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Treatment tructure

• Unstructured

• Several new treatments plus control [Ex 1.12]

• All combinations of two (three, …) factors [Ex 1.8, 1.10,
1.13]

• All combinations of two (three, …) factors, plus control
[Ex 1.14]

• Increasing doses of a quantitative factor
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Plot structure

• Unstructured

• Experimental units containing observational units [Ex
1.2]

• Blocks: dividing the experimental units into
homogeneous blocks [Ex 1.9: housewives]

• Blocks containing subblocks containing plots [Ex 1.5]

• Blocks containing experimental units containing
observational units

• Two (several) different sorts of blocks, neither
containing the other [Ex 1.7]

 NTHU STAT 6681, 2007  Lecture Notes

jointly made by Ching-Shui Cheng (Berkeley) and Shao-Wei Cheng (NTHU)



1-16

Milliken & Johnson (1992), Analysis of Messy Data, Vol.1,
Chapter 4

Treatment structure

• One-way

• Two-way

• Factorial arrangement

• Fractional factorial
arrangement

• Factorial arrangement with
one/more controls

Plot (design) structure

• Completely randomized

• Randomized complete
block

• Latin square

• Incomplete block

• Various combinations and
generalization

Any type of treatment structure can occur with any type of plot
structure
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Treatment
(structure)

Plot
(structure)

allocation of treatments to plots
and randomization
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Why need randomization?
When assigning the treatments to the plots

Fundamental difficulty: variability among the plots; no
two plots are exactly the same.
Different responses may be observed even if the same
treatment is assigned to the plots.

Systematic assignments may lead to bias.

R. A. Fisher worked at the Rothamsted
Experimental Station in the United
Kingdom to evaluate the success of
various fertilizer treatments.
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Fisher found the data from experiments going on for decades to be
basically worthless because of poor experimental design.

Fertilizer had been applied to a field one year and not in another in
order to compare the yield of grain produced in the two years. BUT

It may have rained more, or been sunnier, in different years.
The seeds used may have differed between years as well.

Or fertilizer was applied to one field and not to a nearby field in the
same year. BUT

The fields might have different soil, water, drainage, and history
of previous use.

Too many factors affecting the results were “uncontrolled.”
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Fisher’s solution: Randomization

In the same field and same year,

apply fertilizer to randomly spaced

plots within the field.

This averages out the effect of

variation within the field in drainage

and soil composition on yield, as

well as controlling for weather, etc.
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Randomization prevents any particular treatment from
receiving more than its fair share of better plots, thereby
may eliminate potential systematic bias. Some
treatments may still get lucky, but if we assign many
plots to each treatment, then the effects of chance will
average out.

In addition to guarding against potential systematic
biases, randomization also provides a basis for doing
statistical inference. ( Randomization model)

Block what you can, randomize what you cannot
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