
Mann-Whitney U Test and Wilcoxon Signed Ranks Test

Non-Parametric Tests of Difference

Non-parametric tests are used when the assumptions associated with parametric tests are not met. i.e. small samples with non-normal distributions or the data is not measured on an interval scale, such as ratings.

Mann-Whitney U Test

This test is the non-parametric equivalent of the parametric two sample independent

 t-test. 

Question1

Return to the data editor.

Select the data set sal_non-par.sav which contains data for employees of an organisation
Test, at the 5% significance level, whether there is any difference in absence from work (measured in no of days) between smokers and non-smokers.

From the data set the variables considered are:
absence -number of days an employee is absent in a month
smoke - labels 1 = Does not smoke, 1 = Smokes
Exploring the Data

Select Analyze, Descriptive Statistics, Explore.

Transfer absence into the Dependent List, and

smoke into the Factor list. Click on Plots, deselect 

Stem-and-leaf and select Histogram under Descriptive as an alternative. 

The output is shown overleaf.
	Case Processing Summary

	
	smoke or not
	Cases

	
	
	Valid
	Missing
	Total

	
	
	N
	Percent
	N
	Percent
	N
	Percent

	no.of days absent in 2006
	Does not smoke
	21
	100.0%
	0
	0.0%
	21
	100.0%

	
	Smokes
	19
	100.0%
	0
	0.0%
	19
	100.0%


Explore
	Descriptives

	
	smoke or not
	Statistic
	Std. Error

	no.of days absent in 2006
	Does not smoke
	Mean
	6.5714
	1.79758

	
	
	95% Confidence Interval for Mean
	Lower Bound
	2.8217
	

	
	
	
	Upper Bound
	10.3211
	

	
	
	5% Trimmed Mean
	5.3413
	

	
	
	Median
	4.0000
	

	
	
	Variance
	67.857
	

	
	
	Std. Deviation
	8.23754
	

	
	
	Minimum
	.00
	

	
	
	Maximum
	36.00
	

	
	
	Range
	36.00
	

	
	
	Interquartile Range
	6.50
	

	
	
	Skewness
	2.680
	.501

	
	
	Kurtosis
	8.255
	.972

	
	Smokes
	Mean
	9.4211
	1.61194

	
	
	95% Confidence Interval for Mean
	Lower Bound
	6.0345
	

	
	
	
	Upper Bound
	12.8076
	

	
	
	5% Trimmed Mean
	9.0234
	

	
	
	Median
	6.0000
	

	
	
	Variance
	49.368
	

	
	
	Std. Deviation
	7.02627
	

	
	
	Minimum
	3.00
	

	
	
	Maximum
	23.00
	

	
	
	Range
	20.00
	

	
	
	Interquartile Range
	10.00
	

	
	
	Skewness
	.929
	.524

	
	
	Kurtosis
	-.448
	1.014
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The statistics suggest that the data for the does not smoke group shows skewness and kurtosis with the boxplot indicating some outliers and an extreme value.

The data does not satisfy the criteria for the t-test and hence the non-parametric 

Mann-Whitney Test should be applied to test the difference between the groups.

Mann-Whitney U Test

Null Hypothesis

H0: There is no difference between the mean rankings of 

       the number of absent days for people who 

       does not smoke and smoke
Alternative Hypothesis
H1: There is a difference between the mean rankings of 

       the number of absent days for people who 

       does not smoke and smoke
Select Analyze, Nonparametric tests, Legacy Dialogs, 2 Independent Samples.

Transfer absence into the Test Variable List dialogue box and smoke into the Grouping Variable dialogue box.

Click on Define Groups.

In Group 1: type 1 and in Group 2: type 2, Continue, OK.

The output is shown below.

Npar Tests

Mann-Whitney Test

	Ranks

	
	smoke or not
	N
	Mean Rank
	Sum of Ranks

	no.of days absent in 2006
	Does not smoke
	21
	17.55
	368.50

	
	Smokes
	19
	23.76
	451.50

	
	Total
	40
	
	


	Test Statisticsa

	
	no.of days absent in 2006

	Mann-Whitney U
	137.500

	Wilcoxon W
	368.500

	Z
	-1.686

	Asymp. Sig. (2-tailed)
	.092

	Exact Sig. [2*(1-tailed Sig.)]
	.093b

	a. Grouping Variable: smoke or not

	b. Not corrected for ties.


Z = (1.686 and the Sig. = 0.092 > 0.05.

Fail To Reject H0.

The sample evidence indicates that there is a no difference in absence in workplace between smokers and non-smokers.

Wilcoxon Signed Ranks Test

This test is the non-parametric equivalent of the parametric matched pairs t-test. As with the paired t-test, the procedure for the Wilcoxon Test involves calculating the differences between the scores and these differences are then ranked (ignoring the sign).

Question2 

Return to the data editor

Select the data set salary-sav.sav which contains data on employees of an organisation.

Test, at the 5% significance level, whether there is a statistically significant difference between initial and current salaries of the employees.

Exploring the Data

Investigation of the data is first necessary in order to establish whether the differences between the two sets of data are normal.

From the data set the variables considered are:

salbeg 
salnow
The differences between the paired data must first be evaluated.

It is necessary to create a variable called diff where diff = salnow – salbeg.

Click on Variable View in the bottom left-hand corner of the screen.

Move to row nnder Name and type diff.
Under Type select Numeric, type 4 for width and 0 for decimal places.

Click on Data View  in the bottom left-hand corner of the screen.

Select Transform, Compute Variable and type in diff in Target Variable.

Transfer salnow into the Numeric expression dialogue box, click on the minus sign on the keypad, transfer salbeg into the Numeric expression, OK, then OK again.

Select Analyze, Descriptive Statistics, Explore.

Transfer diff into the Dependent List.
Click on Plots, deselect Stem-and-leaf  and select Histogram under Descriptive, OK.
The output is shown overleaf.
Explore

	Case Processing Summary

	
	Cases

	
	Valid
	Missing
	Total

	
	N
	Percent
	N
	Percent
	N
	Percent

	diff
	474
	100.0%
	0
	0.0%
	474
	100.0%


	Descriptives

	
	Statistic
	Std. Error

	diff
	Mean
	6961.3924
	198.69278

	
	95% Confidence Interval for Mean
	Lower Bound
	6570.9627
	

	
	
	Upper Bound
	7351.8221
	

	
	5% Trimmed Mean
	6430.4079
	

	
	Median
	5700.0000
	

	
	Variance
	18712960.780
	

	
	Std. Deviation
	4325.84798
	

	
	Minimum
	2220.00
	

	
	Maximum
	30496.00
	

	
	Range
	28276.00
	

	
	Interquartile Range
	3756.00
	

	
	Skewness
	2.182
	.112

	
	Kurtosis
	5.764
	.224
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The statistics indicate that the variable is not normally distributed and the Wilcoxon Signed Ranks Test should be applied instead of the Paired t-test.
Wilcoxon Signed Ranks Test

Null Hypothesis

H0: There is no difference between the mean rankings of 

       the current and initial salary.

Alternative Hypothesis
H1: The mean rankings of the current salary is greater 


                  than those of initial salary.
Select Analyze, Nonparametric Tests, Legacy Dialogs, 2 Related Samples.

Click on both salbeg and salnow then select them for the Test Pair List, OK.

The output is shown below.

Npar Tests

Wilcoxon Signed Ranks Test

	Ranks

	
	N
	Mean Rank
	Sum of Ranks

	CURRENT SALARY - BEGINNING SALARY
	Negative Ranks
	0a
	.00
	.00

	
	Positive Ranks
	474b
	237.50
	112575.00

	
	Ties
	0c
	
	

	
	Total
	474
	
	

	a. CURRENT SALARY < BEGINNING SALARY

	b. CURRENT SALARY > BEGINNING SALARY

	c. CURRENT SALARY = BEGINNING SALARY


	Test Statisticsa

	
	CURRENT SALARY - BEGINNING SALARY

	Z
	-18.865b

	Asymp. Sig. (2-tailed)
	.000

	a. Wilcoxon Signed Ranks Test

	b. Based on negative ranks.


From the test statistics, z = -18.865  and the Sig. = 0.0001 for a two-tailed test or 0.00005 for a one-tailed test.

Since Sig. < 0.05 then Reject H0.

The sample evidence shows that current salary of the employees is statistically significantly different from that of the beginning salary.

Question 3

Return to the data editor.

Select the data set World95.sav which contains demographic data from a sample of countries throughout the world.

From the data set the variables considered are:

People who read (%)(literacy)

Region or economic group(region)

Using Data, Select Cases select only those countries which are in OECD countries and the East Europe.

Use the Explore procedure to examine the distribution of the data in the variable literacy for OECD countries and the East Europe.
Answer the following from the output obtained.
OECD countries

Do the mean and trimmed means have similar values?________________________
Is the skewness significantly different from a normal distribution?________________

Is the kurtosis significantly different from a normal distribution?_________________

East Europe

Do the mean and trimmed means have similar values?________________________
Is the skewness significantly different from a normal distribution?________________

Is the kurtosis significantly different from a normal distribution?_________________

Does the shape of the histograms indicate a normal distribution?________________
State two factors that can be seen by the shape of the boxplots.

(i) ______________________________________________________________
(ii) ______________________________________________________________
Tick which one of the following tests is appropriate to examine whether there is any significant difference in the literacy rate between OECD countries and East Europe.

	Independent T-Test
	

	Paired T-Test
	

	Mann-Whitney U-Test
	

	Wilcoxon Signed Ranks Test
	


Use SPSS to perform the test.

What is the significance of this test?____________________

Is H0 accepted or rejected?___________________

Can it be concluded that there is any significant difference in the literacy rate between OECD countries and East Europe?__________________

Question 4

As a test of worthiness of a new software package, an experiment is designed to compare particular financial applications projects used by the new software package as well as the current market leader. Because computer processing time is an important decision criterion, the developer wants the new package to have the same features and capabilities as the current market leader while providing results faster than the current leading package. The following table gives the processing time (seconds) for a sample of 18 operators to complete the application using both packages.
	Operator
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Current Market Leader
	9.98
	9.88
	9.84
	9.99
	9.94
	9.88
	9.86
	10.12
	9.90

	New Software Package
	9.88
	9.83
	9.75
	9.80
	9.87
	9.83
	9.81
	9.86
	9.83


	Operator
	10
	11
	12
	13
	14
	15
	16
	17
	18

	Current Market Leader
	9.91
	10.14
	9.98
	9.99
	9.94
	10.10
	9.95
	9.89
	9.89

	New Software Package
	9.86
	9.80
	9.86
	9.93
	9.86
	9.85
	9.88
	9.81
	9.84


Return to the data editor.

Select File, New, Data.

Click on Variable View in the bottom left-hand corner of the screen and format 

a variable for Current Market Leader (current), and a variable for New Software Package (new). Click on Data View and enter the data.

Format and compute a variable for the differences between the two sets of times.

Use the explore procedure to examine the distribution of these differences

Answer the following from the output obtained.

Do the mean and trimmed means have similar values?________________________
Is the skewness significantly different from a normal distribution?________________

Is the kurtosis significantly different from a normal distribution?_________________

Does the shape of the histogram and boxplot indicate an approximately normal distribution?__________________________________________________________
Tick which one of the following tests is appropriate to examine whether there is any significant increase in the processing time using the new software package.

	Independent T-Test
	

	Paired T-Test
	

	Mann-Whitney U-Test
	

	Wilcoxon Signed Ranks Test
	


Use SPSS to perform the test.

What is the significance of this test?____________________

Is H0 accepted or rejected?___________________

Can it be concluded that the processing time for the new package is significantly greater than for the old package, at the 5% level?_______________________










