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Cover your right eye with your left hand 
and focus your left eye on the cross. Now, 
with your left eye fixed on the cross, move 
the paper very slowly closer to your face. 
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Cognition

Visualization
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Visualization



Cognition
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On the left, you see what your brain thinks you are seeing. On 
the right, you see what your e ye s are really getting: tons of 

quick, narrow fixations, such as these views. 
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What is Data Visualization



The main goal of data visualization is to communicate information 
clearly and efficiently, through graphical means. 

- Vitaly Friedman (2008) 
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Data visualization is a combination of numerous fields whose 
purpose is to communicate information visually with a 
specific goal to a specific target audience.
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visually
visually

visuallyvisually

Statistics
Computer Science
Information Design
Operation Research

Business Management
…

Video
Static Figure

Animated Graph
Interactive Web

…
Customer
Company

Government
Researcher

…

Decision
Information

Analysis
Explore

Modeling
…

Data visualization is a combination of numerous fields whose 
purpose is to communicate information visually with a 
specific goal to a specific target audience.
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Visualization

Information Viz

Scientific Viz

Infographics

Data Viz
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Michael Bierut of Pentagram designed MIT Media Lab's new logo
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Visualization

Explorer I - Exploded 
View, Image Credit: NASA
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Visualization

Information Viz

Infographics

Data Viz

Scientific Viz
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Scientific Visualization

Image Credits: The New York Times© 2023 Zhenyuan Lu, zhenyuanlu.com



Scientific Visualization

Ardila, D., et al, 2019. End-to-end lung cancer screening with three-dimensional deep learning on 

low-dose chest computed tomography [link] , Nature Medicine, Vol 25(6), pp. 954--961. Springer 

Science and Business Media {LLC}. DOI: 10.1038/s41591-019-0447-x

McKinney, S.M., et al., 2020. International evaluation of an {AI} system for breast cancer 

screening [link], Nature, Vol 577(7788), pp. 89--94. Springer Science and Business Media 

{LLC}. DOI: 10.1038/s41586-019-1799-6© 2023 Zhenyuan Lu, zhenyuanlu.com

https://doi.org/10.1038/s41591-019-0447-x
https://doi.org/10.1038/s41591-019-0447-x
https://doi.org/10.1038/s41586-019-1799-6
https://doi.org/10.1038/s41586-019-1799-6


Visualization

Information Viz

Infographics

Data Viz

Scientific Viz
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Information Visualization

[1] Zhenyuan Lu , et. al (2018),  Point-of-care Diagnostic Cartridge Having A Programmable 
Fluidic Wicking Network, US Patent
[2] Kshitij Ranjan, et. al (2017), Development of a paper-based diagnostic platform for the 
detection of diarrhea causing pathogens, BMES
[3] Zhenyuan Lu , et. al (2016), Paper-based Device For Gastroenteritis Detection Integrated 
With Sample Preparation Cartridge, BMES
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Infographic

Image Credits: Swami Chandrasekaran
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Infographic

Author: Eleanor Lutz, 2014
Source: Gilbert, Scott. Developmental 
Biology, 9th Edition. Sunderland, MA: 
Sinauer Associates Inc., 2010.© 2023 Zhenyuan Lu, zhenyuanlu.com



Data Visualization

Author: Charles Joseph Minard, 1869© 2023 Zhenyuan Lu, zhenyuanlu.com



Credit: BBC, Hans Rosling

Data Visualization
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objectives

Information Viz

Scientific Viz

Infographics

Data Viz

Don't be limited by these. Consider all of these 
circles to be tools that will assist you in achieving 
your objectives. 
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Why Data Visualization



Data is everywhere.





Data is everywhere.

      

      

     



Unstructured information is hard to understand.
and sometimes boring…
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3

1. Molecule 1
2. Molecule 2
3. Molecule 3

2

Vertex: molecules
Color: groups of molecules characteristics/fingerprints
Edge: relationship level

Understand Relationship
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The Centralized Degree Level among Allies, 
Axis Power, Occupied States, and Neutral 

States 
(1939-1945)

Data source: The Correlates of War Project COW_Trade_4.0Author: Zhenyuan Lu

Pre WWII 1940

1942 1944 Post WWII

Allies

Axis

Occupied (by Axis)

Neutral

Countries

Germany Japan Italy

UK

USA

France
China

Switzerland

Observation of Our World
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http://www.correlatesofwar.org/data-sets/bilateral-trade
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Investigation of Model Performance
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Detection on Patterns



How to Build Data Visualization



Know your audience. 



Know your data, respect your audience. 

David Alayón



Unstructured 
Information Data

Structured 
Information Knowledge Wisdom

Gathering and Filtering
1st level of encoding

2nd level of encoding

Audiences decode what is 
presented using memories 

and experience

In-depth understanding and 
memorization

Real World Audience
Communication

Understanding

Audience 
Decoding

Visualization 
Encoding
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Image Credit: Newton’s Apple

𝐹 = 𝐺
𝑚1𝑚2

𝑟2

Unstructured 
Information

Structured 
Information



Newton’s Law of Gravitation
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𝐹 = 𝐺
𝑚1𝑚2

𝑟2

Image Credit: Flaticon

𝐹

𝑀𝑎𝑠𝑠𝑎𝑝𝑝𝑙𝑒 = 𝑚1

𝑀𝑎𝑠𝑠𝑒𝑎𝑟𝑡ℎ = 𝑚1

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 𝑟2
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0
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0 1
How much you like your speaker Zhenyuan

How much you
will enjoy the talk

Student A
(Outlier)

Rest of the class

Outlier

Could you decode this chart?
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(Source: https://www.nytimes.com/interactive/2014/04/24/upshot/facebook-baseball-map.html#7,30.851,-98.804 )

https://www.nytimes.com/interactive/2014/04/24/upshot/facebook-baseball-map.html#7,30.851,-98.804
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Image Credit: Ryan MacEachern
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"All things are difficult before they are easy." – Chinese Proverb

万事开头难

@visualizevalue
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Image Credit: https://public.tableau.com/en-us/s/gallery/complete-analysis-game-thrones ; https://public.tableau.com/en-us/s/gallery/game-thrones-deaths
© 2023 Zhenyuan Lu, zhenyuanlu.com

https://public.tableau.com/en-us/s/gallery/complete-analysis-game-thrones
https://public.tableau.com/en-us/s/gallery/game-thrones-deaths
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Image Credit: Elizabeth Ter Sahakyan



Data − ink ratio =
𝐼𝑛𝑘 𝑡ℎ𝑎𝑡 𝑒𝑛𝑐𝑜𝑑𝑒𝑠 𝑑𝑎𝑡𝑎

𝑖𝑛𝑘 𝑢𝑠𝑒𝑑 𝑡𝑜 𝑝𝑟𝑖𝑛𝑡 𝑒𝑣𝑒𝑟𝑡ℎ𝑖𝑛𝑔 𝑒𝑙𝑠𝑒

Alberto Cairo

One Simple Rule
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The higher the better

If the dominator is high 
means you focus too 
much on unimportant 

part

For most of the cases…
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Alberto Cairo

Lower data-
ink ratio

Higher data-
ink ratio



Nigel Holmes

Nigel Holmes is a 
British/American 
graphic designer, 
author, and theorist, 
who focuses on 
information graphics 
and information 
design.
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Image Credit: Starbucks
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Real World Issues
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Adapted from: Healey, Christopher G., Kellogg S. Booth, and James T. Ennis. "High-Speed Visual Estimation 

Using Preattentive Processing." ACM Transactions on Computer-Human Interaction 3.2 (1996): 5.
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In Other Hand…
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If the area 1 = area 2 = area 3 ?
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Better ?
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"All things are difficult before they are easy." – Chinese Proverb

万事开头难

@visualizevalue
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38%

2021 Revenue
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Image Credit: Apple
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“The purchase likelihood for a 
product with five reviews is 270% 
greater than a product with zero 
reviews.”

Spiegel Research Center, How Online Reviews Influence Sales

5 Reviews No Reviews
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“The purchase likelihood for a product with 
five reviews is 270% greater than a product 
with zero reviews.”

Spiegel Research Center, How Online Reviews Influence Sales
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• For n epochs:
• For 𝐱, 𝐲 ~ 𝐷:

• 𝜃 ≔ 𝜃 − 𝜖
𝜕𝑙(𝐱,𝑦|𝜃)

𝜕𝜃

• 𝐯:= 0
• For n epochs:

• For 𝑩𝒊 batches:
• 𝐠 ≔ 𝐄x,y∈𝐵𝑖

𝜕𝑙(𝐱,𝑦|𝜃)

𝜕𝜃

• 𝐯 ≔ 𝜌𝐯 + 𝐠
• 𝜃 ≔ 𝜃 − 𝜖𝐯

SGD SGD with 
momentum

Where 𝐯 is the momentum term. If 𝜌 is zero, 
then will return to SGD.  



#F26F75

Respect Your Audience

Credit: https://www.colorhexa.com/f9a91b



1. There are some basic rules
2. There is no a MUST rule 
3. Accept that a graphic is a tool for understanding
4. Be curious and start making simple graphics about 

topics you care about. 
5. Educate yourself in creating hierarchies, narratives, 

stories, etc., that make your presentations 
understandable.

6. Respect your audience.

Take Home Notes
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Q & A 
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Kshitij Ranjan , Zhenyuan Lu , Shannon Weigum (2017), Development of a paper-based diagnostic 
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Zhenyuan Lu , Kshitij Ranjan , John Carrano , Jacob Carrano , Roland Schneider , Shannon Weigum 

(2016), Paper-based Device For Gastroenteritis Detection Integrated With Sample Preparation 

Cartridge, BMES

Zhenyuan Lu , Jacob Carrano , Roland Schneider , John Carrano, (2018),  Point-of-care Diagnostic 

Cartridge Having A Programmable Fluidic Wicking Network, US Patent

Gilbert, Scott. Developmental Biology, 9th Edition. Sunderland, MA: Sinauer Associates Inc., 2010.

Ardila, D., Kiraly, A.P., Bharadwaj, S., Choi, B., Reicher, J.J., Peng, L., Tse, D., Etemadi, M., 

Ye, W., Corrado, G., Naidich, D.P. and Shetty, S., 2019. End-to-end lung cancer screening with 

three-dimensional deep learning on low-dose chest computed tomography [link] , Nature Medicine, Vol 

25(6), pp. 954--961. Springer Science and Business Media {LLC}. DOI: 10.1038/s41591-019-0447-x

McKinney, S.M., Sieniek, M., Godbole, V., Godwin, J., Antropova, N., Ashrafian, H., Back, T., 

Chesus, M., Corrado, G.S., Darzi, A., Etemadi, M., Garcia-Vicente, F., Gilbert, F.J., Halling-Brown, 

M., Hassabis, D., Jansen, S., Karthikesalingam, A., Kelly, C.J., King, D., Ledsam, J.R., Melnick, 

D., Mostofi, H., Peng, L., Reicher, J.J., Romera-Paredes, B., Sidebottom, R., Suleyman, M., Tse, D., 

Young, K.C., Fauw, J.D. and Shetty, S., 2020. International evaluation of an {AI} system for breast 

cancer screening [link], Nature, Vol 577(7788), pp. 89--94. Springer Science and Business Media 

{LLC}. DOI: 10.1038/s41586-019-1799-6

MISC Credits: 

David Alayón

Eleanor Lutz, 2014, http://tabletopwhale.com/

Hans Rosling

BBC

DATA + DESIGN, A simple introduction to preparing and visualizing information
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