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• Describing and looking at data (Chapter 2 was models)

• Median versus mean, IQR versus variance, …

• Don’t use bar plots!

• Normal distribution extended

• Transformation of data

• Detection of influential observations

• Much more with Zofia/R
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Descriptive statistics and visualizations 
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• Where is the data? (location)
• mean or median

• How is the data shaped? (spread)
• standard deviation

• inter-quartile range

• Is the data linearly distributed (2 dim)?
• correlation

Describe data (goal: use very few parameters to explain 
a lot)
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• The arithmetic mean

ҧ𝑥 =
1

𝑛
෍

𝑖=1

𝑛

𝑥𝑖

• The median (non-parametric)

෤𝑥 = 𝑞0.5(𝑥1, … , 𝑥𝑛)

The average - median versus mean
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The average - median versus mean

Income of 7 persons in a café

mean

median
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The average - median versus mean

Income of 7 persons in a café

mean

median
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The average - median versus mean

Income of 7 persons in a café

mean

median Robust for outliers!
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• The standard deviation

𝑠𝑥 = 𝑉𝑎𝑟(𝒙) =
1

𝑛 − 1
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• The inter-quartile range (IQR; non-parametric)

𝐼𝑄𝑅 𝒙 = 𝑞0.75 𝑥1, … , 𝑥𝑛 − 𝑞0.25(𝑥1, … , 𝑥𝑛)

The spread
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Correlation
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The coefficient of correlation

Yes, it can be understood:
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Correlation
• Pearson Correlation

• Typically used correlation coefficient

• Measures linear dependence (dt: Gleich-

    läufigkeit)

• Uses standard deviations

• Spearman’s rank correlation
• Non-parametric 

alternative to Pearson

• Method of choice 
if the data is not nice
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Correlation does not imply causation
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Pearson correlation and linearity

Always take a look at the data
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Pattern?

Relation?
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Pattern!

Relation!
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GapMinder.org
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• How to win actual insights from massive amounts of data

• Look at it: https://www.youtube.com/watch?v=jbkSRLYSojo

• …or better try it yourself: http://www.gapminder.org/tools/bubbles

https://www.youtube.com/watch?v=jbkSRLYSojo
http://www.gapminder.org/tools/bubbles
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Types of Visualization

• Three types…
• Exploring data

• Explaining data

• Visual Art

http://www.xkcd.com/688/
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Common Visualizations

Barplot Pie Chart Venn Diagram

Madureira et al., 2014, 
Chem. Res. Toxicol., 27, 443−453

Madureira et al., 2014, 
Chem. Res. Toxicol., 27, 443−453

Bittner et al., 2011, Int J 
Environ 
Res Public Health

These are all suboptimal ways to represent the data
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…better alternatives!

19

Barplot Pie Chart Venn Diagram

Madureira et al., 2014, 
Chem. Res. Toxicol., 27, 443−453

Madureira et al., 2014, 
Chem. Res. Toxicol., 27, 443−453

Bittner et al., 2011, Int J 
Environ 
Res Public Health

Boxplot Dot Chart Euler Diagram
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…or even simpler
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*
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Barplots are usually nonsense…

https://stekhoven.shinyapps.io/barplotNonsense/
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Boxplot

Extreme values (potential outliers)

1.5x IQR from Q3 (= 3rd quartile)

1.5x IQR from Q1 (= 1st quartile)

75% quantile (= 3rd quartile)

25% quantile (= 1st quartile)

median (= 50% quantile = 2nd quartile)
IQR
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Use dot chart (or even bar charts) instead of pie chart
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Venn versus Euler diagrams – what is the difference?
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Histogram (a.k.a. frequency distribution)
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Histogram and box plots
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Scatterplot
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Scatterplot (with some stats added)
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Scatterplot versus boxplot
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…and now some statistical thinking

?

Jan 1983

31

In January 1983 a law was 
passed in the UK which made
wearing seat belts mandatory
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The Normal Distribution

© Research Center for Auditory and Vestibular Studies at Washington University
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The Normal Distribution
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The Normal Distribution
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The Normal Distribution

61 Pseudomonae
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The Normal Distribution

161 Pseudomonae
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The Normal Distribution

661 Pseudomonae

3720.01.2021Daniel Stekhoven



||

The Normal Distribution

1661 Pseudomonae
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The Normal Distribution, thanks to CLT (Central Limit 
Theorem; ZGWS=Zentraler GrenzWertSatz)
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• Normality is a typical assumption (a.k.a. requirement) 
for many tests, models and methods!
• t-test

• χ2-test (and G-test)

• Linear regression

• Correlation

Why are you bugging us with this?

Without Normality these tests and methods are virtually useless!
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When do we have Normality?

20.01.2021Daniel Stekhoven



||

• Take a look at the Quantile-Quantile (QQ) plot

When do we have (enough) Normality?
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When do we have Normality?

Student’s t distribution Log-normal distribution Gamma(3,1) distribution
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When do we have Normality?
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use a log-transformation on distance

How can we        get something normal?
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How can we get something normal?
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Always, when the data…

• Only takes positive values (e.g. concentrations)

…but also…

• for strongly right-skewed data;

• count variables.

How can we get something normal?

When can I use a log transformation?
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Log transforms can be justified in an ideal setting I

• Log
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Log transforms can be justified in an ideal setting II

• Log Log
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Outliers

• An observation that is distant from other 
observations

• Indication:
• Measurement error

• Heavy-tails of the distribution

• Best way to find them:
• graphically!
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Outliers

mean

+ 2.5 SD

+ 3 SD

obs 66: weight=158 height=79
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Outliers

QQ-plot Boxplot
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Finally, a word of wisdom from a long-ago engineering colleague: 
"Whenever I see an outlier, I'm never sure whether to throw it away 
or patent it." 

-- Berton Gunter (on outlier identification) 
R-help (December 2009)

Outliers

5320.01.2021Daniel Stekhoven



||

• Don’t use bar plots!

• Always take a look at your data

• The Normal distribution is the single most important distribution of them all

• It’s totally OK to transform data

• Outliers are not always evil, sometimes they are just influential observations

54

Summary
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