Independent between groups one way ANOVA
Example 1
The restorative process of sleep has been examined in a number of studies. It has concluded that growth hormone secretions are at their maximum during slow wave, or delta wave stage 4 sleep.  Researchers have also found that vigorous physical activity results in longer sleep.  A psychologist wishes to determine if vigorous physical activity not only results in more sleep but in more delta-wave sleep.  A psychologist decides to study the delta-wave patterns in physically fit individuals.  Thirty marathon runners are randomly assigned to one of three conditions.  In the first group, the participants are monitored for duration of delta-wave patterns on a night following a day of rest.  In the second group, duration of delta-wave patterns are monitored the night after a training run of 10k.  The third groups’ delta wave patterns are recorded the night following a marathon, equivalent to approximately 40k.  Does level of physical exertion affect the duration of delta-wave patterns? (alpha = .05).  Perform pairwise comparisons if necessary.
Duration of delta-wave Stage 4 sleep in minutes:			Mean	Variance
Resting Group: 50, 48, 55, 53, 46, 48, 41, 43, 51, 53			48.8	20.4
Training Group: 52, 53, 48, 43, 44, 55, 49, 45, 51, 53		49.3	17.56
Marathon Group: 46, 58, 59, 49, 48, 52, 53, 60, 64, 58		54.7	35.3

Step 1: Ho: All the population means are the same
Ha: At least one combination of the population means differs from some other combination of the population means
	
Step 2:	The appropriate test is the omnibus F test:  
                                                             
Step 3:  The F-test is a one tailed test.  A negative F-ratio is not possible.  The critical F-ratio is selected according to the degrees of freedom in the:
		a) numerator: df = k - 1, where k is the number of groups, and
		b) denominator: df = N - k, where N is the total number of participants in 
		    the entire experiment.
Therefore, the critical F-ratio is:  F(2, 27) = 3.354 
Step 4: 
A. Begin by constructing a table of summary calculations
	
	Resting group
	Training Group
	Marathon group
	Total

	N
	10
	10
	10
	30*

	∑x
	488
	493
	547
	1 528*

	∑x2
	23 998
	24 463
	30 239
	78 700*

	x- bar
	48.8
	49.3
	54.7
	50.933

	s
	4.517
	4.1913
	35.344
	5.4894

	S2
	20.4
	17.56
	5.9451
	30.133


*To check the accuracy of these calculations, simply sum the values from the three groups
B. Calculate Sums of squares for total:
 = 78 700 -  = 78 700 – 77 826.133 = 873.867
C. Calculate Sums of squares for Treatment:

	

 
D. Calculate the Sums of squares error:
	SSError = SSTotal – SSTreatment = 873.867 – 214.067 = 659.8
E. Complete the ANOVA summary Table
	Source
	SS
	Df
	MS
	Fobt
	Fcrit 
	Decision

	Total
	873.867
	29
	30.133
	
	
	

	Treatment
	214.067
	2
	107.0334
	4.38
	3.354
	Reject Ho

	Error
	659.8
	27
	24.437
	
	
	



       


[bookmark: _GoBack]Step 5: Decision, Since the obtained value of F exceeds the critical value, reject Ho and accept Ha.  Conclude that time of day and sleep deprivation influence problem solving ability for boring tasks.  Calculate effect size 2 = 214.067/873.867= 0.245
Only take up answers for pairwise comparisons once it’s been covered
Mean differences between groups
	
	Resting Group
	Training Group
	Marathon Group

	Resting Group
	
	0.5
	5.9*

	Training Group
	
	
	5.4*

	Marathon group
	
	
	



 Calculate the minimal difference needed to reject Ho  (use 24  df to find q since 27 is not in the table; calculate the harmonic mean for the n size) 
** If the exact df are not in the table, always choose the smaller degrees of freedom 
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