Geog183: Cartographic Design and Geovisualization Spring Quarter 2020

Lecture 14: Visual analytics and
data exploration



Data exploration

Introduction to
Scientific

Visualization

Alnheritor of the statistical graphic heritage
AFocus on new methods and display capabilities

AChange in needs: big data and automated data mining
AStarted as scientific data exploration in the late 1990s

AOverlaps with data visualization, infographics, geoviz, infoviz and
visual analytics

AOften uses maps but space is not always the focus
ASlocum reviews selected software packages



Sl ocum”s goal s of

AGoal 1: identify spatial patterns associated with one attribute at one
time

AGoal 2: compare spatial distributions across attributes or time

AGoal 3: show patterns of change over time for a geographic extent

AGoal 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
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Parallel coordinate plot (R script Github)

Parallel Coordinates Plot of giris
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Self Organizing Map: Synapse (also an R plugin)
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Spatialization
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Pycnophylactic surface (from Vioronoi polygons)

Figure 12. Density surfaces derived from a single, two-dimensional, spring configuration.



Radar plot: Cyclic time and multivariate
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Tree plot: 2011 Census population




Medical research: Papers in 6 major journals, 6 time peric
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Annotated map
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Infographics
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Introduction

Posters ave visual representations of
information. A research poster should
clearly commenicate yous research data
through the use of images, graphs, and text.

Tips for Creating Academic Posters
Forrest Rose, Instructional Technologist
Oberlin Center for Technologically Enhanced Teaching
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* Materials & Methods (200 words)

* Discussion (150 words)
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Multiple views and Linking
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Example:
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Illummuﬁ

i
Visual Analytics | e path *

- The Research and Dwm' Mi i
Visual Anolyms Rl

A"the science of analytical reasoning facilitated by interactive visual
interfaces."

AJames J. Thomas and Kristin A. Cook (Ed.) (2005). -
llluminating the Path: The R&D Agenda for Visual Analytgss
National Visualization and Analytics Center. p.4. |

? Edied by Jomes ), Thomas ond Kistin A, Cosk.
‘ BEESICLEE

ATheories of visualization include:3!
Alacques Bertin's Semiology of Graphi¢$967)
ANelson Goodman's Languages of AltL977)

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

ALeland Wilkinson's Grammar of Graphiod998)



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

What Is visual analytics?

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

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

AForm of reasoning: basis in visual (and spatial) thinking and reasoning

AProvides the reasoning framework upon which one can build both

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

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



Some software & resources

ATableau
AVisMaster Visual Analytics — Mastering the Information Age

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

ASPP - Scalable Visual Analytics
Ahttp://infoviz.org/
AVisual Analytics Digital Library (VADL)

AGeoAnalytics.net - GeoSpatial Visual Analytics, ICA Commission on
GeoVizualisation

Aflowingdata.com, visualization and statistics blog
AQuadrigram, a visual programming language for visual analytics
AR-studio, R-Shiny

AMost statistical analysis packages: SAS, MATLAB etc.



Infoviz.org
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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 Hierarchical] Matnx ' —
kY / '.' .‘_‘\‘
’ o s !
....... . L4 ¥ i - v g
® e Leéw b= | 1| Amaaases 7/
- . &’)' H ‘; ' “ o | | p A g
i | it g % o7 Axiis
" i 5 birdeye o I v
A‘xus : : - Flare Ve s2 su v
birdeye v v v v Gephi 7
; 20,34
Flar = v 4 v Google Vis v
C;Cphl v v /3.1——36 Graph\"iz ‘/-10 ,/3‘5
Google Vis Frasro e 33 32 45 14
i o a8 34.39 40 mprovise v v v v
Cvraph\: 1Z v ‘/-}0 v 20 34 v IVTK s 8 v v v
In}pr(fvlse“ v Ve J;" JIT 7 ; v 7
IVTK v s v JFreeChart
JIT v v JGraph <
JFreeChart o i JUNG v v v
JGraph v W v Network X"
IN 34,39 & ‘ . Qs x
.IVL'NG y v v 2 Piatias /3 s Vs su
NetworkX v = ﬁj = Protovia Ve Ve s v
Prefuse v 7 s Voo R
Protovis Ve > v Titan 7 v su
,R- | » Tulip 733 46 v B s
ltan v v . VisAD
Tulip 7 78 v WilmaScope®
VisAD Zest? v i
WilmaScope® v = = — =
y 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 RHargeraand Patricia Lrossnodroceedings of the SPIE Conference on Visualization
and Data Analysi2012

Table 3. Comparison of Visualization Functionality (Tabular Data)

Table 4. Comparison of Visualization Functionality (Geos

patial/Spatio-temporal Data)

Stacked Stacked Parallel
Bar Line Box Pie Contour Bar Area Coordi-
Chart Chart Scatterplot Plot Chart Plot Chart Chart nates
Axiis v v v v v v
birdeye v v v v v v
Flare v v v v
Gephi
Google Vis v v v v v v v v
GraphViz
Improvise® v v v v
IVTK v v v v
JIT v v
JFreeChart v v v v v v v
JGraph
JUNG
NetworkX
Prefuse v v v v
Protovis v v v v v v v v
R v v v v v v v
Titan v v v v v
Tulip v v
VisAD Vv v v
WilmaScope
Zest

Axiis
birdeye
Flare
Gephi
Google Vis
GraphViz
Improvise
IVTK

JIT
JFreeChart
JGraph
JUNG
NetworkX
Prefuse
Protovis

R

Titan
Tulip
VisAD
WilmaScope
Zest

Map
Overlays

Choropleth
Maps

Graduated
Symbol Map Pro-
Maps jections
Ton
Py
v v
v
v v

Dymaxion
Maps

Cartograms

* Uses Prefuse for visualization




Information Visualization & Visual Analytics, P
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Penn StatéseoVisteStudio
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GV GeoVISTA Studio Project % | + L =
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Download Op
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Open Source licen|
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SRI Story Maps
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Hip Hop Iinteractive story map

Geography of Hiplop

ByEsriStory Maps team / Katyaeveory2017
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CMIP5: Global change explorer (LLNL)

Time Period :

Model : Variable : Country :

Annual Mean

Ivl [ Mean Model Ivl [Temperature Ivl - [ Afghanistan |v] [ Select Dataset

O — 3 e

Change in Annual Mean Temperature (‘C) 2050-2074 vs 1980-2004 (RCP 8.5)

=2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12

Temperature by Month Change in Annual Mean Temperature Histogram for all Model§
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NSF: Annual Visualizatio

Challenge

Britigh Columbla glaciers are n

¢ B contral to many natur

oS I coastal icetields and glac
PRt Ml the wary ta the ocesn

nan oimacst any otises
0d eCONOMiic SCthvities
¢ & ripple eflect 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?

UPPORTING THE SALMON

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

VISUALIZATION

EXPLORE

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



CartOgramS Anlmathn altp.a://www.ravi.io/uspopuIationtrendscartoqram

Cartogram of 2012 Electoral Votes

Barack Obama Mitt Romney
2 . ( 332 270 electoral votes needed to win 206
o W
g
A3

Traditional Map View

Credit:


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

InformationVizand Social Media: Facebobbuchgraph
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ographic Information System
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Business Analytiec&eodemographics
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Neighbourhoods & town cantras blighted by violence Lond?n wards
Town centres with more than hint of violence classified
Peaceful Neighbourhoods in the main according to

Major Town centres with major weekand nighttime violence problems ViOlen ce prOﬁ'eS
Neighbourhoods with more than hint of violence
The West End, viclence in proportion 1o the large crowds

Geodemographics (London)

2011 Area Classification
for Output Areas
Supergroups
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Steam Graph of 311 Data
Source: “What a Hundred MiI |l 1l 1 on
by Steven Johnson. http://www.wired.com/2010/11/ff 311 new_york/
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Boston Marathon Bombings Timeline

¥ of tuuets 2 YO

2000 ' =
explos
prayer

10200 ra wwah

B200

8200

napgen expios

#400 prayforboston
rayer

‘ victim praY'/"»-Z»‘J-;);I’

2000 peopl taday

““I-. L LLTTTTITIT I

Q
19 18 » 2 6 W 14 8 2 zZ

Ak 15, Mon Aprt 16, Tye
2:49 p.m. Two A victim gives the
explosions at FBl a description
Boston Marathon of the man who
finish line. Three dropped 3
people are kiled, packpack near
282 are injured, him.

News sources
CNN
Boston.com
WBUR

watertown

ow custod
suspect
reaxreport shoot '.haB.
L”x‘n-adet > thw polic gol
arres e tepe
exXploSngn
SUSpeCt hap%en e

..... LT 5...._.....A.....ulh..:l”hhm..l“h_.._,

10 T 18 = 2 [ w0 14 8 2 2 s 10 14 18 = <
Apel 9T, Wed Aped 13, Thy Aptt 19, fn
Afternoan: 10:25 p.m. An 12:41 a.m. Police locate
Several media MIT police officer Suspects’ car In Watertown,
report that an was allagedly
arrest has been shot by the 12:43 a.m. Suspects engage
made. BPD and suspects. In a gunbattle with police
FBl deny the and use four IEDs
report.

1:35 3.m. One of the
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The Boston Red Sox
honored the victims
and the survivors
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ceremony before a
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Kansas City Rovals at
Fenway Park

7.30 p.m. Suspect is
questioned by FBI
agents at the
hostpital.



Some more infographics

APlotlines of novels
Ahttps://www.slow-journalism.com/infographics/culture/plot-lines
AAIl of Star Wars https://swanh.net/

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

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

Alnteractive 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

AIEEE Visual Analytics Science and Technology (VAST) Conference
A InfoViz Annual Conference

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

AVisual Analytics Digital Library (VADL)

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

A Quadrigram, a visual programming language for visual analytics

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

AInformation Visualization & Visual Analytics, Pacific Northwest National Laboratory



Summary

AData exploration: many new means to show patterns in (big) data
AShow pattern, change in time and space

AMany software solutions

APretty much all cartography and GIS fits into viz

Alnfoviz, geoviz, information graphics, visual analytics

APossible to use geospatial methods on non-spatial data

AVisual analytics focus on interaction

ABuilding methods and theory of a discipline



