Statistical Methods 2A:  Worksheet 1

Q1.

When people perform cognitive tasks at different levels of arousal it has been found that there is an inverted U function that describes the outcome.  Both high arousal and low arousal conditions produce low performance and middle arousal produces higher performance.  In an attempt to replicate this claim, a memory researcher has 24 subjects under three different conditions of arousal learn a list of 30 words .  The following data represents the number of words remembered after learning the lists.

	
	low arousal
	middle arousal
	high arousal
	

	
	14
	18
	12
	

	
	11
	15
	10
	

	
	12
	15
	12
	

	
	13
	16
	10
	

	
	13
	13
	12
	

	
	12
	16
	13
	

	
	12
	15
	11
	

	
	13
	12
	10
	

	Total
	100
	120
	90
	

	Mean
	12.5
	15
	11.25
	


(a)  Conduct an analysis of variance on these data.   Perform post hoc tests as necessary.

(b) Write a results section reporting the analysis of variance on these data.

Answers.
(a)  There are two ways to do the calculations for an analysis of variance.  The first method is not as simple as the second but both work.

Method 1

This method is based on the equation
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In order to use this method the calculations are long winded but not difficult.

First for each subject a deviation is calculated that represents the difference between their score and the mean of the group they are in and this is then squared.

Next, for each subject a deviation is calculated for the difference between the mean of the group they are in and the grand total and this is then squared.

The sums of these squared deviations are calculated as follows:

	
	Scores
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	14.00
	2.25
	0.18

	
	11.00
	2.25
	0.18

	
	12.00
	0.25
	0.18

	
	13.00
	0.25
	0.18

	
	13.00
	0.25
	0.18

	
	12.00
	0.25
	0.18

	
	12.00
	0.25
	0.18

	
	13.00
	0.25
	0.18

	Mean A1
	12.50
	
	

	
	18.00
	9.00
	4.33

	
	15.00
	0.00
	4.33

	
	15.00
	0.00
	4.33

	
	16.00
	1.00
	4.33

	
	13.00
	4.00
	4.33

	
	16.00
	1.00
	4.33

	
	15.00
	0.00
	4.33

	
	12.00
	9.00
	4.33

	Mean A2
	15.00
	
	

	
	12.00
	0.56
	2.79

	
	10.00
	1.56
	2.79

	
	12.00
	0.56
	2.79

	
	10.00
	1.56
	2.79

	
	12.00
	0.56
	2.79

	
	13.00
	3.06
	2.79

	
	11.00
	0.06
	2.79

	
	10.00
	1.56
	2.79

	Mean A3
	11.25
	
	

	Grand Mean
	12.92
	
	

	Sum of Squares
	
	39.50
	58.33


So, the sum of squares associated with the within groups deviation is given by:

SSwg=39.50
The sum of squares associated with the between groups deviation is given by:

SSbg=58.33

The total sum of squares is given by:

SST=SSwg+SSbg=39.50+58.33=97.83

The degrees of freedom for the within groups sum of squares is given by

a(s-1)=3(8-1)=21

The degrees of freedom for the between groups sum of squares is given by

a-1=3-1=2

The total degrees of freedom is:

as-1=(3)(8)-1=23

The mean squares are the sums of squares divided by the sums of squares.  So:

MSS/A=(SSS/A)/(dfS/A)=39.50/21=1.88

and

MSA=(SSA)/(dfA)=58.33/2=29.17

The F-Value is given by:

F=(MSA)/(MSS/A)=29.17/1.88=15.52

The summary table looks like the following.

	Source
	Sum of Squares
	df
	Mean Square
	F

	A(Arousal)
	58.33
	2
	29.17
	15.52

	S/A
	39.50
	21
	1.88
	

	Total
	97.83
	23
	
	


The critical value of F with 2 and 21 degrees of freedom is 3.47 at p<0.05.  Therefore we can reject the null hypothesis.

Method 2

This method is based on the same equation but the method of calculation is different.
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This time using basic ratios

SSA=[A]-[T]

SSS/A=[AS]-[A]

SST=SSA+SSS/A
where
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So,

SSA=[A]-[T]=4062.5-4004.17=58.33

SSS/A=[AS]-[A]=4102-4062.5=39.5

SST=SSA+SSS/A=58.33+39.5=97.83
The degrees of freedom for the within groups sum of squares is given by

a(s-1)=3(8-1)=21

The degrees of freedom for the between groups sum of squares is given by

a-1=3-1=2

The total degrees of freedom is:

as-1=(3)(8)-1=23

The mean squares are the sums of squares divided by the sums of squares.  So:

MSS/A=(SSS/A)/(dfS/A)=39.50/21=1.88

and

MSA=(SSA)/(dfA)=58.33/2=29.17

The F-Value is given by:

F=(MSA)/(MSS/A)=29.17/1.88=15.52

The summary table looks like the following.

	Source
	Sum of Squares
	df
	Mean Square
	F

	A(Arousal)
	58.33
	2
	29.17
	15.52

	S/A
	39.50
	21
	1.88
	

	Total
	97.83
	23
	
	


The critical value of F with 2 and 21 degrees of freedom is 3.47 at p<0.05.  Therefore we can reject the null hypothesis.   

Since there is a significant effect it is necessary to conduct post hoc tests.  The post hoc (unplanned comparisons) should be done using the method of the sum of weighted means where
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For the first comparison, low vs middle arousal,
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For the second comparison, middle vs high arousal,
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For the third comparison, low vs high arousal,
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Therefore
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To calculate the Mean Squares simply divide the sum of squares by 1.  This is because all weighted means comparisons have 1 df.  The Means Squares are the same as the sum of squares for each comparison.

The F-value for each comparison is given by:
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Therefore
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The critical  value of F for the unplanned comparison (ie. the Scheffé) with 2,21 degrees of freedom is (2)(3.47)=6.94.  The comparison between the low and high arousal is not significant (at p<0.05) but both the other comparisons are.

(b).   The results section should look something like the following.

A one-way, between groups analysis of variance with three levels was conducted on the number of correctly recalled words.  The words were learned under three conditions of arousal: low, middle and high.  There were 8 subjects in each group.  The means (and standard deviations) of the conditions are shown in the table below.

	low arousal
	middle arousal
	high arousal

	12.5 (0.87)
	15 (1.73)
	11.25 (1.09)


There was a significant main effect of arousal (F2,21=15.52, MSe=1.88, p<0.05).  Scheffé post hoc comparisons showed that there was a significant difference between low and middle arousal (F1,21=13.30, p<0.05) and between middle and high arousal (F1,21=29.92, p<0.05) but no significant difference between low and high arousal (F1,21=3.32).   The middle arousal group remembered significantly more words than either the low or high arousal group and there was no evidence that the latter groups differed in the number of words they recalled. 

Taking each part of the results section in turn

A one-way, between groups analysis of variance with three levels was conducted on the number of correctly recalled words.  The words were learned under three conditions of arousal: low, middle and high.  There were 8 subjects in each group.  

This is a precise statement of the statistical analysis conducted.   There was one independent variable so it was a one-way analysis.  There were three groups of subjects so it was a between groups analysis.  The dependent variable was the number of words correctly recalled.   The levels  of the independent variable are labelled for the purpose of clarity.   It is always important to report the number of subjects in each group.  This can be done either in the text or in the table (put it in the table if there are unequal numbers of subjects).  If there are unequal numbers of subjects in the analysis this should be explained in the results section if it is due to removing outliers otherwise it should have already been reported in the method section.  

The descriptive statistics are presented next.  

	low arousal
	middle arousal
	high arousal

	12.5 (0.87)
	15 (1.73)
	11.25 (1.09)


Both the mean and standard deviation of each condition are presented.  It is important to report the means since the overall analysis of variance tests whether all the means are the same.  Since the analysis of variance works by examining the variability due to effect and error it is important to present the standard deviations since these show how much variability there is.

The first part of the actual analysis if reported:

There was a significant main effect of arousal (F2,21=15.52, MSe=1.88, p<0.05).

The F value, degrees of freedom, mean square error and p are all reported.  

Next the post hoc tests are reported and the outcome of these tests.  

Scheffé post hoc comparisons showed that there was a significant difference between low and middle arousal (F1,21=13.30, p<0.05) and between middle and high arousal (F1,21=29.92, p<0.05) but no significant difference between low and high arousal (F1,21=3.32)

It is necessary to conduct post hoc tests  since the omnibus F value just shows that the means of the three conditions are not the same and we want to find out which pairs of means actually differ.  Post hoc tests are used rather than planned comparisons since a precise prediction of the outcome of the experiment was not presented.

The final part of the results sections states how the groups actually differed. 

The middle arousal group remembered significantly more words than either the low or high arousal groups and there was no evidence that the latter groups differed in the number of words they recalled.

The direction of the effect is made very clear here.  Notice that it does not say that the low and high arousal groups were not different or that they were the same.  To conclude this would be to "prove the null hypothesis" which is something that we cannot do.  It is important to remember that failure to reject a null hypothesis of no difference simply implies that there is no evidence that the means are the same or different.  





