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Lecture 13: Data Visualization
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How Can We Acquire Information? 
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Efficiency
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Data source: “Information Visualization, Perception for Design” 3rd Edition, by Colin Ware



Definition of Data Visualization

¡ “The action or fact of visualizing; the power or process of forming a mental picture or 
vision of something not actually present to the sight; a picture thus formed.”

-- Oxford English Dictionary.

¡ “... finding the artificial memory that best supports our natural means of perception.’‘

-- Bertin, 1983
¡ “The use of computer-supported, interactive, visual representations of abstract data 

to amplify cognition.”

-- Cart, Mackinlay, Shneiderman, 1999
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Image vs. Number
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Image vs. Number
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Image vs. Words
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Image source: https://visual.ly/community/Infographics/entertainment/gangnam-style-5-basic-steps

https://visual.ly/community/Infographics/entertainment/gangnam-style-5-basic-steps


Example: Candlestick Chart
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Image source: https://en.wikipedia.org/wiki/Candlestick_chart
https://datavizcatalogue.com/methods/candlestick_chart.html

https://en.wikipedia.org/wiki/Candlestick_chart
https://datavizcatalogue.com/methods/candlestick_chart.html


Example: Summarization of Airlines in United States 
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Image source: Holten, Danny, and Jarke J. Van Wijk. "Force-Directed Edge Bundling for Graph VisualizaCon." Computer Graphics Forum. Vol. 28. No. 3. Blackwell Publishing Ltd, 2009.



Example: COVID-19 Pandemic by Country and Territory

¡ Check this website for more COVID-19 visualization results: https://pandemic.internationalsos.com/2019-ncov/covid-19-data-visualisation
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Image source: https://en.wikipedia.org/wiki/COVID-19_pandemic_by_country_and_territory

https://pandemic.internationalsos.com/2019-ncov/covid-19-data-visualisation
https://en.wikipedia.org/wiki/COVID-19_pandemic_by_country_and_territory


Basic Diagrams for Data Visualization

¡ Bar chart

¡ Histogram

¡ Line chart

¡ Pie chart

¡ Scatter plot
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Bar chart

¡ Presents categorical data.

¡ The bars can be plotted 
vertically or horizontally.

¡ If the total amount of each
subject is meaningful,
stacked bar chart can be
adopted.
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Bar chart Stacked bar chart

Image source: https://en.wikipedia.org/wiki/Bar_chart

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


Histogram

¡ Put continuous data into bins.

¡ The bin size is important to visualization effect.
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Image source: https://statistics.laerd.com/statistical-guides/understanding-histograms.php

https://statistics.laerd.com/statistical-guides/understanding-histograms.php


Line Chart

¡ Compared with bar chart, line chart focuses on
the changes (increasing / decreasing) and trends.
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Image source: https://www.techonthenet.com/excel/charts/line_chart2007.php

https://www.techonthenet.com/excel/charts/line_chart2007.php


Pie Chart

¡ Pie chart focuses on
the percentage.
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Normal pie chart Multilevel pie chart

Image source: https://www.originlab.com/doc/Origin-Help/2D-Pie-Chart
https://www.clipartkey.com/view/xbRJwJ_multi-level-pie-chart-pie-chart-with-multiple/

https://www.originlab.com/doc/Origin-Help/2D-Pie-Chart
https://www.clipartkey.com/view/xbRJwJ_multi-level-pie-chart-pie-chart-with-multiple/


Scatter Plot

¡ Display values for typically two variables for a set 
of data.

¡ How can we add another variable, e.g. age?
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Image source: https://www.ck12.org/statistics/scatter-plots/lesson/Make-a-Scatterplot-to-Represent-Data-MSM8/

https://www.ck12.org/statistics/scatter-plots/lesson/Make-a-Scatterplot-to-Represent-Data-MSM8/


Colored Scatter Plot
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Use legend for discrete variable Use color map for continuous variable

Image source: https://cmdlinetips.com/2019/04/how-to-specify-colors-to-scatter-plots-in-python/
https://support.goldensoftware.com/hc/en-us/articles/360026243053-Create-a-gradient-colored-scatter-plot-with-color-scale-in-Grapher

https://cmdlinetips.com/2019/04/how-to-specify-colors-to-scatter-plots-in-python/
https://support.goldensoftware.com/hc/en-us/articles/360026243053-Create-a-gradient-colored-scatter-plot-with-color-scale-in-Grapher


Bubble Chart

¡ Can we add the fourth variable?

¡ Use the size of bubble to show the
magnitude.

¡ For more examples:
https://www.mekkographics.com/r
esources/charts-by-type/bubble/
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Image source: https://www.mekkographics.com/resources/charts-by-type/bubble/

Technology markets in north America

https://www.mekkographics.com/resources/charts-by-type/bubble/
https://www.mekkographics.com/resources/charts-by-type/bubble/


Advanced Diagrams for Data Visualization

¡ Network

¡ Streamgraph

¡ Treemap

¡ Heatmap

¡ Sankey diagram

¡ Chord diagram

¡ Word Cloud
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Network

¡ Show the relationship
between entities and
clusters.

¡ Additional information
can be added by color,
vertex size, edge
weight, etc.
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Character relations in Game of Thrones

Image source: https://medium.com/neo4j/hands-on-graph-data-visualization-bd1f055a492d

https://medium.com/neo4j/hands-on-graph-data-visualization-bd1f055a492d


Streamgraph

¡ Similar to line chart, but with
more visual impact.

¡ The x-axis is usually time, so
that the value changed and
total amount along time can
be focused.
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Image source: https://twitter.com/hashtag/streamgraph

https://twitter.com/hashtag/streamgraph


Treemap

¡ Similar to multilevel pie chart, but with more
clear labelling, structures and color information.

¡ This example shows the 2016 United States 
presidential election results in Florida by 
county, on a color spectrum from Democratic 
blue to Republican red.
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Image source: http://r-statistics.co/Top50-Ggplot2-Visualizations-MasterList-R-Code.html

http://r-statistics.co/Top50-Ggplot2-Visualizations-MasterList-R-Code.html


Heatmap

¡ Use color map
to give more
obvious visual
cues.

22

Image source: https://blogs.sas.com/content/iml/2018/04/30/married-couples-major-heat-map.html

https://blogs.sas.com/content/iml/2018/04/30/married-couples-major-heat-map.html


Sankey Diagram

¡ Show the data flow.

¡ The width of the 
arrows is proportional 
to the flow rate.
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Image source: https://www.ipoint-systems.com/blog/from-data-to-knowledge-the-power-of-elegant-sankey-diagrams/

https://www.ipoint-systems.com/blog/from-data-to-knowledge-the-power-of-elegant-sankey-diagrams/


Chord Diagram

¡ A chord diagram represents flows or 
connections between several entities (called 
nodes). 

¡ Each entity is represented by a fragment on 
the outer part of the circular layout. 

¡ Then, arcs are drawn between each entities. 
¡ The size of the arc is proportional to the 

importance of the flow.

¡ This example shows the number of people 
migrating from one country to another.
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Image source: https://www.data-to-viz.com/graph/chord.html

https://www.data-to-viz.com/graph/chord.html


Word Cloud

¡ Visually show a group of
words with different
frequency.
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Image source: https://medium.com/fullstackwebdevelopers/word-cloud-jieba-generating-fancy-word-cloud-and-word-frequencies-report-858713109e5d

https://medium.com/fullstackwebdevelopers/word-cloud-jieba-generating-fancy-word-cloud-and-word-frequencies-report-858713109e5d


Data Visualization with Animation
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Image source: https://medium.com/@EvanSinar/use-animation-to-supercharge-data-visualization-cd905a882ad4
https://medium.com/@EvanSinar/use-animation-to-supercharge-data-visualization-cd905a882ad4

https://medium.com/@EvanSinar/use-animation-to-supercharge-data-visualization-cd905a882ad4
https://medium.com/@EvanSinar/use-animation-to-supercharge-data-visualization-cd905a882ad4


Interactive Data Visualization
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Image source: https://towardsdatascience.com/python-interactive-data-visualization-with-altair-b4c4664308f8
http://adilmoujahid.com/posts/2015/01/interactive-data-visualization-d3-dc-python-mongodb/

https://towardsdatascience.com/python-interactive-data-visualization-with-altair-b4c4664308f8
http://adilmoujahid.com/posts/2015/01/interactive-data-visualization-d3-dc-python-mongodb/


Data Visualization Workflow
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Data Visualization Tools

¡ Tableau: an interactive data visualization software.
¡ Check more examples on Tableau Gallery.

¡ D3.js: a JavaScript library for producing dynamic, interactive data visualizations in 
web browsers.
¡ Check more examples on the official site.

¡ Python with data visualization packages, e.g. matplotlib, seaborn, plotly, ggplot and
altair.
¡ For network, we can use iGraph and Networkx packages.
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https://public.tableau.com/en-us/gallery/%3Ftab=featured&type=featured
https://d3js.org/


Conclusion

¡ The same data can be represented in a variety of forms.

¡ It depends on the focus of an analyst’s view point.
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Conclusion

Making data into art

Information is beautiful
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Conclusion

After this lecture, you should know:
¡ Why do we need data visualization.

¡ What are the basic data visualization charts.

¡ Which chart should be adopted for different cases.
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Assignment 5

¡ Assignment 5 is released. The deadline is 18:00, 13th July.
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Thank you!

¡ Any question?

¡ Don’t hesitate to send email to me for asking questions and discussion. J
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