
Michele Filannino

graphical visualisations
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■ one of the best ways to explore and understand 

large data sets
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pie chart

Note: Good for percentages divided into distinct classes. No more than 6.
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histogram

Note: Provides an overview of the distribution density of the samples from one variable. 
Source: http://help.plot.ly/basic-statistics-mean-median-standard-deviation/
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scatter plot

Note: Good for outlier and dependency assessment.
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bubble chart

Note: Good to visualise data with more than 2 dimensions. 
Source: https://plot.ly
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radar chart

Note: Good for comparisons between samples with more than 2 dimensions.
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line chart

Note: Good to visualise and compare time series. No more than 7. 
Source: https://plot.ly/609/~Dreamshot/
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box plot

Source: http://www.physics.csbsju.edu/stats/box2.html
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box plot

Source: http://ms.mcmaster.ca/peter/s2ma3/Images/norm_quart.gif
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box plot

Note: Good for assessing dispersion and skewedness of samples.
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dataset reduction
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■ the quality of the data is essential 

■ main sources of errors 

■ systematic 

■ outliers 

■ scatter plot, box plot 

■ discard, correct or accept 
the suspicious samples
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principal component analysis

Note: Used when the data are largely redundant.
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hypothesis testing
■ can we reject the H0 hypothesis? 

■ needs to be taken into account AFTER the 

experiment has been planned 

■ plenty of tests around 

■ features 

■ Input 

■ Null hypothesis 

■ Calculations 

■ Criterion
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the 3 fundamental questions

■ parametric or non-parametric? 

■ 2 or more treatments? 

■ dependent or independent samples?
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?
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Note: Skew and Kurtosis coefficients are about 1 for normal data.

parametric vs. non-parametric

■ parametric tests are more powerful because they 

use more information > require fewer data points 

■ scale types: 

■ nominal or ordinal: non-parametric 

■ interval or ratio: parametric 

■ distribution of your data: 

■ close to normal: parametric 

■ far from normal: non-parametric
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Note: This is just a joke.

joke: normality

Q How many statisticians does it take to change a 

lightbulb? 

A This should not be determined using a non-

parametric procedure, since statisticians are not 

normal.
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dependent vs. independent

■ dependent: if subjects are tested with the 

different treatments.
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Note: The threshold may vary according to the field and community.

p-value

■ indicates the amount of evidence to support the 

null hypothesis 

■ probability of mistakenly reject H0 

■ p <= 0.05: strong evidence against H0 

■ p > 0.05: weak evidence against H0 

■ the lower the better 

■ every test provides a p-value
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Note: This is just a joke.

joke: p-value
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Note: This is just a joke.

joke: p-value
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binomial test

Source: Experimentation in Software Engineering, Springer, 2012
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t-Test

Source: Experimentation in Software Engineering, Springer, 2012
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t-Test in MATLAB
■ The defect density in two projects (A and B) has 

been compared. 

■ A = {3.42, 2.71, 2.84, 1.85, 3.22, 3.48, 2.68, 4.30, 2.49, 1.59} 

■ B = {3.44, 4.97, 4.76, 4.96, 4.10, 3.05, 4.09, 3.69, 4.21, 4.40, 3.49}
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> A = [3.42 2.71 2.84 1.85 3.22 3.48 2.68 4.30 2.49 1.59];

> B = [3.44 4.97 4.76 4.96 4.10 3.05 4.09 3.69 4.21 4.40 3.49];

> [H, P] = ttest2(A,B)  

   H = 1  

   P = 8.4418e-04
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F-test

Source: Experimentation in Software Engineering, Springer, 2012
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F-test in MATLAB
■ The defect density in two projects (A and B) has 

been compared. 

■ A = {3.42, 2.71, 2.84, 1.85, 3.22, 3.48, 2.68, 4.30, 2.49, 1.59} 

■ B = {3.44, 4.97, 4.76, 4.96, 4.10, 3.05, 4.09, 3.69, 4.21, 4.40, 3.49}
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> A = [3.42 2.71 2.84 1.85 3.22 3.48 2.68 4.30 2.49 1.59];

> B = [3.44 4.97 4.76 4.96 4.10 3.05 4.09 3.69 4.21 4.40 3.49];

> [H, P] = vartest2(A,B)  

   H = 0  

   P = 0.4845
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Note: This is just a joke.

joke: p-value
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Mann-Whitney test

Source: Experimentation in Software Engineering, Springer, 2012
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Mann-Whitney in MATLAB
■ The defect density in two projects (A and B) has 

been compared. 

■ A = {3.42, 2.71, 2.84, 1.85, 3.22, 3.48, 2.68, 4.30, 2.49, 1.59} 

■ B = {3.44, 4.97, 4.76, 4.96, 4.10, 3.05, 4.09, 3.69, 4.21, 4.40, 3.49}
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> A = [3.42 2.71 2.84 1.85 3.22 3.48 2.68 4.30 2.49 1.59];

> B = [3.44 4.97 4.76 4.96 4.10 3.05 4.09 3.69 4.21 4.40 3.49];

> [P, H] = ranksum(A,B)  

   P = 0.0022  

   H = 1
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paired t-Test

Source: Experimentation in Software Engineering, Springer, 2012
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paired t-Test in MATLAB
■ 10 programmers have independently developed 2 

different programs, and measured the effort. 

■ P = {105, 137, 124, 111, 151, 150, 168, 159, 104, 102} 

■ Q = {86.1, 115, 175, 94.9, 174, 120, 153, 178, 71.3, 110}
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> P = [105 137 124 111 151 150 168 159 104 102];

> Q = [86.1 115 175 94.9 174 120 153 178 71.3 110];

> [H, p] = ttest(P,Q)  

   p = 0.7059  

   H = 0
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Wilcoxon test

Source: Experimentation in Software Engineering, Springer, 2012



Michele Filannino

Wilcoxon in MATLAB
■ 10 programmers have independently developed 2 

different programs, and measured the effort. 

■ P = {105, 137, 124, 111, 151, 150, 168, 159, 104, 102} 

■ Q = {86.1, 115, 175, 94.9, 174, 120, 153, 178, 71.3, 110}
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> P = [105 137 124 111 151 150 168 159 104 102];

> Q = [86.1 115 175 94.9 174 120 153 178 71.3 110];

> [p, H] = signrank(P,Q)  

   p = 0.6953  

   H = 0
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sign test

Source: Experimentation in Software Engineering, Springer, 2012
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signed test in MATLAB
■ 10 programmers have independently developed 2 

different programs, and measured the effort. 

■ P = {105, 137, 124, 111, 151, 150, 168, 159, 104, 102} 

■ Q = {86.1, 115, 175, 94.9, 174, 120, 153, 178, 71.3, 110}
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> P = [105 137 124 111 151 150 168 159 104 102];

> Q = [86.1 115 175 94.9 174 120 153 178 71.3 110];

> [p, H] = signtest(P,Q)  

   p = 0.7539  

   H = 0


