Definition
In a factorial experimental design, researchers concurrently change and examine a number of
factors to see how their cumulative influence affects a dependent variable.

Example
In a study examining the effects of exercise (with two levels: low and high) and diet (with two
levels: low-fat and high fat) on weight loss, a 2x2 factorial design would involve the following
conditions:

o Low exercise & low-fat diet

e Low exercise & high-fat diet

o High exercise & low-fat diet

e High exercise & high-fat diet

The researchers recruit participants and randomly assign them to one of these four conditions.
They then measure the participants' alertness levels (the dependent variable) after a specific period.

By using this factorial design, the researchers can assess not only the main effects of caffeine
intake and exercise on alertness but also the interaction effect between the two factors. For
instance, they can determine if high caffeine intake has a different impact on alertness depending
on whether a person engages in high or low exercise, or if exercise affects alertness differently in
the presence of high or low caffeine intake.

This approach allows researchers to gain a more comprehensive understanding of how these two
factors interact and influence alertness levels, which might not be apparent in a single-variable
study.

Advantages of Factorial Experiments
e Factorial experiments are more efficient compared to single factor experiments because the
main effects as well as the interaction can be estimated in factorial experiments.
e Since hypotheses regarding the main effects and their interactions can be tested separately
in factorial experiments, these are more logical.

Disadvantage of Factorial Experiments
e The only disadvantage of factorial experiments is that the number of treatment
combinations increase rapidly with the increase of number of factors, or the levels of
different factors and analysis of variance components become complicated.



Asymmetrical factorial design
Symmetrical factorial design

22 Factorial Experiment
A factorial experiment involving 2 factors each at 2 levels is called 22 factorial experiment. Such

an experiment has 22 = 4 possible treatment combinations which can be written in standard order
as shown below
1) a b ab

These combinations sometimes expressed as-
1) a b ab
00 10 01 11

Effect of A at low level of B=a-1
Effect of A at high level of B=ab-b
Total effect of A is [A]=a-1+ab-b

Since these two effects are the simple effect of A at different levels of B. Thus, the main effect of
Als: ~{(ab-b) + (a-1)} = 5(a-1) (b+1)
Effect of AB: ~{(ab-b) - (a-1)} = 5(a-1) (b-1)

The interaction effect (AB)(AB)(AB) measures how the effect of A changes across the levels

of B (or vice versa).

For CRD with r replicates or RBD with r blocks
The main effect of Ais:  ——{(ab-b) + (a-1)} = >-(a-1) (b+1)

Effect of AB: —{(ab-b) - (a-1)} = -(a-1) (b-1)



Treatment Combination
Factorial effect

(1) a b ab

+ + + +
A - + - +

- - + +
AB + - - +

[Al]=ab—b+a—-1

[Bl]=ab+b—a-1

[AB]=ab—b—a+1
Main Effect of

A = = —
22-1y  2r
B [B]
B= 22-1p ~ 2p
Interaction effect
[AB] [AB]

Sum of Squares
ss(A)= AL _ [4°

A
22r 4r

BZ BZ
SS(B):% _ B

4r
[4B]* _ [4B]?

SS(AB): 22r  4r

Hence for 4 treatment we have 3 factorial effects which are mutually orthogonal contrasts of
treatment totals.

Treatment SS=SS(A)+SS(B)+SS(AB)

Analysis of data in CRD

Model

Yiik=u+a;+Bj+(aB)ijtej; i=01j=01Lk= 1(D)r
SS (Total) = Nio Xjoo Doy Y2 — CT;  CT=r

SSE=SS (Total)- Treatment SS= SS (Total)- SS(A)-SS(B)-SS(AB)



ANOVA Table

SV df SS MS F
Treatment 3 SZ s2 s%
s
A 1 52 s2 SZ
s
B 1 SZ s2 Sh
s
AB 1 Sip SAB Sip
el
Error 22(r-1) SZ sz
Total 22%r-1 SFotal Stotal

Empirical problem 1

An experiment was conducted to see the effect of urea (N) and phosphate (P) fertilizers on the yield of a
certain variety of rice: N and P were both at 2 levels (0 and 1).

Level of Level of Nitrogen
phosphate 0 1
0 24 24 32 28
25 30 30 31
1 46 36 30 36
35 39 30 32

Find main effect and interaction effect by using sign table

Factorial Treatment combination Effect Total = Effect SS
effect 1 (103) n(121) p(156) np (128) Y sign X yield — _Effect Total __Effect Total”
2+replication 22xreplication
1 1 1 1 1 508 63.5
N -1 1 -1 1 -10 -1.25 6.25
P -1 -1 1 1 60 7.5 225
NP 1 -1 -1 1 -46 -5.75 132.25

SSTotal=X - X l_o Xfeq Yok — % =247 4 24% 4 ... 4+ 322 — @ = 16624 — % = 495
SSE = SST — SSN — SSP — SSNP = 131.5



ANOVA table

SV df SS MS F
Treatment 3 363.5 121.17 11.06
N 1 6.25 6.25 0.57
P 1 225 225 20.53
NP 1 132.25 132.25 12.07
Error 12 131.5 10.96

Total 15 495

Analysis of data in RBD

Model

Yije =+ a; + B+ (aB)ij + 6 + eiji

sS(Block)=2k=t% _ c7
SS (Total) = Tl o Xoo Xhey v — CT: CT:ZGZ—T;
SSE=SS (Total)- Treatment SS= SS (Total)- SS(A)-SS(B)-SS(AB)-SS(Block)

i=01;j=01k=1(r

ANOVA Table
SV df SS MS F
Block r-1 S3 Sh Sk
F

Treatment 3 S% s% s%
s?

A 1 52 s2 sz
s

B 1 S2 Sh S5
s?

AB 1 S2, sis A
]

Error (22 = 1)(r-1) SZ sz

Total 2%r-1 SZotal Stotal




Empirical problem 2

An experiment was conducted to see the effect of urea (N) and phosphate (P) fertilizers on the yield of a
certain variety of rice: N and P were bo th at 2 levels (0 and 1).

Block
| I | 1l v
Level of Level of Nitrogen
phosphate | n, n; | n, ny No ny N ny
Do 24 32 24 28 25 30 30 31
22 46 30 36 36 35 30 39 32
Total 132 124 120 132
Find the main effect and interaction effect by using sign table
Factorial Treatment combination Effect Total = Effect SS
effect 1(103) n(121) p((156) np(128) X sign x yield — _Effect Total __Effect Total?
2sreplication 22sreplication
1 1 1 1 1 508 63.5
N -1 1 -1 1 -10 -1.25 6.25
P -1 -1 1 1 60 7.5 225
NP 1 -1 -1 1 -46 -5.75 132.25

2 2 2
SSTOtaI=N 1o Nlog Bt Y2y — 22 = 247 + 247 + - 4 322 - EHEL 4694 5% — 495

S BZ 13224124%24120%+4132%2  (132+124+1204132)2
SS(BIock):% —CT = - =

4 22x4 =27

SSE = SST — SSN — SSP — SSNP — SSBlock = 104.5

ANOVA table
SV df SS MS F
Block 3 27 9 0.78
Treatment 3 363.5 121.17 10.43
N 1 6.25 6.25 0.54
P 1 225 225 19.38
NP 1 132.25 132.25 11.39
Error 9 104.5 11.61
Total 15 495




Yates Method

Treatment Yield Column 1 Column 2 Main effect & SS

Combination interaction

M [1] [1]+[a]=w w+x=GT

A [a] [b] + [ab] =X y+z=[A] [4] [A]?
2r 4r

B [b] [a]-[1]=y X—w = [B] [B] [B]*
2r 4r

AB [ab] [ab] - [b] =z z-y =[AB] [AB] [AB]?
2r 4r

Analysis of data in CRD
Model

Yijk=u+ai+,8j+(a,8)ij+eijk i=0,1;j=0,1;k=1(1)r

SS (Total) = %i_o X oo Xk=1 Vi — CT;

_GT
CT_E

SSE=SS (Total)- Treatment SS= SS (Total)- SS(A)-SS(B)-SS(AB)

ANOVA Table

SV df SS MS F

Treatment 3 SZ s2 s%
s

A 1 Y sa s§
s

B 1 SZ Sh Sh
s

AB 1 SZp S5 Shs
£l

Error 2%(r-1) SE ¢

Total 22r-1 572"otal 572"otal




Empirical problem 3

An experiment was conducted to see the effect of urea (N) and phosphate (P) fertilizers on the yield of a
certain variety of rice: N and P were both at 2 levels (0 and 1).

Level of Level of Nitrogen
phosphate 0 1
0 24 24 32 28
25 30 30 31
1 46 36 30 36
35 39 30 32

Find main effect and interaction effect by using yates method. Construct ANOVA table.
Yates’s method

Treatment Total Columnl1 Column2 Effect SS
combination Yield _ EffectTotal  _ Effect Total®
2xreplication 22xreplication
103 224 508 63.5
121 284 -10 -1.25 6.25
156 18 60 7.5 225
np 128 -28 -46 -5.75 132.25

SSTOtal=F 1 S ho Thor yir — 22 = 242 + 242 + -+ 322
SSE = SST — SSN — SSP — SSNP = 131.5

2 2
(24424432)° _ 16624 — 22> = 495
1 16

ANOVA table
SV df SS MS F
Treatment 3 363.5 121.17 11.06
N 1 6.25 6.25 0.57
P 1 225 225 20.53
NP 1 132.25 132.25 12.07
Error 12 131.5 10.96
Total 15 495

Analysis of data in RBD

Model

Yiik=u+a;+Bj+(aB)ij+b.+ej, 1=01j=0Lk= 1(Dr
sS(Block)=2k=t % _ c1

SS (Total) = Xty Xo Xhoy Y2y — CT; CT=-

SSE=SS (Total)- Treatment SS= SS (Total)- SS(A)-SS(B)-SS(AB)-SS(Block)



ANOVA Table

SV df SS MS F
Block r-1 S Sk Sk
s?
Treatment 3 S% s2 s%
st
A 1 S2 s2 Sk
s?
B 1 SZ sk Sh
st
AB 1 S2p S Shs
E]
Error (22 = 1)(r-1) SZ sz
Total 2%r-1 SZotal Stotal

Empirical problem 4

An experiment was conducted to see the effect of urea (N) and phosphate (P) fertilizers on the yield of a
certain variety of rice: N and P were both at 2 levels (0 and 1).

Block
| I I IV
Level of Level of Nitrogen
phosphate | n, n; | n, ny ne m Ny ny
Po 24 32 |24 28 25 30 30 31
D1 46 30 |36 36 35 30 39 32
Total 132 124 120 132

Find the main effect and interaction effect by using yates’ method. Construct ANOVA table.

Yates’s method

Treatment Total Column1 Column2 Effect SS
combination  Yield _ EffectTotal —_ Effect Total®
2xreplication 22xreplication
103 224 508 63.5
121 284 -10 -1.25 6.25
156 18 60 7.5 225

np 128 -28 -46 -5.75 132.25




2 2 2
SSTOtaI=N 1o Nlog Bfar Y2y — 2 = 242 + 247 + - 4 322 — EHH20320 208

= 16624 — —— = 495
16

SS(BlOCk)ZZTkZ—;B’% _ (T = 1322+1242:1202+1322 _ (132+12421:Zo+132)2 — 27
SSE = SST — SSN — SSP — SSNP — SSBlock = 104.5
ANOVA table
SV df SS MS F
Block 3 27 9 0.78
Treatment 3 363.5 121.17 10.43
N 1 6.25 6.25 0.54
P 1 225 225 19.38
NP 1 132.25 132.25 11.39
Error 9 104.5 11.61
Total 15 495
Linear combination
1) A B ab
00 10 01 11

Let us define a variable
. _ o if i treatment absent
" la ; if i™ treatment present

Now, for treatment A we can write the following pair of linear equation.

1.x; +0.x, z (1)} mod 2
A, =00+ 01
A; =10+ 11
[A] =4, -4,

Effect of A :%

SS(A)= 2514 _cr, or ss(A)= 4

Now, for treatment B we can write the following pair of linear equation.

0.x1 + 1.x1 - 0}
mod 2
=1

B, = 00 + 10
B, =01+ 11
[B] =B; — B,



[B

Effect of B T
2 r
_ BS+Bf ... _ [BI?
SS(B)= 222 — CT; or SS(B)= -

Now, for treatment AB we can write the following pair of linear equation.

AB, =00+ 11
AB; =01+10
[AB] = AB; — AB,
Effect of AB :%
22-1y
_ ABZ+AB} ... _ [4B)?
SS(B)= o — CT; or SS(AB)= o

Analysis of data in CRD
Model

Yijk=u+ai+,8j+(a,8)ij+eijk i:O,l;j:O,l;kzl(l)T'
SS (Total) = Xi_o X}oo Xy Y2 — CT;  CT=or
SSE= SS (Total)- Treatment SS= SS (Total)- SS(A)-SS(B)-SS(AB)

ANOVA Table

3V df SS MS F

Treatment 3 SZ s2 s%
s

A 1 Y sk SA
s

B 1 Sé Sg Sé
st

AB 1 2y S45 Shs
]

Error 22(r-1) SZ sz

Total 22r-1 572"otal 572"otal

Empirical problem 3

An experiment was conducted to see the effect of urea (N) and phosphate (P) fertilizers on the yield of a
certain variety of rice: N and P were both at 2 levels (0 and 1).



Level of Level of Nitrogen
phosphate 0 1
0 24 24 32 28
25 30 30 31
1 46 36 30 36
35 39 30 32

Find main effect and interaction effect by using the concept of linear combination approach
Construct ANOVA table.

A, =00+ 01 =24+24+25+30+32+28+30+31=224
Ay =10 411 = 46 + 36 + 35 + 39 + 30 + 36 + 30 + 32 = 284
[A] = A, — A, = 284 — 224 = 60

Effect of A = Z[ﬂ =2 _75

2 r 2X4

A%+A% 224242842 5082 [4]2 602

SS(A): 22_1: —CT = ~xt 16 = 225 or SS(A): 22, = vy =225
Similarly, obtain
Effect of B = 2[?]1

2 r

2 2 2

SS(B)= 25* — CT; or SS(B)= -
SSTOtAI=S 1 S hoo Thor yir — 22 = 242 + 242 4 -4 322 - EHZD _ 46694 30 _ 495

SSE = SST — SSN — SSP — SSNP = 131.5

ANOVA table
SV df SS MS F
Treatment 3 363.5 121.17 11.06
N 1 6.25 6.25 0.57
P 1 225 225 20.53
NP 1 132.25 132.25 12.07
Error 12 131.5 10.96
Total 15 495

Analysis of data in RBD
Model
Yig =u+a;+pj+(@aB)+6+ej, i=01jj=01Lk=1Dr

r 2
SS(Block)=2:=% — T
SS (Total) = ¥i_o Yoo Xk=1 Yk — CT; CT:%



SSE=SS (Total)- Treatment SS= SS (Total)- SS(A)-SS(B)-SS(AB)-SS(Block)

ANOVA Table
SV df SS MS F
Block r-1 SZ S5 Sk
£

Treatment 3 SZ s% s%
s?

A 1 S2 s2 Sk
s

B 1 SZ sk SE
s?

AB 1 Sts Sip S
e

Error (22 = 1)(r-1) SZ sz

Total 2%r-1 SFotal Stotal

Empirical problem 6
An experiment was conducted to see the effect of urea (N) and phosphate (P) fertilizers on the yield of a
certain variety of rice: N and P were both at 2 levels (0 and 1).

Block
| I 1l v
Level of Level of Nitrogen
phosphate | n, n; | n, ny no ny No ny
Do 24 32 |24 28 25 30 30 31
D1 46 30 |36 36 35 30 39 32
Total 132 124 120 132

A, =00+ 01 =24+24+25+30+32+28+30+31=224
A; =10+ 11 =146 + 36 + 35+ 39 + 30 + 36 + 30 + 32 = 284
[A] = A, — A, = 284 — 224 = 60

Effect of A = [/_1] =% _75
2271y 2x4
2 2 2 2 2 2 2
SS(A)= 2t _ o = A2 S0 _ 525 or SS(A)= 4L = £ _ 775
2 r 2X4 16 24r 4X4



Similarly, obtain

Effect of B = 2[1_9]1
2 r
_ B&+Bf ... _ [BI?
SS(B)= py= CT; or SS(B)= Py

(24+424+32)2 5082

2
SSTotal=31_o X1oo Xioy Y2 — % =247 +24% 4 .-+ 322 — = 16624 — —— = 495

SS(BlOCk)ZZz;B’% _(T = 1322+1242:1202+1322 _ (132+12421:Zo+132)2 — 27

SSE = SST — SSN — SSP — SSNP — SSBlock = 104.5

ANOVA table
SV df SS MS F
Block 3 27 9 0.78
Treatment 3 363.5 121.17 10.43
N 1 6.25 6.25 0.54
P 1 225 225 19.38
NP 1 132.25 132.25 11.39
Error 9 104.5 11.61
Total 15 495

23 Factorial Experiment

A factorial experiment involving 3 factors each at 2 levels is called 23 factorial experiment. Such
an experiment has 22 = 4 possible treatment combinations which can be written in standard order
as shown below

(1) a b ab c ac bc abc

These combinations sometimes expressed as-
(1) a b ab Cc ac bc abc
000 100 010 110 001 101 011 111

Now the effect of A, B, C are evaluated as follows;

Simple effect of A at low level of B and low level of C =a-(1)

Simple effect of A at high level of B and low level of C=ab-b

Simple effect of A at low level of B and high level of C=ac-c

Simple effect of A at high level of B and high level of C=abc-bc

Total effect of A is [A]= abc-bc+ ac-c+ ab-b+ a-(1) =(a-1) (b+1) (c+1)



Main effect of A is= - (abc-be+ ac-c+ ab-b+ a-(1)) = 5(a-1) (b+1) (c+1)
Similarly,

Main effect of B is=5(a+1) (b-1) (c+1)

Main effect of C is=5(a+1) (b+1) (c-1)

The effect of AB indicates the effect of A in presence/highlevel of B minus the effect of A in
absence/low level of B

Effect of A at high level of B=abc —bc+ ab—Db

Effect of A at low level of B=ac —c+ a— (1)

Total Interaction effect of AB is [AB]= abc—bc+ ab—b—(ac—c)—(a— (1)) =(a—
DB -1 (c+1)

Interaction effect of AB is = i{abc —bc+ ab—b—(ac—c)—(a— (D)} = i(a —1)(b -
D(c+1)

Similarly, Interaction effect of BC is =  (a + 1)(b — 1)(c — 1)

Interaction effect of AC is = i(a -DB+1D(c-1)

Total effect of ABCis [ABC] = abc-bc-( ac-c)- (ab-b)+ a-(1)=(a—1)(b —1)(c — 1)

Interaction effect of ABC is = i(a - Db+ 1(c—-1)

For CRD with r replicates or RBD with r blocks
The main effect of A is:ﬁ (a+1)b—-1D(c—-1)

Interaction Effect of AB= ﬁ (a=1)(b—-1)(c+1)
ABC=—(a—1)(b— 1)(c — 1)

) Treatment Combination
Factorial effect

(1) a b ab c ac bc abc
M + + + + + + + +

- + - + - + - +
B - - + + - - + +
AB + - : - + - - +
C - - - - + + + +
AC + - + - - + - +
BC + + - - - - + +
ABC i " " ] " i i .




abc—bc+ac—c+ab—-b+a-1
=abc+bc—ac—c+ab+b—-—a-1

[A]

[B]
]

[AB] =abc —bc—ac+c+ab—b—a+1

[BC] =abc+bc—ac—c—ab—-b+a+1

[AC] =abc—bc+ac—c—ab+b—a+1
[ABC] =abc—bc—ac+c—ab+b+a—-1

Main Effect of

A=, =g
B [B]
B= 23-1p ~ 4y
B]  [B]
C=m =%
Interaction effect
[AB]  [AB]
AB = ———=——
231y 4r
[BC]  [BC]
BC =——m—=—
¢ 23-1p 4r
_ [AC] _[AC]
AC = 23-1p 4
ABC ABC
pc - ABC] _ [ABC]

2371y 4r
Sum of Squares

A)? A)?
ssa)="2- =4

r 8r

[B]? [B]?
SSB)=5, = %

ler

CZ
SS(C)= 53 = 21

" "
SS(AB)= [‘z‘fiz = [Ag‘fz
SSBO="55= 5
ss(aC)= "L =2[A8LT] 2
ss(aBO)= 225k = 2L

Hence for 8 treatment we have 7 factorial effects which are mutually orthogonal contrasts of
treatment totals.
Treatment SS=SS(A)+SS(B)+SS(C)+SS(AB)+SS(BC)+SS(AC)+SS(ABC)

Hence treatment SS has been partitioned into 7 orthogonal components each carrying 1 d.f.



Yates Method

Treatment Yield Columnl Column 2 Column 2 Main SS
Combination effect &
interaction
(1) [1] [1] + [a] = x; Xp+x,=y1 Y1+y,=0GT
a [a] [b] + [ab] = x; X3+Xxy =Y, Y3ty =[A] @ E
4r 8
b [b] [c]+[ac]= x3 X5+ X6=y3 Y5+ Y6 =[B] [B] E
4r 8r
ab [ab] [bc]+[abc]= x4 X; +xXg=Ys Y7 +Yyg=[AB] [AB] [AB]?
4r 8r
c [ B-M=x  xmou=y y-yn=(C] e
4r 8r
ac [ac] [ab] - [b] = x¢ X4-X3=Ys Ya-y3=[AC] [AC] ACY?
4r 8r
bc [be] l[ac] = [c] = x; X — X5 Y6 — Y5 = [BC] [BC] [BC]?
=Ye 4r 8r
abc [abc] [abc] — [bc] Xg — X7 yg — v, = [ABC]  [ABC]  [ABC]?
= Xy =Yg 4r 8r
Linear combination
(1) a b ab C ac bc abc
000 100 010 110 001 101 011 111

Let us define a variable

W _Jo 5o if i treatment absent
' 1 ; if i treatment present

Now, for treatment A we can write the following pair of linear equation.

=1
A, =000+ 010+ 001 + 011

Ay =100+ 110+101+111

[A] =4, — 4,
Effect of A =%
A+A% : [4]?
SS(A): 231, CT: or SS(A): P

Now, for treatment B we can write the following pair of linear equation.



0.x1 + 1.xZ +OX3 == 0} mOd
=1

B, =000+ 100+ 001 + 101
B; =010+ 110+ 011 + 111

[B] =B, — B,
Effect of B :23“3]1
2
ss(®)= 22 — cT; or ss(B)= 2=

Now, for treatment C we can write the following pair of linear equation.
0.x1 + O.XZ + 1.X3 i 2} mOd
C, =000+ 100 + 010 + 110
C; =001+ 101 +011 + 111

[C] = Cl - Co
Effect of C = 3[5]1
2
_cg+ct _ le)?
SS(C)= e CT; or SS(C)= e

Now, for treatment AB we can write the following pair of linear equation.
l.x; +1.x, +0.x3 = O} mod 2

=1
AB, = 000 + 001 + 110 + 111
AB; = 100 + 010+101+011
[AB] = AB, — AB,

Effect of AB :%
2 r
_ AB3+AB} .. _ [4B]?
SS(AB)= 1y CT; or SS(AB)= o

Now, for treatment BC we can write the following pair of linear equation.
0.1 +1.xy + 1L.x3 = O} mod 2

=1
BC, =000+ 011+ 100+ 111
BC, = 010 + 001+101+110

Effect of BC =-o.
2 r

_ BCS+BCE _ . _ [BcP?

SS (BC)= P CT; or SS (BC)= 3,




Now, for treatment AC we can write the following pair of linear equation.

=1
AC, =000 + 010 + 101 + 111
AC, = 100 + 001+110+011
[AC] = AC, — AC,

Effect of AC :—[i Cl]
2 r

2 2 2

SS (AC)= 2225 _cT; or SS (AC)= 2]

Now, for treatment ABC we can write the following pair of linear equation.

=1
ABC, = 000 + 011 + 110 + 101
ABC, = 100 + 010+001+111
[ABC] = ABC, — ABC,

Effect of ABC :[ff ]
2 r
__ ABC2+ABC} _ . __[ABc)?
SS (ABC)= s CT, or SS (ABC)= 5
Analysis of data in CRD
Model
Y =u+a;+ B +vk + (aB)ij + (BY)jk + (@y)ik + (@BY)iji + €ijki i=01;j

0,1;k =0,1; I=1(D)r
—_v1 1 r 2 . _GT
SS (Total) = Xi—o Xj=o Xk=1Yijk = CT;  CT=3-
SSE= SS (Total)- Treatment SS= SS (Total)- SS(A)-SS(B)-SS(AB)-SS(BC)-SS(AC)-SS(ABC)

ANOVA Table

SV df SS MS F

Treatment 7 SZ s2 s#
s

A 1 S? s? sk
s

B 1 SZ sz s2
s




AB

Sz, Sap SAB
B
C 1 Sz sé s¢
s
AC 1 Sic Sic Sic
s
BC 1 SEc She Shc
E3
ABC 1 Sisc Sisc SiBc
Sk
Error 23(r-1) SZ sk
Total 23r-1 SZotal Sfotal

Analysis of data in RBD

Model

Yiie =u+a;+ B+ vk + (aB)ij + (BY)jk + (@y)ik + (@BY)iji + 6k + €
0,1;k = 0,1; I=1(L)r

r 2

SS(Block)=2k=xt
G

SS (Total) = ¥i_o Yoo Xk=1 ¥k — CT; CT:%

- CT

i=01;j=

SSE=SS (Total)- Treatment SS= SS (Total)-SS(A)-SS(B)-SS(AB)-SS(BC)-SS(AC)-SS(ABC)

ANOVA Table

SV df SS MS

Block r-1 SE sk sg
s

Treatment 7 SZ s2 s%
s

A 1 S? s? sk
s

B 1 SZ sz s2
s

AB 1 52, Sip SAB




c 1 S¢ s¢ sé
Sk

AC 1 Sj(; SXC SEC
2
SE

BC 1 555 Séc SI%C
2
SE

ABC 1 Spe SZc SAc
Sk

Error (23 = 1)(r-1) SZ sz

Total 23r-1 S %oml S 72"otal




