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Outline 

Non-parametric tests by example: 

 Mann-Whitney test 

 Wilcoxon test 

 Kruskal-Wallis test 
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Recall on variable types and scales of 
measurements … 

 Quantitative variable (also known as cardinal 
data) that could be on: 

 Interval scale: zero point is arbitrary (degree) 

 Ratio scale: zero point is fixed  

 Qualitative data on: 

 Ordinal scale: condition after treatment as 1 = much 
improved, 2 = slightly improved, 3 = stays the same; 
4 = slightly worse; 5 = much worse 

 Nominal scale: data can be classified into categories 
but the categories have no specific order 
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Parametric vs. non-parametric tests 

 Parametric statistical methods: parametric 
form of the distribution is assumed to be 
known 

 Nonparametric statistical methods:  

 Assumptions about the shape of the distribution are 
not made 

 Central limit theorem seems inapplicable because of 
small sample size 

 make fewer assumptions about the distribution 
shape 
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Non-parametric tests: Advantages 

 Do Not Involve Population Parameters 
 Example: Probability Distributions, Independence 

 Data Measured on any Scale 
 Ratio or Interval 

 Ordinal 

 Example: Good-Better-Best 

 Nominal 

 Example: Male-Female 
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Non-parametric tests: Disadvantages 

 May waste information  

 If data permit using parametric procedures 

 Example: converting data from ratio to ordinal scale 

 Difficult to compute by hand for large samples 

 Tables not widely available 
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TAXONOMY OF STATISTICS 
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Applied to 
point 

estimators 

Continuous 
outcome variable 

parametric  

T-test for 
indep. sample 

Paired t-test 

ANOVA 

Inferential methods 

Confidence 
intervals 

Hypothesis 
testing 

mean 

differences 
between means 

Pearson R 

Linear regression 

non- parametric  

Mann-Whitney 

Wilcoxon 

Kruskal-Wallis 

Spearman ρ 

Other regressions 
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Non-parametric tests by examples 

Variable 

scale 

Two-samples K-samples 

Related 

samples 

Independ 

samples 

Related 

samples 

Independ 

samples 

Nominal McNewman Fisher exact 

Chi-Square 

Cochran Q 

(dichotom) 

Chi-Square 

Ordinal Sign 

Wilcoxon 

Mann-

Whitney 

Friedman 

Kendall’s 

Kruskal-

Wallis one-

way analysis 

of variance 
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Mann-Whithey test 

 Also known as Wilcoxon rank-sum test 

 Tests two independent population 

 Corresponds to t-test for 2 independent 
means 

 Assumptions 
 Independent, random samples 

 Populations are continuous 

 Can use normal approximation if ni ≥ 10 

 

 
9 



©2015 - Sorana D. BOLBOACĂ  4-Jan-2016 

 

10 



©2015 - Sorana D. BOLBOACĂ  4-Jan-2016 

Mann-Whitney test 

 10 subjects followed Atkin’s diet vs. 10 subjects followed 
DASH diet 

 Atkin’s group lost 15.65 kg 

 DASH group lost 8.39 kg 

Conclusion: Is Atkin’s better? 

Never conclude without looking to the raw data!!! 
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Mann-Whithey test 
 Comparing the mean weight loss of the 

two groups is not appropriate! Why? 
 Data are not normally distributed 

 There is an extreme value which 
significantly influence the mean 

 Rank the values (put all values in the 
same pool and give 20 to the least 
weight lost and 1 the most weigh lost) 

 Sum the ranks for each diet 

 The better the higher the sum of ranks 
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Atkin 
(rank) 

DASH 
(rank) 

+1.81 (20) -3.63 (14) 

+1.36 (19) -4.54 (13) 

0 (18) -5.44 (11) 

-1.36 (17) -7.26 (8) 

-1.81 (16) -8.16 (7) 

-2.27 (15) -9.07 (6) 

-4.99 (12) -9.53 (5) 

-6.35 (10) -10.88 (4) 

-6.80 (9) -11.79 (3) 

-136.08 (1) -13.61 (2) 

∑Rank=137 ∑Rank=73 

DASH clearly ranked 
lower! 



©2015 - Sorana D. BOLBOACĂ  4-Jan-2016 

WILCOXON SIGNED RANK 

 Tests 2 related populations 

 Corresponds to t-test for dependent (paired) 
means 

 Assumptions 

 Random samples 

 Both populations are continuous 
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WILCOXON SIGNED RANK: PROCEDURE 

1. Obtain difference scores, di = x1i - x2i  

• Note: in the text, D1 is what’s called X1 here 

2. Take absolute value of differences, di 

3. Delete differences with 0 value 

4. Assign ranks, ri, where smallest = 1 

5. Assign ranks same signs as di 

6. Sum ‘+’ ranks (T+) & ‘-’ ranks (T-) 

 Test statistic is T- (one-tailed test) 

 Test statistic is smaller of T- or T+ (2-tail) 
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WILCOXON SIGNED RANK: EXAMPLE 
You work at the financial summary of your  office.  Is the new financial 
package faster (0.05 level)?  You collect the following data entry times: 
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User Old 
software 

New 
software 

Di |Di| Rank Sign 

1 9.98 9.88 +0.10 0.10 4 + 

2 9.88 9.86 +0.02 0.02 1 + 

3 9.90 9.83 +0.07 0.07 2/2.5 + 

4 9.99 9.80 +0.19 0.19 5 + 

5 9.94 9.87 +0.07 0.07 3/2.5 + 

6 9.84 9.84 0.00 0.00 

T+ = 15, T- = 0 
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Kruskal-Wallis Test 

 Non-parametric method used to 
compare k independent samples 

 Ocular anti-inflammatory effects of 
four drugs on lip closure after 
administration of arachidonic acid 
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Non-parametric tests by example 
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Non-parametric tests by example 
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http://www.plosone.org/article/fetchObject.action?uri=info:doi/10.1371/journal.pone.0145303&representation=PDF
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Non-parametric tests by example 
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Non-parametric tests by example 
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4685367/pdf/JTHC-10-122.pdf
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Non-parametric tests by example 
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4645130/
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Recall!!! 

 Descriptive statistic parameters must be 
calculated according with type of variables and 
units of measurements 

 Inferential statistics is choose based on type of 
variable and after verification of assumptions 
for each approach! 

 A parametric test has a correspondent non-
parametric test  
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