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How much data is produced every day?

https://www.raconteur.net/infographics/a-day-in-data/

2.5 exabytes

530,000,000 songs
150,000,000 iPhones

5,000,000 Laptops
250,000 Libraries

90 Years of HD video



How do we make sense of all this data? 
How do we use data in decision-making processes? 

How do we avoid being overwhelmed? 



Challenge
Transform the data into understanding and 

insight thus making it useful to people







[Tor Nørretranders]



Highest bandwidth sense
Fast, parallel

Pattern recognition
Pre-attentive

Extends memory and cognitive capacity
People think visually

Human Vision





Why create visualizations?



I II III IV
x y x y x y x y

10 8.04 10 9.14 10 7.46 8 6.58
8 6.95 8 8.14 8 6.77 8 5.76

13 7.58 13 8.74 13 12.74 8 7.71
9 8.81 9 8.77 9 7.11 8 8.84

11 8.33 11 9.26 11 7.81 8 8.47
14 9.96 14 8.1 14 8.84 8 7.04
6 7.24 6 6.13 6 6.08 8 5.25
4 4.26 4 3.1 4 5.39 19 12.5

12 10.84 12 9.13 12 8.15 8 5.56
7 4.82 7 7.26 7 6.42 8 7.91
5 5.68 5 4.74 5 5.73 8 6.89

[Anscombe’s Quartet]



Mean of x in each case 9

Mean of y in each case 7.50

Sample variance of x in each case 11

Sample variance of y in each case 4.122 or 4.127

Correlation between x and y in each case 0.816

Linear regression line in each case y = 3.00 + 0.500x

[Anscombe’s Quartet]



[Anscombe’s Quartet]

Find patterns



[New York Times]

Answer a question





See data in context



See data in context

[http://www.udel.edu/johnmack/frec682/cholera/]



See data in context

[New York Times]



Tell a story

[Minard 1869, Tufte]



Tell a story

[Minna Sundberg]







Make a decision



Sum of odd numbers:
1 + 3 + 5 + 7 + 9 = 52

Support graphical calculations



Teach

[students.brown.edu/seeing-theory/, Daniel Kunin]



Why create visualizations?

• Answer questions (or discover them)
• Make decisions
• See data in context
• Expand memory
• Support graphical calculation
• Find patterns
• Present argument or tell a story
• Teach



How do we create visualizations?







Data & Domain



Data Model

Conceptual Model

• How the data is organized
• How are data elements related

• Mental constructions
• Include semantics and support reasoning

Data vs. Conceptual
• 1D list of floats vs. Temperature 
• 3D list of floats vs. Space



Data Model Taxonomy



Variables

• Physical types
• Characterized by storage format
• Characterized by machine operations
• Example:

• bool, short, int32, float, double, string, …

• Level of measurement 
• Describes the relationship among values

• Nominal
• Ordinal 
• Quantitative 



Nominal, Ordinal and Quantitative

• N – Nominal (labels):
• Fruits: Apples, Oranges, …

• O – Ordinal
• Quality of meat: Grade A, AA, AAA

• Q – Interval (Location of zero is arbitrary)
• Dates: Mar. 14, 1933
• Lat: 26.1, Long: -110.0
• Only differences (i.e. Intervals) can be compared

• Q – Ratio (zero fixed)
• Physical measurements: Length, Mass
• Counts and amounts

[S. S. Stevens, On the theory of scales of measurements, 1946]



Nominal, Ordinal and Quantitative

• N - Nominal (labels):
• Operations: =, ≠

• O - Ordinal
• Operations: =, ≠, <, >, ≤, ≥

• Q - Interval (Location of zero arbitrary)
• Operations: =, ≠, <, >, ≤, ≥, -
• Can measure distances or spans

• Q - Ratio (zero fixed)
• Operations: =, ≠, <, >, ≤, ≥, -, ÷
• Can measure ratios or proportions

[S. S. Stevens, On the theory of scales of measurements, 1946]



Example

• Data Model
• 32.50, 54.0, 17.30, …
• 1D, floats

• Conceptual Model
• Temperature

• N,O,Q Type
• Burned vs. Not burned (N)
• Hot, warm, cold (O)
• Continuous range of values (Q)



Q, Q, N



Image



Pre-attentive

Attentive

unconscious, parallel, fast 

conscious, serial, slow



[Tor Nørretranders]



1281768756138976546984506985604982826762
9809858458224509856458945098450980943585
9091030209905959595772564675050678904567
8845789809821677654876364908560912949686

How many 3’s?



1281768756138976546984506985604982826762
9809858458224509856458945098450980943585
9091030209905959595772564675050678904567
8845789809821677654876364908560912949686

How many 3’s?



[Bertin, Simonolgy of Graphics, 1983]





Line orientation Length, width closure size

curvature density number, estimation hue



intensity intersection terminators

3D depth cues, 
stereoscopic depth

Lighting direction 3D orientation



Flicker



[http://www.csc.ncsu.edu/faculty/healey/PP/index.html]



[http://www.csc.ncsu.edu/faculty/healey/PP/index.html]



[http://www.csc.ncsu.edu/faculty/healey/PP/index.html]



[http://www.csc.ncsu.edu/faculty/healey/PP/index.html]



Mapping





X: Critic Scores, Y: Price, Size: User Rating, Color: Vintage, Shape: Type



Can you order these? 
(low -> high)





Can you order these? 
(low -> high)





Can you order these? 
(low -> high)





Can you order these? 
(low -> high)



?



N O Q

N O Q

N O Q
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Position

Size
Value

Texture
Color
Orientation
Shape

Nominal
Ordered
Quantitative

Nominal, Ordinal and Quantitative



[Edward Adelson, 1995]



[Edward Adelson, 1995]



http://vis4.net/blog/posts/choropleth-maps/



http://vis4.net/blog/posts/choropleth-maps/



Some Principles & Guidelines



http://homes.cs.washington.edu/~jheer/files/zoo/

http://homes.cs.washington.edu/~jheer/files/zoo/


Bar chart
Display different quantities of single-variable data

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Line chart
Display how a variable develops over time

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Stacked area chart
Display total of a variable over time

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Pie chart
Display distribution of a variable

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Scatterplot
Display relationship between two variables

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Scatterplot matrix
Display relationship between multiple variables

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Parallel coordinate plot
Display relationship between multiple variables

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Tree
Display hierarchical data

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Radial tree
Display hierarchical data

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Tree map
Display hierarchical data

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Force-directed graph
Display graphs, networks, relationships

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Radial graph
Display graphs, networks, relationships

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Radial graph
Display graphs, networks, relationships

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Co-occurrence matrix
Display graphs, networks, relationships

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Sankey diagram
Display flow amongst entities

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Maps
Display a spatial variable

https://github.com/mbostock/d3/wiki/Gallery

https://github.com/mbostock/d3/wiki/Gallery


Maps
Display a spatial variable

[New York Times]

Kendrick Perkins James Harden





Expressiveness
A set of facts is expressible in a visual language if the 
sentences (i.e. the visualizations) in the language 
express all the facts in the set of data, and only the 
facts in the data.

Effectiveness
A visualization is more effective than another 
visualization if the information conveyed by one 
visualization is more readily perceived than the 
information in the other visualization.

[Mackinlay, APT, 1986]



[Fisher, 1936]



Example 1: Cannot express the facts
A one-to-many (1->N) relation cannot be expressed in a single horizontal 
dot plot because multiple tuples are mapped to the same position.



Example 2: Express facts not in the data
A length is interpreted as a quantitative value;
Length of bar says something untrue about Nominal data





Example 4: Effectiveness





Example 3: Effectiveness



[Mackinlay]



Tufte’s Rules

[http://www.sealthreinhold.com/tuftes-rules/rule_three.php]



Avoid Chartjunk



Maximize Data-Ink Ratio 

Data-Ink Ratio = 
Data-Ink

Total Ink used 





Interaction



https://coronavirus.jhu.edu/map.html

https://coronavirus.jhu.edu/map.html


http://selfiecity.net/selfiexploratory/

http://selfiecity.net/selfiexploratory/


Animation



Why Use Animation?

• Visual variable to encode data
• Direct attention
• Understand system dynamics
• Understand state transition (maintain context)
• Increase engagement



Teach

[students.brown.edu/seeing-theory/, Daniel Kunin]



http://hint.fm/wind/

http://hint.fm/wind/


http://bost.ocks.org/mike/miserables/

http://bost.ocks.org/mike/miserables/


Courses

• Arvind Satyanarayan
• http://vis.csail.mit.edu/classes/6.894/

• Maneesh Agrawala
• http://vis.berkeley.edu/courses/cs294-10-fa14/wiki/index.php/Main_Page

• Jeff Heer
• http://courses.cs.washington.edu/courses/cse512/14wi/

• John Stasko
• http://www.cc.gatech.edu/~stasko/7450/

http://vis.csail.mit.edu/classes/6.894/
http://vis.berkeley.edu/courses/cs294-10-fa14/wiki/index.php/Main_Page
http://courses.cs.washington.edu/courses/cse512/14wi/
http://www.cc.gatech.edu/~stasko/7450/


Tools

• Vega ecosystem
• https://vega.github.io/vega/
• https://vega.github.io/vega-lite/
• https://altair-viz.github.io/

• Tableau
• https://public.tableau.com/en-us/s/

• Einblick
• https://www.einblick.ai/
• Fell free to ping me (ez@einblick.ai) with questions, feedback, etc. 

https://vega.github.io/vega-lite/
https://vega.github.io/vega-lite/
https://altair-viz.github.io/
https://public.tableau.com/en-us/s/
https://www.einblick.ai/
mailto:ez@einblick.ai


Blogs & Websites

• https://www.reddit.com/r/dataisbeautiful/

• http://fivethirtyeight.com/
• http://flowingdata.com/

• http://www.informationisbeautiful.net/

• http://infosthetics.com/
• http://junkcharts.typepad.com/

• http://datavisualization.ch/
• http://eagereyes.org/

• http://blog.okcupid.com/

• https://twitter.com/nytgraphics

http://flowingdata.com/
http://flowingdata.com/
http://flowingdata.com/
http://www.informationisbeautiful.net/
http://infosthetics.com/
http://junkcharts.typepad.com/
http://datavisualization.ch/
http://eagereyes.org/
http://blog.okcupid.com/
https://twitter.com/nytgraphics


Articles & Others
• Tufte: The Visual Display of Quantitative Information

• http://www.edwardtufte.com/tufte/

• http://www.csc.ncsu.edu/faculty/healey/PP/index.html

• http://www.sealthreinhold.com/tuftes-rules/rule_three.php
• Ted Talk: Beauty of Data Visualization

• https://www.youtube.com/watch?v=pLqjQ55tz-U

• http://piksels.com/wp-content/uploads/2009/01/visualizingdata.pdf

• http://homes.cs.washington.edu/~jheer/files/zoo/

• http://www.targetprocess.com/articles/visual-encoding.html

• http://en.wikipedia.org/wiki/Misleading_graph

http://www.edwardtufte.com/tufte/
http://www.csc.ncsu.edu/faculty/healey/PP/index.html
http://www.sealthreinhold.com/tuftes-rules/rule_three.php
https://www.youtube.com/watch?v=pLqjQ55tz-U
http://piksels.com/wp-content/uploads/2009/01/visualizingdata.pdf
http://homes.cs.washington.edu/~jheer/files/zoo/
http://www.targetprocess.com/articles/visual-encoding.html
http://en.wikipedia.org/wiki/Misleading_graph

