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Randomized 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.
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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 k blocks 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 r times in the design (or 
is replicated r times), and that there are N = ɑ r = bk total 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.
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The statistical model for the BIBD 

The BIBD ANOVA Table
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Rejection Criteria

F
0

> Fα,(ɑ-1),(N-ɑ-b+1)
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A chemical engineer thinks that the time of reaction for a chemical process is a 
function of the type of catalyst employed. Four catalysts are currently being 
investigated. The experimental procedure consists of selecting a batch of raw 
material, loading the pilot plant, applying each catalyst in a separate run of the 
pilot plant, and observing the reaction time. Because variations in the batches of 
raw material may affect the performance of the catalysts, the engineer decides 
to use batches of raw material as blocks. However, each batch is only large 
enough to permit three catalysts to be run. Therefore, a randomized incomplete 
block design must be used. The balanced incomplete block design for this 
experiment, along with the observations recorded in the following table. 
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ɑ= 4, b = 4, k = 3 , λ= 2 : N = 12
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Fα,(ɑ-1),(N-ɑ-b+1)
= F

0.05,3,5
= 5.41 
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An engineer is studying the mileage performance characteristics of five types of 
gasoline additives. In the road test he wishes to use cars as blocks; however, 
because of a time constraint, he must use an incomplete block design. He runs 
the balanced design with the five blocks that follow. Analyze the data from this 
experiment (use α = 0.05) and draw conclusions
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ɑ= 5, b = 5, k = 4 , λ= 3 : N = 20
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Fα,(ɑ-1),(N-ɑ-b+1)
= F

0.05,4,11
= 3.36  


