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Step 1.

clallall Y

<l ) sal) T1 T2 T3

1 23 42 a7

2 36 26 a3

3 31 47 43
4 33 34 39 Y..
(& sa2al)Yi. 123 149 172 444
(cUswgial)Yi | 30.75 37.25 43 37

:Jad)

QJsY b gia o)) o Ay gluia AN ESalrall dnluall cllau giall o) Ao gaii Al HO adadl dpia g (a8
o Agilaa¥) Aalil) (1 aga (38 23 09 V9 (g ghuudla B ) al) e o iy clill Gilal)

HO: T1 = T2 =T3

Goluia & 3l g laugia 3 g B o ALad) A 8l Hi: T1 # T2 # T3
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Step 2, Caleulate the Correction Factor.

r2 b
cF= 3 im0
r 4*3

Step 3. Calculate the Total SS
TotalSS = 3" ¥} -CF
=(23" 436" +31% +...+39")-CF
=17,108-16,428

=680.0

Step 4. Calculate the Treatment SS (TRT SS)

TRTZ?S:ZL:—CF

2 2 92
=(—'23 S22 +—-'74' ]-l6,428

4 4
=16728.5-16428.0
=300.5

Step 5. Calculate the Error SS
Error SS = Total SS — Treatment SS
=680 -300.5

= 379.5

piall quladl) (Jilat g asenat
Jsasl 56 s el
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Step 6. Complete the ANOVA table

Sources of variation DI SS MS F

Treatment t-1=2 300.5 150.25 3,563 Y
Error (r-1)=9 379.5 42.167

Total n-1=11 680.0

Step 7. Look up Table F-values.

Foosas=4.26
Foore = 8.02

Step 8. Make conclusions.

-Since F-calc (3.563) <4.26 we fail to
reject Ho: g1, = g, = gy at the 95%

level of confidence.
-Since F-cale (3.563) < 8.02 we fail to
reject Ho: g1, = g1, = piy atthe 99%
| level of confidence.

| |
0 3.563 4.&6 8.02

Step 9. Calculate Coefficient of Variation (CV).
5
%CV = ¥ *100

Remember that the Error MS = 5,
V42,167

=(6.494/37)*100

%CV = *100

=17.6%
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N or Any Numl Tre s with Unequ lic:

Given the following data:

Treatment
Replicate A B C D
| 20 1.7 2.0 2.1
2 22 1.9 24 22
3 1.8 1.5 2.7 22
4 23 25 1.9
5 1.7 24
Y, 10 5.1 12 84 Y =355
bW oy 2026 875 2906 17.7

Step 1. Write the hypotheses to be tested.

Hoipo=py = py =,
Ha: At least one of the means is different from one of the other means,

Step 2. Calculate the Correction Factor,

.2 2
CF=gem =33 24132
E A 17

Step 3. Calculate the Total SS

TotalS$ =3 ¥} -CF
=(2.07+222 +1.8% +...4+1.9")-CF
=75.77-74.132

=1.638
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Step 4. Caleulate the Treatment SS (TRT SS)
*2
TRTSS = ¥ %=~ CF

2 : 2 b
=[&+5'—l+]—2—+§:—]-7d.132

=75.110-74.132

=0978
Step 5. Calculate the Error S§
Error SS = Total SS - Treatment SS

=1.638-0.978
=0.660

Step 6. Complete the ANOVA table

paiiall o) Jalai g ppanal
dsmdl 3o s layl, s )

Sources of variation Df SS MS F R
Treatment =1=3 0978 0326 6.392
Error By subtraction = 13 0.660 0.051

Total Total number of observations -1 = 16 1,638

Step 7. Look up Table F-values.

Faes33 = 3.41
Foomp1=5.74

Step 8. Make conclusions,

* Since F-cale (6.392) > 3.41 we
reject Ho: gty = 1, = g1, = 1, mt
the 95% level of confidence.

*  Since F-calc (6.392) > 5.74 we
reject Ho: g =y, = By =
the 99% level of confidence.

Haa

|
341 574 639
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Step 9. Caleulate Coefficient of Variation (CV)

V£5'=%-|oo

enmember that the Error MS = &

s
% = 0951 4100
(22)
17 )
=(0.2259/2.088)* 100

=10.82%
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AL\l A giad) ol anaaly dalale dyjad (2
Factorial Experiment Designing with RCBD
fb Lo cplaall oda il cplall dalas Jgan (el

S.0.V df SS MS F cal.
Blocks r-1 SS, =R - CF R=%
treats ab -1 SSi=AB-CF AB= Ei-:
_ _ Fait _ 55!'1 _ MSE
A a-1 SSa=A-CF  A==> = N
_ _ Ipi? _ 23 _ M5,
B b-1 SSy=B-CF  B==" =T ) x5
AB 1)(b-1 SS. =AB-B-A + CF _ Dap | _ MSa
(a_ )( - ) ab — - - N dfﬂb - MS-E
35
Error | (ab-1)(r-1) SS. = RAB-AB-R + CF ¥ f"
B
Total abr-1 SSr=RAB-CF RAB= ¥x?

s JGa
asla Uiy 1 yad Ciia Builall 5,01 38133 541066 544000 Aalull 236<) 56 48yl Aot cujal
ED ol panhal) aae b (L ghbe sle (i) Al Allas o Slmd %6 5 %3 S dlasgd

S sl 8 LS il el ey Sa

Treats
Verities | Extracts | R1 R2 R3 2xi | Means
(A) B)

0.0 1.6 1.5 1.5 4.6 1.5

44000 3% 1.9 2.0 2.1 6 2.0
6% 2.3 2.5 2.3 7.1 2.3
0.0 1.7 1.6 1.7 5 1.6

41066 3% 2.4 2.3 2.2 6.9 2.3
6% 2.5 2.3 2.4 7.2 24
0.0 1.9 1.8 1.8 5.5 1.8

38133 3% 2.4 2.3 2.5 7.2 2.4
6% 2.7 2.6 2.5 7.8 2.6

dri 19.0 18.9 19.4 57.3

:a._ajﬂa.d\

1
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90.05 Jlain) (gsie i Jalailly (i)l 3805 Aabal)l BB oy Jzadd ) aaa L2
¢ Shanyl dulatll gy milll (el .3

Al
t b WS AB Jalull Jgan lac) & eodhel Jpanll b Lelangias <y Sall ¢ gana zhann) (1

AB bl b2 b3 >ai Mean A
al 4.6 6.0 7.1 17.7 1.9
a2 5.0 6.9 7.2 19.1 2.1
a3 5.5 7.2 7.8 20.5 2.2

> 'bi 15.1 20.1 22.1 57.3
Mean B 1.7 2.2 2.5

Correction Factor zaaill Jalaa clua (2

C.F.= Zox)” n=axbXr ={5T'3]2=1216
n ®3Ax3
Sum Square of Blocks R cileUadll cilasja ¢ 9ana o (3
SS. =R - CF R =2
(19.0)2 + ... + (19.4)?
R = =121.61 55, =12161-121.60=0.01
3x3
Sum Square of Factor A (Aslall BES) J5Y) daladl Gilaspe £ sens il (4
SSa= A - CF 4=2
(17.7)%+ .. + (20.5)?
A= =122 55, =122-1216=043

3X3

Sum Square of Factor B (clugell (mals (i) (S dalall cilasja g g0ne s (5
1—2
SSy =B - CF B-22_CF
ar

5 _ (15.1)%2+ ... + (221)
N 3x3

=1244 55, =1244—-1216=238



33ty daala /e )30 Autigh) o gl A0S /Al 3 ) sall g 4 300 paid pial) Goladl) Jalad g avenat
2021 - 2020 _fieala / Lle il y dom il e pila el

Sum Square of treatments = lilaall Cilaija & 9an0 Sl (6

P

*

=124.9 55, =1249-121.6= 3.3

SSt=AB - CF AB =

(4.6)%+ .. +(8.7)%

AB =

Sum Square of Interaction AB ulalall o Jalall Elalas cilaje ¢ sane Slas (7
SSah=AB-B-A+CF =124.9-124.4-122 +121.6 = 0.1

Sum Square of Total 2Kl cilaijall ¢ gana la (8

SSt = RAB -CF RAB= ¥'x2
= (1.6)2+.. +(2.5)2=125.13  SSr=125.13 - 121.6= 3.53

Sum Square of Error uyaill Uadll Cilesje g sane lun (9

SSe=RAB-AB-R+CF =125.13-1249-121.61 +121.6 =0.22

il Uadlls Uy eOlleall Degree of Freedom il cilass Clus (10

dfi=ab-1 =3x3-1=8 dfi=r-1 =3-1=2
df.=a-1 =3-1=2 df,=b-1 =3-1=2
dfas = (a-1)(b-1)=2x2 = 4 dfr=abr-1  =27-1=26

df.= (ab-1)(r-1)=(3%x3-1)(3-1)= 16

el aslly cile Uadlly cDlaleall Mean Square il yall Jaw sie b (11

MS, = =2 =22 _90215 MS, = 2-22_14
dfa 2 afp 2

MS,, = =ae - 22 _ 02 MS, = 2 =22 _-0.013
dfan 4 dfa 16
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Analysis of Variance (ANOVA Table) ¢plall Jalas Joan 22y (12

S.0.V df SS MS Fcal. F tab.
Blocks 2 0.01

treats 8 3.3

A 2 0.43 0.21 16.15 3.36*
B 2 2.8 1.4 107.6 3.36*
AB 4 0.1 0.02 1.53 3.01Ns
Error 16 0.22 0.013

Total 26 3.53

( F. calculated ) F J 2 sunal) el sy (13

M5y 0.21 MSp 1.4

F = 2a_ =16.15 F=2b_ = 1076
MS, 0.013 MS, 0.013

F = 2w_ 292 _ 453
MSg 0.013

G5 (385 (sasanll Hoaall 3 (16) dfe adaliyy F-values Jsaa oo F table dulgaall F s # )i (14
LY ) b (4) dfay 5 (2) dfy 5 dfe cDleleall L al) ilayas 0.05 Adlaay)
idsaall Faad go Sl 2B 5 A 0o J sl F i of L #
ABG) Ha abodl dkill Qs (Rugine (3508 25ng pda AW Hy ponll ks (b () Lugina (355 ans
Gsine it clelall G Ja1al) S0 elagagll malay (M5 Al AAEKH 5B (e JSU (Rusiee 358 sas
dalall dugies a2l LSD Jloal e Jay asaall 2aeie (Sly loa) ehal cong Alladl oda 4 jLasl chaYy
a0 i Jalally sajd)l dalsell oS3l jlad) el dein dalally gulalall o LY daph aagl
13y clgladl)
A Jalall il sia 4lia (1
osnall (8 0.05 Ldlasy) (s (16) dfe 2ad Ay SSR-Duncan Jsa e SSR dad zhann) au
tolial Jsaally Alalaall 3 LS A Jalall cBlalaal (&Y jsnall 83 cBlalaall 2205 (53500l
LSR = S; X SSR
S.A = JMS.; _ Ju.mz — 0038

br Ix3
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@.ﬁld\ ladl) Julasd @...\MS
Jdsel) 2o e Glal,a)

t LS LSR zhaany Jsaa alae] &

SSR | 3.00 | 3.15

]

0.038

LSR [ 0.11 | 0.119

P hS A Glangie o Alkall Jeaa slac] o

LSR 0.11 | 0.119
al a2
Treats | Means 1.9 )1
a3 2.2 0.3* 0.1*
a2 2.1 0.2* 0.0
Treats A Means
a3 2.2 a
a2 2.1b
al 1.9c

: oLl JLEaY Aa 05

0.05 Jlia) (s5ine die ( DMR) agaall aaatia (Sils HLES) Conn (S5ine B8 lein 2ap ¥ 4l Cipally 5355 Al Glaw giall

oanihall 23al lassgia el aef 3 Y 44, e (a3) 17 lia. il 38133 Aalal) 286 (e i -
1.9 &b (al) 'uSa.cls 44000 Aslal) Gl hoge Ji ae Akdl Taligage 2.2 &

Ll pasie
B Jalall cillau ia 33a (2

(SSR ads slacls Sp Ailaa alie) B 5 A colalall Cligivnas (S Alales Jass) npail) Wadll (golial lailly

Jsaall ad Jleainls (Uil 3S15) B dalad) cllanigie o 45)aal) gy Legin <550 LSR dad 055 &l

thleS bl
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LSR 0.11 0.119
Treat Mean bl b2
B B 1.7 2.2
b3 2.5 0.8* 0.3*
b2 2.2 0.5* 0.0
QUL laay) e o5,
Treats Means
b3 2.5a
b2 2.2b
bl 1.7¢

@.ﬁld\ ladl) Julasd @...\MS
Jdsel) 2o e Glal,a)

0.05 Juaa] (s5iuse xie DMR Lia) s (s9ine 38 et da g Y 4l Cipally 5355 Al Sl il

b aihal) saad Tavsie Aeb el 3] 5SI0 &k e (D3) %6 clasell (mala () S5 Lisina (o
Laligage 1.7 & 6 (03) hial el (ol 50 dangie G ae 25yl il asipe 2.5

AB Jalxll ol sie 4)lke (3
osaall (30.05 Adlasy) sgiuas (16) dfe 2ad Aoy SSR-Duncan Jsaa (e SSR 4 #l)aia)

olial Jpaalls Aaledll 3 LS AB Jalail) cdlaleal (&Y jsaad) 89 clalaall 2305 (g2 50l
LSR = S. X SSR

Sz = J’”f - [73==006

t S LSR zhaany Jsaa alac] &

SSR |3.00| 3.15 | 3.23| 3.3 3.34 | 3.37 | 3.39 | 3.41
So .06
LSR 10.18 | 0.189 | 0.19 | 0.198 | 0.2 0.2 0.2 0.2

Alae)
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LS (G S5 X Casall) AB Jalall b i ¢y i lall

0.18 | 0.189  0.19 [ 0.198 | 0.2 | 0.2 | 0.2 | 0.2
albl | a2bl [ a3bl | alb2 | a2b2 [ a3b2 [ a2b3 | alb3
1.5 1.7 1.8 2.0 23 |1 24 | 24 | 24

a3b3 2.6 L.1* [ 0.9* [ 0.8* | 0.6* [ 0.3* [ 0.2* | 0.2* | 0.2*
alb3 24 |109* | 0.7¢ | 0.6% | 0.4* | 0.1 | 0.0 | 0.0 | 0.0
a2b3 24 |[0.9*% | 0.7* | 0.6% | 0.4* | 0.1 | 0.0 | 0.0

Treat | Mean
AB AB

a3b2 2.4 |[0.9* | 0.7* | 0.6* | 0.4* | 0.1 | 0.0

a2b2 23 | 0.8* | 06* | 05 [ 0.3* | 0.0

alb2 20 | 05* | 03* | 0.2 | 0.0

a3bl 1.8 [ 0.3* | 0.1 0.0

a2bl 1.7 [ 02* | 0.0

P hleS HlaaY) dam (S

Treats AB | Means AB
a3b3 2.6a
alb3 24b
a2b3 24b
a3b2 2.4b
a2b2 2.3b
alb2 2.0c
a3bil 1.8d
a2bl 1.7d
albl 15e

i e (a3b3) %6 S5 dlagell asla (i) ae 38133 dlall LN G Jalall dleles Lisina (355
Al A8l Jals colabeal Janssie Jil g A5l Tl gasie 2.6 al dawgie el el 3 cdlbed)
Lol pagie 1.5 bl Al (@lbl) L shiall elall (35l 385 ae 44000
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