ANOVA test
-- (i) Chi-square was a test of categorical variable relationships
-- (ii)  Tests for differences in a continuous variable across three or more 

          categories
          ANOVA: analysis of variance

          (     breaks down the variance of multiple subpopulations (defined by 

                 categorical variables) to see if there are differences across them

(     Example:  You obtain the following information for 12 identical 

                 workers on their performance evaluations (scale 1 – 25):

	Manager 1
	Manager 2
	Manager 3

	1.     16
	5.     19
	9.      24

	2.     21
	6.     20
	10.    21

	3.     18
	7.     21
	11.    22

	4.     13
	8.     20
	12.    25


You would like to determine whether managers rate workers differently

· In ANOVA language, the manager is the treatment

· Sample means across treatments:
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Step 1:
Setup of test for whether means differ:


H0:
(1 = (2 = (3


HA:
at least two population means are not equal

Step 2:
  Calculate the test statistic

           
The key to ANOVA is to analyze how the individual 


observations vary between treatments (SST) versus 

within treatment (SSW)

          
Between group sum of squares (SST)


SST = 
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Nj:
sample size of subgroup j (or treatment j)
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SST = 
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    = 72

           
Within group sum of squares (SSW)


SSW = 
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xij:
value of the ith worker in the jth treatment
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M: number of groups

Calculation:

	Manager 1
	Manager 2
	Manager 3

	(16-17)2 = 1
	(19-20)2 = 1
	(24-23)2 = 1

	(21-17)2 = 16
	(20-20)2 = 0
	(21-23)2 = 4

	(18-17)2 = 1
	(21-20)2 = 1 
	(22-23)2 = 1

	(13-17)2 = 16
	(20-20)2 = 0
	(25-23)2 = 4

	           ( = 34         
	           ( = 2            
	           ( = 10           



SSW = 34 + 2 + 10 = 46

· Test statistic is calculated below and follows the F distribution:

F = 
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                    F = 
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Step 3:  
Compare to the critical value from a F-table, which





appears on the web page 

          
Fv1,v2,( 

         
v1:  m – 1 {degrees of freedom in the numerator}

         
v2:  n – m {degrees of freedom in the denominator}

          
(:  level of significance (.05 or .01 in most stats books)


F2,9,.05 = 4.26 {Step 4: reject null; at least two columns 




differ}

   F2,9,.01 = 8.02 {Step 4: fail to reject the null; cannot say 




that columns differ}

Additional question 1 
A nationwide car company wants to study the relationship between commission rates and number of cars sold per week.  Commission rates differ across markets.  They compile the following information from a sample of dealers.  Do a 5% test:

	Sales in a week

	2.5% commission
	3% commission
	3.5% commission

	3
	2
	3

	4
	5
	6

	5
	5
	7

	5
	6
	7

	5
	5
	7

	4
	6
	6


Groups for stage 1 of project

	Group 1
	Group 2
	Group 3
	Group 4

	Flinn, Kenwaun Tramelle
	Banks,Nakesha Javone
	Adashek,Benjamin
	Jacobs,Elaina

	Greifenkamp,Mary Margaret
	Campbell,Michael Philip
	Matthies,Gretchen Leigh
	Kodet,Emily

	Pochinski,Brian Robert
	Rogan,Kaelie Rae
	Steger,Emily Rae
	Lentz,Jeffery

	Puls,Angela
	Wong,Theresa
	Turner,Amy Lynn


	Liu,Zhanxu

	
	
	Singh, Shruti
	


Groups for stage 2 of project

	Group 1
	Group 2
	Group 3
	Group 4

	Adashek,Benjamin
	Lentz,Jeffery
	Campbell,Michael Philip
	Flinn, Kenwaun Tramelle

	Banks,Nakesha Javone
	Pochinski,Brian Robert
	Liu,Zhanxu
	Greifenkamp,Mary Margaret

	Jacobs,Elaina
	Puls,Angela
	Kodet,Emily
	Matthies,Gretchen Leigh

	Singh, Shruti
	Turner,Amy Lynn


	Rogan,Kaelie Rae
	Steger,Emily Rae

	Wong,Theresa
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