Statistical Methods 2A:  Worksheet 3 

Q1.

The results shown below are from an experiment  that varied presentation of faces to the left and right hemisphere and the emotional content of the face.  Subjects were asked to judge the facial expressions of the presented faces.  Six groups of subjects took part in the experiment.

	Left Hemisphere
	Right Hemisphere

	Neutral
	Happy
	Sad
	Neutral
	Happy
	Sad

	15
	10
	9
	19
	16
	17

	13
	8
	9
	18
	18
	19

	14
	7
	7
	16
	14
	13

	16
	9
	8
	17
	15
	15

	
	
	
	
	
	


NB:  Assume that the data is normally distributed and homogenous.

(a)  Analyse these data using Experstat.

(b)  Write a results section reporting the above analysis. 
Answers.
The printout from Expertstat should look like the following:

First, there is the ANOVA summary table.

                 Analysis of Variance Summary Table

Source of        Sum of     df      Mean          F       p

Variation        Squares            Squares

A (Hemisphere)      216.000      1        216.000       83.613    0.0000

B (Expression)       80.083      2         40.042       15.500    0.0001

AB                   27.250      2         13.625        5.274    0.0157

Error                46.500     18          2.583

Since both the main effects and the interaction are significant we are going to need the means for both main effects and the interactions.  These are shown below.

                     Means for Selected Factors

Left         10.417

Right        16.417

Neutral      16.000

Happy        12.125

Sad          12.125

Left       Neutral       14.500

Left       Happy          8.500

Left       Sad            8.250

Right      Neutral       17.500

Right      Happy         15.750

Right      Sad           16.000

The significant main effect of expression requires further analysis.  Therefore Tukey tests were conducted.

          Comparisons Between Means for Selected Factor(s)

     * = p < 0.05      ** = p < 0.01     *** = p < 0.001   **** = p < 0.0001

Tukey test

Comparison between levels of Expression

Neutral      vs Happy           q =     6.82     ***

Neutral      vs Sad             q =     6.82     ***

Happy        vs Sad             q =     0.00   
A significant interaction requires further analysis.  Therefore the simple main effects are required.

              Simple Main Effects for Selected Factors

         Source of   Sum of       df   Mean           F     p

         Variation   Squares           Squares

Hemisphere at

           Neutral         18.000        1      18.000        6.968  0.0166

           Happy          105.125        1     105.125       40.694  0.0000

           Sad            120.125        1     120.125       46.500  0.0000

Error Term                 46.500       18       2.583

Expression at

           Left           100.167        2      50.083       19.387  0.0000

           Right            7.167        2       3.583        1.387  0.2753

Error Term                 46.500       18       2.583

The simple main effect of Expression at Left hemisphere is significant.  Since this simple main effect has more than two levels a post hoc test is needed.  I have used Tukey  tests here.  If you're not calculating by hand (using Scheffé) the best test is probably Tukey because it trades off type I and type II errors reasonably well.   
          Comparisons Between Means for Selected Factor(s)

     * = p < 0.05      ** = p < 0.01     *** = p < 0.001   **** = p < 0.0001

Tukey test

Comparison between levels of Hemisphere

   at level Neutral of Expression

Left         vs Right           q =     3.73     *

   at level Happy of Expression

Left         vs Right           q =     9.02     ***

   at level Sad of Expression

Left         vs Right           q =     9.64     ***

Comparison between levels of Expression

   at level Left of Hemisphere

Neutral      vs Happy           q =     7.47     ***

Neutral      vs Sad             q =     7.78     ***

Happy        vs Sad             q =     0.31   

   at level Right of Hemisphere

Neutral      vs Happy           q =     2.18   

Neutral      vs Sad             q =     1.87   

Happy        vs Sad             q =     0.31   

Finally the summary statistics are useful for making sure that the data meet the assumptions for analysis of variance.

                 Summary Statistics for All Groups

Left       Neutral     

Mean    =   14.500   Minimum     =   13.000    Maximum     =   16.000

Number  =        4   Variance    =    1.667    Std. Err.   =    0.645

Left       Happy       

Mean    =    8.500   Minimum     =    7.000    Maximum     =   10.000

Number  =        4   Variance    =    1.667    Std. Err.   =    0.645

Left       Sad         

Mean    =    8.250   Minimum     =    7.000    Maximum     =    9.000

Number  =        4   Variance    =    0.917    Std. Err.   =    0.479

Right      Neutral     

Mean    =   17.500   Minimum     =   16.000    Maximum     =   19.000

Number  =        4   Variance    =    1.667    Std. Err.   =    0.645

Right      Happy       

Mean    =   15.750   Minimum     =   14.000    Maximum     =   18.000

Number  =        4   Variance    =    2.917    Std. Err.   =    0.854

Right      Sad         

Mean    =   16.000   Minimum     =   13.000    Maximum     =   19.000

Number  =        4   Variance    =    6.667    Std. Err.   =    1.291

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

A two-way between groups analysis of variance was conducted on the number of correct responses to the expression judgement task.  The first variable had two conditions, left hemisphere and right hemisphere.  The second variable had three expression conditions, neutral, happy and sad.  There were four subjects in each of the six groups.   The table below shows the means and standard deviations.

	Left Hemisphere
	Right Hemisphere

	Neutral
	Happy
	Sad
	Neutral
	Happy
	Sad

	14.50 (1.29)
	8.50

(1.29)
	8.25

(0.96)
	17.5

(1.29)
	15.75

(1.71)
	16.00

(2.58)


There was a significant main effect of hemisphere (F1,18=83.613, MSe=2.583, p<0.001) and a significant main effect of expression (F2,18=15.500, MSe=2.583, p<0.001).  There was also a significant two-way interaction between hemisphere and expression (F2,18=5.274, MSe=2.583, p<0.05).  For the main effect of hemisphere subjects scored significantly more correct responses when the faces were presented to the right hemisphere (

=16.42) than the left hemisphere  (

=10.42).  Tukey tests (at p<0.05) were conducted on the main effect of expression.  Overall subjects made significantly more correct responses to the neutral expression (

=16.00) than either the Happy (

=12.13)  or Sad (

=12.13) expressions which did not differ.    Simple main effects analysis of the interaction showed that responses to the stimuli  being presented to the different hemisphere were different for the Neutral (F1,18=6.968, MSe=2.583, p<0.05), Happy (F1,18=40.694, MSe=2.583, p<0.001) and Sad (F1,18=46.500, MSe=2.583, p<0.001) expressions.  In each case, presentation to the right hemisphere produced more correct responses than to the left hemisphere.  At the same time, there was also a significant simple main effect of expression for the left hemisphere (F2,18=19.387, MSe=2.583, p<0.05) though not for the right hemisphere (F2,18=1.387).   Tukey tests  (at p<0.05) showed that when material was presented to the left hemisphere subjects got significantly more correct judgements for the neutral expression than either the happy or sad expressions.  There was no significant difference in the number of correct responses for the happy or sad expressions in the left hemisphere.  

Taking the results section bit by bit, the first section specifies the analysis done.  The next step presents the descriptive statistics.  Then comes the reporting of the outcome of the analysis.  For each significant main effect, interaction or simple main effect that is reported the F value, degrees of freedom, mean square error and p value is reported.  When an effect is not significant only the F value and its degrees of freedom are reported.  With respect to the p values choose one of the following (the smaller the better): p<0.05, p<0.01, p<0.005 or p<0.001.  It gets daft reporting much smaller p values than these.   Notice that I have used a standard value of p for all the Tukey tests.  This makes life much simpler.  When describing the actual pattern of effects, i.e., the direction of the effects, report the means of any comparisons when the means have not already been reported.  For example, the main effect means are not reported in the table so they appear in the text.  
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