Statistical Methods 2A:  Worksheet 2 

Q1.  

An experiment to test the relationship between accuracy of hitting two targets and the distance between the targets.  Three groups of subjects had to hit targets for 1 minute continously as quickly as possible that were 10, 20 and 30cm apart respectively.  The number of errors each subject made were collated.  

	
	10cm 
	20cm
	30cm

	
	3
	5
	8

	
	4
	6
	4

	
	2
	7
	9

	
	5
	4
	10

	
	6
	5
	18

	
	16
	4
	20

	
	3
	7
	15

	
	4
	19
	5

	
	12
	14
	4

	
	4
	6
	8

	
	2
	8
	9

	
	3
	5
	11

	Mean
	5.333
	7.500
	10.083

	SD
	4.110
	4.311
	4.974

	Skew
	1.466
	1.512
	0.588


(a)  Check these data for skew and homogeneity of variance.  Conduct an analysis of variance on these data, transforming the data if necessary (use experstat). 

(b)  Write a results section for the above analysis.  

Answers. 
(a) There are two kinds of tests that are necessary to check that the data is suitable for the analysis of variance.  A test of the homogeneity of variance and a test of the normality of the distribution.

Testing the homogeneity of variance using our quick-and-dirty method (since this is a between groups design) where 





with p and n-1 degrees of freedom.  So for these data:





Our critical value for this test is 4, therefore we do not reject the null hypothesis of homogeneity.  

Now we can test for normality.  For each cell we calculate the z score associated with skew.





where





In this case 





So the three z scores are











Since two of these exceed the critical value of 1.96 we need to transform the data.  The appropriate transform is the square root transform  Once the data has been transformed the analysis of variance is conducted on this transformed data. 

	
	10cm 
	20cm
	30cm

	
	1.73
	2.24
	2.83

	
	2.00
	2.45
	2.00

	
	1.41
	2.65
	3.00

	
	2.24
	2.00
	3.16

	
	2.45
	2.24
	4.24

	
	4.00
	2.00
	4.47

	
	1.73
	2.65
	3.87

	
	2.00
	4.36
	2.24

	
	3.46
	3.74
	2.00

	
	2.00
	2.45
	2.83

	
	1.41
	2.83
	3.00

	
	1.73
	2.24
	3.32

	Sum
	26.17
	31.83
	36.96

	Mean
	2.18
	2.65
	3.08

	Grand Total
	94.96
	SumSquare
	275.00


The experstat output should look like the following:

                 Analysis of Variance Summary Table

Data from tmp.data

Between Groups Design (alias Completely Randomized)

Source of        Sum of     df      Mean          F       p

Variation        Squares            Squares

A (distance)          4.851      2          2.425        4.071    0.0263

Error                19.658     33          0.596

          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 distance

10cm         vs 20cm            q =     2.11   

10cm         vs 30cm            q =     4.03     *

20cm         vs 30cm            q =     1.92   

                 Summary Statistics for All Groups

10cm       

Mean    =    2.181   Minimum     =    1.414    Maximum     =    4.000

Number  =       12   Variance    =    0.628    Std. Err.   =    0.229

20cm       

Mean    =    2.652   Minimum     =    2.000    Maximum     =    4.359

Number  =       12   Variance    =    0.508    Std. Err.   =    0.206

30cm       

Mean    =    3.080   Minimum     =    2.000    Maximum     =    4.472

Number  =       12   Variance    =    0.651    Std. Err.   =    0.233

(b)  The results section should look something like this.

A one-way, between groups analysis of variance with three levels was conducted on the square root of the number of errors.  The data was transformed to take account of the lack of normality.  The task was performed under three conditions of distance: 10cm, 20cm and 30cm.  The number of errors was positively skewed for all three groups, and significantly skewed for the 10cm condition (z=2.07) and the 20cm condition (z=2.14) though not for the 30cm condition (z=0.83).  There were twelve subjects in each group.  The means (and standard deviations) of the untransformed data are shown in the table below.

	10cm
	20cm
	30cm

	5.333 (4.110)
	7.500 (4.311)
	10.083 (4.974)


There was a significant main effect of distance (F2,33=4.069, MSe=0.596, p<0.05).  Tukey post hoc comparisons showed that there was a significant difference between 10cm and 30cm (p<0.05) but no significant difference between 10cm and 20cm or between 20cm and 30cm.   There were significantly more errors made in the 30cm condition than the 10cm condition.   
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