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ANOVA
• The general statistical rationale behind ANOVA lies in the comparison of

two variances:
– the variance between the treatments and
– the variance within the treatments.

• If the between- and within-variances are equal, then no treatment effect
is present.

• ANOVA variances are calculated by computing the sum of squares, e.g.,
, and dividing by the set degrees of freedom, which converts the

sum of squares calculation into a variance estimate.
• The mean square error (MSE) term in ANOVA is the variance estimate, σ2

E,
within the treatments, that is, the random variability.

• The mean square treatment (MST) term consists of the variance estimate,
σ2

T , between the treatments; that is, the treatment effect.
• If the H0 hypothesis is true, there is no treatment effect – then both terms

(MST and MSE) are unbiased estimates of the random variability, and no
treatment effect is present.

• That is, MST ≈ MSE



Types of ANOVA Tests

• There are different types of ANOVA tests. The
two most common are:
– a “One-Way” and
– a “Two-Way.”

• The difference between these two types
depends on the number of independent
variables in your test.







One Way ANOVA Example
• A microbiologist is working with a new antibiotic drug, which has proved

very effective on bacteria producing β-lactamase, specifically
Staphylococcus aureus, Methicillin-resistant strains. Five replicate drug
samples will be used with four different preservatives. The study will
expose each drug sample to a 10 mL suspension of 1.0 × 105 organisms
per mL for twenty (20) min. The bacterial cells will then be cleansed of any
extracellular drugs, from baseline will then be calculated and compared,
using a completely randomized, one-factor analysis of variance method.

• After the study was conducted, according to the run order, the colony
count values were recorded in log10 scale (Table 4.6).











Contrasts
• The ANOVA table has clearly demonstrated that significant differences

exist among treatments, but which one or ones?
• We will use the Tukey method, for it is neither too liberal, nor too

conservative.
• The Tukey method requires the microbiologist to use a Studentized range

value (qα; a, f).
• where α is the Type I error level, a is the number of treatments or groups,

and f = N – a, the total number of observations minus the number
oftreatment groups, a.

• All possible treatment pairs are compared to one another.
• If , reject H0.
• The two treatments differ significantly at α.



• MSE = 2.49 (from Table)
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