1V-2-3 Structure of data

There are data sets which include plural factors. The author already pointed out
that there are hidden variances which we cannot discuss by the method used in
chapter IV-2-2, because the model used in the chapter is produced by combining two
factors. Actual data include at least two more hidden factors other than factors
demonstratively recognized. One is fluctuation caused by combination of recognized
factor. This is named as interaction. The other is random fluctuation. This is named
as residual. In the case of impact of fertilizer used in chapter IV-3, In a level of
nitrogen, phosphate may have strong impact or little impact. Such impacts are not
caused only simple effect of nitrogen and phosphate, but sometimes stronger impact
is caused by particular combinations of nitrogen and phosphate. Sometimes no
impact or inverse impact is caused by several particular combinations of nitrogen
and phosphate. Those are examples of interaction. Distribution of organisms
fluctuate by season and place, and particular places has particular functions in
particular season. We need to detect such combination effect in ecological survey.
Residual is fluctuation which we cannot be explained by factors which we can
demonstratively recognize. It is difficult to explain what is residual, because we
cannot know all back ground of phenomena. We interpret the fluctuation as random
fluctuation, without consideration of possible mechanism causing the fluctuation.
We can only say residual means the analyst recognize the fluctuation as residual.
Firstly, we discuss interaction. We add small value to the values in each cell of the
round robin table used in IV-2-2 in order to make interaction. Table 16 is the list of
the value to add.
Table 16 data to add to each cell

A, A, As Sum Mean
B, 0.9 0.5 0.1 15 0.5
B. 0.4 0.3 0.8 15 0.5
Bs 0.2 0.7 0.6 15 0.5
B4 0.5 0.5 0.5 15 0.5
Sum 20 20 20 6.0 0.5
Mean 0.5 0.5 0.5 0.5

In this table, averages in a line are the same among lines and averages in a column is
the same among columns. This means that the average of line and column increase

similarly. The addition of the values makes no change in the variance of line and column,



though the total variance increases by variance of data to add. This is key point of this
explanation.

We calculate SS of data to add

Table 17. Calculation of square

A A, As
B, (0.9 -0.5)? | (0.5—0.5)? (0.1 —0.5)2
B, (0.4 -0.5)? | (0.3 —-0.5)? (0.8 —0.5)
B; (0.2-0.5)? | (0.7 —0.5)? (0.6 — 0.5)?
B, (0.5-0.5)? | (0.5—0.5)? (0.5 —0.5)
Results
Al A2 A3 | Sum
B1 0.16 0 0.16 0.32
B2 0.01 0.04 0.09 0.14
B3 0.09 0.04 0.01 0.14
B4 0 0 0 0.
Sum 0.26 0.08 0.26 0.60
5S5; =0.60

Then we add the data in table 16 to data in table 7 and combine two tables.
Table 18. Combined data

Al A2 A3 | Sum Mean
B1 2.9 6.5 71 16.5 55
B2 6.4 10.3 11.8 28.5 9.5
B3 7.2 11.7 12.6 31.5 10.5
B4 9.5 13.5 145 37.5 12.5
Sum 26 42 46 114 9.5
Mean 6.5 10.5 1.5 9.5
Table 19. Calculation of SS
Al A2 A3 | Sum
B1 | 43.56 9 5.76 58.32
B2 9.61 0.64 5.29 15.54
B3 5.29 4.84 9.61 19.74
B4 0 16 25 41.00
Sum 58.46 30.48 45.66 134.60




Total SS is 134.60
Most of readers may think this value as follow.
134.60 =56+ 78+ 0.60 =4 x 14 + 3 X 78 + 0.60 = ngSS, + n,SSz + SS;
This is correct and an example of the theory that total SS is sum of partial SS, though

this is only an empirical understanding. More logical explanation is as follows

The calculation of square of the distance from total average in cell A1Blis as follow.73,
(2.9 —9.5)% = (6.6)% = 43.56
This is originally following calculation
(=D +0—5)+( )2 = 43.56
Values written in red figure come from factor A, values written in blue figure come from
factor B, and values written in green character come from interaction.

Expansion of the equation

(1—4)2+(1—3)2+( 2+2{0 -9 - 5)+ @ —4)( )+ (1— 5)( )}
In the line of B 1, A2B1 cell
(5-42+(1-5)+( ) +2{5— 91— 5)+ G- 4) )+ (11— 5)( )}
A3Blcell
(6—4)2+(1—3)2+( 2 +2{(6—4)(1 - 5)+(6—4)( )+ (1— 5)( )}
Sum of line B1
(1—42+(5 -42+(6-92+3(1—5) +( )2+ ( )Y +( y2+2{(1 - 5
WA -H+GE-H+6-4)+ 0 -4 )+ (5 -4)( )+ (6-4)( )+ (-5
)(( )+ ( )+ ( N}
=([1-4)2+(5 -4+ (6-4)?+3(1-5)2%+( )2+ ( )2+ ( )2+2{(1 — 4)(
)+ (G —4)( )+ (6-4)( )}
=5Sa+3(1-5)*+( )2+ ( )2+ ( )2+2((1 — 4)( )+ (5 - 4)(
)+ (6 —4)( )}

v (1= +G-4)+(6-4)=0
( )+ ( )+ ( )=0
Repeat similar procedure from B1 to B4 and sum up the result
SStotar = 4SS5+ 3{(1 -5+ (5-5)2+(6-5)*+(8-5)%}
+{( )2+ ( )2+ ( )2+ ( )2+ ( )?
+( )2+ ( )2+ ( )2+ ( )2+ ( )2+ ( )

+( )%}
+2{(1 - 4)(( )+ ( )+ ( )+ ( )+ (5 —)(( )+
( )+ ( )+ ( )+ (6 —D(( )+ ( )+ ( )+

( )}



( )+ ( )+ ( )+ ( )=0
( )+ ( )+ ( )+ ( )=0
( )+ ( )+ ( )+ ( )=0
SStotar = 455 + 355 + SSinteraction = NpSSa + NpSSp + SSinteraction
This result means total SS can be decompose to partial SSs.
Then we need degree of freedom of each factor for the calculation of variances.
Degree of freedom of factor A: df, = 2
Degree of freedom of factor B: dfy = 3
Total degree of freedom: df;ypq; = 11
When we apply the theory that total df is sum of partial df, we can calculate df; as
follow.
dfipiq = dfy + dfg + df;
dfinteraction = Aftotar —dfy —dfp =11-2-3 =6
This is correct, though we need to confirm existence of other factors. See Table 16. The
table is dataset to make interaction. The table has 3 columns and 4 rows. Average of
each line and column is the same. Each row includes 3 cells and degree of freedom in the
line is 2. Each column includes 4 cells and degree of freedom in the column is 3. When
we consider factor A and factor B is independent and orthogonal. The degree of freedom
is
GB-1D@-1=6
When we summarize the results more generalized expression
total degree of freedom : df;,;q; = nyng — 1
degree of freedom of factor A:: df, =n, — 1
degree of freedom of factor B:: dfy =ng — 1
degree of freedom interaction : df;,;eraction = (Mg — D — 1)
dfiprq = dfy + dfg + df;
mn, — 1=y — D+(ng — D+(ny — D(ng — 1)
Here, ny is number of columns and ng is number of lines.
Actually, we can obtain df; by following two calculations
dfinteraction = (g — D(ng — 1)
dfinteraction = dftorar — dfs — dfp
Generally , second calculation is commonly used because of easiness.
Conclusively,
ngSS, =4 xS85, =56
S5, =14
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We consider that added value to make interaction is caused only by interaction.
However, we cannot say the fluctuation of the data is produced only by effect of
interaction, it may include random fluctuation and impacts of minor factors. This
means that we have to consider separation of interaction and residual. However, it is
not possible in two-way ANOVA without repeats, because there is no data of
unexplained data fluctuation. If there are repeat in a cell of same combination of factors,
we can detect data fluctuation by unknown factor. and separate the such variance from
interaction as residual. As usual, we make a model dataset which include repeats. The
author makes three replications in a cell by adding values.

Table 20. List of value to add for making random fluctuation

A; A, Az
0.9 0.4 0.2
B 0.5 0.3 0.7
0.1 0.8 0.6
0.9 0.5 0.1
B2 0.4 0.3 0.8
0.2 0.7 0.6
0.5 0.5 0.6
Bs 0.4 0.5 0.3
0.6 0.5 0.6
0.6 0.4 0.4
Bs4 0.4 0.4 0.2
0.5 0.7 0.9

The average in cells are the same (0.5). This is for making random variance without any



changes in other variances. We calculate the variance of added dataset by simplified
calculation procedure. At first, explanation of calculation procedure. Following is

transformation of definition of SS

n n n
Z(xl- -x)?% = inz — ZinJ?+mZ2
i i 7

X:average of x;

n n
Z:xf fz lele —1Zx
i i == i
i n

2

Simplified calculation is as follow
§S = Z(xl —-%x)? = S——

Calculation of T

Sum

0.9 0.4 0.2 15

0.5 0.3 0.7 15

0.1 0.8 0.6 15

0.9 0.5 0.1 15

04 0.3 0.8 15

0.2 0.7 0.6 15

0.5 0.5 0.6 1.6

04 0.5 0.3 1.2

0.6 0.5 0.6 1.7

0.6 0.4 0.4 14

04 0.4 0.2 1

0.5 0.7 0.9 21

Sum 6 6 6 18
Calculation of S Sum

0.81 0.16 0.04 1.01

0.25 0.09 0.49 0.83



0.01 0.64 0.36 1.01
0.81 0.25 0.01 1.07
0.16 0.09 0.64 0.89
0.04 0.49 0.36 0.89
0.25 0.25 0.36 0.86
0.16 0.25 0.09 0.5
0.36 0.25 0.36 0.97
0.36 0.16 0.16 0.68
0.16 0.16 0.04 0.36
0.25 0.49 0.81 1.55
Sum 3.62 3.28 3.72 10.62

Using this transformation

2
ss=s—-C=1062-2 =162
n 36

In old days, we did not have computer, and we need to consider simplified calculation
method. Today, we can use computer and knowledge of such calculation technique is not
necessary. However, it may useful for understanding structure of variances.

Table 21. Combined dataset

A A, As

3.8 6.9 7.3

B 3.4 6.8 7.8
3.0 7.3 1.7

7.3 10.8 11.9

B2 6.8 10.6 12.6
6.6 11.0 12.4

1.7 12.2 13.2

Bs 7.6 12.2 12.9
7.8 12.2 13.2

10.1 13.9 14.9

Bs4 9.9 13.9 14.7
10.0 14.2 15.4




Using introduced calculation procedure, we calculate total SS.

Calculation of T

Sum

3.8 6.9 7.3 18

3.4 6.8 7.8 18

3 7.3 1.1 18

7.3 10.8 11.9 30

6.8 10.6 12.6 30

6.6 11 12.4 30

1.7 12.2 13.2 33.1

7.6 12.2 12.9 32.7

7.8 12.2 13.2 33.2

10.1 13.9 14.9 38.9

9.9 13.9 14.7 38.5

10 14.2 15.4 39.6

Sum 84 132 144 360
Calculation of S Sum

14.44 47.61 53.29 115.34

11.56 46.24 60.84 118.64

9 53.29 59.29 121.58

53.29 116.64 141.61 311.54

46.24 112.36 158.76 317.36

43.56 121 153.76 318.32

59.29 148.84 174.24 382.37

57.76 148.84 166.41 373.01

60.84 148.84 174.24 383.92

102.01 193.21 222.01 517.23

98.01 193.21 216.09 507.31

100 201.64 237.16 538.8

Sum 656  1531.72 1817.7  4005.42

T? 3602
SS=S——=1400542 —
n 36

This result is fit for our expectation that total SS is sum of partial SS

= 405.42

Sstotal = nresidual(nBSSA + nASSB + Ssmteﬁ?twn) + Ssresidual
=3(4x14+3%x26+0.6)+ 1.62 =405.42



Nyesidual: RUMber of replication = 3
Calculation of variances

_SS, 14

2 — == =7

4T E, T 3-1

SS 26

2 B

=—=——=28.6667
% T df, 4-1
o 2 SSinteraction — SSinteraction — 0.6 = 0.1
nteraction dfinteraction (nA - 1) (nB - 1) 2x3 .
2 SSresidual _ SSresidual 1.62

0’ . = = =
restdual dfresidual (nresidualnAnB - 1) - de - de - dfinteraction 35-2-3-6

—1'62—00675
24 T

Oresidual: Variance of residual
Ointeraction: Variance of interaction,

Calculation of F ratio

7
Fu_residual = m = 103.7037

8.6667
Fg_resiqua = m = 118.5185

Finteraction-residual = m = 1.481481

7
Fy_interactio = ﬁ =70
8.6667
Fg_interacti = 0.1 = 86.667

From this result, we can conclude that the data spreads by factor A and B are enough
large comparing to variance of residual and interaction. We can say that the data
fluctuations are caused by main factor A and B. Existence of impact of interaction is not
obvious, because the threshold value of F (p=0.05 df,ymerator = 6 and dfjoninator = 2)
1s 19.330

Above explanation is empirical by making dataset model and following the calculation
process. The author is thinking that the explanation method is useful for understanding,
though we need to add more theoretical explanation for deeper understanding. A
method of logical explanation is standardization of data (to make average 0). This model

1s used previously in IV-2-2. We repeat same discussion again with more detailed



explanation.
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Fig. 32. Structure of data
When we subtract averages from the combined data (1), (3) is obtainable. We express
the length of (3) as e,.p, esyp is distance from the average, and standardized data by
removing averages.
€arp; = €a; T €p;
When we express the average of e, as é,.

ny

N

Secondary moment of ey, (average of square of distance from ) is as follow
na 2
— _ Xiti€a
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Average of all data is as follow.
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Conclusively,
SSun _ S5, 5
ngng Ny 7Npg
From this we can obtain formula 39
SSurp = NpSSi + n,SSs
More simply, when the structure of the data is as follow.

eA+Bi]' = eAi + eB]'

Average is
ng ng na B
ZZeA+Bij =nB eAi+nA ij =0
i=1j=1 i=1 =1

Total SS is



nag np

ny np

i=1 j=1 i=1

In the case, should consider interaction
Data structure is
eA+B+Ii]' = eAi + ij + eli]'

Average is as follow

na np ng na np
2) ORI YOREH YRS ) WO
i=1j=1 i= j=1 i=1j=1
I;j:interaction between 4; and B
SS is as follow.
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CarBl;’ = Z Z eAl +ep + elu)
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e e.. =0
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T
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In the case we have to consider interaction and residual, the structure of the data is as
follow.
eA+B+I+T'i]'k = eAi + ij + eli]' + eTi}'k

Average is as follow.

ng np Ny np na np ng np nr
i=1 j=1k=1 j=1 i=1j=1 i=1 j=1k=1

Total SS is as follow

na np Ny ng np np

2
2
CA+B+I 41y — €a+B+y T ery;
ijk ijk ijk

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



Ny Ny Np ng Mg Ny ng np Ny

ZZZeA+B+Iuk +ZZZZeA+B+IU € T ZZZ ruk

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

Ny np ng np Ny

= n,(npSSy + nySSp + S5;) + 2 Z Z CA+B+I;; Z e t Z Z Z ruk

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

== nr(nBSSA + nASSB + SSI) + SST

ny

S e =0

k=1

Theoretically, we have reached the conclusion. However, it is better to consider the

calculation procedure of SSs, because the structure is complicated and sometimes we

are confused in the calculation process. There is a simplified procedure and it is better

to use the simplified procedure to avoid unnecessary confusion.
The basic idea is to use the theory that total SS is sum of partial SSs
SSrotar = Ny (NpSSy + 14SSp + SS;) + SS,
i: interaction A and B

and use the simplified calculation of SS

TZ
SS=S§—-——
n
1st step: calculation of Ty:q;
i=1 i=2 i=ny4 |Sum
k = 1 ny
di11 dz11 di11 dny11 Z di11
i=1
j=1
k = Tlr ny
dll n, d21 ny dilnr dnlnr Z dilnr
i=1
k = 1 ny
di21 da21 diz1 dny21 Z dizq
i=1
j=2
k = Tlr ny
d12 n, d22 ny dian dnAan Z dian
i=1




k=1 na
dljl d2j1 dijl dnAjl Z dijl
i=1
dijk
k= n, ny
dyjn, dyjn, dijn, dnjn, Z dijn,
i=1
k=1 na
d1n31 danl dingl dnAnBl 2 din31
i=1
j=np
k= n, ny
dl npny, d2 ngn, di npny dTlAanr Z dianr
i=1
ng nNp Ny
Sum Teotar = z Z Z dijk
i=1j=1k=1
Example
A; A, As sum
3.8 6.9 7.3 18
B 3.4 6.8 7.8 18
3 7.3 1.7 18
7.3 10.8 11.9 30
B, 6.8 10.6 12.6 30
6.6 11 124 30
1.7 12.2 13.2 33.1
Bs
7.6 12.2 12.9 32.7




7.8 12.2 13.2 33.2
10.1 13.9 14.9 38.9
B. 9.9 13.9 14.7 38.5
10 14.2 15.4 39.6
Sum 84 132 144 360
Teotar = 360
2nd gtep: Calculation of S;y:q;
i=1 i=2 i=ny |Sum
k = 1 ny
d1112 d2112 di 2 dnA112 Z di112
i=1
j=1
k=n, A
dll nT2 d21 nr2 dilnr2 dnlnr2 Z dilnrz
i=1
k = 1 ny
d1212 d2212 di 2 dnA212 Z di212
i=1
j=2
k = Tlr Ny
d12 nT2 d22 nr2 dianz annrz Z dianz
i=1
k=1 ny
dip® | dp® | dip® | dugn® | Y dy
i=1
dijk2
k =n, na
dijn’ | dojn,” | dijn,” | dnj )’ Zdij -
i=1




k=1
ding1” | dong1” | ding1® | dngmgr”
Jj=ng
k=n,
dingn,” | dzngn,” | dingn,” | dngngn,” | ) dingn,”
i=1
na ng ny
Sum Stotal = Z z Z diji’
i=1j=1k=1
Example
Al A2 A3 Sum
14.44 47.61 5329 | 115.34
B, 11.56 46.24 60.84 | 118.64
9 53.29 59.29 | 12158
5329 | 11664 | 14161 311.54
B, 4624 | 11236 | 158.76 |  317.36
4356 121 153.76 |  318.32
5929 | 14884 | 17424|  382.37
Bs 57.76 | 14884 |  166.41 373.01
60.84 | 14884 | 17424 |  383.92
102.01 193.21 222.01 517.23
B, 98.01 193.21 216.09 |  507.31
100 | 201.64| 237.16 538.8
Sum 656 | 1531.72| 1817.7| 4005.42
Srorqr = 4005.42
Trotal” 3602
SSotal = Stotal — ;‘r’::; -= 400542 — —— = 405.42




i=1 i=2 i =ny Sum
T11 T21 Til TnAl
Sll SZl Sil SnAl
j=1 ny
o Tl | Tt Ta’ | Tau’ o _Ta’
11~ n, 21~ n, i1 n, nal — n, - i1 n,
T12 T22 Ti2 TnAZ
S12 SZZ Si2 SnAZ
j=2 ny
o T2t | TRt Tot | Tap o T’
12~ n, 22 = n, 2~ n, N2 n, - i2 N
Tyj Ty Tij Tnaj
S1j S2j Sij Snaj
na
S Ty;” S Ty, S T;;? S To,j G, — T;;?
1~ n, 2j n, iy n, naj n, - ij n,
T].TLB TZTIB TinB TnAnB
S].TLB SZTLB SinB STLATLB
, na
J
—n SlnB Szj SinB SnAnB Z <Sin3
=ng -
TlnB _ TZTI.BZ _ TinB TTLATLBZ =
nr nT nT nT TlnBZ
ny
np ng Ny np Ny ny 2
Sum PRIWETE WA DI
=11=1k= ] 1i=
np N4 ng mny n,
restdual Z Z Z Sl]T Z Z Z dlhk - Stotal Z Z Z dlhk
=1I=1k= ] 1i=
np Ny
- Stotal - _Z 2
j=1i=
Here,

n
le = Zkr=1 dink

Using this, we can calculate Z ZnA T; % ;° more simplified procedure



Example

i = =2 i =ny Sum
j=1 T11 721 i1 TnAl = 5
B B e [l ;T“'
j=2 712 T2 iz T 2 = ,
T1o° (T Tir” B ;Tiz
T4 I2j Tij Taj S
lez T222 Tijz TnAjz ; Tij-
j=ng T1ing T2ng Ting T ing ngy
TINBz TZHBZ TmBz TnAnBz Z TinBZ
np N =1
Sum ZZTUZ
j=1i=1
Al A2 A3 sum
Bl 3.8 6.9 7.3
3.4 6.8 7.8
3 7.3 7.7
sum 10.2 21 22.8
"2 104.04 441 519.84( 1064.88
B2 7.3 10.8 11.9
6.8 10.6 12.6
6.6 11 12.4
sum 20.7 32.4 36.9
"2 428.49] 1049.76| 1361.61| 2839.86
B3 1.7 12.2 13.2
7.6 12.2 12.9
7.8 12.2 13.2
sum 23.1 36.6 39.3
"2 533.61| 1339.56( 1544.49| 3417.66
B4 10.1 13.9 14.9
9.9 13.9 14.7
10 14.2 15.4
sum 30 42 45
172 900 1764 2025 4689
Sum 12011.4




np ny

1 2
SSresiaual = Stotal — n_ § § Tij
T

j=1i=1

12011.4
SS,esiquar = 4005.42 — —3 = 4005.42 — 4003.8 = 1.62

4th gtep: Calculation of SSg
NNy SSg = SStotar — Nr(pSS, + SS;) + SS,
The meaning of n,(ngSS, + SS;) + SS,is SS without SSg.
When we express the SS as SS;,tai-5, SStotai—p 1S Obtainable by summing up the SS in
each condition of factor B.

The Calculation is as follow

i=1 i =2 i =Ny Sum
j=1 14 21 Ti1 a1 na 2
T 2. Ti
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DI 3%
Uk T nan, £ v
i

Jjz—1i=1k=1 Jj=1




np ng Ny

z Z Z dijkz = Stotal

jz—1i=1 k=1
ng ng Ny np ny 2 1 np ny 2
S =333’ = DT | =Sy 3.1
total ijk nAnr . ij total nAn, 2 . ij
jz—1i=1k= =1 \i=1 j=1 \i=1
2 ng ny 2
NNy SSp = SStotat — SStotal-B = Stotal ~ Ttotal — | Stotar — ! Z ZTZ']'
ngNpny nan,; 4 4
j=1 \i=1
npg ny 2 ng np Ny
2\ 2T | | 2 20 2
= ij | — ijk
nan nanyn
= A= A= ==
2
Calculation of Z (Z Tl-j)
=1 =32 i =ny Biif
=1 711 721 71 Th,1 na i
ZT‘I
i=1
=2 T2 T2 T2 T2 na o \?
ZTiZ
i=1
le T2] T,] TnAj na 2
T;;
i=1
j =ng T1ng T2 [ing Tnng (“A >2
Tlllp
i=1
ng ng 2
Sum Z ZTU'
J=1\i=1

Example



Al A2 A3 sum T,

3.8 6.9 7.3

B1 3.4 6.8 7.8 54 2916
3 7.3 7.7
7.3 10.8 11.9

B2 6.8 10.6 12.6 90 8100
6.6 11 12.4
1.7 12.2 13.2

B3 7.6 12.2 12.9 99 9801
7.8 12.2 13.2
10.1 13.9 14.9

B4 9.9 13.9 14.7 117 13689
10 14.2 15.4

Sum 34506

1 ng [ ny 2 ng ng ny
nrMaSSp = nAan (Z Tij) nanpn, (Z Z Z dl]k)
j=1 \i=1 =1j=1k=
= 34506 - 3607 = 3834 — 3600 = 234
9 36
3X3X%x855; =234
SSp = 26

5th step: Calculation of SS,
Similar as
N NpSSy = SStotar —

The meaning of n,(nySSg + SS;) + SS,is SS without SS,.

When we express the SS as SS;,:a

each condition of factor A.

ng nyg Ny

SStotal A~ Z Z Z dl]k

jz—1i=1k=

nA

anrzl

np

2

2
Tij = Stotar —
1

n,(n,SSg + SS,) + SS,

, SStotai—a 18 obtainable by summing up the SS in

na

)
npn, 1

i=

np

>

j=1

2
Tl])



Nn,NgSSs = SStotar — SStotai-a = Stotal —

Nq
ngn, Z

np

S
i=1

)=

2
Ttotal

nanpn,

nangn,

total —

ng np Ny

zzzdlﬂ)

(

= ik
Calculation of 2?21(2?231 Tij)2
Example
Al A2 A3 Sum
3.8 6.9 1.3
B1 3.4 6.8 1.8
3 7.3 1.7
7.3 10.8 11.9
B2 6.8 10.6 12.6
6.6 11 12.4
7.7 12.2 13.2
B3 7.6 12.2 12.9
78 12.2 13.2
10.1 13.9 14.9
B4 9.9 13.9 14.7
10 14.2 15.4
Sum 84 132 144
7056 17424 20736 45216
g ny ng ny
n,ngSS, = — Zl <; th) Ay, <Z 121: kz dl]k)
45216 _ 360° _ 1768 — 3600 168
12 36

3x4xS8S,=168
SS, =14
6th step: Calculation of SSinteraction(axs)
SSiotal = Ny (5SS, + 14SS5 + SS;) + SS,
Nn,.SS; = SStotar — (Mr (npSSy + nySSy + SS;) + 5S,.)
= 40542 —-168 —234—-1.62=1.8



3xSS, =18
SS; = 0.6
Degree of freedom
dfiotar = nangn, —1 =35
dff =nys—1=2
dfy =ng—1=3
dfinteractionas) = Mg —DMp—1) =2X3 =6
dfyesiquar = My — Dnyng =2 X3 X 4 = 24
dftorqr = dfy + dfy, + dfinteraction(A-B) + dfresiqual

Summery
ng nyg Ny ng ng ny
Trotal”
tota
St = ), ) ) o’ - ZZZd =S
ijk ijk total —
nanyn nNgngn
s =i Abr']lk ATBTr
ng nyg Ny ng ng Ny
2 _
Stotal - Z Z Z dl]k ’ Ttotal - Z Z Z dl]k
jz—1i=1k= i=1j=1k=
np Ny Ny np Ny 2
T, :
d d =g residual
resudual = l]k - ijk = Stotal —
nangny
jz—1i=1k= j 1i=
2
ng [/ np
2 2
1 Ttotal TTotal—A Ttotal
TanrSSA = TU - = —
L0 1\ = ngngny npny nyngny
j= =
ng [ np 2
TTOt - Z ZT’J
j=1 \i=1
np ng 2 2 2
1 Tiwota” _ Trotai-B  Trotal
nAnTSSB == TU - = -
nAnrj::l =) nypngn, nan, nypngn,

np na

. Trotal-a _ Z Z T
ngn, Y

j=1 \i=1



