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Analyzing Data for Multi-Group Design

One-Way ANOVA and the F-test

For designs with one independent variable with more than 2 groups or levels, using inferential statistics to determine if there are differences between these groups is conceptually similar to what we covered for analyzing 2 independent groups and the t-test.

For more than 2 groups – we use Analyses of Variance (ANOVA) to analyze data.  ANOVA uses the F-statistic or F-ratio to determine if differences between groups are significant.  We will cover how to calculate F, and what F means conceptually.  

ANOVA:   “analyzing the variance”.

Variance

3 types of variance: Total = between (among) + within

Recall how we calculated variance for a single score:

Numerator:  Sums of Square

In order to analyze the variance, we will start with sums of squares in our calculation of F.

Sums of Squares

3 types of Sums of Squares (SS):

SS total:  How much each score deviates from the mean of the total number of scores (for all groups in your study).  Total mean often called the “grand” mean.


Conceptually:


Computational formula:


Apply data from attached data set of  3-group design:

SSbetween:  How much variation exists between groups, or how much each group’s mean differs from the total or grand mean.


Conceptually:


Computationally:


Apply data from attached example.

SSwithin:  How much variation exists within groups.  For more than 2 groups, add up the within-group SS for each group (This is the SS we’ve calculated before - but now need to add up the SS for all groups).


Conceptually:


Computationally:


Apply data from attached example.

SS Total = SSBetween + SSWithin
But:  SS affected by number of subjects (more subjects – higher SS).  

Look back at formula for variance.  Notice divided by n –1.

Must do the same for the 3 SS here.  

To calculate variance, need to divide by n.

But, instead of dividing by n, use degrees of freedom.

Degrees of Freedom

3 values


dftotal = (n1 + n2 + … + nr) – 1  =  N –1


Calculate dftotal  for the example:


dfbetween =   r – 1    (r = the number of groups in the study)


Calculate dfbetween for the example:


dfwithin = (n1 – 1) + (n2 – 1) + … + (nr – 1) = N - r

 
Calculate dfwithin for the example:


dftotal = dfbetween + dfwithin

Use calculations from df to determine variance which is called the mean square (MS)

Mean Squares

MS = SS/df (like an average of SS)

MSbetween
 = 
SSbetween/dfbetween
MSwithin
 =
SSwithin/dfwithin

(MStotal not typically reported or calculated)


Apply data from example:

Computing the F Ratio or F Statistic

With MSbetween and MSwithin, we can calculate the F ratio or F statistic:


Conceptually:        F     =     error variance + treatment variance    or    variance between groups






error variance


        variance within groups


Computationally:   F     =     MS between groups





           MS within groups


Apply data from attached example:

Create a Summary F Table

	Source of variance
	Sums of Squares

SS
	df

Degrees of Freedom
	Mean Squares

(Variance)
	F ratio

	Between groups
	
	                        (r – 1)
	
	

	Within groups
	
	                        (N - r)
	
	

	TOTAL
	
	                        (N - 1)
	
	


Determine your Critical Value (Fcrit):   Consult F table

Need:  alpha, dfbetween, dfwithin
Reporting your F:

Interpreting your F:

