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Background

Modern visualizations
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Background

A picture is worth a thousand words

• Summarize complex data
• Table or figure?
• Which designs for a figure are possible?
• Data mining: Find new patterns if figures.
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x y

1 3.5
2 11.8
3 23.9
4 39.6
5 58.5
6 80.5
7 105.4
8 133.0
9 163.7
10 196.8
20 662.0
30 1,345.9
40 2,226.8
50 3,290.5
60 4,527.2
70 5,929.1
80 7,489.9
90 9,204.3
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Visualization

One of the first visualizations containing a large number of
data points by Charles Joseph Minard (1781-1870), a French Civil
Engineer.

The graphic shows the changes in Napoleon’s army during and
after the march to Moscow.
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Visualization of four dimensions in two dimensions

Development of a storm over time

E. Tufte: Visual Explanations: Images and Quantities, Evidence and Narrative, 1997 6 / 30



Information content of graphics
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Information content of graphics

(a) (b)

(c)
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Visualization improves understanding of data

1. Original scientific publication

2. Modification of table by Edward Tufte

3. Converting the table into a graph by Edward Tufte

4. A typical powerpoint visualization of the same data

5. An even better visualisation by Dave Nash
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Answer the following questions

1. Which cancer type has the highest survival probability
after 5 years and after 20 years?

2. Which cancer type has the lowest survival probability after
5 years and after 20 years?

3. For which cancer type does the survival probability
between 5 and 20 years drop the most?

4. For which tissue type is the average mortality (over cancer
types) the highest and for which the lowest?
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Herman, The Lancet, 2002
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www.edwardtufte.com
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www.edwardtufte.com
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www.edwardtufte.com
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www.edwardtufte.com
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Which type of visualization is appropriate?

• Ease of understanding

• Background knowledge required

• Complexity: How much time does it take to understand
the figure?

• Data to ink ratio
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(d) (e)

Figure 1: (a) Change of body shape with increasing age in human
development. (b) A plot of arm length against body height.
Relationship of arm length and body length during different stages
of human development.
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When are two types of information required?

(a) (b)

Figure 2: (a) Series of photographs of a nuclear explosion. (b) Plot of
time since explosion against the width of the fireball (Measured as
radius of the shock wave). The solid line indicates the theoretical
result. 18 / 30



Annotation of scientific graphics

(a) (b)

Figure 3: (a) Relationship between the generation time and the length of an
organism at the time of reproduction. (b) Brain size of vertebrates plotted
against body size on a log-log graph. Primates are open squares; other
mammals are solid dots, birds are solid triangles, bony fishes are open
circles, and reptiles are open triangles. 19 / 30

Finding deviations from a biological model

Figure 4: Number of species of all terrestrial animals classified
according to their length. It should be noted that the numbers used
are very rough estimates. The dashed line shows the expectation of
an inverse proportion to the square of the length. 20 / 30

Relationship between health spending and life expectancy

National Geographic

21 / 30



World cereal production

www.worldmapper.org
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World cereal imports

www.worldmapper.org
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World cereal exports

www.worldmapper.org
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High complexity of scientific representations

Figure 5: Composite figure in a recent paper from Nature Genetics.
Source: Cao et al. (2011)
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High complexity of modern scientific representations

Figure 6: Screenshot of the UCSC genome browser
(genome.ucsc.edu).
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High complexity of modern scientific representations

Figure 7: Heat map of tissue specific marker genes in the model
plant Arabidopsis thaliana. Source: Schmid et al. (2005)
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genome.ucsc.edu


Summary

• The main purpose of this lecture is to provide a basic
introduction into the importance and diversity of
visualization approach in science.

• One can follow established rules for the visualization (or
presentation) of scientific results, but it can also be
viewed as a creative process.

• The key requirements of visualizations is that it should be
correct, truthful (i.e., not manipulative) and user-friendly.
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Sources for reading about the importance of visualization

• Website of Edward Tufte: www.edwardtufte.com
• Worldmapper: www.worldmapper.org
• R Graphics Gallery:
addictedtor.free.fr/graphiques/

• Hans Rosling and his gapminder program:
www.gapminder.org Also check out his videos!

What are the advantages and disadvantages of visualization
techniques?
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