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Topic
Intro and logistics
Basic visualizations and tasks, data types, examples, ethical considerations
Data preparation (cleaning, imputation, data set integration)
Al-assisted coding for VIS applications (design, debugging, refactoring)
Big data and data reduction (distance/sim metrics, intro to clustering)
High-D data: concept, subspaces, dimension reduction, PCA
Cluster analysis: hierarchical, density, model, embedding, temporal
Perception and cognition (human visual system, color, contrast)
Visual design and aesthetics
Visualization of multivariate and high-D data: linear methods, projections
Vis. of multivariate and high-D data: non-linear methods, embeddings
Visualization and Al: mutual support and capabilities (VIS4Al, Al4VIS)
Principles of interaction: drive what is visualized, analyzed & how (HCI4VIS)
Visual analytics, human-centered Al, mixed-initiative & collaborative VA

Midterm #1 (tentative date)

VA system design and evaluation, the nested model

Midterm #1 discussion (tentative date)

Visualization of hierarchical data

Visualization of maps and data with geo-reference

Vis. of time-varying, time-series, streaming data, progressive visualization
Applications in Visualization Research

Applications in Visualization Research

Ed Tufte’s principles and critiques, responsible visualization, uncertainty
Design of effective infographics

Foundations scientific and medical visualization

Intro to volume rendering

Scientific visualization

Midterm #2 (tentative date)

Final project demo on zoom (public)

Projects

Project #1 out

Project #2(a) out

Project #2(b) out

Final proj. proposal call out

Final project proposal due

Final proj. prelim report due

Bonus project out (Vol Ren)

All final proj. materials due



Seminal Books by Edward Tufte

Standard literature for every visualization enthusiast
e written 1983, 1990, 1997, 2006

EDWARD TUFTE TAKES HIS COURSE ON THE ROAD

Lamvsid mng Information VISUAL EXPLANATIONS
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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 Aecouning

* use multiple views to show different J/ /
partitions of a dataset \r
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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

Tue Morse 1n MoTion.
: Mhtratedby N

MUYBRIDGE

“SALLIE GARDNER,” owned by LELAND STANFORD; running at_a 1.40 gait over the Palo Alto track, 19th June, 1878



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!
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Small Multiples

Tracking Covid-19 Global Casesa Casesinthe US. a

Cumulative projected deaths in each state
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https://www.bloomberg.com/graphics/2020-coronavirus-where-is-the-us-on-the-curve/

Small Multiples

Tracking Covid-19 Global Casesa Casesinthe US.a
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Edward Tufte

Also popularized “sparklines”
* small integrative visualizations

Symbol | Bid | Ask | Last |Change|T Chart | voume | High | Low [Value Change|| value | Gain |
DELL | 5934 | 8913Mc 8934 +11/4 4 S 10,310,100 901/8 | 881/2 +1.41% 250 17,950 +273.727 13,147
CPa 467THE  4BOME 48 THE - 13H6 26 26,700 51174 104 -1ES%  -B1 4544 +E0TO% 1 EF
S0l 261 2638 | 28HE +12 B 504600 2738 | 2558 +1.93% 250 13,188 +13315% 753
COMS | 461/2 | 48916 45916 -25132 3191100 4715M¢ 4534 |-185% 102 B,053 +29.79% 1339
LU 11158 111 11HET11 M6 +1 96 51046001125 110 +142% 78| 5578+2276% 1,034
YHOO |368 146 3681/2 36812 +17 144 [ En ey 3,757 300 331 316 280 +401% 431 8213 -041% 38
A0L 16213161863 163 +8 gl 10,005,500 164 1551/2 +516% 280 5705 +TI06% 2403
CMEl | 9738  a71/2 9712 +578 @ 1323500 8812 | 93 +641% 705 11,700 +186.765 7520
SPLM_ | 331316 3315MF 331316+ 7116 300200 3434 | 33SE +13% 88 BJEI +D4A0% 3788
BEAS | 1312 1358 1358 -7HE 389,200 141/ 1318 -311% -4 1383 -917%  -133

GHET (102 103 3M6 101 5M6 + 6145 307,600 106 a7 +6.43% G613 10131 |[+130.26% 573
R [ 67 67 1/4 67 + 2 304 1,233,900 B9 G4 19ME+4 258% 275 G700 +79687% 24975
MSFT  [1731/8 1731/4 173516 +1 34 13,254 500174 7RG 170 H02% TS 17 331 [+54 749 6131

IMTC 13338 1351316133 1316-31/8
TOTAL

8,094,300 137142 13338 |-2268% 6250 26,763 +63.20% 10563
205,302 80,993 +1.63% 2233 143280 +79.41% 63,377

Sparklines inspired “word size visualizations”
* charts or graphs tightly integrated into text or even computer code

Although Tufte is said to have invented sparklines, in actuality he invented only the name and popularized it as technigue. ' Sparklines
are a condensed way to present trends and variation, associated with a measurement such as average temperature or stock market
activity. often embedded directly in the text: for example: The Dow Jones index for February 7. 2006 -~ [1B17T] These are
often used as elements of a small multiple with several lines used together. Tufte explains the sparkline as a kind of "word" that
conveys rich information without breaking the flow of a sentence or paragraph made of other "words" both visual and conventional. To
date, the earliest known implementation of sparklines was done by interaction designer Peter Zelchenko and programmer Mike
Medved in early 1998.[18]



Tufte on Graphical Excellence

According to Tufte (pg. 51):

Graphical excellence is the well-designed presentation of interesting data

- a matter of substance, statistics, and design

Graphical excellence consists of complex ideas communicated with:

- clarity, precision, and efficiency

Graphical excellence is that what gives the viewer:

- the greatest number of ideas
- in the shortest time

- with the least ink

- in the smallest space

« Graphical excellence is nearly always multivariate

» Graphical excellence requires telling the truth about the data

(Nevertheless, visualizations should be visually pleasing and may very well have an artistic touch)



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
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Avoid Misleading Use of Graphics Effects

real effect: (27.5-18)/ 18 =53 %
graphical effect: (5.37-0.6) /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

* Quoting data out of context and/or too sparse (recall: graphics allows high data density)

- example: Connecticut traffic deaths (pg. 74/75)

Principles that ensure graphical integrity:

» The representation of numbers should be directly proportional to the numerical quantities repre-
sented (see the growing barrels)

» Clear and detailed labeling should be used to defeat graphical distortion and ambiguity

» Show data variations and not design variations (see the fuel economy graph)

» In time-series displays of money, show deflated and standardized units

» The number of information carrying dimensions should not exceed the data dimensions (see the
growing barrels, the shrinking doctor)

» Graphics must not quote data out of context (see the Connecticut traffic deaths)

» Convincing graphics must demonstrate cause and effect (see Challenger disaster)



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.
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Borkin et al. [IEEE TVCG 2014



What Do People Remember?

EXPERIMENT DESIGN

~

LABELED VISUALIZATION
DATABASE

6%

393 visualizations

Visualizations are taken
from [8],and the label
taxonomy described in
Table | is applied.

i

\

ENCODING

1 0 seconds / image

OuTpPUT:
Eye-tracking fixation locations
and durations.

RECOGNITION
Same 100 targets + 100 “fillers”
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Eye-tracking fixation locations
and durations, and whether
visualization is recognized.

visualization.
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RECALL
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. e rapm. -

e |

20 min - as many images as
participant can complete

OuTPUT:
Text descriptions of what
participant recalls about the

Borkin et al. [IEEE TVCG 2016



Eye Tracking Experiments

ENCODING

RECOGNITION

suesldifg!
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MosT RECOGNIZABLE LEAST RECOGNIZABLE

Fig. 7. Examples of the most and least recognizable visualizations from [8]. TOP: Eye-tracking fixation heat maps (i.e., average of all participants’
fixation locations) from the encoding phase of the experiment in which each visualization was presented for 10 seconds. The fixation patterns
demonstrate visual exploration of the visualization. BOTTOM: Eye-tracking fixation heat maps from the recognition phase of the experiment in
which each visualization was presented for 2 seconds or until response. The most recognizable visualizations all have a single focus in the center
indicating quick recognition of the visualization, whereas the least recognizable visualizations have fixation patterns similar to the encoding fixations
indicative of visual exploration (e.g., title, text, etc.) for recognition.

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

TEXTUAL ELEMENTS ARE MENTIONED MOST OFTEN IN DESCRIPTIONS
1400
1,252

751

ToTaL NumBER OF MENTIONS
"

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
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Visualizations Sources and Origins

Percent of Visualization Source by Visualization Type

Bars 25.4%
Table BN HEEEENE §Hi N 17.4%
Diagrams 15.6%

Lines [ IIINNIN | HEEE Nl 13.4%

Maps 10.2%

Points 6.5%

Area B B B 3.8%

Circles 3.2%

rees and Networks 2.4%
Distribution [ | 1.0%

Grid and Matrix 1.0%
Text 0.1%

0% 10% 20% 30% 40% 0% 10% 20% 30% 40% 0% 10% 20% 30% 40% 0% 10% 20% 30% 40% 9% of

% of all % of all % of all % of all Total

Scientific Publications Infographics News Media Government and

World Organization

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

Prop 37: Your right to know.

GMES: Corporate Charlatans V;grsus Organic Heroes Amount Spent to Counter Prop 37
$0 S$.75M S$1.5M $225M S$3M  $3.75M $4.5M
Montsanto ($4.208,000)

PepsiCo (§1,716,300)

BASF Plant Science ($1.642,300]
Bayer Cropscience ($1,618,400)
Nestle ($1,169,400)

>aca-Cola ($1,184,400
V S Conagra ($1,076,700)

i Jyngenta ($821,300)
Kellogg ($632,500)
General Mills ($519,401)
Hershey ($395,100)

Council for Biotechnology Information ($375,000)
Hormel ($374,300)
Bimbo Bakeries ($338

Ocean Spray Cranberries ($301,553) (a)




Using Icons as Bar Graphs
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Data-Driven Design Guides

Kimetal. TVCG 17
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Tallest Buildings in the World.

Data Source: Wikipedia.
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Video

video and more 1s



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