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Abstract 
This material obtained the best estimates of the parameters of a model as 
y(x) = a0 + a, X| + a2 xz + ... + e - 81 _x_+ e, the essence of optimality. It 
demonstrated that the number of times a treatment occurs in the design is 
given by the sum or sum of squares or the entries of the corresponding 
column. 

Introduction 
Each statistical experiment usually consists of several important considerations. These 

consideration include the planning and the management of the experiment in order to ensure validity, 
precision and wide coverage of results. The process of planning an experiment so that appropriate 
data can be collected and analysed by statistical methods is called the experimental design. 

Three basic principles, namely randomization, replication and local control are inherent in all 
experimental designs. They are also very essential to achieving the aims of statistical experimental. 

However, the following features are inherent in a properly designed experimentation. 
a. The experiment should be as simple as possible. 
b. It should have a high probability of achieving its objectives. 
c. Avoid introducing any extraneous errors e.g. systematic and biases and errors, measuring errors. 
d. It should be possible to analyze data collected from the experiment by valid statistical techniques. 
e. The conclusions of the experiment should have a wide range of validity. 

Often, while designing experiments, a decision needs to be made on whether the number of 
treatments combinations is too large to be held by a block (a homogenous sub-unit of an experimental area 
or region). If this number is too large, one possible design used often by experimenters is called 'an 
incomplete - block design (IBD). Alternatively, if this number is enough for the treatments, the design 
which usually arises is called a complete-block design. Most common a type is the randomized 
complete-block design: randomization in this kind of design is easy since every treatment is equally held 
by each block. 

We can therefore, simply define an incomplete block design as "a block design in which the 
size of each block is smaller than the number of treatment" (Onukogu, 1997). It, is hoped that 
intra-block analysis would suffice due to the theory of efficiency factors. 

General Incomplete - Block Designs 
Here, we give some fundamental definitions: 

(i) Experiment: An experiment is a study of the effects (.or influence) of different treatments on a 
certain response under some controlled conditions. 

(ii) Experimental Treatment: An experimental treatment is defined as a level of a factor (as in the case 
of one factor experiment) or a combination of levels of factors (as in the case of multiple factor 
experiment). This implies that a collection of experimental treatments constitute a topological 
space called the space of all possible trials denotated by _iL In other words, every points x CX 
represents a trial or a treatment in an experiment (Atkinson and Doner, 1992). 

( i i i)Response: A response is defined as an observed value of the effect of the treatments or an 
observed value of a combination of the effects of the treatments (Tocher, 1952). The response 
function, denotated by f (~x ) is given by, 

f(x) = a + bx, + Cx2.jt = [x,x2] ex, a, b, CCR. 

Any collection of the possible values f(x) in an experiment shall be denotated  by  Fx  has its own 
properties.  

(iv) Error Space: A random error is ex, the collection of the values of Fx which constitutes another 
topological space, denoted by Lx, and which has its. own properties. 

(v) Design of an Experiment: Designing an experiment entails selecting points xh x2, ..., XN C S 
each x,, carrying a probability measure (X]), so that the aim(s) of the experiment can be achieved 



(Ipinyomi 1985). 

3. Some Properties of Xh Fj and £x 
When the factors of an experiment are all quantitative, we assume x is 
(i)         Compact ( ii)         Continuous and ( iii)        a metric space. 
Obviously, these specifications will  not hold if the factors are all qualitative or partly  
quantitative and partly qualitative [Yales 1940 and Patterson 1989]. 
Fx:        (i)         Fx is a finite dimensional linear space of functions 

(fi)        F* is a continuous space defined 
in x £x:        (i)         2x is continuous (ii)        
Lx is positive-valued 

General Incomplete Block Model 
In the experimental space, S,,x) ~ {x; x C(-l, 1)}, the response function is assumed to be 

well-represented bv an incomplete block model: 

 
Where 
TA = a0 + IA 
Y,jk is the K" response in the (ij)"1 plot, 
a0 is a constant, 
t,- and bj are i'1' treatment and j* block effects, respectively. 
ejjk is the random error, 
rj and k; are the number of replications of t; and bj, respectively, njj is the number of plots in the j"1 
block that received the i" treatment. 

Incomplete-Block Design 
Let an incomplete-block design be made up by a single set of treatments which are applied 

to n experimental units grouped in b blocks in such a way that kj experimental units are in the jn 
block and n is the number of blocks in which the i"' treatment occur. The model for an 
incomplete-block design in which yiik is the expected value of the response obtained by applying the 
i'1 treatment in the j'1' block on the k"' could be given by 

 
Where u, is the parameter for the grand mean; t; is the parameter measuring the effect of the i 

treatment; (3, is the parameter measuring the effect of the J1'1 Block; ejjk are the errors, and variance 52, 
n,j is the number of times that the i" treatment is applied to J' block. 

Note that, in intra-block analysis, the block effects are assumed to be fixed set of parameters 
and so are not regarded as Random Variables [Chigbu, 1998]. The matrix version of equation 4 
could 
be written as y = x 9 + e  .....................................................................................  5 

The expectation of e C(e) is zero while its Variance covariance matrix, V(e) is 521 
Example;  We consider information matrix essential for the intra-block analysis. 

Block Fig 1: An incomplete 

Block design (with response data). 

Suppose TI, T2 and T3 are the treatment parameters for treatments Tu T2, and T3 respectively, while 
pi, p2 and p3 are the three block parameters for B,, B2 and 83 respectively, then model (equation 5) could 
be written as follows. 



Bi                                        B2                                    B3 
S       Tl          6                                          10 1 
§       T2                                                       7                                      
8 
.    H 
T3          11                                                                                  5 

 

We notice that the columns of x can be partitioned as illustrated above into three sub-matrices 
corresponding to the parameter, U; the treatment parameters TI, 12 and T3 and finally the block 
parameters pj p2 and p3 Thus, x and 6 can be partitioned as follows: 

 

• of ones, S is the n x t design matrix for treatment and U is the n 

x 

Conclusion 
In S, each column is for each treatment, and so, the number of times a treatment occurs in the 

.design is given by the sum or sum of squares of the entries of the corresponding column. In addition, the 
sum of cross - products of any two columns would always be zero due to the fact that any plot or 
experimental unit accommodates only one treatment at a time. Therefore, if the number of times each 
treatment occurs in the design is r, the r's for all the treatment constitute a vector called the replication 
vector, denoted by r', then we can write 

 
Further extension could be made on treatment total, block total and grand total. 
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