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Example

Line A Line B Line C

30 35 28

32 37 29

31 34 30

29 36 27

30 38 28

In a manufacturing company

There are 3 lines 

Their production times are different

Their averages are also different

Are the differences between the average production times real, or could they 
simply be due to random variation? 



Analysis of Variance (ANOVA)

ANOVA is used to compare means through variation



Hypothesis Testing through ANOVA

We are concerned about following Hypotheses :

Null hypothesis: all groups are similar to each other

Alternative hypothesis: all groups are not similar to each other

A group is collection of values which are related to each other

E.g. time taken by a machine across several runs



Basic Idea

Basic idea is to compare the averages across groups 

But only average may not be a proper metric to check always 

E.g. averages may be different, but question is that a slight difference can be due 
to some random condition 

How can we get confident about the differences ?



Simple Rule

Simple rule is to consider variance of spread of values also 

ANOVA does exactly that 

If F is near 1 then all groups are similar, null hypothesis is valid. 
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Group Means

Line A Line B Line C

30 35 28

32 37 29

31 34 30
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Grand Mean

Line A Line B Line C

30 35 28

32 37 29

31 34 30

29 36 27

30 38 28



Within Group Variation

Line A Line B Line C

30 35 28

32 37 29

31 34 30

29 36 27

30 38 28

Observation Deviation
Squared 
deviation

30 -0.4 0.16

32 1.6 2.56

31 0.6 0.36

29 -1.4 1.96

30 -0.4 0.16

Group A



Within Group Variation

Line A Line B Line C

30 35 28

32 37 29

31 34 30

29 36 27

30 38 28

Group B

Observation Deviation
Squared 

deviation

35 -1 1

37 1 1

34 -2 4

36 0 0

38 2 4



Within Group Variation

Line A Line B Line C

30 35 28

32 37 29

31 34 30

29 36 27

30 38 28

Group C

Observation Deviation
Squared 
deviation

28 -0.4 0.16

29 0.6 0.36

30 1.6 2.56

27 -1.4 1.96

28 -0.4 0.16



Total Within Group Variation

Within Group Mean Square



Between Group Variation

Group B Group BGroup A

Line Mean

A 30.4

B 36

C 28.4



Within and Between Mean Squares

Between Group Mean Square

Within Group Mean Square



F Statistic

F is quite high, so groups are not similar.
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Conclusion

Line Mean

A 30.4

B 36

C 28.4

F is quite high, so groups are not similar.

So Line B is considerably slower.

But ANOVA alone does not establish why Line B is slower.

Management should investigate possible causes:

● machine configuration,
● operator procedures,
● material handling,
● machine age,
● maintenance,



Octane vs Horse Power





ANOVA vs Significance Test

A statistical significance test is a general framework for deciding whether the 
observed data provide enough evidence against a null hypothesis. 

ANOVA is also a significance test

ANOVA is a significance test for more than two groups



Design of Experiments

Experiments are any activity, physical, chemical, computational

that given some input produces some output 

Design of Experiments is systematic approach to plan experiments

given the goal of the experiment



Revisiting DoE



Design the Experiment



Treatments





Replications



ANOVA with DoE

Collect data from repeated experiments

Conclude from the observations

Use ANOVA to confirm or reject



Quiz 10

1. Write 2 things that you liked/understood today.
2. Write 2 things that you did not like/understand today.

3. When you should use ANOVA?
4. When you should use DoE ?

5. Pick any process from your experience, and describe how you can improve 
it through DoE and ANOVA




