
3.1

EXPERIMENTAL DESIGNS

Why Use Experimental Designs?
Experimental designs are used so that the treatments may be assigned in an organized

manner to allow valid statistical analysis to be carried out on the resulting data.  Different designs
isolate different known or suspected sources of variation so that the treatments effects can be
evaluated free of extraneous environmental or other influences.  Statistical theory also requires
that certain conditions be met during the execution of the experiment to permit valid probability
statements to be made.  

Completely Randomized Designs
Completely randomized designs are the simplest in which the treatments are assigned to

the experimental units completely at random.  This allows every experimental unit, i.e., plot,
animal, soil sample, etc., to have an equal probability of receiving a treatment.  An example of a
completely randomized design is shown on the attached figure.  Note, that the 4 replicates of the
4 treatments are assigned at random to the 16 experimental units.  This may be done using a table
of random numbers, or by pulling numbered slips out of a hat.  The analysis of variance table is
also shown for this design.  

Advantages of completely randomized designs
1. Complete flexibility is allowed - any number of treatments and replicates may be

used.
2. Relatively easy statistical analysis, even with variable replicates and variable

experimental errors for different treatments.  
3. Analysis remains simple when data are missing.
4. Provides the maximum number of degrees of freedom for error for a given

number of experimental units and treatments.

Disadvantages of completely randomized designs
1. Relatively low accuracy due to lack of restrictions which allows environmental

variation to enter experimental error.
2. Not suited for large numbers of treatments because a relatively large amount of

experimental material is needed which increases the variation.

Appropriate use of completely randomized designs
1. Under conditions where the experimental material is homogeneous, i.e.,

laboratory, or growth chamber experiments.
2. Where a fraction of the experimental units is likely to be destroyed or fail to

respond.
3. In small experiments where there is a small number of degrees of freedom.

The completely randomized design is seldom used in field experiments where the
randomized complete block design has been consistently more accurate since there are usually
recognizable sources of environmental variation. 



3.2

COMPLETELY RANDOMIZED DESIGN

An experiment with 4 treatments (A, B, C, D) and 4 replications of each treatment.

1
A

2
C

3
A

4
D

5
B

6
D

7
B

8
D

9
C

10
B

11
C

12
A

13
B

14
D

15
A

16
C

Number in upper left-hand corner are plot numbers.
Letters are treatments

Analysis of Variance

Source of Variation df

Between trts t-1 3

Within trts (r-1) t 12

Total (rt)-1 15

Mathematical Model


