
Data Visualization

Visual tools for understanding your data
ICME Fundamentals of Data Science – Summer Workshop Series



Today - Design for Others

- Perception Considerations
- Polishing Plots in Python
- Data Storytelling
- Visualization Evaluation

Yesterdayʼs Recap and Todayʼs Plan

Yesterday - Design for Yourself

- Intros and Course Plan
- Python for data visualization
- Exploratory Data Analysis (EDA)
- Plotting basics in Python



Course Website and Resources
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bit.ly/icme-vis



Image source: Wikipedia

Anscombeʼs 
Quartet
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https://en.wikipedia.org/wiki/Anscombe%27s_quartet


The exploratory data analysis process

5

Figure from Hari Subramonyam, 
adapted from Hullman



Basic 
Plotting
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Yesterdayʼs 
Homework

1. Explore the Airline Delay 
dataset using the tools you 
learned today. 

2. Create a scatter plot of 
departure delay vs arrival 
delay. How correlated are the 
two? What does this suggest 
about why flights are delayed?

3. Develop 1-3 candidate ideas for 
a visualization to polish 
tomorrow. 
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Join at slido.com
#1315187

ⓘ
Click Present with Slido or install our Chrome extension to display joining 
instructions for participants while presenting.

https://www.sli.do/features-google-slides?interaction-type=Sm9pbg%3D%3D
https://www.sli.do/features-google-slides?payload=eyJwcmVzZW50YXRpb25JZCI6IjFrdDdWWDQ5MW43NUZGYVRLa2gtcDBFTHBFSUpfaDREQjRaMEJTLTh4T3FrIiwic2xpZGVJZCI6IlNMSURFU19BUEkxMjM4OTE1MDBfMCIsInR5cGUiOiJTbGlkb0pvaW5pbmcifQ%3D%3D
https://chrome.google.com/webstore/detail/slido/dhhclfjehmpacimcdknijodpjpmppkii


Perception 
Design 

Considerations



Pre-attentive Processing

Definition: Subconscious accumulation of information used for prioritizing 
what we pay attention to 

Extremely fast, 
automatic 

Highest salience items get passed on for 
conscious (attentive) processing



Find the red dot



Find the big dot



Find the triangle



Takeaway: We can leverage what the brain 
automatically focuses on to get our viewer 

to pay attention to what we want. 



Example: Leveraging Pre-Attentive Processing

Source

https://towardsdatascience.com/4-steps-to-leverage-the-brain-for-your-data-visualisations-6b02c2baafc4


We can represent data using 
different kinds of “marks.”

Some encodings are easier for the 
human eye to differentiate than others. 

Jock Mackinlay. 1986. Automating the design of graphical 
presentations of relational information. ACM Trans. Graph. 5, 2 
(April 1986), 110–141. https://doi.org/10.1145/22949.22950



Different marks are more effective for different kinds of data.

Jock Mackinlay. 1986. Automating the design of graphical presentations of relational information. ACM Trans. Graph. 5, 2 (April 
1986), 110–141. https://doi.org/10.1145/22949.22950



Example: Angle vs. Length Encoding



Expressiveness and Effectiveness

Expressiveness
The ability of a visualization to 

represent all the data accurately 
and without ambiguity. 

Not necessarily at odds, but sometimes tension between completeness and clarity! 

Effectiveness
How quickly, easily, and accurately 

the viewer can understand the 
information being presented. 



Chart Junk

Definition: 
Unnecessary or 

confusing elements in 
charts and graphs 

that do not contribute 
to the viewer's 

understanding of the 
data. Coined by 
Edward Tufte.

Source 

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


Source 

https://businessq-software.com/2019/02/28/chartjunk_and_why_to_avoid_them/#_ftn1


Source 

https://junkcharts.typepad.com/junk_charts/2012/10/can-information-be-beautiful-when-information-doesnt-exist.html


Source 

https://eagereyes.org/criticism/chart-junk-considered-useful-after-all


How to avoid creating Chart Junk

Simplicity: Every element in your visualization should serve a purpose.

● Decorative elements
● 3D plots
● Fancy fonts
● Non-strategic extra colors

● One font per visualization
● Familiar chart types
● Colors that go together



Audience Q&A Session

ⓘ
Click Present with Slido or install our Chrome extension to show live Q&A 
while presenting.

https://www.sli.do/features-google-slides?interaction-type=UUE%3D
https://www.sli.do/features-google-slides?payload=eyJwcmVzZW50YXRpb25JZCI6IjFrdDdWWDQ5MW43NUZGYVRLa2gtcDBFTHBFSUpfaDREQjRaMEJTLTh4T3FrIiwic2xpZGVJZCI6IlNMSURFU19BUEk2NDg3MDQ5NDFfMCIsInR5cGUiOiJTbGlkb1FBIn0%3D
https://chrome.google.com/webstore/detail/slido/dhhclfjehmpacimcdknijodpjpmppkii


Accessibility: Designing for Color Blindness

Source

https://gist.github.com/mwaskom/b35f6ebc2d4b340b4f64a4e28e778486


Accessibility: Color Blindness Resources

List of color resources will be posted on the workshop website. 



Implementation



Beyond the Bare Bones Visualizations in Python

● Python implementation of:
○ Titles
○ Axis Labels
○ Annotations
○ Opacity
○ Legends
○ Shared Axes
○ Small Multiples

< Code Demo >

Don’t worry about the exact details here! 
The important part is that you have an idea of 

what’s possible. 

The completed version of this notebook is 
available on the website so you can copy 

from the examples. 



Coffee Break

30

http://www.youtube.com/watch?v=1gQJUjgCqrU


Refine a visualization based on one of the findings in the exploratory data analysis 
process. Think about a descriptive title, labels, and legends! 

Donʼt worry if you donʼt finish. Youʼll have the chance to share your ideas with a peer 
later and get feedback.

Your Task



Example with Weather Anomaly Data



Your Task
Refine a visualization based on one of the findings in the exploratory data analysis 

process. Think about a descriptive title, labels, and legends! 

Donʼt worry if you donʼt finish. Youʼll have the chance to share your ideas with a peer 
later and get feedback.

http://www.youtube.com/watch?v=1gQJUjgCqrU


Audience Q&A Session

ⓘ
Click Present with Slido or install our Chrome extension to show live Q&A 
while presenting.

https://www.sli.do/features-google-slides?interaction-type=UUE%3D
https://www.sli.do/features-google-slides?payload=eyJwcmVzZW50YXRpb25JZCI6IjFrdDdWWDQ5MW43NUZGYVRLa2gtcDBFTHBFSUpfaDREQjRaMEJTLTh4T3FrIiwic2xpZGVJZCI6IlNMSURFU19BUEkyMzUxNjE1MDJfMCIsInR5cGUiOiJTbGlkb1FBIn0%3D
https://chrome.google.com/webstore/detail/slido/dhhclfjehmpacimcdknijodpjpmppkii


Data 
Storytelling



You probably didnʼt take this course just to 
make beautiful visualizations.

You probably want to be compelling and persuasive 
data communicator. 



Designing a story with your data.

Typically want a narrative structure:

Data storytelling can include more than just the figure (e.g., written text, slides)

Beginning
Setting up the Problem

Middle
Sharing the Analysis

End
Takeaways or Call to 

Action



Designing for your Audience

#1 problem for technical communication – insufficient context

Who is your audience? 

Motivation: What do they need to get out of this presentation?

Technical Depth: What level of technical complexity is appropriate and 
feasible? Will any jargon be understood? 

Context: How familiar is the audience with the problem you are 
addressing? How is their context different from yours? 



Resources and Examples of Data Storytelling

Examples of data 
storytelling in action

Design guides for data 
storytelling

Links to resources are on workshop website



Data 
Visualization 

Critique



Data Visualization Critique 

● Somewhat subjective – people react to visualizations differently
● Critique questions:

○ Is it expressive? Does it convey the data accurately?
○ Is it effective? Do you easily come away with the intended takeaway?
○ Are there any points of ambiguity? 
○ Does it look nice? 
○ Is there anything you could do to help your reader?





https://www.oreilly.com/content/in-defense-of-the-pie-chart/



Tufte, “Visual Display of Quantitative Information”



Tufte, “Visual Display of Quantitative Information”



https://rhythm-of-food.net/



Source

https://flowingdata.com/2021/06/08/seeing-how-much-we-ate-over-the-years/


Source

https://flowingdata.com/2023/07/25/when-is-dinner-by-state/


Source

https://flowingdata.com/2023/07/25/when-is-dinner-by-state/


Audience Q&A Session

ⓘ
Click Present with Slido or install our Chrome extension to show live Q&A 
while presenting.

https://www.sli.do/features-google-slides?interaction-type=UUE%3D
https://www.sli.do/features-google-slides?payload=eyJwcmVzZW50YXRpb25JZCI6IjFrdDdWWDQ5MW43NUZGYVRLa2gtcDBFTHBFSUpfaDREQjRaMEJTLTh4T3FrIiwic2xpZGVJZCI6IlNMSURFU19BUEkyMTAxNjg1MTk0XzAiLCJ0eXBlIjoiU2xpZG9RQSJ9
https://chrome.google.com/webstore/detail/slido/dhhclfjehmpacimcdknijodpjpmppkii


1. Introduce yourself to your partner
2. The person whose first name comes first alphabetically shows their visualization 

first, and the non-visualization designer will explain back what they think the point 
of the visualization is. 

3. Discuss what went well and what the designer can improve to communicate more 
clearly

4. Swap roles and repeat

Breakout Rooms

http://www.youtube.com/watch?v=1gQJUjgCqrU


Audience Q&A Session

ⓘ
Click Present with Slido or install our Chrome extension to show live Q&A 
while presenting.

https://www.sli.do/features-google-slides?interaction-type=UUE%3D
https://www.sli.do/features-google-slides?payload=eyJwcmVzZW50YXRpb25JZCI6IjFrdDdWWDQ5MW43NUZGYVRLa2gtcDBFTHBFSUpfaDREQjRaMEJTLTh4T3FrIiwic2xpZGVJZCI6IlNMSURFU19BUEkyNjg1MTYwNDhfMCIsInR5cGUiOiJTbGlkb1FBIn0%3D
https://chrome.google.com/webstore/detail/slido/dhhclfjehmpacimcdknijodpjpmppkii


Wrap Up



Today - Design for Others

- Perception Considerations
- Polishing Plots in Python
- Data Storytelling
- Visualization Evaluation

What Weʼve Covered

Yesterday - Design for Yourself

- Intros and Course Plan
- Python for data visualization
- Exploratory Data Analysis (EDA)
- Plotting basics in Python



Some Takeaways

● Data visualization is very important to understand your data. 
● Exploratory Data Analysis is an iterative process of asking and answering questions 

with data. 
● Good visualizations leverage how the human brain processes visual information. 
● When in doubt, choose simple and clean visualizations. 
● Tell a story with your data – and be sure you give enough context for your audience 

to understand.
● Feedback from others is critical to designing the most effective visualizations. 



Resources will remain available on the workshop website.

Contact: kmentzer@stanford.edu

thanks!


