


You might be here because of this curve 

The growth of jobs mentioning “data visualization” as a skill from 2010 through 2017 

has steadily increased from only 1,888 jobs in 2010 to 30,327 jobs in 2017 (16×growth) 

Source: Ryan et al, IEEE CG&A, 
2019 using data from Labor Insight  

https://www.burning-glass.com/
https://www.burning-glass.com/


… is needed everywhere 

Source: Ryan et al, IEEE CG&A, 
2019 using data from Labor Insight  

https://www.burning-glass.com/
https://www.burning-glass.com/


Baseline, or “soft” skills listed for these 30k “Data Visualization” jobs. 

Source: Ryan et al, IEEE CG&A, 
2019 using data from Labor Insight  
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Communication, when mentioned in conjunction with data 
visualization really means:  

 communication of information derived from data 

 visual story telling with data  

 half of the data analytics projects fail due to poor communication  
(according to L. Kart, N. Neudecker, F. Buytendijk, Gartner Report GG0255160, 2013) 

 

Apart from the specialized skills, these general skills (or 
proficiencies) are also often listed: 

 SQL 

 Tableau (41%),  

 Excel (34%), PowerPoint (16%) 

 Python (30%), SAS (22%), R (16%), Plotly (?%) 

 JavaScript & JavaScript-based data-driven documents D3.js (13%) 

Source: Ryan et al, IEEE CG&A, 
2019 using data from Labor Insight  
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Let’s go back some 170 years to 1854, London, England 



The most terrible outbreak of cholera which ever occurred in 

this kingdom, is probably that which is taking place in Broad 

Street, Golden Square, and adjoining streets. 

 

Within two hundred and fifty yards of the spot where 

Cambridge Street joins Broad Street, there are upwards of five 

hundred fatal attacks of cholera in ten days.  

 

The mortality in this limited area probably equals any that 

was ever caused in this country, even by the plague; and it is 

much more sudden, as the greater number of cases 

terminated in a few hours. 









Hypothesis: cholera spreads through water 
 and not via some other fantastic causes  

 one said it rose out of the burying grounds of plague victims from 
two centuries earlier 

 the bacteria was discovered later, in 1886 

 

A real-life experiment (often the case with observational data) 
 established the mode of cholera transmission 

 and consequently the method of prevention: keep drinking water, 
food, and hands clear of infected sewage 

 

Visualization provided 
 inspiration 

 convincing arguments to justify actions (removing the pump handle)  

 led to Dr. John Snow’s historic immortality 

 a bar near the old Broad Street pump bears his name (safe drinking) 

 

 



Turns out that the handle was removed at the end of the 

outbreak 

 graphing deaths over time revealed this 

 also done by Dr. Snow but far less publicized 

 but likely prevented a new outbreak 

 

  

 

 

 



Edward Tufte redrew the 

map 

 only kept the most 

critical street and 

building details 

 switched out Dr. 

Snow’s dashes for dots 

 focused the visual 

emphasis on Cholera 

victims and well 

locations, and not the 

features of the ground 

 better data-to-ink ratio 



Use pattern analysis of US county socio-economic vulnerability 

risk factors to predict the initial spread of the virus   



Color mapping: 
• the number of times a U.S. county is part of a “high risk” set 

• the higher level of risk a county has for high COVID-19 death rates the darker the color 

Only counties with at least 1 death on May 10, 2020  are shown    

created 

May 10, 2020 



#1 

#2 



K. Mueller, E. Papenhausen, "Demographic Pattern Analysis 

to Predict COVID-19 Fatalities on the US County Level," ACM 

Digital Government: Research and Practice, 2 (1): 1-11, 2020. 

 

D. Coelho, N. Gupta, E. Papenhausen, K. Mueller, "Patterns of 

Social Vulnerability – An Interactive Dashboard to Explore 

Risks to Public Health on the US County Level," Workshop on 

Visual Analytics in Healthcare (VAHC, jointly held with AMIA), 

Washington, DC, November, 2022. (won Best Paper Award) 

link 

 

 

 

https://www3.cs.stonybrook.edu/~mueller/research/pages/COVID-Risk-Explorer-VAHC22/


Data (wide variety) 

Algorithms 
 data mining 

 data analytics 

Computer 
 run those algorithms 

 data storage  

Humans 
 with a purpose/need to understand their data 

 endowed with cognitive faculties, creative thought, intuition  

 domain expertise 

Understanding of humans 
 perception, cognition, HCI issues 

 we can gain it through experimentation with humans  



Data (wide variety) 

Algorithms 
 data mining 

 data analytics 

Computer 
 run those algorithms 

 data storage  

Humans 
 with a purpose/need to understand their data 

 endowed with cognitive faculties, creative thought, intuition  

 domain expertise 

Understanding of humans 
 perception, cognition, HCI issues 

 we can gain it through experimentation with humans  

= Visual Analytics 



Dr. John Snow’s London 

Cholera Map of 1854 

 data collection 

 data assimilation 

 statistical testing 

 visualization 

 computational 

analysis (brain) 

 domain knowledge 

 

 

Very early example of 

visual analytics 



Let’s go back some 40 years to 1986, JFK Space Center, FL 

 

 

The crew of Space Shuttle mission STS-51-L 

11/15/85. Back row, left to right: Ellison S. 

Onizuka, Sharon Christa McAuliffe, Greg 

Jarvis, Judy Resnik. Front row, left to right: 

Michael J. Smith, Dick Scobee, Ron McNair. 







36 degrees F on Launch Pad 39 









Two days before launch they presented their concerns  

 created 13 charts to make their case  

 

Slide #1: 

 

 

 

 

 

 SRM – Solid Rocket Motor 

 



Teaches about past damages to O-ring 

 

 

 

 

 

 

 

 

 

 



Teaches about O-ring damage mechanics and erosion 

 

 

 

 

 

 

 

 

 



Lists temperature and blow-by history for two SRMs 

 

 

 

 

 

 

 

 

 



Given the information provided in the company slides 

 would you vote for a launch? 

 ignore you know about the consequences 

 

Be keenly aware of the immense PR pressures 

 President Reagan’s upcoming State of the Union speech 

 the first civilian in space 

 NASA’s funding problems 

 

Launch: 

 No: OK with a PR disaster & possible budget cuts down the road 

 Yes: the rocket company is too cautious & concerns are unproven     

 



Presentation only has exactly two shuttle flights  

 one with two blow-by’s and high temperature  

 one with two blow-by’s and low temperature 

 ignores all other 22 shuttle flights (SRM)  

 

Statistically weak  

 

Recommendation  

 “O-ring temp must be >53ºF at launch” 

 

 is only based on a sample size of 1 

 context of other flights is missing 

 no statistical leverage 

 

 



Lots of numbers and facts 

 

But no causal evidence that could predict  

 

 

 

 

 

 

 

What is needed? 

 



 

 

 

 

 

 

 

 

 

 

Need a measure for damage 

Temperature 

Damage 









Used these charts 
 

 

 

 

 

 

 

 

 

 

All information is there 
 but very hard to identify and assimilate 

 why? 

 

 

 

 

 

 

 

 

 

 



Four seminal books  

 standard literature for every visualization enthusiast 

 written 1983, 1990, 1997, 2006  

 

 

 

 

 

 

 

 

 taught information design at Princeton University 

 now a professor at Yale University  









Example: Datasets obtained by 3D volumetric scans (CT, MRI) 

 what are some questions you might have? 



Example: Datasets obtained by 3D Simulations 

 what are some questions you might have? 

 

 

 one question might be:   

 how do planets form by ways of gravitational instabilities? 

 hypothesis: matter clumps together and attracts more matter 

 



Example: Data obtained by observation-supported simulations 

 what are some questions you might have? 

 

 

 one question might be:   

 how did hurricane Katrina evolve? 

 



The salient features of a car: 

 miles per gallon (MPG) 

 top speed 

 acceleration 

 number of cylinders 

 horsepower 

 weight 

 

 

 

 year 

 country origin 

 brand 

 number of seats 

 number of doors 

 reliability (# of breakdowns) 

 and so on... 

 

 

 



How are MPG, weight, HP, and reliability related? Are there tradeoffs?   

Which car is best for me?  

 



Parallel Coordinates 





Formulate 
Question 

Generate 
Hypothesis 

Publish Results 

Form Experiment 
(find data sources) 

Collect Data 
(scrape, mine) 

Analyze Data 

Test Prediction 
(visualize) 

Form Testable 
Prediction 



Visual explanations 









< 200 ms to recognize the red dot 





more than 
50% of the 
brain 



The human visual system is not perfect, but it’s extremely 
powerful 

 

Vision is an integral part of life 

 

Vision is the gateway to higher-level regions of the brain 

 

Exploit this fast and powerful processor for 
 complex data analyses, creative tasks, communicating ideas 

 

 

 The science of visualization and visual analytics 

 





ChatGPT created (slightly out of order) 



Lecture Topic Projects 
1 Intro and logistics    
2 Basic visualizations and tasks, data types, examples, ethical considerations   
3 Data preparation (cleaning, imputation, data set integration)  
4 AI-assisted coding for VIS applications (design, debugging, refactoring) Project #1 out  
5 Big data and data reduction (distance/sim metrics, intro to clustering)   
6 High-D data and dimension reduction (PCA, subspaces, correlation maps) 
7 Cluster analysis: numerical data, categorical data  
8 Perception and cognition (human visual system, color, contrast, bias) Project #2(a) out 
9 Visual design and aesthetics   

10 Visualization of multivariate and high-dimensional data: direct methods   
11 Visualization of multivariate and high-D data: projections & embeddings    
12 Visualization and AI: mutual support and capabilities (VIS4AI, AI4VIS) Project #2(b) out 
13 Principles of interaction: drive what is visualized, analyzed & how  (HCI4VIS) 
14 Visual analytics (VA), human-centered AI, mixed-initiative system 

15 Midterm #1 (tentative date) 

16 VA system design and evaluation, collaborative VA, uncertainty, provenance 

17 Midterm #1 discussion (tentative date) Final proj. proposal call out 
18 Visualization of hierarchical data   
19 Visualization of maps and data with geo-reference 
20 Visualization of graphs, networks (incl. derivation of causal networks) Final project proposal due 
21 Vis. of time-varying, time-series, streaming data, progressive visualization   
22 Visualization of text, LLMs, and semantic data 
23 Ed Tufte revisited: principles, critiques and limits, responsible visualization 
24 Design of effective infographics Final proj. prelim report due 
25 Foundations scientific and medical visualization, intro to volume rendering    
26 Scientific visualization  Bonus project out (Vol Ren) 
27 Story telling with data, data journalism   
28 Midterm #2 (tentative date) 

Final Final project demo on zoom (public) All final proj. materials due 



Required  

Optional  



Course website:  
 http://www.cs.stonybrook.edu/~mueller/teaching/cse564/  

 

Everything you need is there: 
 syllabus 

 course notes (slides) posted shortly after the lecture 

 lab assignments 

 course policy 

 grades (anonymized)  

 

Additionally: 
 Brightspace for lab submissions and links to echo and zoom  

 Piazza for online support – please register if not already invited 

 https://piazza.com/class/mk30ljwafqa21  

http://www.cs.stonybrook.edu/~mueller/teaching/cse564/
https://piazza.com/class/mk30ljwafqa21


Projects (3): 10% each  (skill aspect, combined into a letter grade ABCF) 

Midterms (2): 20% each  (theory aspect, each gets a letter grade ABCF)  

Capstone Project: 30%  (innovation aspect, letter grade ABCF) 

 proposal: 5%, prelim report: 5%, final report & demo: 20% 

Extra credits 
 will be given for projects but can only be applied in project grade 

Final course grade 
 combine the letter grades into a string  

 looking for balanced strength in all aspects (skill, theory, innovation) 

Participation 
 not graded, but I hope you will attend regularly and participate 

 lectures will live-stream on echo and be recorded 

 will use zoom when lectures are fully online (occasionally) 

For late submission policy, etc. see website  



Choose among two options:  

 

A research project with some visual analytics theme  

 a new technique to solve a human-in-the loop analytics task 

 might even lead to a research paper for publication 

 

A visual analytics dashboard that enables analytical tasks 

 has synergy with one or more datasets you will identify 

 needs to support brushing and linking and fit on the screen 

 

Both options will require a proposal 

 



See a really good example on youtube (many on CSE 564 playlists) 

 

Programmed with:  

 python 

 html 

 JavaScript 

 D3 API  

 

Your path to this:  

 a dashboard is a collection of data visualizations linked together   

 you will program most (but probably not all) of the individual 

dashboard components in labs 1 and 2ab   

 the dashboard puts them all on one page and connects them in a 

meaningful way so they together can support users in interactive 

data analysis explorations   

https://www.youtube.com/watch?v=Aht3wotrrBk&list=PLyCRt3MN8s8OJp-M5UdCQv-NDllAqJOb5&index=4


You will need to know html and js 
 better get ready now if you do not know it  

 

Fortunately, there is a great and easy resource 
 W3schools html  

 W3schools JavaScript  

 

HTML part, focus on: 
 HTML Tutorial (specifically the sections Home to Layout) 

 HTML Graphics 

 will take you 2 days max 

 

JavaScript part, focus on: 
 JS Tutorial 

 JS Objects, JS Functions, JS Async 

 JS HTML DOM (Document Object Model) 

 JS JSON (JavaScript Object Notation) 

 will take you 2 weeks (one hour each day, ~15-20 hours total) 

from here 

https://www.w3schools.com/html/default.asp
https://www.w3schools.com/js/default.asp
https://www.northeastern.edu/graduate/blog/most-popular-programming-languages/
https://www.northeastern.edu/graduate/blog/most-popular-programming-languages/


Several free code development environments are available 

 

Visual Studio Code (recommended) 
 specifically developed for JS / TS / HTML / CSS tooling 

 great for D3 / Vega / Observable-style workflows 

 python support is strong 

 AI integration is mature: Copilot + Copilot Chat are well integrated 

 

Cursor.ai: AI coding, more general 
 

Browsers to run and develop your code 
 Chrome 

 Firefox 

 IE and Edge are not overly suitable 

 Chrome and Firefox also have panels where you can see and edit your code  

 comes in handy when you want to change values of variables  

https://code.visualstudio.com/
https://cursor.com/


If you are not a CS student can instead used plotly  

 Plotly Dash lets you build/deploy analytic web apps via Python 

 no JavaScript required. 

 has AI coding support as well 

 downside is that it does not support brushing and linking 

https://plotly.com/


Guiding principle: AI is a tool, not an author – that’s you 
 Use AI tools (e.g., Copilot, Plotly AI, ChatGPT) to assist with coding 

 You will do the design, interaction, and analytic decisions 

 AI will give you more time to think about effective visual analytics 

 It raises expectations on what you will deliver 

 

AI assistance is encouraged for: 
 Boilerplate codes, syntax, debugging, error explanations, cleanup 

 Translating intent into initial code drafts 

 This reflects how visualization systems are built in practice 

 

AI may not replace: 
 Justification of visual encodings, explanation of interaction logic 

 If you cannot explain it, you did not write it 

 
 

 



In your submission, include:  
 which AI tool(s) you used 

 what they were used for (e.g., “initial D3 scaffold,” “Plotly callbacks”)  

 what you modified or added yourself 

 short annotations are sufficient 

 

Projects are not graded on code quality, rather they are graded on: 
 visual design quality 

 correctness and clarity 

 interaction and analytic insight 

 demonstrated understanding of visual analytics and its effective/creative use 

 

Using AI does not lower or raise your grade by itself 

 

AI can help you write code faster — it cannot decide what a good 
visualization is 





D3 – Data Driven Documents (we will use for this course) 
 creates interactive webpages from data 

 lots of creations are here 

 

Vega (see here) 
 higher-level visualization specification language on top of D3 

 D3 is still more “expressive” and allows for more creative freedom 

 

Vega-Lite (see here) 
 a high-level grammar of interactive graphics 

 built on top of Vega 

 more concise & convenient form to author common visualizations 

 supports data analytics (both data and visual transformations)  

 better support for interactions  

 

https://d3js.org/
https://vega.github.io/vega/about/vega-and-d3/
https://vega.github.io/vega-lite/


Tableau is a leading commercial visual analytics platform 

 founded in 2003 by a group of Stanford University researchers 

(Chris Stolte, Pat Hanrahan, and Christian Chabot) 

 recently acquired by Salesforce 

 goal was to make data more accessible through visualization 

 key tech was VizQL – visualizes data by translating drag-and-drop 

actions into data queries through an intuitive interface 

 

 





Essentially, Tableau is great for expediently-developed in-house use 
D3 is better for external use,  real-time interactive web, and embedding into a product  

source 

https://www.youtube.com/watch?v=0-xQtRr-nRg

