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WHY ARE YOU HERE?
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The growth of jobs mentioning “data visualization” as a skill from 2010 through 2017
has steadily increased from only 1,888 jobs in 2010 to 30,327 jobs in 2017 (16xgrowth)
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“VISUALIZATION" SKILL...

Top Job Titles Listing ”Data Visualization” as a Skill ... Is needed everywhere

Business Analyst 15.82%
Software Development 13.35%
Engineer ’
Business Intelligence 329
Analyst 0
Business Intelligence A8%
Developer 2
Data Architect 5.31%
Top Jobs with ”Visualization” in Title
Software Developer |  4.57% Only 3% of total data visualization related jobs included the word
"visualization” in the title. Of these 3%, the top jobs were are defined below:
Data Visualization Specialist: 14.29%
Business Consultant | 3.90% Senior Data Visualization Engineer: 14.29%
Data Visualization Developer: 11.82%
Data Visualization Engineer: 10.84%
Graphic Designer |2.76% Data Visualiation Consultant: 6.50%
, Source: Ryan et al, IEEE CG&A,
User Experience (UX) 2.71%

Designer

2019 using data from Labor Insight
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WHAT OTHER SKILLS?

Data Visualization Top Baseline (Soft) Skills

Of ~31k visualization related jobs posted between March 2017 and February 2018, ~16k listed the broad skill of communication as the top "soft” skill.

Many of the other top soft skills, including problem solving, detail-oriented, and planned all fall into a larger project management skillset.
Source: Labor Insight (Burning Glass Technologies)

Communication Skills 15,878

Research 11,847
Microsoft Excel 10,023
Problem Solving 9,298
Creativity 6,724
Writing 6,331
Detail-Oriented 5,747
Planning 5,417
Somsariabion Shike 5,028 Source: Ryan et al, IEEE CG&A,
2019 using data from Labor Insight
Microsoft Powerpoint 4,735

0K 1K 2K 3K 4K SK 6K 7K 8K SK 10K 11K 12K 13K 14K 15K 16K

Number of Job Postings

Baseline, or “soft” skills listed for these 30k “Data Visualization” jobs.
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SKILLS, READING BETWEEN THE LINES

Communication, when mentioned in conjunction with data
visualization really means:

=  communication of information derived from data
» visual story telling with data

= half of the data analytics projects fail due to poor communication
(according to L. Kart, N. Neudecker, F. Buytendijk, Gartner Report GG0255160, 2013)

Apart from the specialized skills, these general skills (or
proficiencies) are also often listed:
= SQL Source: Ryan et al, IEEE CG&A,
= Tableau (41%), 2019 using data from Labor Insight
= Excel (34%), PowerPoint (16%)
= Python (30%), SAS (22%), R (16%), Plotly (?%)
= JavaScript & JavaScript-based data-driven documents D3.js (13%)
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VISUALIZATION IS NOT NEW



RICH HISTORY

Let's go back some 170 years to 1854, London, England
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NEWSFLASH, 1854

The most terrible outbreak of cholera which ever occurred in
this kingdom, is probably that which is taking place in Broad
Street, Golden Square, and adjoining streets.

Within two hundred and fifty yards of the spot where
Cambridge Street joins Broad Street, there are upwards of five
hundred fatal attacks of cholera in ten days.

The mortality in this limited area probably equals any that
was ever caused in this country, even by the plague; and it is
much more sudden, as the greater number of cases
terminated in a few hours.



WHAT CAN WE DO?

WHAT IS THE CAUSE?Y

How CAN WE ELIMINATE IT?
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PROVED [THE HYPOTHESIS

Hypothesis: cholera spreads through water
= and not via some other fantastic causes

= one said it rose out of the burying grounds of plague victims from
two centuries earlier

= the bacteria was discovered later, in 1886

A real-life experiment (often the case with observational data)
= established the mode of cholera transmission

= and consequently the method of prevention: keep drinking water,
food, and hands clear of infected sewage

Visualization provided
= inspiration
= convincing arguments to justify actions (removing the pump handle)
» |ed to Dr. John Snow's historic immortality
= a bar near the old Broad Street pump bears his name (safe drinking)



GRAPHED OVER TIME

Turns out that the handle was removed at the end of the
outbreak

» graphing deaths over time revealed this

= also done by Dr. Snow but far less publicized

= but likely prevented a new outbreak

Cholera Cases by Date of First Symptoms

Cases
150 -

100 - Handle

removed

50-

August 15 September 1 October 1

Date of disecase onset




MUCH LATER

Yirds
50 e 50 100 50

e Deaths from cholera

Edward Tufte redrew the
map

= only kept the most
critical street and
building details

= switched out Dr.
Snow's dashes for dots

= focused the visual
emphasis on Cholera
victims and well
locations, and not the
features of the ground

=  Dbetter data-to-ink ratio




COVID-19 RISK MAP

Use pattern analysis of US county socio-economic vulnerability
risk factors to predict the initial spread of the virus
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COVID-19 RISK MAP

created COVID-19 Alert Map
May 10, 2020

Color mapping:

* the number of times a U.S. county is part of a "high risk” set

« the higher level of risk a county has for high COVID-19 death rates the darker the color
Only counties with at least 1 death on May 10, 2020 are shown



PATTERN-BASED PREDICTIONS (2020)
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PUBLISHED IN...

K. Mueller, E. Papenhausen, "Demographic Pattern Analysis
to Predict COVID-19 Fatalities on the US County Level," ACM
Digital Government: Research and Practice, 2 (1): 1-11, 2020.

D. Coelho, N. Gupta, E. Papenhausen, K. Mueller, "Patterns of
Social Vulnerability — An Interactive Dashboard to Explore
Risks to Public Health on the US County Level," Workshop on
Visual Analytics in Healthcare (VAHC, jointly held with AMIA),
Washington, DC, November, 2022. (won Best Paper Award)

link


https://www3.cs.stonybrook.edu/~mueller/research/pages/COVID-Risk-Explorer-VAHC22/

WHAT IS NEEDED FOR VISUALIZATION?

Data (wide variety)

Algorithms
= data mining
= data analytics
Computer
= run those algorithms
= data storage
Humans
= with a purpose/need to understand their data
= endowed with cognitive faculties, creative thought, intuition
= domain expertise
Understanding of humans
= perception, cognition, HCI issues
= we can gain it through experimentation with humans



WHAT IS NEEDED FOR VISUALIZATION?

Data (wide variety)

Algorithms
= data mining
= data analytics = Visual Analytics
Computer
= run those algorithms
= data storage
Humans
= with a purpose/need to understand their data
= endowed with cognitive faculties, creative thought, intuition
= domain expertise
Understanding of humans
= perception, cognition, HCI issues
= we can gain it through experimentation with humans




DR. JOHN SNOW:
A VISUAL ANALYTICS PIONEER

Dr. John Snow’s London
Cholera Map of 1854

= data collection

= data assimilation

= statistical testing

= visualization

= computational
analysis (brain)

= domain knowledge

Very early example of
visual analytics




MORE RECENT HISTORY

Let's go back some 40 years to 1986, JFK Space Center, FL

The crew of Space Shuttle mission STS-51-L
11/15/85. Back row, left to right: Ellison S.
Onizuka, Sharon Christa McAuliffe, Greg
Jarvis, Judy Resnik. Front row, left to right:
Michael J. Smith, Dick Scobee, Ron McNair.



73 SECONDS AFTER LIFT-OFF




WHAT WAS THE CAUSE?

WHAT HAPPENED?



THE DAY OF THE LAUNCH

36 degrees F on Launch Pad 39




SPACE SHUTTLE 101

/" that leaked.

_ UntodShecgef .- =

Rubber O-rings, nearly 38 feet N
(11.6 meters) in circumference; y

1/4 inch (6.4 mm) thick. / i@
‘ ,

The field joint — ,

Upper segment

Primary O-ring of ro;ket casing

Secondary O-ring  *

-

Upon ignition, smoke
leaked from this joint. ——
A flame burned through 4
59 seconds later.
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FAST FORWARD
58 SECONDS AFTER IGNITION




WHAT HAPPENED?

WHAT WAS THE CAUSE?

CoOULD IT HAVE BEEN PREVENTED?




ENGINEERS AT THIOKOL HAD A HUNCH

Two days before launch they presented their concerns
» created 13 charts to make their case

Slide #1:  /Em PERATURE (onNecerN  op

SRM  Joiy7s

27 Jan 1284

= SRM - Solid Rocket Motor



SLIDE #2

Teaches about past damages to O-ring

HISTORY OF O-RING DAMAGE ON SRM FIELD JOIWTS

4
[ Cross Sectional View Top View
,"{? Erosion Ferimeter Nominal Length OF Total Heat Clocking
i .,S{Fr SAM Depth Affected Dia. Max Erosion Affected Length Location
oy No. _(in.) (deg) (in.) (in.) (in.}) (deg)

s
U ) 61A LH Center|Field*~ None Hone . Hone None * --hf"
° {Eu LH eau:ln FIELD** % wane NONE &:38) NONE NONE 322'-155
4§ S1C LH Forvard Fieldws 15A  0.010 154.0 0.280 4.25 5.25 63
¥ }51C RH Center Field (prim)*** 158  0.038 130.0 0.280 12.50 58.75 354
¥

51C RH Center Field (sec)* 158  MNone 45.0 0.280 Hone 29.50 354
410 RH Forward Field 133 0.028 110.0 0.280 3.00 Hone 275
41C LH Aft Field* 11A None Hone 0.280 MHane None —
418 LH Forward Field 10A  0.040 217.0 0.280 3.00 14.50 351
)  STS-2 RH Aft Field 28 0.053 116.0 0.280 -- == 90

*Hot gas path detected in putty. Indication of heat on O-ring, but no damage.
**500t behind primary O-ring.

***500t behind primary O-ring, heat affected secondary O-ring.
Clocking location of leak check part - 0 deg.

OTHER SRM-15 F1ELD JOINTS HAD NO BLOWHOLES IN PUTTY AND NO SOOT
NEAR OR BEYOND THE PRIMARY O-RING.

SRM-22 FORWARD FIELD JOINT HAD PUTTY PATH TO PRIMARY O-RING, BUT NO O-RING EROSIOH
AND NO SO0OT BLOWBY, OTHER SRM-22 FIELD JOINTS HAD NO BLOWHOLES IN PUTTY.



SLIDES #2 AND 3

Teaches about O-ring damage mechanics and erosion

PRIMARY COMCERNS -

FIELD JOINT - HIGHEST CONCERN

o EROSION PENETRATION OF PRIMARY SEAL REQUIRES RELIABLE SECONDARY SEAL
FOR PRESSURE INTEGRITY
o IGNITION TRANSIEWT - (0-600 MS)
o (0-170 MSIHIGH PROBABILITY OF RELIABLE SECONDARY SEAL
o (170-330 MS) REDUCED PROBABILITY OF RELIABLE SECONDARY SEAL
o (330-6500 MS) HIGH PROBABILITY OF NO SECONDARY SEAL CAPABLLLTY

o  STEADY STATE - (600 MS - 2 MINUTES)
o [F EROSION PENETRATES PRIMARY O-RING SEAL = HIGH PROBABILITY OF
ND SECONDARY SEAL CAPABILITY
o  BENCH TESTIHG SHOMED O-RING NOT CAPABLE OF MAINTAINING CONTACT
WITH METAL PARTS GAP OPENING RATE TO MEOP
o BENCH TESTING SHOWED CAPABILITY TO MAINTAIN O-RING CONTACT DURING
INITIAL PHASE (0-170 MS) OF TRANSIENT

PRIMARY CONCERNS - CONT

S

L

SEGMENT CEMTERLIHE

Piur = 0 rsis

UNPRESSURIZED JOIRT - NO ROTATION

SEGMENT CENMTERLINE

rw oPENIKG (008 - 0 Finr = 1004 psi
nU-—-._:i::

C —

PRESSURIZED JOINT - ROTATION EFFECT (EXAGGERATED}




SLIDES #4 AND 5

Lists temperature and blow-by history for two SRMs

Lrow ‘5?}’ !L.”i’-f?lwély

HISTORY OF O-RING TEMPERATURES
Sem
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Dni =2 7e 45 sz 10 1mFH
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© Zepse omrs (grﬂﬁ#y em - & 76 48 s/ /o mPH
Sem-1§ sz 64 53 10 mPH
Yy - Sseam-22 - - io mpH
EOTIT L5, 1ek, 18 334 24 ! 78
- H
< -4/92_:_-‘*15* ’67{_0%,_49}_, SRM-Z25 =ty 26 29 lo mP
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ASSUME YOU RE A NASA MANAGER

Given the information provided in the company slides
= would you vote for a launch?
= ignore you know about the consequences

Be keenly aware of the immense PR pressures R
= President Reagan’s upcoming State of the Union speech
= the first civilian in space
= NASA's funding problems

Launch:
= No: OK with a PR disaster & possible budget cuts down the road
= Yes: the rocket company is too cautious & concerns are unproven



WHY THE RECOMMENDATION FAILED

Presentation only has exactly two shuttle flights
= one with two blow-by’s and high temperature
= one with two blow-by’s and low temperature
= ignores all other 22 shuttle flights (SRM)  zeres c-awe

Dot - e 47 Test rockets ignited
on fixed horizontal
Dm -2 sz platforms in Utah.
Stat|5tlcally Weak Q-3 48 The only 2 shuttle
om- 4 5/ launches (of 24) for
which temperatures
sem-1§ 53 were shown in the
13 Challenger charts.
. SeRm-22 =5
Recommendation cam-2s  mo | Forccasted O-ring
" . " 27 }‘———- temperatures for the
=  "O-ring temp must be >53°F at launch Challenger.

= is only based on a sample size of 1
= context of other flights is missing
= no statistical leverage



DEFICIENCIES

Lots of numbers and facts

But no causal evidence that could predict

What is needed?



WHAT IS NEEDED?”?

Damage

Temperature

Need a measure for damage



DAMAGE INDEX

Flight ~ Date Temperature Erosion Blow-by  Damage Comments
°F incidents  incidents  index

51-C  01.24.85 53° 3 2 11 Most erosion any flight; blow-by; back-up rings heated.
41-B  02.03.84 57° 1 4 Deep, extensive erosion.
61-C  01.12.86 58° 1 + O-ring erosion on launch two weeks before Challenger.
41-C  04.06.84 63° 1 2 O-rings showed signs of heating, but no damage.

1 04.12.81 66° 0 Coolest (66°) launch without O-ring problems.

6 04.0483 67° 0
51-A  11.08.84 67° 0
51-D 04.12.85 67° 0

5 111182 68° 0

3 032282 69° 0

2 111281 70° 1 4 Extent of erosion not fully known.

9 11.2883 70° 0
41-D  08.30.84 70° 1 4
51-G 06.17.85 70° 0

7 06.18.83 72° 0

8 08.30.83 73° 0
51-B  04.29.85 75° 0
61-A  10.30.85 75° 2 + No erosion. Soot found behind two primary O-rings.
51-1  08.27.85 76° 0
61-B  11.26.85 76° 0
41-G  10.05.84 78° 0
51-] 100385 79° 0

06.27.82 80° ? O-ring condition unknown; rocket casing lost at sea.

51-F  07.29.85 81° 0



VISUALIZE IT — JUST THE FACTS

O-ring damage
index, each launch

12 12
L]
SRM 15
8 8
SRM 22
4 3 o 4
26°-29" range of foreqasted temperatures
(as of January 27, 1986) for the launch
of space shuttle Challenger on Janyary 28
0l -—3—-—0—'—-—0—0—’—-—0——-— o
L]
25° 30° 35° 40° 45" 50° 55° 60° 65° 70° 75° 80° 85°

Temperature (°F) of field joints at time of launch



VISUALIZE IT — TELL THE STORY

Extrapolation of damage curve to the cold
b Challenger launch: 31" forecasted

\ temperature for January 28, 1986
> . Dots indicate temperature and O-ring damage for 24
N successful launches prior to Challenger. Curve shows
\ increasing damage is related to cocler temperatures.
3 - & 3
=
s \
s S
'EI_T 2 LY & 2
)
= o
P |
(T=) ] 1
-E.E
30
0
30° 357 40" 457 50" 557 60" 65"

Temperature °F
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History of O-Ring Damage in Field Joints (Cont)

Used these charts

* No Erosion

LSAAEG TO SUPPOAT ih DRAL FAESENTATION
FLETE WITHOUT Tl ORAL DISCUSSION

All information is there

but very hard to identify and assimilate

why?



SOURCE: EDWARD TUFTE

Four seminal books

= standard literature for every visualization enthusiast
= written 1983, 1990, 1997, 2006

Envistoning Information VISUAL EXPLANATIONS

YN YT YN ‘{"
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e
SECOND FDITION

b P 1 4 et t i
The Vivual Doplay SEEL O S ey

: i \ ol * * T e

of Quantyative Information
- T -~ e, &

= taught information design at Princeton University
= now a professor at Yale University



COURSE TOPICS

CSE 564 VISUALIZATION & VISUAL ANALYTICS

NON-SPATIAL DATA

£

DATA MINING INSIGHT

SPATIAL DATA
DisPLAY TECHNOLOGY
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HIGH PERFORMANCE COMPUTING Ysis



SPATIAL DATA

shock wave

virtual frog

spiral flow

nerve cell

wind flow
transparent MRI head

semi-transparent MRI head
tomato



SPATIAL DATA

shock wave

virtual frog

spiral flow

semi-transparent MRI head

tomato



SPATIAL DATA

Example: Datasets obtained by 3D volumetric scans (CT, MRI)
= what are some questions you might have?




SPATIAL DATA

Example: Datasets obtained by 3D Simulations
= what are some questions you might have?




SPATIAL DATA

Example: Data obtained by observation-supported simulations
= what are some questions you might have?




NON-SPATIAL DATA

The salient features of a car:
= miles per gallon (MPG)

year
country origin

= top speed = brand

= acceleration = number of seats

= number of cylinders = number of doors

= horsepower = reliability (# of breakdowns)

=  weight = andsoon..




Total rows: 428 Total columns: 15

W o =~ & 1 e W R e
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CAN YOU VISUALIZE THEM LIKE THIS?

Make
Acura
Acura
Acura
Acura
Acura
Acura
Acura
Audi
Audi
Audi
Audi
Audi
Audi
Audi
Audi
Audi
Audi
Audi

Model Type
MDX Suv
RSX Type Sedan
TSX4dr Sedan
TL4dr  Sedan
3.5RL 4dr Sedan
3.5 RL w/l Sedan
NSX coup Sports
A4 1.8T 4c¢ Sedan
A41.8T co Sedan
A4 3.0 4dr Sedan
A4 3.0 Qu. Sedan
A4 3.0 Qu. Sedan
A6 3.0 4dr Sedan
AB 3.0 Qu. Sedan
A4 3.0 cor Sedan
A4 3.0 Qu. Sedan
A6 2.7 Tur Sedan
AB 4.2 Qu. Sedan

Origin
Asia
Asia
Asia
Asia
Asia
Asia
Asia
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe

Europe

DriveT...
All
Front
Front
Front
Front
Front
Rear
Front
Front
Front
All
All
Front
All
Front
All
All
All

MSRP
536,945
$23,820
526,990
$33,195
$43,755
$46,100
589,765
25,940
535,940
$31,840
$33,430
34,480
536,640
$39,640
$42,490
544,240
$42,840
$49,690

Invoice Engin...

$33,337 3.5
521,761 2
524,647 2.4
$30,299 3.2
539,014 3.5
$41,100 3.5
579,978 3.2
$23,508 1.8
$32,506 1.8
$28,846 3
$30,366 3
$31,388 3
$33,129 3
$35,992 3
538,325 3
540,075 3
$38,840 2.7
544,936 4.2

Cylind... Horse... MPG_...

o o 3 & S h b oA O B B B

265
200
200

17
24
22
20
18
18
17
22
23
20
17
18
20
18
20
18
18
17

MPG_...

23
31
29
28
24
24
24
31
30
28
26
25
27
25
27
25
25
24

Rows 1-100
Weight Wheel...
4451 106
2778 101
3230 105
3575 108
3880 115
3893 115
3153 100
3252 104
3638 105
3462 104
3583 104
3627 104
3561 109
3880 109
3814 105
4013 105
3836 109
4024 109

How are MPG, weight, HP, and reliability related? Are there tradeoffs?

Which car is best for me?

- =

Leng...
189 =
172
183
186
197
197
174
179
180
179
179
179
192
192
180
180
192
193



HIGH-DIMENSIONAL DATA VISUALIZATION

MPG Cylinders Horsepower Weight Acceleration Year Origin
48.60 8.00 230.00 5140.00 2480 8200 3.00

—
%

"

1613.00 8.00 ‘ 1.00

Parallel Coordinates



BIG DATA

12+ TBs

of tweet data
every day

? TBs of
data every day

Googl! i
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25+ TBS ot
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ey devices
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annually
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meters in 2009... 2011
200M by 2014



THE SCIENTIFIC METHOD

IN THE AGE OF DATA SCIENCE

Formulate
Question
Publish Results Generatg
Hypothesis
Test Prediction Form Experiment
(visualize) (find data sources)
Collect Data Form Testable

Analyze Data

(scrape, mine)

Prediction




EXPLAINABLE Al

Today Task
- « Why did you do that?
M-EII:I'III'IE Decision or ® Mynnlwmhirgalﬁﬂ
Training Learned Recommendation = Whendo you succesd?
Data [ %@MN9 M cinction « When do you fail?
Process * Whencan | trust you?
* How do | cormact an amor?
User
XAl i Task
* ! + | understand why
New * | understand why not
Training | | Machine | | Explainable | Explanation + | knowwhen you succeed
Data Learning Model Interface * | know when you fail
Process « | know when to trust you
# | Emowrwhy you emed
. . User
Visual explanations




omputer science, communicatior
0 a data scientist is, is equally h:
1e modern data scientist really it

MATH
& STATISTICS

Machine leaming
Statistical modeling
Expenment design
Bayesian inference

Supervised learning: decision trees,
random forests, logistic regression

DOMAIN KNOWLEDGE \%
& SOFT SKILLS

Passionate about the business
Curious about data

Influence without authonty
Hacker mindset

Problem solver

Strategic, proactive, creative,
innovative and collaborative

B I I I K

LEICELLI
D;STIL]"I

MODERN DATA SCIENTIST

21th century, requires a mixture of —-*** -t~ = e Al momf i £ o

PROGRAMMING
& DATABASE

Yr  Computer science fundamentals

v Scrpting language e.g. Python

vr Statistical computing packages. e.g. R
vr Databases: SOL and NoSOL

vz Relational alge bra

A Meavallal dadal - .-...,-..-.“.

CDMMUNICATIDN
& VISUALIZATION

vr  Able to engage with senior

management
Story telling skills

Translate data-driven insights into
decisions and actions

Visual art design
R packages like geplot or lattice

Knowledge of any of visualization
tools e.g Flare, D3 s. Tableau

b e

gl * S X



VISUALIZATION CAN BE BEAUTIFUL



VISUALIZATION CAN BE BEAUTIFUL
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VISUALIZATION IS FAST

< 200 ms to recognize the red dot



VISUALIZATION IS FAST
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VISION |S MASSIVELY PARALLEL

Color:

more than
Form Lateral geniculate body 5 0% Of t h e
open brain

Motion

Blind spot

Color/Form

Motion/Depth



THE POWER OF THE VISUAL SYSTEM

The human visual system is not perfect, but it's extremely
powerful

Vision is an integral part of life
Vision is the gateway to higher-level regions of the brain

Exploit this fast and powerful processor for
= complex data analyses, creative tasks, communicating ideas

—> The science of visualization and visual analytics



WHAT YOU WILL LEARN

Visualization Course Overview

Visual Representing Augmenting  \  Sensemaking, Application &
Foundations & Complex Data “Visualization ™ J Evaluation & Trust Communication
Data Readiness N ..

VIS<Al | Al=VIS

Interpreting Models | Assisting Vis

HCl4VIS

Interaction & Control

——

How humans see, and How structure emerges | Who does what: ' From views to | Using visualization to explain,
how data becomes visualizable. from complexity. human, visualization, Al. defensible insight. persuade, and decide.



TIMELINE

Visualization Course Timeline

Hierarchies,

Visual Foundatlons, Al-assisted Coding:  High-Dimensional Perception Python/Flask
Maps, Graphs

Data Preparation, Bias  Design, Debugging, Data, Clustering, & Design Hands-on
Refactoring Reduction

Intro &
Logistics

VIS4Al, Al4VIS: HCI4VIS: Temporal,  Responsible  Scientifie
Mutual Support Principles of ~ Streaming, Text Visualization and Medical
Interaction Visualization Visualization

Intro &
Logistics

ChatGPT created (slightly out of order)



Lecture

Y

O NGO UVHAWN

Final

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 and dimension reduction (PCA, subspaces, correlation maps)
Cluster analysis: numerical data, categorical data
Perception and cognition (human visual system, color, contrast, bias)
Visual design and aesthetics
Visualization of multivariate and high-dimensional data: direct methods
Visualization of multivariate and high-D data: projections & embeddings
Visualization and Al: mutual support and capabilities (VIS4Al, Al4VIS)
Principles of interaction: drive what is visualized, analyzed & how (HCI4VIS)
Visual analytics (VA), human-centered Al, mixed-initiative system

Midterm #1 (tentative date)

VA system design and evaluation, collaborative VA, uncertainty, provenance

Midterm #1 discussion (tentative date)

Visualization of hierarchical data

Visualization of maps and data with geo-reference

Visualization of graphs, networks (incl. derivation of causal networks)

Vis. of time-varying, time-series, streaming data, progressive visualization

Visualization of text, LLMs, and semantic data

Ed Tufte revisited: principles, critiques and limits, responsible visualization
Design of effective infographics

Foundations scientific and medical visualization, intro to volume rendering
Scientific visualization

Story telling with data, data journalism

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



INTERACTIVE
DATA VISUALIZATION

FounpATIONS, TECHNIQUES, AND APPLICATIONS

MATTHEW WARD | GEORGES GRINSTEIN | DANIEL KEIM

Required

TEXTBOOKS

{! Springer

Visual Computing
for Medicine

Theory, Algorithms, and Applications

Bernhard Preim
Charl Botha

VISUAL
THINKING
DESIG

A A,
Vare

B Visualization
s Analysis & Design

Tamara Munzner

Optional




ONLINE PRESENCE

Course website:
=  http://www.cs.stonybrook.edu/~mueller/teaching/cse564/

Everything you need is there:
= syllabus
= course notes (slides) posted shortly after the lecture
= |ab assignments
= course policy
= grades (anonymized)

Additionally:
= Brightspace for lab submissions and links to echo and zoom
= Piazza for online support — please register if not already invited
=  https://piazza.com/class/mk30ljwafga21



http://www.cs.stonybrook.edu/~mueller/teaching/cse564/
https://piazza.com/class/mk30ljwafqa21

GGRADING

Projects (3): 10% each (skill aspect, combined into a letter grade ABCF)
Midterms (2): 20% each (theory aspect, each gets a letter grade ABCF)
Capstone Project: 30% (innovation aspect, letter grade ABCF)

= proposal: 5%, prelim report: 5%, final report & demo: 20%
Extra credits

= will be given for projects but can only be applied in project grade
Final course grade

= combine the letter grades into a string

= |ooking for balanced strength in all aspects (skill, theory, innovation)
Participation

= not graded, but | hope you will attend regularly and participate

= |ectures will live-stream on echo and be recorded
=  will use zoom when lectures are fully online (occasionally)

For late submission policy, etc. see website



FINAL PROJECT

Choose among two options:

A research project with some visual analytics theme
= anew technique to solve a human-in-the loop analytics task
= might even lead to a research paper for publication

A visual analytics dashboard that enables analytical tasks
= has synergy with one or more datasets you will identify
= needs to support brushing and linking and fit on the screen

Both options will require a proposal



WHAT'S A VA DASHBOARD?

See a really good example on youtube (many on CSE 564 playlists)

Steam Game Popularity
Time Sevies Chart - Total Avevage Concurrent Players Acress AR Steam Games
February 2021

Programmed with:

= python

= html

= JavaScript
= D3 API

Your path to this:
= adashboard is a collection of data visualizations linked together

= you will program most (but probably not all) of the individual
dashboard components in labs 1 and 2ab

» the dashboard puts them all on one page and connects them in a
meaningful way so they together can support users in interactive
data analvsis explorations


https://www.youtube.com/watch?v=Aht3wotrrBk&list=PLyCRt3MN8s8OJp-M5UdCQv-NDllAqJOb5&index=4

NOT READY? HERE IS WHAT YOU CAN DO

You will need to know html and js
=  better get ready now if you do not know it

Fortunately, there is a great and easy resource from here
=  W3schools html
=  W3schools JavaScript

TOP 10

Popular Programming
Languages in 2020

HTML part, focus on: j‘*‘spt

=  HTML Tutorial (specifically the sections Home to Layout)

=  HTML Graphics . cH

=  will take you 2 days max c
JavaScript part, focus on: -

= JS Tutorial

= JS Objects, JS Functions, JS Async

= JSHTML DOM (Document Object Model)
= JSJSON (JavaScript Object Notation)

=  will take you 2 weeks (one hour each day, ~15-20 hours total)



https://www.w3schools.com/html/default.asp
https://www.w3schools.com/js/default.asp
https://www.northeastern.edu/graduate/blog/most-popular-programming-languages/
https://www.northeastern.edu/graduate/blog/most-popular-programming-languages/

ALSO HELPFUL: CODE EDITOR

Several free code development environments are available

Visual Studio Code (recommended)

specifically developed for JS /TS / HTML / CSS tooling

great for D3 / Vega / Observable-style workflows

python support is strong

Al integration is mature: Copilot + Copilot Chat are well integrated

Cursor.ai: Al coding, more general

Browsers to run and develop your code

Chrome

Firefox

IE and Edge are not overly suitable

Chrome and Firefox also have panels where you can see and edit your code
comes in handy when you want to change values of variables


https://code.visualstudio.com/
https://cursor.com/

NOT A CS STUDENT? THIS IS FOR YOU

If you are not a CS student can instead used plotly
» Plotly Dash lets you build/deploy analytic web apps via Python
= no JavaScript required.
= has Al coding support as well
» downside is that it does not support brushing and linking

Dash Autonomous Driving Demo [ plotiy |oen

-0.42

AcOdenicn
. w &
Lig 3 e \\/‘IM\I ’ ?;
Dataset . P e ‘ 7
O sty ’\f’v\/"\ / ) -ﬁ \
Vesooty b
. J '

= |



https://plotly.com/

Al POLICY — WHAT Al'IS FOR

Guiding principle: Al is a tool, not an author — that's you
= Use Al tools (e.g., Copilot, Plotly Al, ChatGPT) to assist with coding
=  You will do the design, interaction, and analytic decisions
= Al will give you more time to think about effective visual analytics
= |t raises expectations on what you will deliver

Al assistance is encouraged for:
= Boilerplate codes, syntax, debugging, error explanations, cleanup
= Translating intent into initial code drafts
= This reflects how visualization systems are built in practice

Al may not replace:
= Justification of visual encodings, explanation of interaction logic
= |f you cannot explain it, you did not write it



Al PoLICY — DOCUMENT ALL Al CODE

In your submission, include:
= which Al tool(s) you used
=  what they were used for (e.g., “initial D3 scaffold,” "Plotly callbacks")
= what you modified or added yourself
=  short annotations are sufficient

Projects are not graded on code quality, rather they are graded on:
= visual design quality
=  correctness and clarity
= interaction and analytic insight
= demonstrated understanding of visual analytics and its effective/creative use

Using Al does not lower or raise your grade by itself

Al can help you write code faster — it cannot decide what a good
visualization is



VISUALIZATION LIBRARIES ETC.



D3, VEGA, VEGA-LITE

D3 — Data Driven Documents (we will use for this course)
= creates interactive webpages from data
= |ots of creations are here

Vega (see here)
= higher-level visualization specification language on top of D3
= D3 is still more “expressive” and allows for more creative freedom

Vega Lite (see here)
a high-level grammar of interactive graphics
=  Dbuilt on top of Vega
= more concise & convenient form to author common visualizations
= supports data analytics (both data and visual transformations)
= better support for interactions


https://d3js.org/
https://vega.github.io/vega/about/vega-and-d3/
https://vega.github.io/vega-lite/

TABLEAU

Tableau is a leading commercial visual analytics platform

= founded in 2003 by a group of Stanford University researchers
(Chris Stolte, Pat Hanrahan, and Christian Chabot)

= recently acquired by Salesforce
» goal was to make data more accessible through visualization

» key tech was VizQL - visualizes data by translating drag-and-drop
actions into data queries through an intuitive interface



EXAMPLE TABLEAU DASHBOARDS

Account tracking Quarterly results Top accounts
= s =S S e
Opportunity overview  Opportunity tracking Marketing leads



D3 VS. TABLEAU

D3 Tableau

Open Source Proprietary / Paid
Web Standards Focused VizQL Language
Real-Time Automated Updates but Not Real-Time

Expansive Viz Options Limited Viz Choices*

Lots of Coding Data to Viz in Seconds

Complex Easy to Use
Limited Native Data Connections Native Data Connections
Manual Calculations Automated Calculations
Limited Data Manipulations Strong Data Manipulations

source
Essentially, Tableau is great for expediently-developed in-house use
D3 is better for external use, real-time interactive web, and embedding into a product


https://www.youtube.com/watch?v=0-xQtRr-nRg

