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Design Of Analysis Covariance Table for Tata Designed by
Balanced Incomplete Block Design when Relation Exists
Between Block and Covariate variable
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Abstract
When an experiment is designed, random error is preferred to be
reduced as much as possible. This is achieved by collecting similar plots
into blocks before the experiment is executed. For more precise results,
Analyses of covariance is used to get rid of variable covariate effect. This
method is used after achieving the experiment .In this study
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1- Obijective of Research

The aim of this study is to construct the analyses of
covariance table for data of an experiment designed by balanced
incomplete block design when relation between the covariate
variable and block takes place.

2- _Importance of Research
The importance of this research comes through
a) Reducing the experimental random error by two methods
e Treating the problem of small block size using balanced
incomplete block design, this design is one of several designs
which can be used for treating small sizes of blocks which
cannot contain the treatments.
e Using analysis of covariance method to riddance of covariate
variable effect.
b) Analysis of data experiment designed by balanced incomplete block
when relationship between the covariate variable and block is existed.
This helps to reduce experimental error.

3- Research hypothesis

Suppose there is an experiment designed by balanced incomplete block,
and suppose there is relationship between the covariate variable and block,
where mathematical model of this design is given by::

l:"".).‘ = Ju T E.: + b + Bj'l.:j T E'.J-'
This study requires the following
EE:: (; = 0 Z?:; I:J;‘. =0 E:J.' b N(Jl'.».'. {I::}

4- Introduction

The balanced incomplete block design is used for solving uncountable
treatments within a block , such treatments are needed to compare their
means among each other . The reason behind uncountable treatments
within a block belongs to the following

1- Small size of the block such that the plots in this block cannot

contain all treatments of experiment.

2- The treatments of the experiment are big such that there is no block

can be found to contain them in its homogeneous plots.
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A design is called balanced incomplete block on the following
condition
1- Each block has the same number of plots(k).
2- Each treatment occurs for the same number of times (r).
3- Each pair of treatments occurs together in all blocks for the same
number of times (1.

The following relationship must be met for a balanced incomplete block
design to be possible:

txr=bxk=N
Balanced concept comes from the following relationship:
o or(k—1)
T -1
Many of researchers study balanced incomplete block design
because this design is one of the most important designs. Previous studies
do not mention the relationship between regression coefficient and block.

5- Analysis of covariance

The analysis of covariance (generally known as ANCOVA) is a
technique that sits between analysis of variance and regression analysis .it
has a number of purposes but the two that are, perhaps ,of most importance
are:

a) To increase the precision of comparisons between groups by

accounting to variation on important prognostic variables.

b) to "adjust" comparisons between groups for imbalance in important

prognostic variable between these groups.

6- Theoretical Analysis

The mathematical model for balanced incomplete block
design in the case of existence of covariate variable and relation
between the regression coefficient and block is :

Vij=u+t;+b +Bx; +e, r
where
v;;- Independent variable observations in (j) block under (i) treatment.
x;; . covariate variable observation in (j) block under (i) treatment.

u: general average, t;: treatment effect (i) , b, - block effect (j)



Gl il g g Ukl G ABe 39a g die 4 Fal AL e e Uabl) o pbualy daanan 4 o cililnd plash Jadas Jgaa asanal

O ST O O R O D O R O D O S O RS O S W S O S O S O T O T O S © S © D O O

B;: regression coefficient which is affected by block (j).
The total sum of squares error is:

Z._n:je:_:r - Z ; L) (-"'?f,-‘ THTLT IE;-" B Bf,l':f;):

The normal equations for the model of equation (1) are:

2N Vi =bku+ X n; Bix,, 3

Vi =Tu—rt;+ X n; b +X.n;Bx, 4

v, =ku+ ) ngt;+ kb, + B;x 5

2N VX = uxX; + Xntx +bhix +Xn; BJ._\;,_-“__ 6
From equations (4) & (5)

v, —%E; ngy; = X;N;Bix;; —%ZJ nB;x; +rt, — iE:J N Nistis 7
Simplifying the quantity 3, . n,n,.t,; depending on idiosyncrasy
of balanced incomplete block design yields

rt;— X NyNystys = (T_/)

1.4

Substituting (%) in equation (7) gives
v, —_32,:1!.._1-'., =, (L) +¥.n.Bx..—¥.n. .Bx, 8
'S LY BV i J T Fy=rd

To estimate regression coefficient, equations (5) &(6) are use as
follows

E;nf;.\':;-‘:; _Eﬁ'.;-\.; = E:‘n:; L (_-‘:; _El.;) + B (Z:n:;k:; -

- (x;) ') 9
The treatment effect can be divided by using the following

equationt™

t;=t;, — Bit;, 10

where :

t,;: total treatment effect (i)

t;,- treatment effect (i) in case of ignoring covariate variable ( B, = 0)

t,, - treatment effect (i) in case of exchanging covariate variable by

accompaniment variable.

Substituting equation (10) in equation (9) yields
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Ty VX _—1’ = Zing ( _i}.) = B, ((Z;?‘i,; x2 —
) B e-32)

The sum of squares of error for the model in equation (1) is
calculated as follows

2 H:J.E::_. =2y (-Fh' —p—ti—b — B;X:;): 12
Assuming X, n, e’ = E,, , and substituting it in equation (12)
gives

(Z n;; ;;)—(iZ(tJ): —5) 1.t=_z:_f:(.lt.-:. _
;Z‘, n:‘,.‘t"_;-) —2; B ((Z:. Ny X Vi — M) - G VX — ;—K)) 13

where other terms are zeros,
From equatlons (10) & (12)

By = (Zym3 - 2) - (G200) - 2) - Lty (. - 25mgy,) -

Z.B,((Z: Ny; Xi;Vi; —;) (K VX5 =3 )) + X:B;t, (t’._. —
=Z;m¥,) 14

The equation above represents the sum of squares of error which is
the sum of total squares of variable observation (y) minus the sum of
squares of a block for variable observation (y) and sum of total squares of
results of multiplying variable observation (x) and variable observation (y)
in addition to the sum of squares of plots for results multiplication minus
covariate variable error.

To complete the analysis of covariance table the null hypothesis
Hy=t,=t,=-=t,=0
IS put agamst the followmg alternative hypothesis
Hi=t,£t, = #t, %0

The model in equation (1) according to the null hypothesis becomes.
Vij =X+ a + Bx;; + € 15
Where
X: isthe general average reduced model
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a; : effect of block (j) in reduced model 3, : regression coffecint for

reduced model. J
The normal equations for reduced model will be

v, =bkX + X,;B;x; 16
v;=kX+ka; +[;x; 17
TNy Vi Xy = XX+ X + X Bx] 18

Regression coefficient for reduced model is estimated from
equations (17) &(18) as

2 My —%1-‘.;1‘_; =B, (Z n; xf}, —;{L)-) 19
The sum of squares of error for reduced mode! IS
Z:; I-q:f."g::i: = Z:; ny; (.F:; e o; — 13,-".'"-'-,-')- 20

VX 1 ViiXij s
— —(71',.¥.— — il
bk R bk .

where X, n el = e,

The adjusted sum of squares of error effect of blocks & covariate
variable is
E,=e,—E 22

where E,, represents adjusted sum of squares error from effect
blocks & covariate variable

Therefore the adjusted sum of squares error from effect blocks &
effect covariate variable can be written as

Yy

- gy

Ut}

| L nysa —~ —-—— | 1-1 T top lii =2 X 1)

So, the table of analysis will be as follows

Table number (1): Analysis of covariance table when relationship between
covariate variable and regression coefficient is found

Source of variation D.f | Unadjusted |D.f Adjusted | m.s f
sum of sum of
o)
B¢
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squares squares
XXy |yy
X

]

Block(ignoring D-1 prr | @ry |Pyy T, /
treatment) /t—-1

Treatments(eliminating | t-1 )., |0,, |0, |t-1 T, T, /
block) . e 4

£
" /N—=Db -

XX

Intra-block error N- bx | @0y | €0y | N-Dt [ E f:/
b- N /N—-b-

Total N-1F., | A | A

Treatment + error T T | Tow Wy

Note :This table is prepared by the researcher.

.
2 x5 X ¥

Prx = iZ;’[Ij) - E' Py = iZJ(Ij}'j): - br‘f v Py = :Z('): B ;
0 vy = 2t (.1'1: - :Z Ny ¥ )1 D:«'_'r = 2ty (."'; - fz i ¥ ,')
Opy = 2:t ( - _':Z,;;__;_-._ )

R
E_'I.'_".-' = (Ei_.‘ ;P:'._.' .'lll'_f' - :_-—I{) - tp_'l.'_".' - D_'I.'_":-' 1 EJL'X = (E:_.‘ ::"._.' II' _: - ;_r;) - tp.l'.].' - DJL'.X

gy =T =B
Ixx .
(o =) (o) ) -y (g (g =
E1 v = Z _ 2.
[I::"_' ‘--*-J-q-:. -—~i )- Tt lx== i I}
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Application side of this study includes an experiment designed by
balanced incomplete block where the researcher poplared an experiment
executed by college of agriculture at bagdad university . To compare the
effects of proper generation of subjective inoculation (t1 ,t2 ,t3, t4, t5)
through testing the pure bloodlines of corn. The recorded data represent
vegetable height (y) and length of outgrowth (x). Table (2) show these
measurements (in cm) where the number between brackets represents the
dependent variable (height of vegetable) and the number on the left
represents the covariate variable (length of outgrowth).

Table number (2) represented covariate variable observation & depended
variable observation

treatments
1 2 3 4 5
1| 74 (190 | 77 (195 | 75 (185 - -
2| 76 (175 | 69 (180 - 73 (190
3|75 (200 | 67 (150 - - ,Zic
2| 4|75 (195 - 76 (165 | 20,
= 79
Q| 5|75 (170 - 80 (165 - (190
74 71
6] 79 (225 - - (1an (20N
77 69
7 " (176 69 (180 /(10N
74 73 78
8 - (MAER (170 - (10N
70 79 74
9 - (1AL - (20N (195
79 73
10 - - (12n (10N
8-Statistical analysis
Qv e
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Since the experiment of this study is designed by balanced incomplete
block and the number of treatments in the experiment are (t=5), and each
treatment is repeated for six times (r=6) in ten blocks (b=10) where each
block capacity is three plots (k=3), the appearance of any pair of

treatments is three (4 = 3) , then the condition of balance is achieved

ol gl Ao 00

through
1- tr = bk =30

2- M(t=1)=r(k—-1) =12

Using equations in theoretical analysis to analyze the data in table(2),
results in table (3) are obtained.

Table (3) Analysis of covariance table assuming existence of

relationship between regression coefficient and block

Source of Unadjusted sum of Adjust
variation squares ed
sum of
d. d. | square
f | xx Xy yy f S m.s F
Block(ignoring -
treatment) 180.3
9] 108.8 33| 1917.5
Treatments(elimi
nating block) 18.31| 143.5| 2267.7 196.21 | 19.09
5 11 56 78 | 51981.09 8 12
Intra-block error
1| 262.3 | 686.8 | 4132.2 | 1|143.89|10.277
5 56 86 3| 4 1 93
Total 2| 389.4
9 67| 363|8317.5
Treatment + 56.42 | 543.3|6356.9 | 1|1124.9
error 4 3 319 81

9- Conclusion
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1- From application side, the use of covariance analysis leads to
reduce random error of experiment because it removes the effect of
two error sources, the first is the effect of difference among blocks,
while the other source is the effect of covariate variable related to
block.

2- From analysis of experimental data taking into account the
relationship of covariate variable with the block gives sum of
squares of error less then what it is on ignoring this relationship. So,
from table (3) we find that the sum of squares of error reaches to
(143.891) otherwise, it will be (2333.86) by ignoring this relation
and analyzing the data.

10 - Recommendation :

1- From measuring the degree of correlation between the blocks and
regression coefficient, if correlation is strong, analysis of
experimental data must be achieved using table (1), otherwise if
this relationship is weak, analysis of data is achieved without
taking into account the existence of this relationship.

2- Studying another incomplete designs like partially balanced design,
and constructing analysis of covariance table when relationship is
existed.
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