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ANOVA

Do you remember testing the difference between two variances?

How do you proceed to test the difference when you have more than two samples?

The technique we used on module 10, the F test, can also be used to compare three 
or more means, this is ANOVA: Analysis of variance. 

ANOVA is used to compare the means from three or more samples. 

It is more powerful than performing multiple t tests, which increase possibility of 
Type I error.

Module 10
H I N

 T !!

So far: Z-test and the t-test have been used to compare the mean of a sample to that 
of a population, or to compare the means of two samples
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Example

We want to compare the average daily sales of three stores. 

Store 1 Store 2 Store 3
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Daily sales:

Store 1 Store 2

Mean daily sales:

If you want to compare 
the mean of two stores:

If n<30 = t test
If n>30 = z test



ALY2010

Daily sales:

Store 1 Store 2 Store 3

Mean daily sales:

Not when you 
have three or 
more groups. 

Using individual 
test to compare:

1 versus 2
1 versus 3
2 versus 3

It is wrong!
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Variance within groups
Observe the variance on group 2. 

In the first case, you might conclude that the differences 
are caused by variances between groups. 

In the second case, by variances within the groups.

Variance between groups
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F test

The F test in this case is the ratio of variances between groups over variances within groups.
The larger this ratio is, the more likely that the groups have different means. 

In this case, H0 is rejected.

F = 
Variances between groups

Variances within groups

Therefore, you will know if differences exits, but you do not know where. 

Is it between 1 and 2?       2 and 3?  1 and 3?
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ANOVA is a simple test that uses the sample variance to compare the means across 
categorical variables with two or more categories.

One-way ANOVA test: It compares 3 or more means. It can be used to test the null 
hypothesis that all the means are equal because it has one categorical variable, 
store type.

Two-way ANOVA test: Involves two variables. An example would be if we further 
broke down the mean monthly store sales data by region, across four regions, etc.

One-way versus two-way ANOVA
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• It uses F test.
• Between-group variance: Variance of the means
• Within-group variance: variance of all data, not affected by means
• If no difference between the means, the between-group variance estimate will be

approximately equal to the within-group variance estimate, and the F test value will
be approximately equal to 1.

• When the means differ significantly, the between-group variance will be much larger
than the within-group variance; the F test value will be significantly greater than 1

• H0 is rejected if F > CV
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Applying R
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To run ANOVA in R

Data must be converted to a table using 
code data.frame() and then stacked using 
code stack().
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Example

A researcher wishes to try three different techniques to lower the blood pressure of 
individuals diagnosed with high blood pressure. 

The subjects are randomly assigned to three groups; the first group takes medication, 
the second group exercises, and the third group follows a special diet. 

After four weeks, the reduction in each person’s blood pressure is recorded. 

At α = 0.05, test the claim that there is no difference among the means.
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Example
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Calculate the Grand Mean Calculate the between-group 
variance

Calculate the within-group 
variance

= 7.73 = 80.07 = 8.73
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Calculate the F value

F = 
Variances between groups

Variances within groups
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Notice:

In the previous slides, I showed you how I performed all my calculations in one 
single r chunk, and I make sure that all equations contain a name. This way I 
prevent them from displaying on my report unless I purposely call them. 

In this case I call them in the main text of the report by using inline r codes, next 
slide.
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Inline r codes

HTML outcome
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Using R aov() code
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Inline r codes

Inline r codes
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A significant test value means that there is a high probability that this 
difference in means is not due to chance (H0 is rejected), but it does not 

indicate where the difference lies.

Tukey and Scheffé Tests

Scheffé Test (Fs)
Used after the analysis of variance has been completed
Compares the means two at a time, using all possible combinations.

X1 versus X2 X1 versus X3 X2 versus X3

Tukey Test (q)
Used after the analysis of variance has been completed
Make pairwise comparisons between means when the groups have the 
same sample size.
If q > CV, differences between the two means is significant.
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diff : is the difference in means between the two groups 
lwr : is the lower estimate of the 95% confidence interval of the difference in means 
upr : is the upper estimate of the same 95% confidence interval 
p adj : is the significance of the test after correcting for family-wise error rate 

The adjustment of the p-value is necessary in controlling for Type 1 error inflation.

Only one has shows 
a statistically 
difference between 
the means at p<0.05
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Again, only one has shows a statistically 
difference between the means at p<0.05
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