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• Probably the most used and useful of the experimental 
designs.  

 

• Takes advantage of grouping similar experimental units into 
blocks or replicates.  

 

• The blocks of experimental units should be as uniform as 
possible.  ُالإمكانُبقدرُموحّدةُتكَ ونَُُأنَُُْيَجِب   

 

• The purpose of grouping experimental units is to have the 
units in a block as uniform as possible so that the observed 
differences between treatments will be largely due to “true” 
differences between treatments.  

 

Description of the Design  

 



 

 Randomization Procedure   

  

•Each replicate is randomized separately.  

 

• Each treatment has the same probability of being assigned to a 

given experimental unit within a replicate.  

 

• Each treatment must appear at least once per replicate.  



Layout of the experiment 
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Complete or Incomplete Designs 

Can all treatments be accommodated in each block? 

Complete Block Design: Every treatment occurs in each block. 

Incomplete Block Design: Not every treatment occurs in each block. 

Complete Incomplete 
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Advantages of the RCBD  

  

1.Generally more precise than the CRD.  

 

2. No restriction on the number of treatments or replicates.  

 

3. Some treatments may be replicated more times than others.  

 

4. Missing values are easily estimated.  

 

5. This design is more efficient than CRD design 



 

 Disadvantages of the RCBD 

 

1. Error df is smaller than that for the CRD (problem with a 

small number of treatments).  

 

2. If there is a large variation between experimental units 

within a block, a large error term may result (this may be due 

to too many treatments).  

 

3. If there are missing data, a RCBD experiment may be less 

efficient than a CRD  



Define: 

yij  = the value of the response variable when block j uses 
treatment i 

yi• = the mean of the t response variable observed when using 
treatment i 

  = the treatment i mean 

y•j = the mean of the b values of the response variable when 
using block j 

  = the block j mean 

y = the mean of all the b•t values of the response variable 
observed in the experiment 

  = the overall mean 
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Linear Models for the RCBD 

 

 
where:  

 

 

 

       
 

 

 

ijjiijy  
i = 1,2,…, t j = 1,2,…, b 

yij : The observation in jth block receiving the ith treatment 

i : The effect of the ith treatment 

 : Overall mean 

j : The effect of the jth block 

ij : Random error 



The ANOVA Table, COMPLETE 

RANDOMIZED BLOCK DESIGN (CRBD) 

 

                          Degrees  Sum of   Mean       F 
Source  of Freedom  Squares  Squares    Statistic 

 
Treatments t-1   SST   MST = SST F(trt) =  MST 

                       t-1               MSE 

Blocks  b-1   SSB   MSB = SSB F(blk) = MSB 

                       b-1               MSE 

Error   (t-1)(b-1) SSE    MSE =     SSE       

                      (t-1)(b-1) 

Total   (tb)-1  SSTO 

where SSTO = SSTret. + SSB + SSE 
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 SST measures the amount of between-treatment 
variability 

 

 SSB measures the amount of variability due to 
the blocks 

 

 SSTO measures the total amount of variability 

 
 

 SSE measures the amount of the variability due 
to error 

 SSE = SSTO – SSTreat. – SSB 

 


 




t

i

i

i
tb

Y

b

Y
yybSSTreat

1

2

..

2

.2

Sum of Squares 

 


 




b

i

j

j
tb

Y

t

Y
yytSSB

1

2

..

2

.2

   



  tb

Y
YyySSTO ij

t

i

b

j

ij

2

..2

1 1

2



F -Test for Treatment Effects 

H0: No difference between treatment effects 

Ha: At least two treatment effects differ 

Reject H0 if  

 F > Fa          or  

 p-value < a 

Fa is based on p-1 numerator and (t-1) 

(b-1) denominator degrees of freedom 
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Missing Data 

For each missing value in the experiment, you loose one 
degree of freedom from error and total.  

 

• Reasons for missing data include:  

 1. Animal dies  

 2. Break a test tube.  

 3. Animals eat grain in the plot.  

 4. Spill grain sample  

• The value for a missing plot can be estimated by using 
the formula:  

 

 



Where:  

   b : number of blocks  

   t : number of treatments  

   B : replicate total of blocks with missing value  

   T : treatment total of treatment with missing value  

   G : Experiment total (Y..)  

 

 

)1)(1( 




bt

GtTbB
Yij

)1(

])1([ 2

.






tt

YtY
SStSSAdjust

ijj

   Y.j : replicate total of blocks with missing value before estimate  

  Yij :  Missing value 



Relative of Efficiency of  RCBD 

 Relative Efficiency of RCBD to CRD (how many times as 

many replicates would be needed for RCBD CRD to have as 

precise of estimates of treatment means as RCBD does): 
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Balanced Incomplete Block Design 

These are randomized block designs in which every treatment 

is not present in every block.  

The experimenter is not be able to run all the treatment 

combinations in each block because: 

Shortages of Experimental Apparatus or Facilities 

The Physical Size of the Block 

Balanced Incomplete Block Design (BIBD) 
An incomplete block design in which any two treatments 

appear together an equal number of times. This happens 

when all treatment comparisons are equally important and 

the treatment combinations used in each block should be 

selected in a balanced manner. 



Suppose that there are ɑ treatments and that each block can hold 

exactly k where (k < ɑ) treatments. A balanced incomplete block 

design may be constructed by taking binomial coefficient of ɑ and 

kblocks and assigning a different combination of treatments to 

each block. 

Assume that there are ɑ treatments and b blocks. In addition, 

assume that each block contains k treatments, that each treatment 

occurs rtimes in the design (or is replicated r times), and that there 

are N = ɑr = bktotal observations. Furthermore, the number of 

times each pair of treatments appears in the same block is 

If ɑ= b, the design is said to be symmetric. 

r:عددُتكراراتُكلُمعالجةُفيُالتجربة 
k:عددُُالقطعُالتجريبيةُفيُالقطاع 
a:عددُالمعالجات 



The statistical model for the BIBD  

The Statistical Model for the BIBD  

The BIBD ANOVA Table 





Steps: 

Relative Efficiency of BIBI 

2) Calculate the Active Error 

1) Converting BIBID to RCBD and calculating ANOVA table 
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2) Calculate the Relative of Efficiency 
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Example: 






