푆퐸( ) = 푅퐴퐵 − 퐴 − 푅 + 퐶퐹 = 4118.9 − 4117.7 − 4072.8 + 4072.5 = 0.9 

7 ANOVA Table

CRBD.

S.O.V Df SS MS F cal. 

Blocks 2 0.3   

A 2 45.5 22.7 151.3 

Error(a) 6 0.9 0.15  

B 2 19.7 9.8 257.8 

AB 4 5.0 1.25 32.8 

Error(b) 12 0.46 0.038  

Total 26 71.56   

 
 

 
Missing Value)  (



 
 

푌 =
( ) 

( )( )

Yijk
r  

W A 
b 

kbja 
jaA

a1b2r1 

푌 =
 

( )( )
=

( . ) ( . ) .

( )( )
= 11.95

E(b)

Total

 

퐿푆퐷( ) = 푡
, ( )

( )
= 2.44

× .
= 0.512  

퐿푆퐷( ) = 푡
, ( )

( )
= 2.17

× .
= 0.199  

퐿푆퐷( ) = 푡
, ( )

( )
= 2.17

× .
= 0.345  


