Two Sample Non-Parametric Tests

T-tests are parametric tests of difference as they require certain assumptions about the population to be made; namely that the data is measured on an interval scale e.g. money, height, scores, and that the data is approximately normally distributed.  Parametric tests are robust, which means that they will still perform well even if the main assumptions are slightly violated provided that the sample size is very large.

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.

The main drawback with non-parametric tests is that they utilise a lower quality of information and thus have less power than their parametric equivalents. 

The Mann-Whitney U test and the Wilcoxon Signed-Ranks Test are two non-parametric tests used for comparing 2 samples of data.

Mann-Whitney U Test

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

t-test. Although the distributions of the two sets of data need not be normal, they should be similar in shape. The calculation of the U statistic involves ranking the data from the combined samples and then computing the mean ranks for each of the two groups. The more unequal the mean rankings, the more different the group means.
Example

A researcher was interested to find out if there was any difference in the number of years in education between people who found life exciting and those who found life routine.

Exploring the Data

The first stage is to examine the distribution of the data and the SPSS printout below is the result of the Explore procedure.
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Interpreting the Output

Case Processing Summary

There are 125 people who find life exciting and 111 people who find life routine.

Descriptive Statistics

Life Exciting

(i) Mean number of years of education completed is 14.18 years with a standard deviation of 2.94 years.

5% Trimmed Mean = 14.26 years and this mean is not very different from 

14.18 years.

(ii) Skewness = (0.206, s.e. of skewness = 0.217

95% confidence interval for skewness   =  skewness  (  z  (  s.e. skewness






              = (0.206  (  1.96  (  0.217

i.e. between –0.631  and  0.219.

Since 0 is a plausible value in the range  –0.631  to  0.219,  then this slight 

skewness is not significantly different from the normal distribution.

(iii) Kurtosis = 0.208, s.e. of kurtosis = 0.430

95% confidence interval of kurtosis  =  kurtosis  (  z  (  s.e. of kurtosis






         =  0.208  (  1.96  (  0.430

i.e. between –0.635 and 1.051.

Since 0 is a plausible value in the range  –0.635  to  1.051, then this kurtosis is not significantly different from the normal distribution.

Life Routine

(i) Mean number of years of education completed is 12.19 years with a standard deviation of 2.84 years.

5% Trimmed Mean = 12.20 years and this mean is not very different from    

12.19 years.

(ii) Skewness = (0.439, s.e. of skewness = 0.229

95% confidence interval for skewness   =  skewness  (  z  (  s.e. skewness






              = (0.439  (  1.96  (  0.229

i.e. between –0.888  and  0.010.


Since 0 is a plausible value in the range  –0.888  to  0.010  , then this slight 

skewness is not significantly different from the normal distribution.

(iii) Kurtosis = 2.869, s.e. of kurtosis = 0.455

95% confidence interval of kurtosis  =  kurtosis  (  z  (  s.e. of kurtosis





  
          =  2.869  (  1.96  (  0.455

i.e. between 1.977 and 3.761.

Since 0 is not  a plausible value in the range  1.977  to  3.761, then this 
kurtosis is significantly different from the normal distribution.

Histogram

The histograms of the two groups indicate that the distributions are of a similar shape.

Boxplot

The two boxplots show similar variances but also some outliers and extreme values.

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 years in education for people who 

       found life exciting and those who found life routine

Alternative Hypothesis
H1: There is a difference between the mean rankings of 

       the number of years in education for people who 

       found life exciting and those who found life routine

The SPSS printout for the Mann-Whitney U Test is shown below.

Npar Tests
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After ranking all the data, the mean rank of the life exciting group is 139.55 and the mean rank of the life routine group is 94.80.

Mann-Whitney U Statistic = 4306.5 which is a calculation involving the the sums of the ranks for the two groups.

The Wilcoxon Rank Sum Test calculates the W statistic as an alternative.

Note: This is not the same as the Wilcoxon Signed Ranks Test.

For large samples the Mann-Whitney approximates to the normal distribution.

Z = (5.109 and the Sig. = 0.0001 < 0.05.

Reject H0.

The sample evidence indicates that there is a difference in the number of years in education between people who found life exciting and those who found life routine.

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. These differences are then ranked (ignoring the sign) and the mean of the ranks of the positive differences is then compared with the mean of the ranks of the negative differences.

Example

An employer was interested in the effects of a workload training course to improve employees performance in their jobs. A test was carried out on employees to estimate their spare mental capacity after completing a certain task before and after the training course.

Exploring the data

The Explore procedure from SPSS was carried out on the variable diffcap which is the difference between the spare mental capacity before and after the training course.

The output is shown below.

Explore
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Interpreting the Printout

Case Processing Summary

There are 200 employees in the sample.

Descriptives

(i) The mean = 0.56 and the 5% trimmed mean = 0.39. These values are not similar and outliers are suspected.

(ii) Skewness = 2.059, s.e. skewness = 0.172

95% confidence interval of skewness  =  skewness  (  1.96  (  s.e. skewness






 =  2.059  (  1.96  (  0.172

i.e. between 1.722 and 2.396.

Since a skewness of 0 is not contained within this interval then this skewness is significantly different from the normal distribution.

(iii) Kurtosis = 9.776, s.e. of skewness = 0.342

95% confidence interval of kurtosis  =  kurtosis  (  1.96  (  s.e. kurtosis





           =  9.776  (  1.96  (  0.342

i.e. between 9.106 and 10.446.

Since a kurtosis of 0 is not contained within this interval then this kurtosis is significantly different from the normal distribution.

The histogram and the boxplot are also indicative of a non-normal distribution. 

Hence the paired samples t-test is not applicable and the non-parametric Wilcoxon Signed Ranks Test should be used as an alternative.

Wilcoxon Signed Ranks Test

Null Hypothesis

H0: There is no difference between the mean rankings of 

       the spare mental capacity scores before and after 

       training.

Alternative Hypothesis
H1: The mean rankings of the spare mental capacity 

       scores are less after training than before training 

       due to the employees higher job performance.

The printout below shows the results of the test using SPSS.

Npar Tests

Wilcoxon Signed Ranks Test
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There are 70 employees where the spare mental capacity after training is less than before the training and there are only 3 employees where the spare mental capacity is greater after the training course than before the training course.

There are 127 employees whose spare mental capacity has not changed with the effect of the training course.

The mean rankings are considerably different ; 35.89 against 63.00 and hence we might therefore expect a significant result.

From the test statistics, z = (6.728  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 there is a reduction in the spare mental capacity scores after training at the end of the task due to the employees higher job performance.

EXERCISE

1. A local auto dealer wants to know whether single male buyers purchase the same 

amount of ‘extras’ (such as power steering, exterior trim, air conditioning) as do 

single females when ordering a new car. The SPSS printout below is the result of 

the Explore procedure on the data obtained for a sample of male buyers and a 

sample of female buyers. Interpret the main points of the printout and recommend 

the appropriate statistical test to investigate any difference in the purchasing value 

of the two groups of buyers.

Explore
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Food World operates two supermarkets in a large city. One of their services to customers is to cash personal cheques at no extra charge. The owner of World Foods is concerned that one of the stores (store A), situated in a low income neighbourhood, may have a greater number of cheques returned due to insufficient funds  in the customers’ cheque accounts than does store B, which is located in a higher income area. The number of returned cheques was noted in both stores for randomly selected periods.

Interpret the SPSS printout below which shows the results of the Mann-Whitney U 

Test on the data.
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3. A psychologist conducts a seminar to increase a person’s self-esteem. 

A before-and-after test that measures each person’s self-esteem is given to nineteen 

individuals.  Interpret the SPSS printout below which gives the results of the Explore procedure on the differences between the test scores, together with the Wilcoxon Signed Ranks Test on the two test scores.

[image: image13.wmf]Case Processing Summary

19

100.0%

0

.0%

19

100.0%

DIFFESTE

N

Percent

N

Percent

N

Percent

Valid

Missing

Total

Cases


[image: image14.wmf]Descriptives

1.42

.25

.91

1.94

1.52

2.00

1.146

1.07

-1

2

3

1.00

-1.593

.524

1.063

1.014

Mean

Lower Bound

Upper Bound

95% Confidence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skewness

Kurtosis

DIFFESTE

Statistic

Std. Error


Npar Tests

Wilcoxon Signed Ranks Test

[image: image15.wmf]Ranks

2

a

2.00

4.00

15

b

9.93

149.00

2

c

19

Negative Ranks

Positive Ranks

Ties

Total

ESTEEM2 - ESTEEM1

N

Mean Rank

Sum of Ranks

ESTEEM2 < ESTEEM1

a. 

ESTEEM2 > ESTEEM1

b. 

ESTEEM1 = ESTEEM2

c. 


[image: image16.wmf]Test Statistics

b

-3.676

a

.000

Z

Asymp. Sig. (2-tailed)

ESTEEM2 -

ESTEEM1

Based on negative ranks.

a. 

Wilcoxon Signed Ranks Test

b. 


4. Seven randomly selected lecturers were asked to evaluate two research project 

proposals on a scale from 0 to 10 with a higher score indicating a more acceptable 

proposal. The SPSS printout below shows the results of the Wilcoxon Signed 

Ranks Test on the lecturer’s scores.

Npar Tests
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Interpret the printout and comment on whether it be concluded that the 

proposal for research project 2 is more acceptable than the proposal for 

research project 1.

ANSWERS

1. Male and female data are non-normal – shows skewness and outliers.

Use Mann-Whitney U-Test.

2. Sig. = 0.0045 < 0.05 for a one-tailed test.

Reject H0.

3. Differences are non-normal – shows skewness.

Sig. = 0.0001 < 0.05

Reject H0.

4. Sig. = 0.0165 < 0.05 for a one-tailed test.

Reject H0.

