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6.1 Factorial Designs

• several factors each at multiple levels

– Example: 2× 2 experiment 22, response = yield of sugar, Treatment 1: Nitrogen
(None vs 300 lb/ac), Treatment 2: Plough Depth (7” vs 11”). We expect yield to
increase with an increase in nitrogen.

Table 6.1.
Difference(Nitrogen)

DEPTH high 42.4 50.2 7.8
DEPTH low 40.9 47.6 6.2

NITROGEN low high
difference (Depth) 1.5 2.4

6.1.1 One at a Time (OAAT)

Table 6.2. A
Depth Nitrogen
n
l n ↔ n
n

Variance: (2σ2)/n for Depth and (2σ2)/n for Nitrogen

Table 6.3. B
n ↔ n
l l
n ↔ n

Variance: (σ2)/2n + (σ2)/2n = (σ2)/n: Variance of nitrogen decreases in B compared
to A.

• Factorial analysis can be more efficient: Variance decreases in (B) compared to (A).
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• Example

Good didn’t do this one
↑ ↗
OK → Good

In this example changing 2 variables could be good or bad. We can’t tell from the
OAAT experiment. In the above setting we might well follow up and find out. If it is
very good, we retain it, but if it is bad we go with one of the good ones.

• Example

Bad didn’t do this one
↑ ↗
OK → Bad

Here again we don’t know if the combination is good or bad. It looks so unpromising
that we might not try it. Then if the combination was actually good we would not
discover it.

• The variable that seems most important can can depend on where you are in the space.

10 ← 0
↑ ↓
0 → 1

In the above setting, if we have been operating in the lower left hand corner, then the
vertical variable is most important. If instead we were operating in the upper right
hand corner, then the horizontal variable is most important. For example: consider an
environmental pathogen that makes people sick. That seems like an environmentally
driven outcome. Then again in a region where most people are immune to it, sickness
comes from not being immune and it is then a heriditary variable. Sickness comes from
exposure interacting with lack of immunity.
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