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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: concept, subspaces, dimension reduction, PCA
7 Cluster analysis:  hierarchical, density, model, embedding, temporal
8 Perception and cognition (human visual system, color, contrast) Project #2(a) out
9 Visual design and aesthetics
10 Visualization of multivariate and high-D data: linear methods, projections 
11 Vis. of multivariate and high-D data: non-linear methods, 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, human-centered AI, mixed-initiative & collaborative VA

15 Midterm #1 (tentative date)

16 VA system design and evaluation, the nested model

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 Vis. of time-varying, time-series, streaming data, progressive visualization Final project proposal due
21 Applications in Visualization Research
22 Applications in Visualization Research
23 Ed Tufte’s principles and critiques, responsible visualization, uncertainty
24 Design of effective infographics Final proj. prelim report due
25 Foundations scientific and medical visualization
26 Intro to volume rendering Bonus project out (Vol Ren)
27 Scientific visualization 
28 Midterm #2 (tentative date)
Final Final project demo on zoom (public) All final proj. materials due



Seminal Books by Edward Tufte

Standard literature for every visualization enthusiast

• written 1983, 1990, 1997, 2006 



Edward Tufte

Well recognized for his writings on information design

• a pioneer in the field of data visualization

• taught information design at Princeton University

• now a professor at Yale University

Popularized concept of “small multiples”

• aka trellis chart or panel chart

• similar charts of same scale + axes

• allows them to be easily compared

• use multiple views to show different                                                        
partitions of a dataset

 



Small Multiples – Historical Reference

E. Muybridge’s Horses in Motion (1886)

• proofed for the first time that horses CAN have all 4 legs in the air

• work was also foundational to the development of the motion picture 



Small Multiples – Historical Reference

FA Walker’s census charts 
(1870)

• population is broken down by 
state and then occupation, 
including a count of those 
attending school

• also has tree maps! 



Small Multiples 

Bloomberg page

https://www.bloomberg.com/graphics/2020-coronavirus-where-is-the-us-on-the-curve/


Small Multiples 



Edward Tufte

Also popularized “sparklines” 

• small integrative visualizations

Sparklines inspired “word size visualizations”

•  charts or graphs tightly integrated into text or even computer code



Tufte on Graphical Excellence



Next Slides…

Tufte’s views on 

• visual embellishments → “chart junk” 

• abuse of physically-motivated distortions → “lie factor” 



Avoid Misleading Embellishments = Chart Junk



Nigel Holmes’ Famous Chart



Avoid Misleading Use of Graphics Effects

real effect:           (27.5-18) / 18 = 53 %    

graphical effect:  (5.3”-0.6”) /0.6” = 783 %             → lie factor: 783/53 = 14.8



Tell the Truth About the Data



If You Must Embellish…



Avoid Suggestive Distortions

Lie factor: 9.4 (2D), 59.4 (3D)



Show the Data in Their Proper Context



Avoid Display of Out-of-Context Data



Graphical Integrity



But Wait… There is More 

Do these bare graphs engage a human audience?

• are they memorable?

A recent (research) trend

• will embellishment help memorability, engagement?

• do we need what Tufte calls “chart junk”



Memorability Experiment by Borkin et al.

Experiment set up as a game on Amazon Mechanical Turk

• workers were presented with a sequence of images (about 120)

• presented for 1 second, with a 1.4 second gap between consecutive 
images

• workers had to press a key if they saw an image for the second time 
in the sequence (spacing 1-7 images with “filler” images in between)

Borkin et al. IEEE TVCG 2014



Memorability Experiment by Borkin et al.

most memorable most memorable

after removing 

human recognizable 

cartoons

least memorable

Borkin et al. IEEE TVCG 2014



What Do People Remember?

Borkin et al. IEEE TVCG 2016



Eye Tracking Experiments

Borkin et al. IEEE TVCG 2016



Practical Rules for Visualization Design

Takeaways: 

• 393 visualizations and eye movements of 33 participants and 1,000s of 
participant-generated text descriptions of the visualizations

• titles and supporting text should convey the message of a visualization

• if used appropriately, pictograms do not interfere with understanding 
and can improve recognition

• redundancy helps effectively communicate the message

• visualizations that are memorable “at-a-glance” are also capable of 
effectively conveying the message of the visualization

→ thus, a memorable visualization is often also an effective one

Borkin et al. IEEE TVCG 2016



Important for Memorability

Important are:

• attributes like color 

• inclusion of a human recognizable object

However, link to human engagement not explicitly established  

• “just” memorability 

Our own studies show that embellishments can get humans 
interested in studying an image

• but prefer conventional charts for problem solving

vs.



Visualizations Sources and Origins

Borkin et al. IEEE TVCG 2014



Infographic

Graphic visual representations of information, data or 
knowledge intended to present information quickly and 
clearly

Evolved in recent years to be for mass communication

• designed with fewer assumptions about the readers knowledge base 
than other types of visualizations

• but can be misleading and express the opinion of the author

(a)

vs.



Using Icons as Bar Graphs

Wang et al. CHI 18



Data-Driven Design Guides

Kim et al. TVCG 17



Kim et al. TVCG 17



Video

video and more is here

https://www3.cs.stonybrook.edu/~mueller/research/pages/Infomages/
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