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outline for today

• What is data visualisation?

• How are data visualisations created?

• What is the purpose of data visualisation?

• Visualisation to facilitate research processes

• Critical perspectives on data visualisation

• Additional pointers
– Visualization tools

– Readings



what is data visualisation?
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4

Data and information visualization is concerned with showing 

quantitative and qualitative information, so that a viewer can see 

patterns, trends or anomalies, constancy or variation, in ways that 

other forms—text and tables—do not allow.

Michael Friendly, 2008

M. Friendly. The Golden Age of Statistical Graphics. Statistical Science, 2008, Vol.23, No. 4, 502-535. 
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showing trends, patterns, and anomalies

Anscombe’s Quartet



showing trends, patterns, and anomalies

• Some statistical measures

– Mean 
• x = 9.0

• y = 7.5

– Variance
• x = 10

• y = 3.75

– Correlation
• 0.816

Anscombe’s Quartet



showing trends, patterns, and anomalies

Anscombe’s Quartet



historic examples
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Charles Minard's map of Napoleon's disastrous Russian campaign of 1812
http://en.wikipedia.org/wiki/Charles_Joseph_Minard

http://en.wikipedia.org/wiki/Charles_Joseph_Minard


historic examples
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# of Soldiers; Location

Charles Minard's map of Napoleon's disastrous Russian campaign of 1812
http://en.wikipedia.org/wiki/Charles_Joseph_Minard

http://en.wikipedia.org/wiki/Charles_Joseph_Minard


historic examples
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Direction

Charles Minard's map of Napoleon's disastrous Russian campaign of 1812
http://en.wikipedia.org/wiki/Charles_Joseph_Minard

http://en.wikipedia.org/wiki/Charles_Joseph_Minard


historic examples
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Temperature in relation to 

location and # of soldiers

Charles Minard's map of Napoleon's disastrous Russian campaign of 1812
http://en.wikipedia.org/wiki/Charles_Joseph_Minard

http://en.wikipedia.org/wiki/Charles_Joseph_Minard


why is data visualization so powerful?
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• Visualization leverages the human visual system to facilitate
– Understanding 

– Discovery

– Decision making

– Communication

– Memory

• Our brain is capable of quick and efficient visual information processing 
at a pre-conscious level
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• Take a sheet of paper and a pencil

• Given a data set that consists of two quantities: 75 and 37 

• Find as many ways as possible to visualize this data set!

• Sketch your visualisations

• Quantity goes over quality!

visualizing two quantities
hands-on exercise



45 ways to communicate 
two quantities

https://visual.ly/blog/45-ways-to-communicate-two-quantities/
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reflections on the exercise

24

• There are many, many ways to visualise (even a small) dataset

• There is no “best” way to visualise a dataset!

• Visualisation design depends on
– Data semantics: what do the numbers stand for?

– Size of the dataset: the number of data points

– The context in which the data is to be interpreted

– The audience who will read and interpret the data

– The messages/stories to be conveyed

• Visualisations are subjective and situated!



how are data visualisations created?



data attributes

• Data attributes
– Categorical (e.g., movie genre, countries, types of animals…)

– Ordered (e.g., rankings of all sorts, shirt sizes S, M, L…)

– Quantitative (e.g., temperature, height, stock prices, word counts…)



data attributes & visual variables

• Data attributes
– Categorical

– Ordered

– Quantitative

• Visual marks
– Position

– Size

– Shape

– Colour

– Brightness
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perceptual qualities of visual variables

• Position
– Order can be perceived

– Quantitative differences can be perceived 



perceptual qualities of visual variables

• Position
– Order can be perceived

– Quantitative differences can be perceived

– Groupings and distinctions between groups 
can be perceived 

– Scales well to large data sets



example use of position

• Scatterplot



perceptual qualities of visual variables

• Size: changes in length, area, repetition
– Order can be perceived
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perceptual qualities of visual variables

• Size: changes in length, area, repetition
– Order can be perceived

– Quantitative differences can be perceived, BUT it depends on 
how size is used

→ Choice of mapping matters

→ Alignment matters



perceptual qualities of visual variables

• Colour (hue)
– Order cannot be perceived at a pre-conscious level (without a legend)

– Quantitative differences cannot be perceived



perceptual qualities of visual variables

• Colour (hue)
– Order cannot be perceived (without a legend)

– Quantitative differences cannot be perceived

– Groupings and distinctions between groups 
can be perceived (within limits)



perceptual qualities of visual variables

• Colour

Sinha and Meller, 2007

http://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2105-8-82


Tamara Munzer. Visualization Analysis & Design. 2014, Chpt. 5



design principles of visualisations

• Expressiveness principle

• Effectiveness principle



design principles of visualisations

• Expressiveness principle

The visual encoding should express all of, and only,                
the information in the dataset attributes.



design principles of visualisations

• Expressiveness principle

The visual encoding should express all of, and only,                
the information in the dataset attributes.



design principles of visualisations

• Expressiveness principle

The visual encoding should express all of, and only,                
the information in the dataset attributes.

• Effectiveness principle

The importance of the data attribute should be encoded with 
the most effective visual variable, in order to be noticeable.



Which visualisation could be considered 
more effective?

Bar chart

Population of different countries.

Bubble chart



what is the purpose of data visualisation?



what is the purpose of data visualisation?
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Data Visualisation for Human Perception. 
The Encyclopedia of Human-Computer Interaction, 2nd Edition
https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/data-visualisation-for-human-perception

Data visualization is the graphical display of abstract information for two 
purposes: sense-making (also called data analysis) and communication.

Stephen Few

https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/data-visualization-for-human-perception


what is the purpose of data visualisation?
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Data Visualisation for Human Perception. 
The Encyclopedia of Human-Computer Interaction, 2nd Edition
https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/data-visualisation-for-human-perception

Data visualization is the graphical display of abstract information for two 
purposes: sense-making (also called data analysis) and communication.

Stephen Few

https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/data-visualization-for-human-perception


visualization for communication

• Communication & explanation 
are in focus

• To present a story/message/fact

• Clearly defined message

• Clear focus – less is more

• Limited interaction to support 
message

→ Author-driven visualisation
Hans Rosling; Gapminder

https://www.gapminder.org/

https://www.youtube.com/watch?v=hVimVzgtD6w

https://www.gapminder.org/
https://www.youtube.com/watch?v=hVimVzgtD6w


visualisation for sensemaking

• Exploration & discovery are in 
focus

• To discover something new

• Open-ended goals

• Multiple views on the data

• Interactivity is important

→ Reader-driven visualisation

The Growth of WalMart through 2006
https://www.freakalytics.com/tdwi-11-9/

https://www.freakalytics.com/tdwi-11-9/


forms of visualisation



different forms of visualisation

Non-interactive computer-generated visualizations

http://feltron.com/FAR09.html

http://feltron.com/FAR09.html


different forms of visualisation

Interactive data visualizations

http://v.isits.in/https://coronavirus.jhu.edu/map.html

http://v.isits.in/
https://coronavirus.jhu.edu/map.html


different forms of visualisation

None-interactive data visualisations, sketched by hand

Dear Data. https://www.dear-data.com/ Data Comics. https://datacomics.github.io/ 

https://www.dear-data.com/
https://datacomics.github.io/


different forms of visualisation

Data physicalization

Stefanie Prosavec and Miriam Quick

http://dataphys.org/list/touching-air-necklace-shows-air-pollution/
Atelier Brückner

http://dataphys.org/list/walkable-age-pyramid
http://dataphys.org/list/how-much-sugar-do-you-consume/

http://dataphys.org/list/touching-air-necklace-shows-air-pollution/
http://dataphys.org/list/walkable-age-pyramid
http://dataphys.org/list/how-much-sugar-do-you-consume/


visualisation to facilitate research processes



trading consequences

• Environmental History
 Colin M. Coates, Jim Clifford, Andrew Watson
 Universities of York and Saskatchewan, Canada

• Text Mining & Ontology Development
 Bea Alex, Claire Grover, Ewan Klein
 University of Edinburgh

• Information Visualization
 Uta Hinrichs, Aaron Quigley
 University of St Andrews

• Database Development
 Jason Reid, Ian Fieldhouse, Nicola Osborne

 EDINA
https://academic.oup.com/dsh/article/30/suppl_1/i50/364557

https://academic.oup.com/dsh/article/30/suppl_1/i50/364557








filter by location



filter by time





visualisation informs text mining

• Lime among the top 50 
commodities??? 



insights from initial visualisation inform 
new visualisation approaches



What Have Language Models Learned?

Adam Pearce

https://pair.withgoogle.com/explorables/fill-in-the-blank

https://pair.withgoogle.com/explorables/fill-in-the-blank/


critical perspectives on visualization



critiquing the form of representation

• Manipulating scales

http://www.vislies.org/2016/gallery/

http://www.vislies.org/2016/gallery/


critiquing the form of representation

BBC, 2016
http://www.bbc.co.uk/news/education-38157811

• Obscuring uncertainty

http://www.bbc.co.uk/news/education-38157811


critiquing the form of representation

Map tweeted by Trump in October 2019
https://edition.cnn.com/2019/10/01/politics/trump-impeach-this-map-fact-check/index.html

https://edition.cnn.com/2019/10/01/politics/trump-impeach-this-map-fact-check/index.html


misleading through specific mapping choices

Visualization by Alberto Cairo
https://www.youtube.com/watch?v=DhGW99CFbAM

https://www.youtube.com/watch?v=DhGW99CFbAM


misleading through specific mapping choices

Visualization by Alberto Cairo
https://www.youtube.com/watch?v=DhGW99CFbAM

https://www.youtube.com/watch?v=DhGW99CFbAM


critiquing the form of representation

https://try-to-impeach-this.jetpack.ai/

https://try-to-impeach-this.jetpack.ai/


maps are political

72

• Mercator projection is problematic

• Countries far away from the 
equator are heavily distorted

https://en.wikipedia.org/wiki/Mercator_projection

https://en.wikipedia.org/wiki/Mercator_projection


ethical & political considerations

• What values or assumptions does the visualisation 
promote? 

• What perspectives are rendered invisible or muted?

• Do the potential benefits of a visualisation outweigh the 
possible harm it might cause?



Name voyager (2005)

http://www.bewitched.com/namevoyager.html

http://www.bewitched.com/namevoyager.html


Covid-19 Dashboard
Center for Systems Science and Engineering at Johns Hopkins University

https://gisanddata.maps.arcgis.com/apps/dashboards/bda7594740fd40299423467b48e9ecf6

https://gisanddata.maps.arcgis.com/apps/dashboards/bda7594740fd40299423467b48e9ecf6


Corona Moments
Center for Systems Science and Engineering at Johns Hopkins University

https://uclab.fh-potsdam.de/coronamoments/#/embedded-stories#progressTarget

Half a year into #wfh I bought an ethernet cable which is 
representative of me finally setting up a proper 
workspace at home after having thought for a while: 
"does it still make sense to invest in equipment now?"

https://uclab.fh-potsdam.de/coronamoments/#/embedded-stories


Trading Consequences

• Points of critique
– Disclosure of sources and intentions

– Data provenance

→ Make the invisible visible

→ Visualisation is about          
showing & telling

                                                   Alberto Cairo

https://academic.oup.com/dsh/article/30/suppl_1/i50/364557

https://academic.oup.com/dsh/article/30/suppl_1/i50/364557


additional pointers



visualization tools

• Libraries
– Python

• https://towardsdatascience.com/top-6-python-libraries-for-visualization-which-one-to-use-fe43381cd658

– JavaScript
• D3.js https://d3js.org/

– R packages
• https://towardsdatascience.com/the-7-r-packages-you-should-be-using-for-data-visualisation-e29010cefe51

• Off-the-shelf tools
– Tableau Desktop 

• Student license: https://www.tableau.com/en-gb/academic/students

– Raw Graphs https://rawgraphs.io/

https://towardsdatascience.com/top-6-python-libraries-for-visualization-which-one-to-use-fe43381cd658
https://d3js.org/
https://towardsdatascience.com/the-7-r-packages-you-should-be-using-for-data-visualisation-e29010cefe51
https://www.tableau.com/en-gb/academic/students
https://rawgraphs.io/


https://vistools.net/

https://vistools.net/


further reading 

• Alberto Cairo. The Truthful Art. http://www.thefunctionalart.com/

• Tamara Munzner. Visualization Analysis & Design. https://www.cs.ubc.ca/~tmm/vadbook/

• Giorgia Lupi. Data Humanism, The Revolution will be Visualized http://giorgialupi.com/data-
humanism-my-manifesto-for-a-new-data-wol

• Michael Correll. Ethical Dimensions of Visualization Research. Proceedings of the 2019 CHI 
Conference on Human Factors in Computing Systems, 2019. 
https://arxiv.org/pdf/1811.07271.pdf

http://www.thefunctionalart.com/
https://www.cs.ubc.ca/~tmm/vadbook/
http://giorgialupi.com/data-humanism-my-manifesto-for-a-new-data-wol
http://giorgialupi.com/data-humanism-my-manifesto-for-a-new-data-wol
https://arxiv.org/pdf/1811.07271.pdf
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