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Something Fun



Motivational Problem

• We have thoroughly discussed how to perform two-sample inference
• How to compare if the sample mean in two different groups differ

• We have learnt how to perform

• T-test

• When sample sizes are small, but sample distribution is near normal

• Normal test:

• When sample sizes are large, but sample distribution does not have to be normal

• But how to compare the sample mean differences between multiple 
groups

• What is the ideas:

• Compare pairwise differences

• Compare if at least one pair have different sample mean value 



ANOVA

• ANOVA stands for analysis of variance

• ANOVA compares if the sample means differ across multiple groups

• ANOVA uses a different statistic

• F-statistic 

• Hypotheses tested:

• ��: The mean outcome is the same across different groups, i.e. �� = �� =
⋯ = ��

• �	: At least one pairs of mean values are different 



Three Conditions to be Verified Before 

ANOVA

• Samples are independent within and between groups

• Samples within each group are nearly normal

• Variability across group are about equal 



How to Check for These Conditions

• Sample independence:

• Samples are chosen from <10% of the population

• Sample normality:

• qqnorm command

• Variability across groups

• boxplot



Example 



Example – Examine if Batting Performance 

Differ between Positions

• Dataset: bat10

• Batting performance is evaluated by the statistic OBP (on-base 
percentage) 



Guiding Questions

• What is the hypothesis to be tested in order to examine if the OBP 
differs between groups?

• What is the appropriate point estimate for mean value of OBP within 
each group?

• How to estimate it in R?



ANOVA and F-test

• Questions answered: Is the sample means between group so far that 
it cannot be due to chance alone?

• Notations are a bit different from the textbook

• Subjects in group � = 1, … , �
• ��� , � = 1, … , ��
• ∑ ���� = �



ANOVA and F-test

• Sum of squares between groups: (SSG)

��� = � �� ��� − �� �
�

�
• Total sum of squares (SST)

��� = � ��� − �� �
�

�,�
• Residual sum of squares (SSE)

��� = ��� − ���



F-statistic

• MSG: Mean squares between groups: 

•  !" = � − 1
#�� = ���

 !"
= ���

� − 1
• MSE: Mean squared error

•  !$ = � − �
#�� = ���

 !$
= ���

� − �
• F statistic is equal to 

% = #��/#��
• F statistic follows a F-distribution with  !� =  !",  !� =  !$



Exercise:

What is the p-value for the F-statistic?



Exercise




