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How much data (bytes) 
did we produce in 2010?



2010: 1,200 exabytes

Gantz et al., 2008, 2010

and exponential growth…



1.2 ZB
4.4 ZB

44.0 ZB

Data Created & Consumed 
Source: IDC Digital Universe

~2x every 2 years
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But what is in 
all this data?



Physical Sensors  
Image courtesy cabspotting.org



Health & Medicine



Records of Human Activity



The ability to take data—to be able to understand 
it, to process it, to extract value from it, to 
visualize it, to communicate it—that’s going to be 
a hugely important skill in the next decades,  … 
because now we really do have essentially free 
and ubiquitous data. So the complimentary 
scarce factor is the ability to understand that data 
and extract value from it. 

Hal Varian, Google’s Chief Economist 
The McKinsey Quarterly, Jan 2009
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“free” to whom?

…to whose benefit?
“ubiquitous” about whom?

But wait!



High potential for data abuse…

https://www.theatlantic.com/technology/archive/2018/04/facebook-cambridge-analytica-victims/557648/
https://www.theatlantic.com/science/archive/2016/03/psychologys-replication-crisis-cant-be-wished-away/472272/


…amplified by “big data” and ML systems.

https://www.theguardian.com/inequality/2017/aug/08/rise-of-the-racist-robots-how-ai-is-learning-all-our-worst-impulses
https://www.theverge.com/2016/3/24/11297050/tay-microsoft-chatbot-racist
https://www.theguardian.com/inequality/2017/aug/08/rise-of-the-racist-robots-how-ai-is-learning-all-our-worst-impulses


How might we use visualization 
to empower understanding of 

data and analysis processes?



  
  

“The use of computer-generated, interactive, visual 
representations of data to amplify cognition.” 

 [Card, Mackinlay, & Shneiderman 1999] 
 

  
  

“... finding the artificial memory that best supports our 
natural means of perception.” [Bertin 1967]

“Transformation of the symbolic into the geometric” 
 [McCormick et al. 1987]

What is Visualization?



Set A Set B Set C Set D
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 9.11 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 1973]

Summary Statistics Linear Regression 
uX = 9.0   σX = 3.32 Y2 = 3 + 0.5 X 
uY = 7.5   σY = 2.03 R2 = 0.67
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Wikipedia History Flow  [Viegas & Wattenberg]



Wikipedia History Flow  [Viegas & Wattenberg]

Edit War…



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 
Inspire

Why Create Visualizations?



Record Information



Answer question

Gallop, Bay Horse “Daisy”  [Muybridge]



E.J. Marey’s sphygmograph [from Braun 83]





You Draw It: How Family Income Predicts Children’s College Chances 
[New York Times, May 28, 2015]

https://www.nytimes.com/interactive/2015/05/28/upshot/you-draw-it-how-family-income-affects-childrens-college-chances.html
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Support Reasoning







2 of 13 pages of material faxed to NASA by Morton Thiokol [from Tufte 1997]



Make Decisions: Challenger



Make Decisions: Challenger

Chart of temperatures vs. O-ring damage  [Tufte 97]

But wait! What is an appropriate “damage index”? 
Which temperatures, O-ring or outside air?



Data in Context: Cholera Outbreak

In 1854 John Snow plotted the position of each cholera case on a map.  [from Tufte 83]



Data in Context: Cholera Outbreak

Used map to hypothesize that pump on Broad St. was the cause.  [from Tufte 83]



Find Patterns: NYC Weather

[New York Times 1981]



Answer Questions: Brain Power?



The Dragons of Eden [Carl Sagan]



The Elements of Graphing Data 
[Cleveland]



Convey Information



1856 “Coxcomb” of Crimean War Deaths, Florence Nightingale

“to affect thro’ the Eyes 
what we fail to convey to 
the public through their 
word-proof ears”



Communicate, Inform, Inspire

Bones in hand, Gray’s Anatomy 1918 ed.Visualizing Black America, Du Bois et al. 1900

http://www.apple.com


 Coronavirus Tracked  John Burn-Murdoch & Financial Times

https://ig.ft.com/coronavirus-chart/?areas=eur&areas=usa&areas=bra&areas=gbr&areasRegional=usny&areasRegional=usca&areasRegional=usfl&areasRegional=ustx&byDate=0&cumulative=0&logScale=1&perMillion=0&values=deaths


The Covid Economy 
Washington Post

https://www.washingtonpost.com/graphics/2020/business/coronavirus-recession-equality/


Record information 
 Blueprints, photographs, seismographs, … 
Analyze data to support reasoning 
 Develop and assess hypotheses 
 Find patterns / Discover errors in data 
 Expand memory 
Convey information 
 Communicate, inform, inspire 
 Collaborate and revise

The Value of Visualization



1  Understand how visualizations convey information  

     What do people perceive / comprehend? 
     How do visualizations inform mental models? 

2  Develop principles and techniques for creating 
     effective visualizations and supporting analysis 

     Leverage perception & augment cognition 
     Improve ties between visualization & mental model

Goals of Visualization Research



Course Topics



Data and Image Models

Sémiologie Graphique [Bertin 67]



Visualization Design

Problematic design Redesign



Exploratory Data Analysis



Interaction

Crimespotting.org



Maps

Dymaxion Maps [Fuller 46]



Narrative

http://www.nytimes.com/interactive/2012/10/15/us/politics/swing-history.html


Visualization Software

D3: Data-Driven Documents 
Vega-Lite / Altair

https://d3js.org
https://d3js.org


Animation

Animated transitions in statistical data graphics [Heer & Robertson 07]



Color

Color Brewer



Graphical Perception

The psychophysics of sensory function [Stevens 61]



Uncertainty

http://www.dl.begellhouse.com/journals/52034eb04b657aea,3b447596502fa0fe,7d41c3a64ba14ca8.html


Hierarchies

Degree-Of-Interest Trees [Heer & Card 04]



Networks



Model Interpretation

https://distill.pub/2018/building-blocks/
https://distill.pub/2018/building-blocks/


Course Mechanics



You should expect to:

1   Evaluate and critique visualization designs 
2   Learn visualization techniques & theory 
3   Implement interactive data visualizations 
4   Develop a substantial visualization project



Instructors    cse512@cs

Instructor 

Jeffrey Heer      OH: Tue after lecture 
Professor, CSE    http://jheer.org 

Teaching Assistants 

Lisa Elkin        OH: Mon TBD 
Louis Maliyam     OH: Fri 1-2p 
Mick Kittivorawang OH: Online / Ed 
Yang Liu                 OH: Online / Ed

http://jheer.org
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LOUIS MALIYAM
maliyp@cs.washington.edu 

Office Hours: Friday 1-2pm

I’m a BS/MS student from Thailand with several TA experiences (CSE 
154, CSE 311, CSE 332, CSE 373). I’m quite familiar with jQuery and 
general web programming from my internship experiences. I had so 
much fun taking this class, and I am excited for all of you!

What do I enjoy?

• Dancing:
• Music:
• Hiking:

My final project from when I took CSE 442 (Autumn 2020): 
https://cse442-20f.github.io/FP-Food-Access-in-the-United-States 

mailto:maliyp@cs.washington.edu
https://cse442-20f.github.io/FP-Food-Access-in-the-United-States


Mick Kittivorawong
chanwutk@cs.washington.edu

OH: by appointment + Discussion Board

Research
• Labeling algorithm for chart annotation 
• Data Visualization toolkit

Work Experience @OctoML
• Visualization of Relay IR and its TVM performance

Technical Experience
• TypeScript,  D3,  Vega/Vega-Lite, Arquero, and web programming



Yang Liu
Office Hours: by appointment 

Email: yliu0@uw.edu 

I’m a PhD student working on visualization and HCI. I 
took and TA-ed this class before. Looking forward to a 
new quarter!

Robust data science Color perception

Model interpretation

mailto:yliu0@uw.edu


From books, notebooks, and linked articles. 
Material in class will loosely follow readings. 
Readings should be read by start of class. 
Post comments & quizzes on class forum. 

One comment per week (up through week 8). 
Post comments by Friday 11:59pm. 
You have 1 “pass” for the quarter.

Readings



“Textbooks”

See also: www.edwardtufte.com

http://www.edwardtufte.com/


Interactive Notebooks

Hands-on engagement with course concepts and 
visualization tools (Vega-Lite / Altair), in both 
JavaScript (Observable) and Python (Jupyter).



Optional Book
Interactive Data Visualization 
for the Web, 2nd Edition 

For learning D3! 
Book available online. 
Code / examples on GitHub. 

We will be using D3 v6. 
https://d3js.org

https://guides.lib.uw.edu/c.php?g=341544&p=2299182
https://github.com/alignedleft/d3-book/
https://d3js.org


CP Class Participation (10%) 
A1 Visualization Design (10%) - Due 4/7 
A2 Exploratory Data Analysis (15%) - Due 4/23 
A3 Interactive Prototype (25%) - Due 5/10 

  Peer Evaluation - Due 5/17 
FP Final Project (40%)  

 Proposal - Due 5/14 
 Milestone Prototype - Due 5/31 

 Demonstration Video - Due 6/2 
 Final Prototype - Due 6/9

Assignments



Visualization research project on topic of choice 
Initial prototype and design reviews 
In-class demonstration video showcase 
Submit and publish online (if feasible) 
Projects from previous classes have been: 
! Published as research papers 
! Featured in the New York Times 
! Released as successful open source projects

Final Project



S. Loebman, J. Ortiz, L. Orr, M. Balazinska, T. Quinn et al. [SIGMOD ’14]

Visualizing Galaxy Merger Trees



https://www.nature.com/articles/s41467-018-03297-7
https://www.nature.com/articles/s41467-018-03297-7
https://www.nature.com/articles/s41467-018-03297-7
https://www.nature.com/articles/s41467-018-03297-7


Latent Space Cartography 
Visual Analysis of Vector Space Embeddings 
Yang Liu, Eunice Jun, Qisheng Li  (CSE 512, Spring ’18)

Bias?
Inadequate 

Representation?

https://cse442-17s.github.io/Citiviz/final/


MBTA Viz 
Barry & Card

http://mbtaviz.github.io/
http://mbtaviz.github.io/


Protovis: A Graphical Toolkit for Visualization 
Mike Bostock



vis.add(pv.Rule).data([0,-10,-20,-30]) 

   .top(function(d) 300 - 2*d - 0.5).left(200).right(150) 

   .lineWidth(1).strokeStyle("#ccc") 

   .anchor("right").add(pv.Label) 

     .font("italic 10px Georgia") 

     .text(function(d) d+"°").textBaseline("center"); 

vis.add(pv.Line).data(napoleon.temp) 

   .left(lon).top(tmp) .strokeStyle("#0") 

  .add(pv.Label) 

    .top(function(d) 5 + tmp(d)) 

    .text(function(d) d.temp+"° "+d.date.substr(0,6)) 

var army = pd.nest(napoleon.army, "dir", "group“); 
var vis = new pv.Panel(); 

var lines = vis.add(pv.Panel).data(army); 
lines.add(pv.Line) 
  .data(function() army[this.idx]) 
  .left(lon).top(lat).size(function(d) d.size/8000) 
  .strokeStyle(function() color[army[paneIndex][0].dir]); 

vis.add(pv.Label).data(napoleon.cities) 
  .left(lon).top(lat) 
  .text(function(d) d.city).font("italic 10px Georgia") 
  .textAlign("center").textBaseline("middle");





Questions?



A1: Visualization Design

Design a static visualization for a data set. 
The climate of a place can have a tremendous 
impact on people's lived experience. You will 
examine average monthly climate measurements 
for six major U.S. cities, roughly covering the 
edges of the continental United States. 
You must choose the message you want to 
convey. What question(s) do you want to answer? 
What insight do you want to communicate?



A1: Visualization Design

Pick a guiding question, use it to title your vis. 
Design a static visualization for that question. 
You are free to use any tools (inc. pen & paper). 

Deliverables (upload via Canvas; see A1 page) 
Image of your visualization (PNG or JPG format) 
Short description + design rationale (≤ 4 paragraphs) 

Due by 11:59 pm, Wednesday April 7.


