
Communicating data science 
through visualization

Tim reminder: ken Yasuhara will do course assessment

Reminder: Course par0cipa0on is 14% of your grade. 

Make good use of TA office hours.



Due next week
• Midpoint presentation video

• See template on website under deliverables
• 10 min 0 sec max.

• Think of this as a draft of your final project presentation but without major results.
• We expect that you have completed ca. 50% of the project.
• We would like to see your data and some initial results.
• We are asking you to discuss two related papers.
• Provide a complete picture of your project even if certain key parts have not yet been 

implemented/analyzed/solved.
• We grade based on the quality, as well as the completion of sections described in the 

template.
• Reminder: Now is a good time to start planning for your final report writing as well.

• Midpoint includes briefly highlighting two similar research papers. Start early!
• Reminder: Office hours are a great way to get early feedback and support!
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https://docs.google.com/presentation/d/1GHLBydrl57vTAScgis1qqU0jn5eHoTyjK4xKqb3vRnc/edit


Agenda
1. Visualization in data science
2. Human perception
3. Storytelling with data
4. Visualization design
5. Break + Prototyping
6. Visualization Lab
7. Visualization for papers
8. Bad visualization
9. Visualization tools and resources
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Visualization in Data Science
What is the role of visualization in data science?



Visualization.       Perception.       Storytelling.       Design.       Prototype.       Papers.       Bad Visualization.       Tools.   

What is data science

Data contains value and knowledge
Data science extracts knowledge from data, seeks to discover 
new knowledge by answering question through data
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What is visualization?

Transformation of the symbolic into the geometric 
- McCormick et al. 1987

The use of computer-supported, interactive, visual 
representations of abstract data to amplify cognition

- Card, Mackinlay, and Shneiderman 1999
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What does visualization do?

Graphics reveal data. Indeed graphics can be more precise and 
revealing than conventional statistical computations. 

- Tufte 1983

One great virtue of good graphical representation is that it can 
serve to display clearly and effectively a message carried by 
quantities whose calculation or observation is far from simple.

- Tukey and Wilk 1965
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When applied effectively to promote data exploration, analysis, 
and insight, we will experience what Joseph Berkson called 
“interocular traumatic impact: a conclusion that hits us between 
the eyes.”

- Cleveland 1993

Superpower of visualization

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Empower understanding of data 
and analysis processes

9
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Visualization in data analysis process
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Visualization in data analysis process

Stage 1:
Understanding data quality and research task at hand

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 11



Visualization.       Perception.       Storytelling.       Design.       Prototype.       Papers.       Bad Visualization.       Tools.   

Collect: Do I have the right population?

• Less female than male
• Females are younger

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://clauswilke.com/dataviz/histograms-density-plots.html
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Annotate: Are there disagreements?

• 84% accuracy (32/38)
• All errors isolated in 

versicolor
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https://medium.com/@rakeshrajpurohit/confusion-matrix-469248ed0397
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Wrangle

I spend more than half of my time integrating, cleansing and 
transforming data without doing any actual analysis. Most of the 
time I’m lucky if I get to do any “analysis” at all. 

- Anonymous Data Scientist

But wait… Visualizations can be my superpower
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Wrangle

The first sign that a visualization is good is that it shows you a 
problem in your data… …every successful visualization that I've 
been involved with has had this stage where you realize, "Oh 
my God, this data is not what I thought it would be!" So already, 
you've discovered something.

- Martin Wattenberg
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Wrangle: How messy is this dataset?

• What feature 
can I live 
without?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://github.com/ResidentMario/missingno
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Wrangle: How messy is this dataset?

• Which pairs can I 
live without?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://github.com/ResidentMario/missingno
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Wrangle: Do I impute or not?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://observablehq.com/@d3/line-with-missing-data

• To impute or 
not to impute, 
that is the 
question

18
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Wrangle: Do I impute or not?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://observablehq.com/@d3/line-with-missing-data

• To impute or 
not to impute, 
that is the 
question

19



Visualization.       Perception.       Storytelling.       Design.       Prototype.       Papers.       Bad Visualization.       Tools.   

Profile: How is my data distributed?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 20
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Profile: How is my data distributed?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 21
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Profile: How is my data distributed?

• Check my 
assumptions

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://knowablemagazine.org/article/mind/2019/science-data-visualization
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Visualization in data analysis process

Stage 2:
Exploring the data

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 23
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Explore

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Open-ended Specific

Data quality
Univariate summaries
Check assumptions
Distributions

Relationships among variables
Correlations
Breakdowns

Checking different models
Hypothesis testing

24



Visualization.       Perception.       Storytelling.       Design.       Prototype.       Papers.       Bad Visualization.       Tools.   

Visual exploration process

Pick a question
Construct visualizations
Inspect the answer
Identify new questions 
Repeat

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 25
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Visual analysis journal

Write down your question
Generate the visualization
Summarize your insight
Identify next steps or question
Document the how

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Are genders balanced in my dataset?

Nope. There are less female than 
male. Females are slightly younger.
Need to collect more female data.

26
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Visual exploration tips

Avoid premature fixation on perfection! 
 It’s expected that exploratory data visualizations are not perfect.

Show data variation, not design variation
 Your viz may not be perfect, but does it do a decent job?

Iterate quickly
 Choose the right tool for the right job

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 27
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Visualization in data analysis process

Stage 3:
Modeling and evaluating 
relationships and insights

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 28
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Model

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 29
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Evaluate

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 30
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Model & Evaluate

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 31
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Visualization in data analysis process

Stage 4:
Sharing the insights

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 32
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Report

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 33
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Deploy: Is my distribution shifting?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://rpubs.com/paul4forest/movingdistribution
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Deploy: Dashboard

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://public.tableau.com/app/profile/keyrus/viz/PaidMediaAnalysisKeyrus/PaidMediaAnalysisOverview
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Visualization in data analysis process

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Remember: Data visualization is critical to your analysis process

36
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Human Perception
How do humans see data?
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Perceptual grammar
Why should we be interested in visualization? 
Because the human visual system is a pattern 
seeker of enormous power and subtlety. The 
eye and the visual cortex of the brain form a 
massively parallel processor that provides the 
highest bandwidth channel into human 
cognitive centers. At higher levels of 
processing, perception and cognition are 
closely interrelated which is the reason why 
the words “understanding” and “seeing” are 
synonymous. 

- Ware 1998
Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 38
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Perceptual grammar
The more general point is that when data is 
presented in certain ways, the patterns can be 
readily perceived. We can think of a “grammar” 
of perception and this grammar of perception 
can be translated directly into a rules for 
displaying information. 
If we can understand this perceptual grammar, 
then we can present our data in such a way 
that the important and informative patterns 
stand out. If we disobey the rules, our data will 
be incomprehensible or misleading.

- Ware 1998
Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 39
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How can we leverage our perception?

Signal detection 
Magnitude estimation
Pre-attentive processing
Distinctive colors

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 40
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Signal detection

Can you read the text?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Data Science Is Awesome

Data Science Is Awesome

Data Science Is Awesome

Data Science Is Awesome

41
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Magnitude estimation

How many A’s in B?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

B

A

B

A
A
B
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Magnitude estimation

How many A’s in B?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

B

A

B

A

B

A
B
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Encoding

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Data Points, Nathan Yau

44
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Task to find the best encoding

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Ranking of visual variables by data type. Mackinlay 1986

Less accurate

More accurate

45
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Multiple encodings

Redundant encoding can be beneficial

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://visualthinking.psych.northwestern.edu/projects/redundantencoding.html

46
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Multiple encodings

Redundant encoding can be beneficial, except when it’s not

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://www.teknionusa.com/blog/the-10-commandments-of-visual-analytics-in-tableau
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Pre-attentive processing

Subconscious accumulation of information from the 
environment

All information is pre-attentively processed
Brain filters and processes what’s important
Salient or relevant information is selected and analyzed by 
conscious (attentive) processing

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 48
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Pre-attentive features

Form – line orientation, line length, 
line width, line collinearity, size, 
curvature, spatial grouping, added 
marks, luminosity.
Color – hue, intensity
Motion – flicker, direction of motion
Spatial position – 2d position, 
stereoscopic depth, convex/concave 
shape from shading

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Information Visualization. Ware 1999

49
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Effective use of color

In order to use color effectively it is necessary to recognize that 
it deceives continually. 

- Josef Albers, Interaction of Color

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 50
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Effective use of color

Are the lines in the middle of the two boxes the same color?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 51



Visualization.       Perception.       Storytelling.       Design.       Prototype.       Papers.       Bad Visualization.       Tools.   

Color

Best for nominal variables
(categorical, binary)

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 52
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Visually distinct colors

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Heer & Stone, 2012
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Brewer palettes

Color combinations 
selected for cartography

Don’t forget about 
colorblindness and 
black/white printing

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

http://colorbrewer2.org
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Storytelling with Data
How do we tell stories with visualization?
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Exploratory analysis

Understand and get familiar with your data and generate lots of  
information

Mining!

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 56
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Explanatory analysis

Learning more about what you found to communicate what you 
found and tell a story about it

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 57
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Steps to storytelling with data

Think about the context
 Who are you telling the story to?

Craft the narrative
 How are you telling the story?

Design appropriate visualizations
 What are you telling the story with?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 58
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Context matters….a lot

Who?
What? 
How?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 59
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Context matters….a lot

Who?

Who is your audience? Can you be very specific?

What’s your relationship with your audience? Do they know you well 
enough to understand your assumptions? Do you have credibility?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 60
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Context matters….a lot

What? 

What do you want your audience to know or do? What action do you 
want them to take? 

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 61
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Context matters….a lot

How?

What data do you have to make your case? How will you present your 
data?

How will you communicate to your audience? What affordances do you 
have? How much control do you have? 

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 62
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Example context: executive pitch

Who is my audience?
Executives and program directors who approved funding for research 
internship program.

What does success look like?
Funded research under the program was a success and provided 
tangible impact to the product. They should continue funding the 
program.

How would I do this?
Illustrate the number of publications, product features that were 
shipped, successful career paths of the interns in the program.

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 63
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Example context: public

Who is my audience?
General public audience 

What does success look like?
As an individual, I can see where I and my country stand in worldwide 
physical activity inequality data

How would I do this?
Interactive visualization where, given a country and my daily average 
step count, display the step distribution

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 64
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Example context: public

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 65

• Country = China
• Daily steps = 3500

Althoff et al., Large-scale physical activity data reveal worldwide activity inequality, Nature, 2017
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Steps to storytelling with data

Think about the context
 Who are you telling the story to?

Craft the narrative
 How are you telling the story?

Design appropriate visualizations
 What are you telling the story with?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 66
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Constructing the narrative

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://www.storytellingwithdata.com/
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The beginning: set the stage

Setting: when and where does the story take place?
Main character: who is driving the action?
Imbalance: Why is it necessary, what has changed?
Balance: What do you want to see happen?
Solution: How will you bring about the changes?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 68
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The middle: show the data

Provide evidence through data
Incorporate external context or comparisons
Provide examples to illustrate the issue
Articulate what would happen if no action was taken
Discuss potential mitigations or solutions and benefits
Remind them they are in unique position to drive action

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 69
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The ending: call to action

Tie it back to the beginning
Recap problems and resulting need for action
Reiterate sense of urgency
Key takeaways and action items

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 70
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Steps to storytelling with data

Think about the context
 Who are you telling the story to?

Craft the narrative
 How are you telling the story?

Design appropriate visualizations
 What are you telling the story with?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 71
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Visualization Design
How do we design ”good” visualizations?
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What makes a good visualization?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

ArtScience
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Critique by redesign

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://medium.com/@hint_fm/design-and-redesign-4ab77206cf9
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Identify and eliminate clutter

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://www.storytellingwithdata.com/

Background noise

No axis label
A lot of dates

Weekly? Daily?
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Identify and eliminate clutter

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://www.storytellingwithdata.com/

Removed background
Label + new units

Fewer dates + label

More explanation
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Identify and eliminate clutter

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://www.storytellingwithdata.com/

Inline legend + 
summary
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Identify and eliminate clutter

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://www.storytellingwithdata.com/
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Use visualizations that are easy to read

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://www.storytellingwithdata.com/
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Keep consistent order and alignment

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 81
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Keep consistent color

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Kaplanis et al., Quantitative analysis of population-scale family trees with millions of relatives, Science, 2018.
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Contextualize your data

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://questionsindataviz.com/2018/01/06/is-white-space-always-your-friend/

Notable events
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Contextualize your data

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Jaderberg et al., Human-level performance in 3D multiplayer games with population-based reinforcement learning, Science, 2019.

Comparison to humans
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Draw attention….really draw attention

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 85
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Draw attention….really draw attention
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Draw attention….really draw attention

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 87
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Draw attention….really draw attention

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 88
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Design and redesign

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://www.storytellingwithdata.com/

89



Visualization.       Perception.       Storytelling.       Design.       Prototype.       Papers.       Bad Visualization.       Tools.   

Takeaways
Four essential components of a good visualization 
 (information, story, goal, and visual form)
Design, redesign, and critique by redesign
Eliminate unnecessary clutter and noise
Use visualizations that are easy to read
Keep consistent order and alignment
Be thoughtful about the use of color 
Contextualize your data
Draw attention to the key points about your data

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 90
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5 Minute Break

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds
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Prototyping

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds
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Storytelling with your data
Goal: Design a key visualization for your project!

NOTE: Pretend you have all the data you want

Ideate (5 minutes) – within project group
Brainstorm key points you want to communicate from your analysis

Design (10 minutes) – individually 
Set the context (audience, context, key point)
Design a visualization and its variations

Critique (5 minutes) – individually 
Find someone from another group to swap your designs with
Pretend you’re the target audience
Evaluate their design and provide redesign ideas

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 93
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Storytelling with your data

Discuss how it went: 
Who was your audience?
What point were you trying to make?
What worked and didn’t work?

What challenges did you encounter in your design?
What compromises did you have to make?
Did your audience “get” your design? why or why not?
What redesign recommendations did you give/receive?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 94
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Visualization for Papers
How do you create effective figures for scientific papers?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds
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Why do figures matter?

Figures are often the first part of research papers examined by 
editors and your peers 

Informative and well-designed figures:
• Convey facts, ideas, and relationships far more clearly and concisely 

than text
• Provide a means for discovering/quantifying patterns, trends, and 

comparisons
• Help the audience better understand the objective and results of 

your research

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 96
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Why are figures difficult to design?

It doesn’t come with you to explain it
It’s the first thing people look at with zero context/background
There’s no animation or interactivity 
Design space is limited

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 97
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Different types of visual structure

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Interdisciplinary journal papers:
Nature, Science, PNAS, etc.
The focus is on new scientific insights and demonstrating the 
importance of those insights to advance science

Core CS conference papers:
KDD, WebConf, NeurIPS, ICML, ICLR, AAAI, etc.
The focus is on the development of new methods and their evaluation 
and comparison on benchmark datasets
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Interdisciplinary journal papers
Figure 1: Dataset, approach and key result

Impress your audience!

Figure 2: Key result, detailed and unpacked

Figure 3: Orthogonal evidence supporting results

Figure 4: Orthogonal evidence supporting results

Supplementary Figures: Methodological contributions, 
algorithms, robustness analyses

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 99
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Core CS conference papers
Figure 1: Key methodological contribution

Focus on most important information
Impress your audience!
Is your method/system the fastest, the largest, the most accurate?
What is the hard problem that your method solves? 
What makes your method different from related work?

Figure 2-3: Overview and algorithmic details
Inputs + Data transformation + Outputs
Show details about data transformations:
Graph convolutions, neural architectures, etc. 

Figure 4+: Results

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 100
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Impress your audience

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 101
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“Our method is so fast! Our paper 
should be published at ICML!”

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Gilmer et al., Neural Message Passing for Quantum Chemistry, ICML, 2017.

Brag about the speed
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“Cascades can be so large! Despite that, 
we know how to study them! Our paper 

should be published at ICWSM!”

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Brag about the data size

Cheng et al., Do Diffusion Protocols Govern Cascade Growth?, ICWSM, 2018.
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“Cascades can be so complex! Despite 
that, we know how to study them! Our 
paper should be published at WWW!”

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Cheng et al., Do Cascades Recur?, WWW, 2016.

Answer the question in title
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“Yes, graph-based models for deep 
learning can be easily fooled. Here we 
show how devastating attacks can be.”

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Make a statement about the 
problem

Zugner et al., Adversarial Attacks on Neural Networks for Graph Data, KDD, 2018. (Best paper award)
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Practical guidelines

Sketch low-fidelity prototypes of your visualization
Understand visual hierarchy, prioritize information, group/categorize 

Save raw data and results to a tsv/csv/binary file
Your figures will need multiple rounds of editing

Read in the data and design figures
You may need multiple tools to draw a figure

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 106
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Practical guidelines

Save figures as PDF or other vector formats
Raster images: 

• Can’t be dramatically resized (pixilation, distortion issues)
• When saved, they cannot be reopened and edited!

Vector images (e.g., PDF, EPS, AI, SVG):
• Remain editable!
• You can open them in Illustrator and edit text or any other element within the 

graphic 
• Can be converted to a raster image but not vice-versa
• plt.savefig(‘myfig.pdf’)

Only use raster format for web, Github repo, etc. 
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Bad Visualization
How do people misuse visualizations?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds
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Superpower of visualization

When applied effectively to promote data exploration, analysis, 
and insight, we will experience what Joseph Berkson called 
“interocular traumatic impact: a conclusion that hits us between 
the eyes.”

- Cleveland 1993

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Empower understanding of data 
and analysis processes
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Thou shall not create bad visualizations

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 110
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Incorrect visualizations

Bugs bugs bugs

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 111
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Illegible visualizations

Plenty more at https://viz.wtf/

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 112
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Deceptive visualizations

Lie factor
Scale manipulation 
Convention manipulation

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 113
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Lie factor

The size of the effect shown in the 
graphic should correspond to the 
size of the effect in the data

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 114
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Lie factor

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 115
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Lie factor

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 116
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Scale manipulation

Changing with the scales of your chart to minimize, magnify, or 
invert the change in the data

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 117
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Convention manipulation

Breaking away from norms

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 118
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Convention manipulation

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 119
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Visualization Tools
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Tools, software, and frameworks
Adobe Illustrator

Adobe Creative Cloud
LaTeXiT

chachatelier.fr/latexit
Matplotlib

matplotlib.org
Seaborn 

seaborn.pydata.org
Bokeh

bokeh.pydata.org 
D3.js

d3js.org
GeoPandas

geopandas.org

Google Charts
developers.google.com/chart

Circos
circos.ca

gnuplut
gnuplot.info

TikZ
texample.net/tikz

Plotly
plot.ly/python

missingno
github.com/ResidentMario/mi
ssingno

billboard.js
naver.github.io/billboard.js

Squaire.js
wsj.github.io/squaire

Tableau
tableau.com/ 

Vega
vega.github.io/vega/

Vega-lite
vega.github.io/vega-lite/

Altair
altair-viz.github.io/
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Adobe illustrator and alternatives

Where to get on campus:
For purchase: https://itconnect.uw.edu/wares/uware/adobe-creative-
cloud/
Use for Free: UW Library
https://www.lib.washington.edu/media/software

Free alternatives:
Inkscape, https://inkscape.org
GIMP, https://www.gimp.org
Boxy-SVG, https://boxy-svg.com
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Leverage UX prototyping tools

• Adobe suite is a powerful prototyping tool, but it has a high 
learning curve and can be difficult to collaborate on with 
others
• There are online collaborative UX prototyping tools that can 

be used to prototype wireframes and flows
• Figma: free for students and educators; can be exported as PDF, 

SVG, PNG
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Convert JavaScript vis to figure
Three steps:
1) Use a JS library from two slide ago and generate a visualization

2) Generate a PDF file from HTML:
• stackoverflow.com/questions/18191893/generate-pdf-from-html-in-div-

using-javascript

3) Open the PDF in Illustrator and make further edits:
• Change colors 
• Add labels and annotations
• Add new visual elements, e.g., insets, logos
• Combine with other graphics to get a multi-panel figure
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Tools for network & relational data

• Gephi, gephi.org
• Graphviz, graphviz.org
• NetworkX, networkx.github.io
• JSNetworkX, jsnetworkx.org
• igraph, igraph.org/python
• sigma.js, sigmajs.org
• Cytoscape, cytoscape.org
• Hive plots, hiveplot.com
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Where to get ideas for figures?
Papers published in last issues of Nature, Science, PNAS, Nature 
Methods, Nature Biotech, etc.

No need to read the papers, just look at figures!
Martin Krzywinski, mkweb.bcgsc.ca

Inventor of several popular visualization tools
Designed many Nature, Science, etc. covers

www.d3-graph-gallery.com
Gallery with hundreds of chart, graphs, geo, part-of-whole
Reproducible & editable source code!

developers.google.com/chart/interactive/docs/gallery
Over 30 chart types, including many non-standard ones
Tutorials and source code for every chart type!

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds 126

http://mkweb.bcgsc.ca/
https://www.d3-graph-gallery.com/
http://developers.google.com/chart/interactive/docs/gallery


Visualization.       Perception.       Storytelling.       Design.       Prototype.       Papers.       Bad Visualization.   Tools.   

Where to get ideas for figures?

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

www.d3-graph-gallery.com
Many non-standard, but highly effective chart types. Source code!
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Where to get ideas for figures?
https://developers.google.com/chart with source code!
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Chart guide

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

https://www.storytellingwithdata.com/chart-guide
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Practice visualization redesign
https://www.storytellingwithdata.com/letspractice/downloads 
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Data visualization interactive notebooks

https://github.com/uwdata/visualization-curriculum
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Seaborn tutorial

https://bit.ly/cse481ds-seaborn-tutorial 
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Other resources

UW CSE 512 course materials:
https://courses.cs.washington.edu/courses/cse512/ 

Collaborative visualization tools:
https://observablehq.com/ 

Interactive visualization publications:
https://distill.pub/journal/ 
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Narrative structure

Author-driven narratives

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Start End

Strong ordering
Heavy messaging
Limited interactivity

Segel & Heer, 2010
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Narrative structure

Reader-driven narratives

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Start End

Weak ordering
Light messaging
Free interactivity

Segel & Heer, 2010
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Narrative structure

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Author-driven Reader-driven

Strong linear ordering
Heavy messaging
Limited interactivity

Tell stories
Need for clarity and speed

Most books

Weak ordering
Light messaging
Free interactivity

Ask questions
Explore and find

Choose your own 
adventure!

Segel & Heer, 2010
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Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Segel & Heer, 2010
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A little bit of both

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds

Author-driven Reader-driven

Segel & Heer, 2010

Martini glass Interactive slideshow Drill-down story
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Martini glass

Tim Althoff, UW CSE481DS: Data Science Capstone, http://www.cs.washington.edu/cse481ds
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