Beyond Basics- Advanced
Topics in Visualization

Nam Wook Kim

Mini-Courses — January @ GSAS
PAONRS



Toplics

* Maps

» Networks & Trees

» High-Dimensional Data
 [ext



Viaps



-

- -Maps

)

y

“.

" Providing a geogra

1 s w22
Y ‘ ) -
q "
¥~ €Y

*

-
<

1 h \ .,‘)'
2.
.d. “ .

» Choropleth
.

Click on a district below to learn more.

Wash.

Ore.

Id?ho Mont. .

Mo
Nev. !.
I Each box represents
a House district

u O
Alaska .

Hawaii

-.-EXtensively used in journalism

Largest foreign-bom
group in each county

phical context * =

2
~
m.
m 2
=

Alaska
Bubble size

Hawall

) =
Los Angeles

San Diego

@
Houston

Flow




Problem with Choropleth

Majority Vote for Kerry or Bush in 2004 (

Binary data)

[Matthew Ericson, NY Times]



2004 Popular Vote
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Take Into account for the number of votes.

COUNTY  PCT. OF VOTE
WON BY .. KERRY  BUSH
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Take Into account for the number of votes.

PCT. OF VOTE
YWON BY ... KERRY BUSH

e0%

= g 3 L 50% —

Larger land areas

P O The deep red down the center of this |

f |
I " aw map highlights the president’s '™
WITHN SIMall POPUIQUONS™  swvertimsrsisopaietares



lake Into account for population density

Density
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Cartogram: Grid Map
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Just because the data can be mapped,
it does not mean the best way to visualize is a map



Map Projections

[http://xkcd.com/977/]
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http://www-personal.umich.edu/~mejn/cartograms/
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Problem with Rainbow Colormap
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Estimated fraction of precipitation
lost to evapotranspiration 1971-2000
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FIGURE 13. Estimated Mean Annual Ratio of Actual Evapotranspiration (ET) to Precipitation (P) for the Conterminous U.S. for the Period
1971-2000. Estimates are based on the regression equation in Table 1 that includes land cover. Calculations of ET/P were made first at the

800-m resolution of the PRISM climate data. The mean values for the counties (shown) were then calculated by averaging the 800-m values
within each county. Areas with fractions >1 are agricultural counties that either import surface water or mine deep groundwater.



Color Blindness

Green-yellow-red
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Networks & Trees




Networks

Model relations among data
Nodes and links
Node and link attributes




Node-Link Diagram vs Matrix Diagram

| es Misérables Character Co-occurrence



Matrix diagram is found more readable
in most tasks except path finding. m. choniem 2004

e Estimation of the number of nodes/links
e Finding the most connected node

e Finding a common neighbor between two specified nodes
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Original Network  Edge Bundling  Confluent Drawing

[B. Bach 2017]



Alternatives. Are these better?

Chord Diagram Arc Diagram



Trees

Graphs with hierarchical structure
Nodes as parents and children
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Squarified Treemaps

“The original treemap method often gives thin, elongated
rectangles. As a result, rectangles are difficult to compare and to
select.” — M. Bruls et al 2000
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Tools for Graph Analysi

Gephi

makes graphs handy Home Features Learn Devel

The Open Graph Viz Platform

Gephi is the leading visualization and
exploration software for all kinds of graphs and
networks. Gephi is open-source and free.

Runs on Windows, Mac OS X and Linux.
Learn More on Gephi Platform »
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http://www.cytoscape.org/
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High-Dimensional Data
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Scatterplot Matrix Parallel Coordinates


https://bl.ocks.org/jasondavies/1341281
https://bl.ocks.org/mbostock/3213173

Parallel Coordinates

Scatterplot Matrix

Winner for analyzing correlations between multiple variables

[L. Harrison 2014]


https://bl.ocks.org/jasondavies/1341281
https://bl.ocks.org/mbostock/4063663

Chernoff Faces

Lawyers' ratings of twelve judges
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[https://en.wikipedia.org/wiki/Chernoff face]



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

FACING THE YEAR 2016 PRESIDENTIAL ELECTION
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[https://beichentian-gis.github.io/facing election.html]



https://beichentian-gis.github.io/facing_election.html

Don’t overload visual encodings

FIve visual variables
N a single chart!

Origin: Shape
Acceleration: Size
X-axis: Horsepower
Y-axis: Miles per Gallon
B TR e e Size: Acceleration

Horsepower




Use facets or small multiples

Evolution of MPG Over Time by Region of Origin: 4-Cylinder Cars Only
USA Europe Japan

[2713747/5/6777/8798()
Model Year

[David K. Smith] [Andrew Gelman]




Dimension Reduction

Mapping from high-dimensional space to two or three

d ImensIions [https://distill.pub/2016/misread-tsne/]

How to Use t-SNE Effectively

Although extremely useful for visualizing high-dimensional data, t-SNE plots
can sometimes be mysterious or misleading. By exploring how it behaves in
simple cases, we can learn to use it more effectively.



https://distill.pub/2016/misread-tsne/




Tag Clouds: Word Count

September 10, 2009
TEXT

Obama’s Health Care Speech to Congress

Following is the prepared text of President Obama’s speech to Congress on the need to overhaul health care in the
United States, as released by the White House.

Madame Speaker, Vice President Biden, Members of Congress, and the American people:

When I spoke here last winter, this nation was facing the worst economic crisis since the Great Depression. We wer
losing an average of 700,000 jobs per month. Credit was frozen. And our financial system was on the verge of
collapse.

As any American who is still looking for work or a way to pay their bills will tell you, we are by no means out of the
woods. A full and vibrant recovery is many months away. And I will not let up until those Americans who seek jobs
can find them; until those businesses that seek capital and credit can thrive; until all responsible homeowners can
stay in their homes. That is our ultimate goal. But thanks to the bold and decisive action we have taken since
January, I can stand here with confidence and say that we have pulled this economy back from the brink.

I want to thank the members of this body for your efforts and your support in these last several months, and
especially those who have taken the difficult votes that have put us on a path to recovery. I also want to thank the
American people for their patience and resolve during this trying time for our nation.

But we did not come here just to clean up crises. We came to build a future. So tonight, I return to speak to all of yo
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Tag Clouds

Strengths s people: .

| Amerlcan dOCtorsf

¥ . M thnk %
Getting overview and initial query formation. Ca« 'e ............... CanWI

i .
'eVerySystem églrllesglcans ssssss ty "JUSttlme

smsurance SNEWay " achieve

Weaknesses he alth

Sub-optimal visual encoding (size vs. position)
Inaccurate size encoding (long words are bigger)
May not facilitate comparison (unstable layout)
Term frequency may not be meaningful

Does not show the structure of the text



EdWordle Home

Create FAQ Reference

EdWordle

[http://www.edwordle.net/]

EdWordle is a tool for editing “word clouds” based on the Wordle. The initial word cloud can be generated from the input
text or read from an existing one. You can re-font, re-colore, resize, move, rotate, add and delete words to create custom

visualizations.

EdWordle's main benefit is that it allows a neighborhood-preserving editing process, which keeps words at predictable and
close locations during and after the editing process. Like Wordle, the images you create with Wordle are yours to use
however you like. You can save them to your own desktop to use as you wish.

Some examples created by others and you can further edit them:
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Word Tree: Word Sequences [Wattenberg et al.]

Visualizations : Word Tree President Obama's Address to Congress on Health Care
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Other Visualizations
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DISTRIBUTION =N [ &=
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The Graphic Continuum shows several ways that data can be illustrated individually or combined to show relationships. Use of various
shapes, chart types, and colors can help identify patterns, tell stories, and reveal relationships between different sets and types of data.
Bar charts, or histograms, for example, can illustrate a distribution of data over time, but they also can show categorical or geographic

A Fan Chart
differences. Scatterplots can illustrate data from a single instance or for a period, but they also can be used to identify a distribution ombines  ine
around a mean. o

future values

This set of charts does not constitute an exhaustive list, nor do the connections represent every possible pathway for linking data and
ideas. Instead, the Graphic Continuum identifies some presentation methods, and it illustrates some of the connections that can bind
different representations together. The six groups do not define all possibilities: Many other useful, overlapping data types and
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visualization techniques are possible. Tl M E Stacked Area Calendar Scatterplot
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This chart can guide graphic choices, but your imagination can lead the way to other effective ways to present data. s e A e =1 2 | —o—omd <& ) X
t the @ . — Va o N ———
-i:».nltnug-:nnf pe | - — - ¢ = LWl
data .
A Connected
Scatterplot
illustrates
over time
A Slope or
Bump'am
connects
instead of
showing all
points
( O M P A R | N G Stacked Bar [ Stacked Column [§ Paired Column m m m H o Tangle Comprton [ Nested Bubbles Slope/Bump Dot Plot m m WordCloud ff Stem & Leaf
Compare values across categories |
A Mapwith
Columns encodes
data within a A Bubble Map
geographi frame uses circes for
of reference qe'-qr»‘jph':
encoding
An Arc-Time
AH‘em‘mﬁuwg ) f"‘?‘ﬁ'}‘ ) Chart presents
color to show U Or b0 show s
T-;f‘rfr:r?qu»‘f(u,_\ ”]“‘ equenn A"_(o one- the
data; a Treemay SPRRPIEhES, & et
uses r»""(&h_]h'g (ﬁr:h('ff"!.‘f"f" ((l'nnn “r 'w?n
to show drarac tn illichr connections
art-to-whole : between
redatiorships observations
G E O S P AT A L Choropleth Noa&):é:g::aus g:%h:‘,ﬂé Bubble Map Point Map Vector Map Dorling Mp Subway Map
Relate data to its geography wie P < y II S & X V. Al
X 55 coadl
) (| | 58 00 i (gt Y
A Crde-Packing
diagram illustrates a
hierarchy; a Derling Map
uses T"de’ mtrhout the
& t use of 3 maj
A 27 ’c!'"ir i» o toxs’}‘::(r;t?,ographf:
r»lan‘-nsh]cvs' ;-I;;:ln-J distribution
Pie Charts on a map

illustrates a geographic
component

TTriangIe A Bubble Chart
reema
4 encodes data based
on crde size;

2 Bubble Map can
be used toillustrate
a geographic
distribution

PA RT'TO -W H O l_ E Nghtiagale Square Cloud

Visualizations that relate the part of a variable to its total ’ H L7
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llustrates correlations or relationships between variables




Financial Times Visual Vocabulary

Inspired by the Graphic Continuum by Jon Schwabish and Severino Ribecca

Deviation  CorrelationChange v Time Ranking  Distribution Part to whole Magnitude  Spatial Flow
I

https://ft-interactive.github.io/visual-vocabulary/

Change v Time

Give emphasis to changing trends. These can be short (intra-day) movements or extended series
traversing decades or centuries: Choosing the correct time period is important to provide suitable
context for the reader

Examples of use
Share price movements, economic time series

Chart types

line column- column-line- stock-price slope
timeline timeline
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Business intelligence like never before

Go from data to insights in minutes.
Any data, any way, anywhere. And all in one
View.
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@ New version of Power Bl Report Server is now available. Publish Power Bl reports on-premises connecting to any data. Learn more


https://powerbi.microsoft.com/en
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https://plot.ly/

Datawrapper Customers Features Pricing ‘ Login |

Enrich your
stories with charts,

"*“Datawrapper

or Create an Account / Login

Datawrapper makes it easy to create beautiful charts.
See for yourself how different newsrooms use our charts:
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https://www.datawrapper.de/
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Flourish

Poweriul, beautiiul, easy
data visualisation.

Get started for free


https://flourish.studio/

g? Gallry | Blog Solutions Tutorials Maps | Community | Pricing | Aboutus | Contact Get started

Turn your data into knowledge

Quadrigram allows you to engage people by
sharing stories that matter.

Quadrigram
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Or try it for

Easy to use hom T b G 5

Quadigram is a visual
drag & drop data editor
that will transform the
stories you bring to the
web.

Your Quadrigram project s



http://www.quadrigram.com/
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RAWC rapnhs

The missing link between spreadsheets and data visualization.

USE IT NOW! FORK IT ON GITHUB



https://rawgraphs.io/
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Visualization
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MULTIPLE VIEWS Explained

| Follow |



https://medium.com/multiple-views-visualization-research-explained

@ O g @ r@ g @S EXPLORE PRACTICAL ACADEMIC ADMIN

Visualization and Visual
Communication

What's happening in information visualization? Robert Kosara digests new and emerging developments and explores what we

know and don't know - so we can be less wrong about visualization.


https://eagereyes.org/
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Recent see aLL -

Become a member.
Learn to visualize your data.
From beginner to advanced.

Spotting rip currents

Rip currents are like hidden
rivers near the shore that ...

WHAT YOU GET

et SPONEOR Visualizing the Uncertainty in
Data
Be ,the data Data is an abstraction, and it’s impossible to Ca teg ories
whlsperer - encapsulate everything it represents in real life. So . . . L.
Notre Dame’s Mendoza College there is uncertainty. Here are ways to visualize the Visualization Statistics
of Business in Chicago offers a uncertainty. ' . Seeing data Analyzing data
one-year, part-time MS in .
Business Analytics for ambitious working Maps Software
professionals Seeing geographic data  Working with data
Infographics Sources
Explaining data Getting data
Obliteration Room
invited people to put Networks Design
dotted stickers Connecting data Making data readable
everywhere s . _ L
The Obliteration Room (2012) o 10 Best Data Visualization
by artist Yayoi Kusama started as ... Projects of 2017
It was a rough year, which brought about a lot of
good work. Here are my favorite data visualization Favo ri tes

projects of the year.
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Sports are growing more



https://flowingdata.com/

“lia“ visualising

data

THE LITTLE OF VISUALISATION DESIGN: PART 59 >=>

100 thly

The little of

visualisation

: ~ [ 1w da
design o Aeuall
L AB 2 THE LITTLE OF BEST OF THE

UPDATED DATA

DATA ' - '
STORES : L e =
r '

132 | ANew Generation of DataViz Tools

EYA=& TRANSLATING ‘DATA RISl DATA STORIES

The little of
visualisation
design

.10— ~
-

THE LITTLE OF

With the rise in popularit

become old technology
The little Of g - 0On Thly
visualisation [HEE—— d gest of the
design . '"13
8 1'\.‘ ..l.ld d (_l

THE LITTLE OF BE:ST' OF THE MILESTONE IN DATA

100 Ihly

”~
—\0»

1'13
/IS Ud sauon

The little of

diges

visualisation
design

oy F:\0eY THE LITTLE OF SHORT SURVEY ABOUT BEST OF THE

HOME BLOG RESOURCES TRAINING

Powund ve US 2char eince Al 220

ANNOUNCING THE

1017 Thl y
d J(J .1- - ? Mierdiaciiriiry praciicss n

wiormanon design A visuasliz ation
':13 n Potscen, Germary 1822 0t »
IS le sauon
BEST OF THE s -4\ (O\YA POLICYVIZ PODCAST:

onthly The little of
visualisation
design

d gest of the
 data
visualisation

BEST OF THE X220 THE LITTLE OF

The little of
visualisation
design

FREE DATA IO THE LITTLE OF

: .-—-‘L\:ez.;*'

Y EIN

BOOK  ABOUT

nor Ihly
('1,}(3 “-’ e

da
IS le sauon

BEST OF THE

LAUNCHING THE

A 6-monthly

review of the
of data

visualisation

10 SIGNIFICANT

FINAL PUSH TO


http://www.visualisingdata.com/blog/

ICANTAR
InfOrmOtiOn iS BeQUtifUl About News Awards Entry Showcase Sponsor  Attend the Awards ceremony
AwQAras 2018

Awards Challenges

All 2018 2017 2016 2015 2014 2013 2012

All Shortlist Longlist Gold Silver Bronze Rising Star Outstanding Individual Best-Non-English-Language Outstanding Outfit

Commercial Project Student Community Outstanding Team Most Beautiful

m Arts, Entertainment & Culture Breaking News Humanitarian Leisure, Games & Sport Maps, Places & Spaces People, Language & Identity
Politics & Global Visualization & Information Design Science & Technology Unusual Internal Business Project Paid tool Dataviz Website

Dataviz Project Mini Visualization Dataviz Tool

WUNEN v MEN

2% of wome s pockats and 100 of men’s pockats can 12 s item



https://www.informationisbeautifulawards.com/showcase?action=index&award=2018&controller=showcase&page=1&pcategory=winner&type=awards

Yesterday

Fundamental
1. Value of visualization
2. Design principles

3. Graphical perception



Today

Practical

1. Data model and visual encoding
2. Exploratory data analysis
3. Storytelling with data

4. Advanced visualizations



Good luck on your visualizations
and share your knowledge with others!



Thank you!



