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Abstract 

Complete Randomised Design (CRD) is used for experiments in which the 

experimental materials or units are homogeneous. However most experimental 

materials in life are heterogeneous in nature, hence the need to employ Complete 

Randomized Block Designs (CRBD) in designing and analysis of experiments with 

such nature. It is the most used of all the types of design, hence this chapter 

explains the underlying conditions and how it is used in analyzing experiments 

comprehensively for researchers and would-be experiment designers. 

Keywords 

Block, Homogeneous, Heterogeneous, Analysis, Randomized 

3 



Basic Concepts and Applications of Experimental Designs and Analysis 

 

42 http://www.sciencepublishinggroup.com 

3.1  Introduction 

So long as researchers or individuals continue to design experiments to explain 

mechanisms, phenomenon etc. using heterogeneous experimental materials, the 

Complete Randomized Block Design (RCBD) would be required for analyses. 

Whereas Complete Randomized Design (CRD) is used appropriate for the 

analysis for experiments which involves the use of homogenous experimental 

materials, RCBD is used for experiments that require the use of heterogeneous 

materials. Generally when using animals as experimental materials in an 

experiment, when they are of the same species, they can be considered as 

homogeneous but when they are of different species then they are considered as 

heterogeneous. Assuming a researcher wants to use a plot of land to serve an 

experimental material for a study which involves the sowing of seeds to ascertain 

the germination rate, the plot of land needs to be divided into blocks, because it 

cannot be taken as a homogeneous unit due to the variability of nutrients at each 

point of the land. Thus the use of RCBD requires that when experimental 

materials which are not homogenous are to be used in an experiment, they must 

be divided into subgroups which are similar in nature and referred to as blocks or 

replicates before the design is employed for its analysis. The import of reducing 

the heterogeneous experimental materials to blocks or replicates is to make sure 

variations are minimized or reduced as much as possible so that all variations 

existing would be due to variability in the treatments applied. 

In RCBD, randomization of treatments is done such that every block is restricted 

to a single treatment. However it should be noted that based on randomization 

designs are partially classified as follows: homogeneity of experimental material – 

Complete Randomized Design (CRD); heterogeneity of experimental material – 

Randomized Complete Block Design, that is a single restriction of treatment; Latin 

Square Design (LSD) and Cross Over Designs, designs with two restrictions of 
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treatment; Graeco-Latin Square Design, design with more than two restriction of 

treatment allocation; Incomplete Block Design (IBD) includes those not grouped 

into replications and those grouped into replications. 

With RCBD, there is at least a single restriction of treatments per block, the 

treatment are randomly allocated at least once for each replicate or block. Also 

treatments are randomized separately for each block and have equal probability 

of being allocated to any experimental unit per block or replicate. 

3.2  Merits of RCBD over CRD 

There is preciseness of RCBD over CRD. 

The species or objects experimental materials generally thought to be 

homogeneous though it may not be necessarily as they may differ in one way or 

the other when carefully examined. This exposes the idea of homogeneity of 

material in the case of CRD as a flaw should differences exist between the 

experimental materials or units. However the RCBD reduces this flaw as it is 

intended to cater for the heterogeneity of experimental materials. As regard 

restriction of treatment, there is at least a single restriction, thus is every 

treatment is expected to be allocated at least once per block or replicate. 

3.3  Illustration of Randomized Complete Block Design 

Assuming a researcher wants to design an experiment to manage waste 

materials such coconut fruit waste (shell and fibre), palm nut shells, waste 

plastic bottles, waste plastic water sachets and waste plastic packaging bags 

through pyrolysis for the recovery of other usable products and by-products. A 

design of such nature is to ascertain whether the amount of products such as oil, 
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gas or char produced subjected to different treatments (different weights of the 

various materials used) on equal weight per weight basis are significant or not. 

The design below is an illustration RCBD. 

 Treatments (weights of the waste types) to be Pyrolysed 

Blocks 10 kg [A] 20kg [B] 30kg [C] 40kg [D] 

Coconut waste fruits  

(shell and fibre) [A] 
2.3 5.0 11.2 15.7 

Palm nut shell [B] 1.6 4.8 9.2 14.0 

Waste plastic bottles [C] 4.4 9.2 14.4 19.3 

Waste plastic satchets [D] 4.2 8.9 13.3 18.2 

Waste plastic bags [E] 4.1 8.5 11.9 16.9 

The table above is a design for five different treatments in terms of weights of 

the various waste types being considered in the study. The data being 

considered is the weights of the oil generated from these waste types. It should 

however be noted that the values fielded in the table are all being assumed for 

explanation and not real.  

 Treatments (weights of the waste types) to be Pyrolysed  

Blocks 10 kg [A] 20kg [B] 30kg [C] 40kg [D] 
Block 

Totals 

Coconut waste fruits 

(shell and fibre) [A] 
2.3 5.0 11.2 15.7 34.2 

Palm nut shell [B] 1.6 4.8 9.2 14.0 29.2 

Waste plastic bottles [C] 4.4 9.2 14.4 19.3 47.3 

Waste plastic satchets [D] 4.2 8.9 13.3 18.2 44.6 

Waste plastic bags [E] 4.1 8.5 11.9 16.9 41.4 

Treatment Totals 16.6 36.4 60 84.1 197.1 
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The first step: Stating of hypothesis 

For Blocks: 

Ho: All the means of the blocks are equal 

HA: At least one of the means of the blocks (blk) is different 

Ho: µblkA = µblkB = µblkC = µblkD = µblkE 

H1: µblkA ≠ µblkB = µblkC = µblkD = µblkE 

For Treatments: 

Ho: All the means of the treatments are equal 

HA: At least one of the means of the treatments (t) is different 

Ho: µtrtA = µtrtB = µtrtC = µtrtD = µtrtE 

H1: µtrtA ≠ µtrtB = µtrtC = µtrtD = µtrtE 

The second step: Calculating the Correction Factor (CF) 

CF =  
Y2

TB
 

where Y
2
=square of the sum of all observations 

where TB is the product of the number of treatments and number of blocks or 

number of replicates (r)when replicates are used rather instead of the blocks 

CF =
(2.3 + 5 + 11.2……… . +16.9)2

4 × 5
 

CF =
(197.1)2

4 × 5
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CF =
38848.41

20
 

CF = 1942.42  

The third step: calculating the Total Sum of Squares (TSS) 

TSS =   YIJ
2 −  CF 

TSS =   (2.32 + 5.02 + 11.22 ……+ 16.92) − 1942.42 

TSS =  2513.57 −  1942.42 = 571.15 

𝑌𝐼𝐽
2  is the square of all observations. 

The fourth step: calculating the Block Sum of Squares (BLKSS) 

BLKSS =   
BLKSS

nTrt

2

−  CF 

BLKSS =   
34.22 + 29.62 + 47.32 . . . +41.42

4
− 1942.42  

BLKSS =  
1169.64 + 876.16 + 2237.29 + ⋯+ 1713.96

5
−  1942.42 

BLKSS =  
7986.21

4
−  1942.42 

BLKSS = 1996.55 − 1942.42 

BLKSS = 54.13 

The fifth step: calculating the Treatment Sum of Squares (TRTSS) 

TRTSS =   
TRTSS

nBLK

2

−  CF 

TRTSS =   
16.62 + 36.42 + … . . +84.12

5
−  1942.42 

TRTSS =  
275.56 + 1324.96 + 3600………+ 7072.81

5
−  1942.42 
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TRTSS =  
12273.33

5
− 1942.42 

TRTSS =  2454.67 − 1942.42 

TRTSS =  512.25 

The sixth step: calculating the Error Sum of Squares (ERRSS) 

ERRSS =  TSS − (BLKS + TRTSS)  

ERRSS =  571.15 −  54.13 + 512.25  

ERRSS = 571.15 − 566.38  

ERRSS =  4.77 

Where nTrt =Number of Treatment, nBLK = Number of Blocks. 

The seventh step: completing the ANOVA Table  

 ANOVA TABLE     

Sources of Variation df SS MS Fcal. Fcrit. 

block blk - 1 = 5-1 = 4 54.13 13.53 33.83  

treatment trt - 1 = 4 -1 = 3 512.25 170.75 426.88  

error (blk-1)(trt -1) = 4 x 3 = 12 4.77 33.67   

total blk x trt - 1 = 20 -1 = 19 571.15    

For block: Fcrit (5%) @ df of 4, 12 = 3.26; Fcrit (1%) @ df of 4, 12 =5.41. 

For treatment: Fcrit (5%) @ df of 3, 12 =3.49; Fcrit (1%) @ df of 3, 12 = 5.95. 

The tenth step: looking up the F-critical table to find the F-critical values: 

For the block: 

𝐹𝑐𝑟𝑖𝑡. 𝑜𝑟 𝑡𝑎𝑏.  5% 𝑎𝑡 𝑑𝑓 𝑜𝑓 4,12 =3.26 

𝐹𝑐𝑟𝑖𝑡. 𝑜𝑟 𝑡𝑎𝑏.  1% 𝑎𝑡 𝑑𝑓 𝑜𝑓 4,12 =5.41 

For the treatment: 

𝐹𝑐𝑟𝑖𝑡. 𝑜𝑟 𝑡𝑎𝑏.  5% 𝑎𝑡 𝑑𝑓 𝑜𝑓 3,12 = 3.49 
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𝐹𝑐𝑟𝑖𝑡. 𝑜𝑟 𝑡𝑎𝑏.  1% 𝑎𝑡 𝑑𝑓 𝑜𝑓 3,12 = 5.95 

The eighth step: making the decision or conclusion: 

Decision on block: 

𝐹𝑐𝑎𝑙.  33.83 >  3.26 ,𝐹𝑐𝑟𝑖𝑡. 𝑜𝑟 𝑡𝑎𝑏.  5% 𝑎𝑡 𝑑𝑓 𝑜𝑓 4,12 

𝐹𝑐𝑎𝑙.  33.83 >  5.41 ,𝐹𝑐𝑟𝑖𝑡. 𝑜𝑟 𝑡𝑎𝑏.  1% 𝑎𝑡 𝑑𝑓 𝑜𝑓 4,12 

At both 5% and 1% levels of significance for the block, we reject the null 

hypotheses because the F-calculated values are greater than the F-critical values; 

thus we conclude that there is enough evidence provided by the data collected in 

the experiment to reject the null hypotheses. It thus implies that the blocks are 

significantly different, hence there was a need to block or in other words blocking 

can be justified. It means RCBD is the right design adopted for the study. 

Decision on treatment: 

𝐹𝑐𝑎𝑙.  426.88 >  5.95 ,𝐹𝑐𝑟𝑖𝑡. 𝑜𝑟 𝑡𝑎𝑏.  1% 𝑎𝑡 𝑑𝑓 𝑜𝑓 3,12 

At 1%, since the F-calculated value is greater than the F-critical value, we 

reject the null hypothesis and conclude that the data collected provides enough 

evidence that the treatments are significantly different. 

𝐹𝑐𝑎𝑙.  426.88 >  3.49 ,𝐹𝑐𝑟𝑖𝑡. 𝑜𝑟 𝑡𝑎𝑏.  5% 𝑎𝑡 𝑑𝑓 𝑜𝑓 3,12 

Again at 5% level of significance for the treatment, we reject the null 

hypothesis on the basis that the F-calculated value is greater than the F-critical 

value and thus conclude that the treatments are significantly different, therefore 

the need to find out the treatments that are significantly different. 
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3.3.1  Finding the Treatments that are Significantly Different 

Once the test reveals that there exist significance differences between the 

treatments, we proceed to find out which of the treatments significantly differ. 

This procedure of finding out is referred to as the pair comparisons.  

Since there are four treatments and we are to do a pair comparison, it 

presupposes that we will have 𝐶2
4 i.e. 4 combination 2 which means there would 

be 6 paired comparisons possible. These are as follow: 

AB, AC, AD, BC, BD and CD. There are two statistical methods used in 

doing the pair comparisons, these are namely: the Least Significance Difference 

Test (LSD) and the Duncan Multiple Range Test (DMRT). 

3.3.2  The Fisher’s LSD Test 

With regards to the LSD (Least Significant Difference) test, an LSD value is 

calculated at a prescribed level of significance either 5% or 1%, which serves as 

a boundary for the classification between whether one treatment is significantly 

or not significantly different from another when their means are compared. This 

means that if the means difference of any two treatments compared exceed the 

LSD computed at a prescribed significance level, then we conclude that the two 

treatments are significantly different or otherwise not. It is used or valid when 

used for independent (orthogonal) comparison and used when the treatment size 

is less i.e. less than six treatments. The generalized version of LSD is given by 

the formula: 

𝐿𝑆𝐷 =  
 𝑥𝑖 −  𝑥𝑗  

 𝑤𝑚𝑠  
1
𝑛𝑖

+
1
𝑛𝑗
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𝐻𝑜𝑤𝑒𝑣𝑒𝑟 𝑠𝑑 =    𝑊𝑀𝑆2  
1

𝑛𝑖
+  

1

𝑛𝑗
   

Since 𝑛𝑖 =  𝑛𝑗 , 

𝑠𝑑 =    𝑊𝑀𝑆2  
2

𝑛
   

𝑠𝑑 =   
2𝑊𝑀𝑆2

𝑛
 

where WMS =Within (Residual or unexplained)Mean Square, n=number of 

sample per each treatment or replication; sd=standard deviation. 

𝐿𝑆𝐷∝ =  𝑡∝ 𝑥 𝑠𝑑 

However, 𝑡∝
2
 is used to in order to a two sided hypothesis, therefore 

𝐿𝑆𝐷∝ =  𝑡∝
2

 𝑥 𝑠𝑑 

Taking the example being handled under the RCBD design for instance, we 

used the following data: 

 Treatments (weights of the waste types) to be Pyrolysed 

Blocks A B C D 

Coconut waste fruits (shell  

and fibre) 

2.3 5 11.2 15.7 

Palm nut shell 1.6 4.8 9.2 14 

Waste plastic bottles 4.4 9.2 14.4 19.3 

Waste plastic satchets 4.2 8.9 13.3 18.2 

Waste plastic bags 4.1 8.5 11.9 16.9 

Treatment Means 3.32 7.28 12 16.82 

LSD∝ =  t∝ x sd 



Chapter 3  Complete Randomised Block Design 

 

http://www.sciencepublishinggroup.com 51 

sd =   
2WMS2

n
 

𝑊𝑀𝑆 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝐴𝑁𝑂𝑉𝐴 𝑡𝑎𝑏𝑙𝑒 = 33.67; n = 4; Error or residual or 

unexplained df = 12 

𝑠𝑑 =   
2(33.67)2

5
 

𝑠𝑑 =   
2 𝑥 1133.89

5
 

𝑠𝑑 =   
2267.79

5
 

𝑠𝑑 =   453.56 

𝑠𝑑 =  21.30 

We therefore proceed to read the t-critical value from the two-tailed table at 

the significance level at which the design revealed that the treatments were 

significant (5% or 0.05). 

Therefore from the two tailed t-critical at 5% level of significance table we 

obtain: 

𝑡0.05
2

= 𝑡𝑜 .𝑜25
,𝑑𝑓 12 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑜𝑟 𝑢𝑛𝑒𝑥𝑝𝑙𝑎𝑖𝑛𝑒𝑑 = 2.18 

𝑡 − 𝑐𝑟𝑖𝑡 𝑡𝑤𝑜 − 𝑡𝑎𝑖𝑙𝑒𝑑 𝑎𝑡 𝑑𝑓12 = 2.18 

𝐿𝑆𝐷∝ =  2.18 𝑥 21.30 

𝐿𝑆𝐷0.05 =  46.43 

The value t-crit (two-tailed) at df 12 can be read from the 𝑡0.05

2
= 𝑡𝑜 .𝑜25

 critical 

table. 
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Means Difference Table 

 A(𝒙𝑨) B(𝒙
𝑩

) C(𝒙𝑪) D(𝒙𝑫) 

A (𝑥𝐴) -    

B (𝑥𝐵)  𝑥𝐵 − 𝑥𝐴  -   

C(𝑥𝐶)  𝑥𝐶 − 𝑥𝐴   𝑥𝐶 − 𝑥𝐵  -  

D(𝑥𝐷)  𝑥𝐷 − 𝑥𝐴   𝑥𝐷 − 𝑥𝐵   𝑥𝐷 − 𝑥𝐶  - 

 

 
Means difference table 

 

 
A (3.32) B (7.28) C(12.00) D(16.82) 

A (3.32) - 
   

B(7.28) 3.96 - 
  

C(12.00) 8.68 4.72 - 
 

D(16.82) 13.5 9.54 4.82 - 
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Since all the mean differences for all the treatments are (A, B, C, D) are less 

than (<) the LSD value obtained (45.39), hence the LSD test confirms they are 

not significantly different.  

 𝑥𝐵 − 𝑥𝐴 ,  𝑥𝐶 − 𝑥𝐴 ,  𝑥𝐷 − 𝑥𝐴 ,  𝑥𝐶 − 𝑥𝐵 ,  𝑥𝐷 − 𝑥𝐵 , 𝑥𝐷 − 𝑥𝐶 < 𝐿𝑆𝐷0.05 

The Duncan Multiple Range Test 

This test is also used for paired comparisons for a larger treatment size than 

the LSD. With the DMRT, the sample means of the treatments are ranked from 

the lowest to the highest and then the steps apart denoted by (r) is derived and 

used with the total degree of freedom (df) to read the q tabulated value from the 

studentized range table.  

When using the DMRT, two population means are significantly different if 

the absolute value of their sample differences exceed W, where W is defined as 

below: 

𝑊 = 𝑞  𝑟,𝑑𝑓 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑜𝑟 𝑢𝑛𝑒𝑥𝑝𝑙𝑖𝑎𝑛𝑒𝑑  𝑥  
𝑊𝑀𝑆

𝑛
 

Where n=number of samples or observations per treatment group, r=the 

number of steps from the lowest treatment mean to the highest treatment mean 

when the treatment means are arranged in ascending order, df=degree of 

freedom of the residual or unexplained or error, WMS=within residual or 

unexplained or error mean square derived from the ANOVA table. 

Arrangement of the treatment means in ascending order to determine the 

steps is done as follows: 

𝑥𝐴 = 3.32 <  𝑥𝐵 = 7.28 <  𝑥𝐶  = 12.0 <  𝑥𝐷 = 16.82 

Since the distance between 𝑥𝐴  𝑎𝑛𝑑 𝑥𝐷  is 4, thus moving from 

𝑥𝐴  𝑡𝑜 𝑥𝐷  𝑖𝑠 4 𝑠𝑡𝑒𝑝𝑠 𝑡ℎ𝑒𝑛 𝑥𝐷  has r = 4, 𝑥𝑐  ℎ𝑎𝑠 𝑟 = 3, 𝑥𝐵  ℎ𝑎𝑠 𝑟 = 2 
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Therefore the table below can be constructed to aid the calculation of W: 

 𝒙𝑩 𝒙𝑪 𝒙𝑫 

𝒓 = 𝟐 𝒓 = 𝟑 𝒓 = 𝟒 

q(r, df of error = 12) 3.082 3.773 4.199 

𝑊 = 𝑞  𝑟,𝑑𝑓 𝑜𝑓 𝑒𝑟𝑟𝑜𝑟 = 12  𝑥  
𝑊𝑀𝑆

𝑛
 3.082 𝑥  

33.67

5
 3.773 𝑥  

33.67

5
 4.199 𝑥  

33.67

5
 

W 7.98 9.77 10.88 

The values of q can be read from the critical values of the Studentized Range 

(0.05) presented. 
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We can now proceed to conclude based on the computation of the W-value 

and the mean difference: 

 Means difference table   

 A (3.32) B (7.28) C(12.00) D(16.82) 

A (3.32) -    

B(7.28) 3.96 -   

C(12.00) 8.68 4.72 -  

D(16.82) 13.5* 9.54 4.82 - 

 𝑥𝐵 − 𝑥𝐴 =3.96<7.98, there is no significant difference between A and B. 

 𝑥𝐶 − 𝑥𝐴 =8.68<9.77, there is no significant difference between C and A. 

 𝑥𝐶 − 𝑥𝐵 =4.72<9.77, there is no significant difference between C and B. 

  𝑥𝐷 − 𝑥𝐴 =13.5>10.88, there is significant difference between D and A. 

 𝑥𝐷 − 𝑥𝐵 = 9.54 < 10.88, there is no significant difference between D and B. 

 𝑥𝐷 − 𝑥𝐶 = 4.82 < 10.88, there is no significant difference between D and C. 

3.4  Missing Data Handling 

There is bound to be some data missing while conducting the experiment 

based on accidents such as breakage, death of an animal, spilling of a substance, 

destruction of a treatment on the experimental material by any extraneous 

subject or object (human or animal). When the experiment is started and these 

accidents occur, then the data on some experimental units cannot be obtained 

and thus referred to as „missing data‟. The experiment cannot be halted but 

continued and the missing data estimated after the experiment. In order to 

estimate the missing data the formula below can be used: 
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𝑌𝑖𝑗 =
 𝑟𝐵 + 𝑡𝑇 − 𝐺 

 𝑟 − 1 (𝑡 − 1)
  

where Yij=the missing data value, r=number of replicates or blocks, B=block or 

replicate total for block or replicate with the missing data, t=number of treatment, 

T=treatment total for treatment with missing data, 𝐺 =  𝑌𝑖𝑗
𝑛
𝑖𝑗 = grand total of 

experimental units or observation units. 

3.4.1  Handling a Single Missing Data 

Therefore using the same experiment presented for the RCBD design with 

one of the data taken out as a missing data in the table below, the missing data 

value is estimated as follows:  

 Treatments (weights of the waste types) to be Pyrolysed  

Blocks 10 kg [A] 20kg [B] 30kg [C] 40kg [D] 
Block 

Totals 

Coconut waste fruits 

(shell and fibre) [A] 
2.3 5.0 11.2 15.7 34.2 

Palm nut shell [B] 1.6 4.8 9.2 14.0 29.2 

Waste plastic bottles [C] 4.4 9.2 14.4 19.3 47.3 

Waste plastic satchets [D] 4.2  𝑌𝑖𝑗  13.3 18.2 35.7 

Waste plastic bags [E] 4.1 8.5 11.9 16.9 41.4 

Treatment Totals 16.6 27.5 60 84.1 188.2 

 𝑌𝑖𝑗 =
 𝑟𝐵 + 𝑡𝑇 − 𝐺 

 𝑟 − 1 (𝑡 − 1)
 

𝑟 = 5, 𝑡 = 4,𝐵 = 44.6,𝑇 = 36.4,𝐺 = 188.2 

𝑌𝑖𝑗 =
 5 ∗ 35.7 + 4 ∗ 27.5 − 188.2 

 5 − 1 (4 − 1)
 

𝑌𝑖𝑗 =
 178.5 + 110 − 188.2 

 4 (3)
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𝑌𝑖𝑗 =
288.5 − 188.2

12
 

𝑌𝑖𝑗 =
100.3

12
 

𝑌𝑖𝑗 = 8.4 

where r=number of replication, t=number of treatments, B=Block or replicate 

total with missing data, T=Treatment total with missing data, G= grand total of 

all observations. 

After the estimation of the missing data, the bias is computed using the 

formulae: 

𝛽1 =
[𝐵𝑂 − (𝑡 − 1)𝑥]2

𝑡(𝑡 − 1)
 

𝛽1 =
[35.7 − (4 − 1)8.4]2

4 4 − 1 
 

𝛽1 =
[35.7 − (3)8.4]2

4 3 
 

𝛽1 =
[35.7 − 25.2]2

12
 

𝛽1 =
[10.5]2

12
 

𝛽1 =
(110.25)

12
 

𝛽1 = 9.2 

Therefore the estimated bias (𝛽1) = 9.2 

Adjustment in the Analysis of using the bias: 

When the estimated bias has been computed, the adjustment of the analysis is 

done by subtracting the bias value from only the TSS (Total Sum of Squares) i.e. 
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[571.15 – 9.2 =561.95] and TrtSS (Treatment Sum of Squares) i.e.  

[512.25 – 9.2 = 503.05] 

Once the missing data value is estimated, it can be put in the table in order to 

complete the ANOVA table. It must however be noted that one df (degree of 

freedom) is lost from the error i.e. [((5-1)(4-1) – 1) = (12 -1) = 11] and also the 

total degrees of freedom because of one missing data. Therefore the ANOVA 

would look as below: 

 Complete Anova Table 

Sources of Variation df SS MS Fcal. Fcrit. 

Block blk - 1 = 5-1 = 4 54.13 13.53 31.21  

Treatment trt - 1 = 4 -1 = 3 503.05 167.68 386.69  

Error (blk-1)(trt -1) -1 =[ 4 x 3]-1 = 11 4.77 0.43   

Total blk x trt – 1-1 = 20 -1-1 = 18 561.95    

From the ANOVA table, the decisions to be taken on the blocks and 

treatments remains the same, after the missing data had been computed and the 

ANOVA table completed for the data.  
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3.4.2  Handling More than One Missing Data Under RCBD 

Assuming there are more than one missing data or values to be estimated under 

the RCBD, how this can be done is explained using the RCBD table below: 

 Treatments (weights of the waste types) to be Pyrolysed  

Blocks 10 kg [A] 20kg [B] 30kg [C] 40kg [D] 
Block 

Totals 

Coconut waste fruits 

(shell and fibre) [A] 
𝑌11  5.0 11.2 15.7 31.9 

Palm nut shell [B] 1.6 4.8 9.2 𝑌24  15.6 

Waste plastic bottles [C] 4.4 9.2 14.4 19.3 47.3 

Waste plastic satchets [D] 4.2 8.9 13.3 18.2 44.6 

Waste plastic bags [E] 4.1 8.5 𝑌43  16.9 29.5 

Treatment Totals 14.3 36.4 48.1 70.1 168.9 

From the above table, it can be seen that three data values (𝑌11 ,  𝑌24  and 𝑌43) 

are conspicuously missing and which must be estimated in order to complete 

the table for the analysis of the data recorded.  

The first procedure adopted in estimating the values is to use the formula given 

below to find the average estimated values of the missing data in the design: 

𝑌𝑖𝑗 =  
(𝑇𝑚 + 𝐵𝑚 )

2
 

This formula can apply only to RCBD when estimating average missing data. 

Where Yij =estimated average missing data value, Tm =the mean value of 

treatment with the missing data, Bm =the mean value of treatment with the 

missing data. 

Thus applying this formula, one can obtain the estimated average values of 

the missing data: 𝑌11 ,  𝑌24  𝑎𝑛𝑑 𝑌43. 
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𝑌𝑖𝑗 =  
(𝑇𝑚 + 𝐵𝑚 )

2
 

𝐹𝑜𝑟 𝑌11 =  
(𝑇𝑚 + 𝐵𝑚 )

2
 

 𝑇𝑚 =
14.3

5
 = 2.86,  𝐵𝑚 =  

31.9

4
= 7.98  

𝑌11 =  
(2.86 + 7.98)

2
=  

10.84

2
= 5.42 

𝐹𝑜𝑟 𝑌24 =  
(𝑇𝑚 + 𝐵𝑚 )

2
 

𝑇𝑚 =
70.1

5
 = 14.02,  𝐵𝑚 =  

15

4
=  3.75 

𝑌24 =  
(14.02 + 3.75)

2
=  

17.77

2
= 8.89 

𝐹𝑜𝑟 𝑌43 =  
(𝑇𝑚 + 𝐵𝑚 )

2
 

𝑇𝑚 =
48.1

5
= 9.62,𝐵𝑚 =  

29.5

4
= 7.38  

𝑌43 =  
 9.62 + 7.38 

2
=  

17.0

2
= 8.50 

Now that we have estimated the averages of missing data for 

𝑌11 ,  𝑌24  𝑎𝑛𝑑 𝑌43 , two of these estimated values can be substituted into the table 

for the formula given below to be used: 

𝑌𝑖𝑗 =
 𝑟𝐵 + 𝑡𝑇 − 𝐺 

 𝑟 − 1 (𝑡 − 1)
 

for computing the estimated values of each of the missing data in turns, and 

replacing the average estimated values with the new computed values until no 

change in the new computed values occur. When no change occurs in the 

estimated values, it means the accurate missing data values have been found. 

Using the stated procedures, we proceed to apply them. 
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Complete the table with the average estimated values (italicized in the table) 

leaving only the one whose estimated value one wants to determine first and in 

this case we start with 𝑌11 

 Treatments (weights of the waste types) to be Pyrolysed  

Blocks 
10 kg [A] 20kg [B] 30kg [C] 40kg [D] 

Block 

Totals 

Coconut waste fruits 

(shell and fibre) [A] 
𝑌11  5.0 11.2 15.7 

31.9 

Palm nut shell [B] 1.6 4.8 9.2 8.89 24.49 

Waste plastic bottles 

[C] 
4.4 9.2 14.4 19.3 

47.3 

Waste plastic satchets 

[D] 
4.2 8.9 13.3 18.2 

44.6 

Waste plastic bags [E] 4.1 8.5 8.50 16.9 38.0 

Treatment Totals 14.3 36.4 56.6 78.99 186.29 

Compute for the estimated value of 𝑌11 using the formula given as: 

𝑌𝑖𝑗 =
 𝑟𝐵 + 𝑡𝑇 − 𝐺 

 𝑟 − 1 (𝑡 − 1)
 

𝑌11 =
 5(31.9) + 4(14.3) − 186.29 

 5 − 1 (4 − 1)
 

𝑌11 =
 (159.5 + 57.2) − 186.29 

 4 (3)
 

𝑌11 =
 216.70 − 186.29 

12
 

𝑌11 =
30.41

12
= 2.53 

Therefore substitute the value of 𝑌11 = 2.53 into the table and compute for 

the estimated value of the next missing data, 𝑌24. The new table is given below: 
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 Treatments (weights of the waste types) to be Pyrolysed  

Blocks 10 kg [A] 20kg [B] 30kg [C] 40kg [D] 
Block 

Totals 

Coconut waste fruits 

(shell and fibre) [A] 
2.53 5.0 11.2 15.7 34.43 

Palm nut shell [B] 1.6 4.8 9.2 𝑌24  15.6 

Waste plastic bottles [C] 4.4 9.2 14.4 19.3 47.3 

Waste plastic satchets [D] 4.2 8.9 13.3 18.2 44.6 

Waste plastic bags [E] 4.1 8.5 8.50 16.9 38.0 

Treatment Totals 16.83 36.4 56.6 70.1 179.93 

𝑌𝑖𝑗 =
 𝑟𝐵 + 𝑡𝑇 − 𝐺 

 𝑟 − 1 (𝑡 − 1)
 

𝑌24 =
 5(15.6) + 4(70.1) − 179.93 

 5 − 1 (4 − 1)
 

𝑌24 =
 5(15.6) + 4(70.1) − 179.93 

 4 (3)
 

𝑌24 =
 (78 + 280.4) − 179.93 

12
 

𝑌24 =
 (358.4 − 179.93 

12
 

𝑌24 =
178.47

12
= 14.87 

The estimated missing data value for 𝑌24 = 14.87.  This value is then be 

substituted into the table for the subsequent estimation of the value for the 

missing data (𝑌43). 
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 Treatments (weights of the waste types) to be Pyrolysed  

Blocks 10 kg [A] 20kg [B] 30kg [C] 40kg [D] 
Block 

Totals 

Coconut waste fruits 

(shell and fibre) [A] 
2.53 5.0 11.2 15.7 34.43 

Palm nut shell [B] 1.6 4.8 9.2 14.9 30.47 

Waste plastic bottles [C] 4.4 9.2 14.4 19.3 47.3 

Waste plastic satchets [D] 4.2 8.9 13.3 18.2 44.6 

Waste plastic bags [E] 4.1 8.5  𝑌43 16.9 29.5 

Treatment Totals 16.83 36.4 48.1 84.97 186.3 

𝑌𝑖𝑗 =
 𝑟𝐵 + 𝑡𝑇 − 𝐺 

 𝑟 − 1 (𝑡 − 1)
 

𝑌43 =
 5(29.5) + 4(48.1) − 186.3 

 5 − 1 (4 − 1)
 

𝑌43 =
 (147.5 + 192.4) − 186.3 

 4 (3)
 

𝑌43 =
 339.9 − 186.3 

12
 

𝑌43 =
 339.9 − 186.3 

12
 

𝑌43 =
 153.6 

12
= 12.8 

The estimated value for the missing data 𝑌43 = 12.8.  This is therefore 

substituted in the table and the value of the first estimated value 𝑌11 taken out 

from the table and freshly computed for to ascertain whether the value will 

change or not. 
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 Treatments (weights of the waste types) to be Pyrolysed  

Blocks 10 kg [A] 20kg [B] 30kg [C] 40kg [D] 
Block 

Totals 

Coconut waste fruits 

(shell and fibre) [A] 
 𝑌11 5.0 11.2 15.7 31.9 

Palm nut shell [B] 1.6 4.8 9.2 14.9 30.47 

Waste plastic bottles [C] 4.4 9.2 14.4 19.3 47.3 

Waste plastic satchets [D] 4.2 8.9 13.3 18.2 44.6 

Waste plastic bags [E] 4.1 8.5 12.8 16.9 42.3 

Treatment Totals 14.3 36.4 60.9 84.97 196.57 

𝑌𝑖𝑗 =
 𝑟𝐵 + 𝑡𝑇 − 𝐺 

 𝑟 − 1 (𝑡 − 1)
 

𝑌11 =
 5(31.9) + 4(14.3) − 196.57 

 5 − 1 (4 − 1)
 

𝑌11 =
 (159.5 + 57.2) − 196.57 

12
 

𝑌11 =
 216.70 − 196.57 

12
 

𝑌11 =
20.13

12
= 1.7 

Since 𝑌11  has changed from 2.53 to 1.7, it means one must continue 

computing until constant values are obtained. 

So we continue to compute for 𝑌24  by replacing the value of 𝑌11 = 1.7 

 Treatments (weights of the waste types) to be Pyrolysed  

Blocks 10 kg [A] 20kg [B] 30kg [C] 40kg [D] 
Block 

Totals 

Coconut waste fruits 

(shell and fibre) [A] 
1.7 5.0 11.2 15.7 33.6 

Palm nut shell [B] 1.6 4.8 9.2  𝑌24 15.6 

Waste plastic bottles [C] 4.4 9.2 14.4 19.3 47.3 

Waste plastic satchets [D] 4.2 8.9 13.3 18.2 44.6 

Waste plastic bags [E] 4.1 8.5 12.8 16.9 42.3 

Treatment Totals 16.0 36.4 60.9 70.1 183.4 
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𝑌𝑖𝑗 =
 𝑟𝐵 + 𝑡𝑇 − 𝐺 

 𝑟 − 1 (𝑡 − 1)
 

𝑌24 =
 5(15.6) + 4(70.1) − 183.4 

 5 − 1 (4 − 1)
 

𝑌24 =
 (78 + 280.4) − 183.4 

 4 (3)
 

𝑌24 =
 358.4 − 183.4 

12
 

𝑌24 =
175

12
= 14.58 

The new value for 𝑌24 = 14.58, which has also changed from 14.9 to 14.58, 

so we substitute this value in the table: 

 Treatments (weights of the waste types) to be Pyrolysed  

Blocks 10 kg [A] 20kg [B] 30kg [C] 40kg [D] 
Block 

Totals 

Coconut waste fruits 
(shell and fibre) [A] 

1.7 5.0 11.2 15.7 33.6 

Palm nut shell [B] 1.6 4.8 9.2 14.58 30.18 

Waste plastic bottles [C] 4.4 9.2 14.4 19.3 47.3 

Waste plastic satchets [D] 4.2 8.9 13.3 18.2 44.6 

Waste plastic bags [E] 4.1 8.5  𝑌43 16.9 29.5 

Treatment Totals 16.0 36.4 48.1 84.68 185.18 

𝑌𝑖𝑗 =
 𝑟𝐵 + 𝑡𝑇 − 𝐺 

 𝑟 − 1 (𝑡 − 1)
 

𝑌43 =
 5(29.5) + 4(48.10) − 185.18 

 5 − 1 (4 − 1)
 

𝑌43 =
 (147.5 + 192.4) − 185.18 

 4 (3)
 

𝑌43 =
 339.9 − 185.18 

12
 

𝑌43 =
 154.72 

12
= 12.9 
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Therefore the missing data for 𝑌43 = 12.89, which is change from 12.8 to 

12.9 appropriately equal. 

We proceed to compute for the  𝑌11  by substituting the value of  𝑌43 = 12.9 

 Treatments (weights of the waste types) to be Pyrolysed  

Blocks 10 kg [A] 20kg [B] 30kg [C] 40kg [D] 
Block 

Totals 

Coconut waste fruits 

(shell and fibre) [A] 
 𝑌11 5.0 11.2 15.7 31.9 

Palm nut shell [B] 1.6 4.8 9.2 14.58 30.18 

Waste plastic bottles [C] 4.4 9.2 14.4 19.3 47.3 

Waste plastic satchets [D] 4.2 8.9 13.3 18.2 44.6 

Waste plastic bags [E] 4.1 8.5 12.9 16.9 42.4 

Treatment Totals 14.3 36.4 61 84.68 196.38 

𝑌11 =
 𝑟𝐵 + 𝑡𝑇 − 𝐺 

 𝑟 − 1 (𝑡 − 1)
 

𝑌11 =
 5(31.9) + 4(14.3) − 196.38 

 5 − 1 (4 − 1)
 

𝑌11 =
 (159.5 + 57.2) − 196.38 

 4  3 
 

𝑌11 =
 216.7 − 196.38 

12
 

𝑌11 =
20.32

12
=  1.7 

Therefore 𝑌11 = 1.7, This value equals the previous hence suggest the right 

value for 𝑌11 = 1.7, we then check for 𝑌24 to see whether the estimated missing 

value remains the same as the previous value computed by substituting the 

value 𝑌11 = 1.7. 
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 Treatments (weights of the waste types) to be Pyrolysed  

Blocks 10 kg [A] 20kg [B] 30kg [C] 40kg [D] 
Block 

Totals 

Coconut waste fruits 

(shell and fibre) [A] 
1.7 5.0 11.2 15.7 33.6 

Palm nut shell [B] 1.6 4.8 9.2  𝑌24 15.6 

Waste plastic bottles [C] 4.4 9.2 14.4 19.3 47.3 

Waste plastic satchets [D] 4.2 8.9 13.3 18.2 44.6 

Waste plastic bags [E] 4.1 8.5 12.9 16.9 42.4 

Treatment Totals 16 36.4 61 70.1 183.5 

𝑌24 =
 𝑟𝐵 + 𝑡𝑇 − 𝐺 

 𝑟 − 1 (𝑡 − 1)
 

𝑌24 =
 5 15.6 + 4 70.1 −  183.5 

 5 − 1 (4 − 1)
 

𝑌24 =
 5 15.6 + 4 70.1 −  183.5 

 4 (3)
 

𝑌24 =
 (78 + 280.4) −  183.5 

12
 

𝑌24 =
 (358.4 −  183.5 

12
 

𝑌24 =
 174.9 

12
 =  14.58 

Since the value of the missing data 𝑌24 = 14.58, same as the previous 

computed value for 𝑌24. It thus confirms that all the missing data values have 

been accurately estimated hence the table can now be completed and used for 

the Analysis of Variance (ANOVA).  
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Thus the completed table is shown below: 

 Treatments (weights of the waste types) to be Pyrolysed  

Blocks 10 kg [A] 20kg [B] 30kg [C] 40kg [D] 
Block 

Totals 

Coconut waste fruits 

(shell and fibre) [A] 
1.7 5.0 11.2 15.7 33.6 

Palm nut shell [B] 1.6 4.8 9.2 14.58 15.6 

Waste plastic bottles [C] 4.4 9.2 14.4 19.3 47.3 

Waste plastic satchets [D] 4.2 8.9 13.3 18.2 44.6 

Waste plastic bags [E] 4.1 8.5 12.9 16.9 42.4 

Treatment Totals 16 36.4 61 70.1 183.5 
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