Geog183: Cartographic Design and Geovisualization Spring Quarter 2020

Lecture 14: Visual analytics and
data exploration



Data exploration

Introduction to
Scientific

Visualization

* Inheritor of the statistical graphic heritage
* Focus on new methods and display capabilities

* Change in needs: big data and automated data mining
 Started as scientific data exploration in the late 1990s

* Overlaps with data visualization, infographics, geoviz, infoviz and
visual analytics

* Often uses maps but space is not always the focus
e Slocum reviews selected software packages



Slocum’s goals of data exploration

e Goal 1: identify spatial patterns associated with one attribute at one
time

* Goal 2: compare spatial distributions across attributes or time
* Goal 3: show patterns of change over time for a geographic extent

* Goal 4: compare two distributions as they change over time
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Reordering data: Stem and leaf plot
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Reordering data: Box and whisker
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Tree plot




Parallel coordinate plot (R script on Github)

Parallel Coordinates Plot of giris
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Self Organizing Map: Synapse (also an R plugin)
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Spatialization

| B ‘- _.,ﬁ
Pyenophylactic reallocation (Tobler, 1979)

Pycnophylactic surface (from Vioronoi polygons)

Figure 12. Density surfaces derived from a single, two-dimensional, spring configuration.
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Radar plot: Cyclic time and multivariate
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Tree plot: 2011 Census population




Medical research: Papers in 6 major journals, 6 time periods

Neoplasms Cardiovascular Nervous system Bacterial Mental disorders Urogenital and pregnancy

Environmental
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Timeline

VIDEO GAME timeline

As the world of video game
continue to euolue
back at popular consoles and uideo

we take a

look

games that helped make Nintendo,

Sony, and Microsoft t

are today

he giants they

-

The world's first home uldeo
game console, the Magnavox
Odyssey. sold 330,000 units in
IU's Nfetime

967
German-born teleuision
engineer Ralph Baer
and his coworkers
design the first uideo
qame console that
works on a standard
teleuision and dub it
“Brown Box" They
deuvelop a chase game,
allowing players Lo
control two squares
chasing each other on
the screen A modified
Loy gun Is made and
able Lo distinguish
spots of light on the
screen. 12 Other games
are made

1972

One of the earliest
arcade video games,
PONG, is & simple Lennis
game that became the
first commercially suc
cessful video game

I

Gran Trah 10. the
first racing arcade
game, is released. 1L
is the first arcade
game to use ROM

974

Maze Wars Is
released. Considered
to be the earfiest
first person shooter

1976

Atari releases Break-
out The prototype
was designed by
Apple cofounders
Steue Jabs and Steue
Wozniak Blackberry's
current variant is
called Brick Breaker

Oy

Rtari releases the Uideo Game Com
puter System (Atari 2600 or UCS). It
Is the most successful uideo game
console of its Lime

Mattel releases the Intellivision
uideo console; releasing a total of
125 games during It's ifetime

\

=

|

oy

Nintendo releases
Color TU Game 6,
packing 6 uariations
0F “Light. Tennis™
{pong)

1979
Notable Releases
Asteroids

Lunar Lander
Manaco 6P
Flight Simulator

1960

Notable Relea
Pac-Man
Missile Command

Defender
Centipede

1961
flotable Rele
Galaga
Donkey Hong
Frogger

nintendo rele,
Family Computer console in
Japan and Is later released
in the United Stale as Lhe
Nintendo Entertainment.
System; 62 million units

sold h-
-
066

964

The Sega Mega
Drive (Sega Genesis
s the In the US) Is
released Sega's
most successful | HOD
console sold 29
million units

Notable Releases
fltered Beast
Super Mario Bros

Nintendo releases the
Super Famicon (SNES).
the best selling con
sole of the 16-bit era
sold 49 million units

Notable Releases
Ridge Racer

star Fon

Uirtua Fighter
Atari Jaguar

1996
Nintendo releases
the N64. The last

2000

sony releases Lhe
PS2; 138 million
units sold and is
the best selling
console to date

2004
suny releases the
first handneld
console Lo use an
optical disc. the

Other Releases
Perfect Dark
Chrono Cross
Shies of Arcadia

2005
Microsoft
releases iLs
second console,
the HBOX 360

OLher Releases.
Gran Turismo 4
Gultar Hera

2009
nintendo releases
the Nintendo DS
and Sony releases
the PSP Go

3 Other Releases
Notable Releases Notable Releases Power Pad Neo Geo
Dragon Buster The Legend of Game Genie
Tetris Zelda TurboExpress
Balloon Fight Out Run Bonk's Rduenture
Gauntlet Bubble Bobble Super Mario World
1942 Dragon Quest F-Zera
Paperboy Metroid

4th Generation

2nd Generation

i

Notable Releases
Space Inuaders
Space Wars

Bee Gee

-y

Atari opens the first Pizza
Time Theatre flater Chuck E
Cheese's), a uideo arcade
pizzeria

1960

Notable Releases
Q-Bert

Tron

Megamania

big Dug

Pole Position
Joust

19635

Seqa Releases the SG-1000 to
the Japanese markel finding
only minor success

1965
Nintenda releases
the NES in the '
us. Super Marlo 006
Notable Relea
Bros. is released
jatl i Megaman
: street Fighter
million copi
5 Metal Gear
before year's
Final Lap
end; eventually :
Castleuania
veing the Lop
Contra
Reol oy Final Fantas
game until 2008 Y
Phantasy star
with 40 million
Maniac Mansion
coples sald
1966

Seqa releases the
Seqa Master
System as a
competitor to the
nes

1991

Notable Releases
Road Rash

street Fighter I
Tecmo Super Bowl
Sonic the Hedgehog
seqa CD

4 o

”@
19690
Bundied with
Telris, Nintendo
releases Lthe Game
Boy and Is an
Instant. success;
selling 18 million
world wile

flso Released
Power Gloue
Turbogra-16
prince of Persia

Playstation
significant. PorLable
cartridge based
home console was
released in colars,
it sold 33 million
units sold

Notable Releases
Hiller Instinct D Relgases; 006
Ulrtua Flghter Resldent. Eull Nintendo refeases 001
Earthworm Jim | Crash Bandicool the Gameboy Wi .
Seqa Super 6T b ith Lheir first ven-
ture into the uideo
. game console market,
gtrl‘net:nnuflzf:ez Microsofl releases the
e, HBOK. 24 million units
Henogears s
1995
Notable Releases
chrono Trigger 2001
Time Crisis Nintendo releases
1992 007 the Gameboy 2002
Notable Releases notable Rele Aduance. With Notable Refeases
Mortal Hombat Goldeneye 007 several different socom
Uirtua Racing Final Fantasy 7 variants and Animal Crossing
Hirby's Dream Land addworld colors, 81 million Hingdom Hearts
Mario Karl 1904 Grand Theft Auto are sold Uice City
Air Combat ses Gran Turismo splinter Cell
Philips CO-i PlayStation Console Medal of Honor
and Is heaully Infly Other Releases
3 ences Lhe end of the Paper Mario
cartridge; 125 million Deull May Cr
units sold qu[: 2001
N y nintendo releases the
TR / \ Gamecube. Nintendo's
i kel first consale to us
j ;::”b::lt'u" =4 optical discs. 21 million
Saio 32 units sold

Sequ releases the
Oreamcast. Con
sidered Lo be
ahead of its time
and the pioneer of
onling gaming, the
breamcast. sold
10.6 million units

2006

The Sony Playstation 3
and the Nintendo Wi are
released just 8 days
apart from each other
both enter the 3 way
console war

2004
nintendo
releases the
Nintendo DS
sporting a
Louchscreen
and stylus

Other Releases
Fable
Halo 2




Word clouds and tag maps
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An notated maps
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Infographics

Visitors flock to USA

America’s roots

3

Introduction

Posters ave visual representations of
information. A research poster should
clearly commenicate yous research data
through the use of images, graphs, and text.
Posters should be designed to support the
peesentation of your research both 25 &

icas and

Tips for Creating Academic Posters
Forrest Rose, Instructional Technologist
Oberlin Center for Technologically Enhanced Teaching

a5 3 stand-sloce resource.

Sketch it out

Before you begin your poster, skeich your
ideas an paper:
* How many columas?

* How many rows?

+ Consider images and graphs 25 you

‘materials (you are telling 2 story —poster
should have 2 Jogical flow)

* Good layouts have 35% empry space und
35 % graphics

Sections to include

Consider what e aeed 1 include
(discuss with mentar)
- Titeand lmhm(x)uxlh affliation(s)

* Materials & Methods (200 words)
* Discussion (150 words)
= Resalts (150 words)
* Conclusions (200 wards)
S

5 (40 words)
et (20 wards)

4 Collect Materials 6
Images ot ety Graphs
« Avoid pixelsiad images-- use high n.,u on friemdly graphics(183):
resolution images. Pricted images should. ‘Words are spelied out.
have mizimem 300 dpi. + Words run Jef 1o
« Images used as Dackgrounds can cause Little messages help explain data.
o i + Labels placed o graphic may
+ Add titles & captions o your graphs and climinate the need for a legend.
images. - Graphic strcts viewer prevokes
curiosity. 7
Tables — il s gl (/A0:
+" Use somgl s et
ik (181 — = ..,.,“'.ﬁ L
* Tables should be used r.za-.mo s © ety Fg g fo weke
‘complicated so be presented e

Dt that show o ,.mrczn é:ﬁumce

Tour graphs must trathflly represent
the data.

5 Formatting

« Use | slide in PowerPoint. Set the slie size first (PPT>file memepage setup45" x 347).
. Be consistert.

* The pos 3 id viewer
« Use bk space. Do ot il every space o gap—leave sorme areas blank 5o that the andience can stay focused on
individuu sections.

- Avoid web. o
* Text boxes shocld be aligned and uniform.
+_Avoid blocks of text Jonger then 10 semtences; instead, intersperse text with graphs and images.

Text "% Color 9
2.3 fomts. Keep it simple and consisient. ° @ = Colocs should Bightigh oc
« 90-60-30 text rule ° emphasize content or separsie d
« 90 pt foot = tile size ... define sections.
* 60 pt foux = subbeacing size * Use 2.3 colors at most.
= 30 pt foot = body size * Beconsisient
+ Use bold o ifafc siyles to emphasize. A * Avoid dark backgrounds.
+ Avoid ssingll caps AS IT IS Serif * Use images or granhs to determine
DIFFICULT TO READ. color scheme of poster (don't et
+ Usebulleted s insend ofsentences snd . S3ns Serif them clasht).
paragraphs. S V—
+ Text should be leffustified. s o ey o 5o
+_ Secif fomts are easier to read for body text.
9060: Rute

Points to Consider

+ 1f you have more information to share,
create a bandout ar & postcard

* Avoid using jargon—consider your
sudience.

* Aém for 800-1000 words
(PPT>file meu>propertics™statistics).

Review

* Read. reread, & reresd.

+ Edit to remove extraneoes text.

* Have 2 friend proof the poster.

* Use the spelicheck feature (Tools!
Spellng).

grammr & pnctustion.
+ Ask your mentoc to review poster
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University Press.

Additional Resources
Video and Postc

Why Infographics
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visual learners
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Multiple views and Linking
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Example:

https://public.tableau.com/profile/keith.clarke#!/vizhome/ZikaVirus 0/TheStatusofZikaVirusMay2016

The Zika Virus: Status in May 2016

Zika Confirmed
1

1,000
2,000
3,292

°
° °

Deaths from Zika

Suriname

Zika Confirmed

T

Country
Colombia
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United States
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Venezuela
Solomon Islands
Guatemala
Mexico
Panama
Nicaragua
France

Spain

New Zealand
Ecuador
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New Caledonia
Saint Martin
Canada

El Salvador
Tonga
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https://public.tableau.com/profile/keith.clarke#!/vizhome/ZikaVirus_0/TheStatusofZikaVirusMay2016
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Visual Analytics Sty
Visual Analytics o
* "the science of analytical reasoning facilitated by interactive visual B b ) T st ol
interfaces." f

e James J. Thomas and Kristin A. Cook (Ed.) (2005).

llluminating the Path: The R&D Agenda for Visual Analytics
National Visualization and Analytics Center. p.4.

* Theories of visualization include:3!
e Jacques Bertin's Semiology of Graphics (1967)
* Nelson Goodman's Languages of Art (1977)

* Jock D. Mackinlay's Automated design of optimal visualization
(APT) (1986)

e Leland Wilkinson's Grammar of Graphics (1998)



http://en.wikipedia.org/wiki/Visual_analytics#cite_note-RK_07-3

What is visual analytics?

* Integrates new computational and theory-based tools with innovative
interactive techniques and visual representations to enable human-
information discourse

* Design of the tools and techniques is based on cognitive, design, and
perceptual principles

* Form of reasoning: basis in visual (and spatial) thinking and reasoning

* Provides the reasoning framework upon which one can build both

strategic and tactical visual analytics technologies for threat analysis,
prevention, and response

* Central to the analyst’s task of applying human judgments to reach
conclusions from a combination of evidence and assumptions



Some software & resources

* Tableau
* VisMaster Visual Analytics — Mastering the Information Age

 VIS-SENSE Visual Analytic Representation of Large datasets for Enhancing
Network Security

e SPP - Scalable Visual Analytics
 http://infoviz.org/
* Visual Analytics Digital Library (VADL)

* GeoAnalytics.net - GeoSpatial Visual Analytics, ICA Commission on
GeoVizualisation

* flowingdata.com, visualization and statistics blog

e Quadrigram, a visual programming language for visual analytics
e R-studio, R-Shiny

* Most statistical analysis packages: SAS, MATLAB etc.



Infoviz.org

Observations - iNaturali= X +t¢ Zika Virus Status: May 20 X 4 Keith Clarke - Achievems X [ www.soundseeker.org X m All examples - InfoViz X (el Kt - X
& C ) | ® infoviz.org/examples/ir w2
i Apps G Google PH Google Calendar m Breaking News, U.S. '. Breaking News and £% Web of Science [v.5. @ The New GauchoSpa: [ Course Login | Onlin [ eGrades ScholarOne Manusc »
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Controls Builder = Documentation m History Downloads License ) star 207 () Fork 37 '432/
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Study by Sandia National Labs
Open Source software for Visual Analytics

Table 1. Comparison of Visualization Functionality (Graphs) Table 2. Comparison of Visualization Functionality (Trees)

Force Adjacency Tree Radial Balloon Tree Map [cicle
Circular Radial Directed Hierarchicall Matrix ' s e e ol
....... .. - SRR 3
e | e | MRS GFN || I N/
o . ... G Axiis
I e 5 birdeye 3 e v
Axus Flare Ve s oM v
birdeye v 73 v 2 Gephi 7
Flare v v i Google Vis v
Gephi v v VS CErh Y 1 v
Google Vis s a 33 32 15 14
QisahiVis e e 3439 s ir\n};;n ise 5 R »// v .// .
Improvise™ v £ e JIT v v v v
IVTK v G v JFreeChart
JIT v v JGraph ¥
JFreeChart JUNG V4 Ve v
JGraph v v 42 0 NetworkX®
.I.L'NG : v v 3‘3-139 Prefuse /8 /2 5 sM
NetworkX v os v Protovis i o Vi v
Prefuse v v Vi S R
Protovis Vet T v Titan 7 v su
R. N Tulip 33,46 7 s L
Titan v o VisAD
Tulip v v . \Vil‘m aScope”
VisAD Zest® v v
WilmaScope” v 3
Zest? v v * Uses Prefuse for visualization

: T b Also supports using external tools (such as GraphViz) for layouts
* Uses Prefuse for visualization

b Also supports using external tool(s) (such as GraphViz) for layouts



Comparison of Open Source Visual Analytics Toolkits

John R. Hargera, and Patricia J. Crossnoa Proceedings of the SPIE Conference on Visualization
and Data Analysis, 2012

Table 3. Comparison of Visualization Functionality (Tabular Data)

Table 4. Comparison of Visualization Functionality (Geospatial/Spatio-temporal Data)
) . . Stacked Stacked Pamlk"l Ciaduatid
'B:ll' EAHG 3 Box ‘pl(? Contour 'ler :'\rea Coordi- Map Choropleth Symbol Map Pro- - | Dymaxion
Chart Chart Scatterplot Plot Chart Plot Chart Chart nates Overlays Maps Maps jections Maps Cartograms| 3D Globe
Axiis v v v v v v Axiis
birdeye v v v v v v birdeye % 2z 7 v
Flare v v v v Flare
Gephi Gephi
Google Vis v v v v v v v v Google Vis v v v v
GraphViz GraphViz
Improvise® v v v v Improvise
IVTK v v v v IVTK
JIT v v JIT
JFreeChart v v v v v v v JFreeChart
JGraph JGraph
JUNG JUNG
NetworkX NetworkX
Prefuse v v v v Prefuse
Protovis v v v v v v v v Protovis v v v v v v
R v v v v v v v R
Titan v v v v v Titan v
Tulip v v Tulip
VisAD v v v VisAD
WilmaScope WilmaScope
Zest Zest

* Uses Prefuse for visualization



nformation Visualization & Visual Analytics, Pacific Northwest

ational Laboratory
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Penn State GeoVista Studio
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ESRI Story Maps
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Hip Hop interactive story map

Geography of Hip-Hop

By Esri Story Maps team / Katya Deveory 2017
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NSF: Annual Visualization
Challenge

¢ than oimast any otises
Hers are contral to y 0 0CONOMIC SCthties
1 coastal icefields and glac ¢ & ripole effect Bown

~OCEAN

How do glaclers impact Alaska’s coastal
ocosystems, and what do glacier changes
mean for the future of this ecologically and
economically valuable system?

Ll e e | GOING WITH THE FLOW
Pt eren VS

UPPORTING THE SALMON

From icefield to ocean
Credit: Kristin Timm, Shad O'Neel, Allison Bidlack and Eran Hood

VISUALIZATI

EXPLORER

Goddard Space Flight Center's NASA Visualization Group; Helen-Nicole Kostis, Project Manager



Ca rtOgra MSs. Aﬂlmathﬂ at http://www.ravi.io/us-population-trends-cartogram

Cartogram of 2012 Electoral Votes Trdiionai Map View

Barack Obama Mitt Romney ’\\
£ rﬁ 3 32 270 electoral votes needed to win 2 0 6
2> W

Credit:


http://www.ravi.io/us-population-trends-cartogram

Information Viz and Social Media: Facebook Touchgraph




Business GeoGraphics
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Business Analytics--Geodemographics
. ________‘ucL

Geodemographics (London)

2011 Area Classification
for Output Areas
Supergroups

London

-1 Neighbourhoods & town cantras blighted by violence LO"d?ﬂ Wards =::wa~ouyn " m:,::w:

- 2 Town centres with more than hintof vidkence classified 8- Hard-Pressed Living e 13
[ 12 Pesceful Neighbouhoodsin the main according to

4 Major Town centras with major weskand night time violence problems violence prOﬁleS

5 Neighbourhoods wih more than hint of violence

T -

The West End, violence in proportion to the large crowds



Steam Graph of 311 Data
Source: “What a Hundred Million Calls to 311 Reveal about New York”

by Steven Johnson. http://www.wired.com/2010/11/ff 311 new vyork/
99066600006066069000660990

MIDNIGHT

CONSUMER COMPLAI

FFFFFFF | T
TRAFFIC SIGNAL CONDITIONS

DAM,




Halyun Ye:
MA Thesis

Boston Marathon Bombings Timeline
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1:35 3.m. One of the
suspects died.
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tweet that suspect isin
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questioned by FBI
agents at the
hostpital.



Some more infographics

* Plotlines of novels
* https://www.slow-journalism.com/infographics/culture/plot-lines
* All of Star Wars https://swanh.net/

e R-Shiny based Genome Browswer
https://gallery.shinyapps.io/genome browser/

 Downtown Montpelier
http://samples.mapsalive.com/1062L/pagel.htm

* Interactive Minard map http://www.masswerk.at/minard/



https://www.slow-journalism.com/infographics/culture/plot-lines
https://swanh.net/
https://gallery.shinyapps.io/genome_browser/
http://samples.mapsalive.com/1062L/page1.htm
http://www.masswerk.at/minard/

Some sources

|IEEE Visual Analytics Science and Technology (VAST) Conference
InfoViz Annual Conference

Now IEEE Visual Analytics Science and Technology (VAST), IEEE Information
Visualization (InfoVis), IEEE Scientific Visualization (SciVis)

Visual Analytics Digital Library (VADL)

GeoAnalytics.net - GeoSpatial Visual Analytics, ICA Commission on GeoVizualisation
flowingdata.com, visualization and statistics blog

Quadrigram, a visual programming language for visual analytics

Middlesex University Interaction Design Centre weblog, visual analytics blog and
resources

Information Visualization & Visual Analytics, Pacific Northwest National Laboratory



Ssummary

e Data exploration: many new means to show patterns in (big) data
e Show pattern, change in time and space

* Many software solutions

* Pretty much all cartography and GIS fits into viz

* Infoviz, geoviz, information graphics, visual analytics

* Possible to use geospatial methods on non-spatial data

* VVisual analytics focus on interaction

* Building methods and theory of a discipline



