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Blocks usually represent levels of
naturally-occurring differences or sources

of variation that are unrelated to the treatments,
and the characterization of these differences

is not of interest to the researcher.



Example: A field trial comparing three clones of milkweed (A, B, and C) 
with four replications.



CRD: One randomization per experiment 



RCBS: One randomization per block



TSS SST SSB SSE



















For the interested: Derivation of the expected MSECRD
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Example:  From the sheep experiment, MSERCBD = 7.78 and MSBRCBD = 192.0. Therefore: 
 
 

 

 
 

 

 
 

Interpretation:  It takes 5.51 replications in the CRD to produce the same 
amount of information as one replication in the RCBD. Or, the RCBD is 5.51 
times more efficient than the CRD in this case. 

 
 
 
 
1. When there are no significant differences among blocks 
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When there are no significant differences among blocks



When there are significant differences among blocks
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2. When there are significant differences among blocks 
 

 
 
 
 
 
Assumptions of the model 
 
The model for the RCBD with a single replication per block-treatment combination: 
 

Yij = µ + ti + bj + eij 
 

1. The residuals (eij) are independent, homogeneous, and normally distributed. 
 
2. The variance within each treatment levels is homogeneous across all treatment 

levels. 
 
3. The main effects are additive. 
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Recall that experimental error is defined as the variation among experimental units that are
treated alike.



This assumption of no interaction is referred to as 
the assumption of additivity of the main effects.

If this assumption is violated, it's an indication 
that your blocks are not behaving as you expect 
(i.e. additively). In other words, something of 
great interest is lurking within your blocking 
variable that you need to better understand.











SO, if the observed and predicted values obey a 
linear relationship, then the non-random 
Interaction Effects buried in the error term are 
sufficiently small to uphold our assumption of 
additivity of main effects.





This test is necessary ONLY when
there is one observation per
block-treatment combination.

If there are two or more replications
per block-treatment combination,

the block:treatment interaction can be tested
directly in the model.
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Example:  Yield of penicillin from four different protocols (A – D). Blocks are different 
stocks of an important reagent. The numbers below each observation (O) are the predicted 
values (P = Grand Mean + Treatment effect + Block effect) and the residuals (R). 
 

Block Treatment Block 
Mean 

Block 
Effect A B C D 

Stock 1 
O: 89 
P: 90 
R: -1 

O: 88 
P: 91 
R: -3 

O: 97 
P: 95 
R:  2 

O: 94 
P: 92 
R:  2 

92 +6 

Stock 2 
O: 84 
P: 81 
R:  3 

O: 77 
P: 82 
R: -5 

O: 92 
P: 86 
R:  6 

O: 79 
P: 83 
R: -4 

83 -3 

Stock 3 
O: 81 
P: 83 
R: -2 

O: 87 
P: 84 
R:  3 

O: 87 
P: 88 
R: -1 

O: 85 
P: 85 
R:  0 

85 -1 

Stock 4 
O: 87 
P: 86 
R:  1 

O: 92 
P: 87 
R:  5 

O: 89 
P: 91 
R: -2 

O: 84 
P: 88 
R: -4 

88 2 

Stock 5 
O: 79 
P: 80 
R: -1 

O: 81 
P: 81 
R:  0 

O: 80 
P: 85 
R: -5 

O: 88 
P: 82 
R:  6 

82 -4 

Treatment mean 84 85 89 86 Mean = 86 Treatment effect -2 -1 3 0 
 
 
  









No particular pattern presents itself
in the plot of residuals.



Nesting within an RCBD

two
measurements







Reminder
The objective of analyzing an experiment with the 

individual subsample values is to better understand the 
sources of variation, not to test their significances. 

Hypothesis testing is much simpler if you first average
the subsamples within each experimental unit.









RCBD with multiple replications per block-treatment combination














