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Data

Treatment Response

A 1.95, 1.01, 0.42. 1.45

B 3.79, 2.55, 3.58, 1.91

C 6.56, 6.02, 9.65, 6.90



Data



Modeller



A linear model

Treatment Response

A 1.95, 1.01, 0.42. 1.45

B 3.79, 2.55, 3.58, 1.91

C 6.56, 6.02, 9.65, 6.90









Designer



Still, a linear model

Treatment Response

A 1.95, 1.01, 0.42, 1.45

B 3.79, 2.55, 3.58, 1.91

C 6.56, 6.02, 9.65, 6.90

(for the jth experimental unit subject to the ith level of the treatment factor)





Measuring distance

7.285 - 3.823 = 3.462

2.961 - 3.823 = -0.862                                    3.462 - 0.862 - 2.601 = 0 

1.222 - 3.823 = -2.601

😱😱😱😱😱😱😱



Measuring distance

(7.285 - 3.823)^2 = 11.98

(2.961 - 3.823)^2 = 0.743                                    19.488 

(1.222 - 3.823)^2 = 6.765

4 observations in each group                               4 x 19.488 = 77.952



Treatment Response Treatment 
mean

Overall mean

A 1.95, 1.01, 0.42. 1.45 1.22

3.82

1.31

B 3.79, 2.55, 3.58, 1.91 2.96 2.36

C 6.56, 6.02, 9.65, 6.90 7.29 7.87

Actually, we’ve been a bit lax with notation…











Back to the start we go



What if we have two 
treatments? 

The same distance measure is used, 
however…



Sequential (Type I SS )

● As a term enters the model its SS is calculated, which is then subtracted from 
the total SS. 

● This then reduces the available SS for the next term entering the model. 

W T

A 1.95, 0.42 1.01, 1.45

B 3.79, 3.58 2.55, 1.91

C 6.56, 9.65 6.02, 6.90



W T

A 1.95, 0.42 1.01, 1.45

B 3.79, 3.58 2.55, 1.91

C 6.56, 9.65 6.02, 6.90

treatment

treatment2

response ~ treatment + treatment2

response ~ treatment2 + treatment
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What if we have two treatments 
and our groups are unequal in 
size?

The same distance measure is used, 
however…



W T

A 1.95, 0.42 1.01, 1.45

B 3.79, 3.58 2.55, 1.91

C 6.56, 9.65 6.02, 6.90

treatment

treatment2

response ~ treatment + treatment2

response ~ treatment2 + treatment



W T

A 1.95, 0.42 1.01, 1.45

B 3.79, 3.58 2.55, 1.91

C 6.56, 9.65 6.02, 6.90

treatment

treatment2

response ~ treatment * treatment2

response ~ treatment2 * treatment



Sequential (Type I SS )

● As a term enters the model its SS is calculated, which is then subtracted from 
the total SS. 

● This then reduces the available SS for the next term entering the model. 
● So… when treatment combinations in a factorial experiment are unequally 

replicated, their effects are not mutually independent, so that the order in 
which terms enter the model matters.



Type II SS 

● Rather than calculating  SS sequentially we can calculate the SS for a given 
effect adjusting for all other effects listed in the model. This means that the  
SS[A] and  SS[B] main effects will both be adjusted for each other (since 
neither contains the other), but will not be adjusted for  SS[A:B] (since it 
contains both A and B).  

● SS[A:B] will be adjusted for both main effects.



In R 

response ~ treatment * treatment2 response ~ treatment2 * treatment

Type I SS - aov()

Type II SS - car::Anova()


