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READINGS
Papers

r

Stipelman, Brooke A., Hall, Kara L., Zoss, Angela, Okamoto, Janet, Stokols, Dan, and
Borner, Katy (2014) Mapping the Impact of Transdisciplinary Research: A Visual
Comparison of Investigator Initiated and Team Based Tobacco Use Research
Publications. The Journal of Translational Medicine and Epidemiology.

Bollen, Johan, David Crandall, Damion Junk, Ying Ding, and Katy Boérner. 2014. From
funding agencies to scientific agency: Collective allocation of science funding as an
alternative to peer review. EMBO Reports 15 (1): 1-121.

Mazloumian, Amin, Dirk Helbing, Sergi Lozano, Robert Light, and Katy Borner. 2013.
Global Multi-Level Analysis of the 'Scientific Food Web'. Scientific Reports 3, 1167.

Books

r

r

Borner, Katy. 2015. Atlas of Knowledge: Anyone Can Map. The MIT Press.

Borner, Katy, and David E. Polley. 2014. Visual Insights: A Practical Guide to Making
Sense of Data. Cambridge, MA: The MIT Press.

Scharnhorst, Andrea, Katy Borner, and Peter van den Besselaar, eds. 2012. Models of
Science Dynamics. Springer Verlag.

Borner, Katy, Mike Conlon, Jon Corson-Rikert, and Ying Ding, eds. 2012. VIVO: A
Semantic Approach to Scholarly Networking and Discovery. Morgan & Claypool
Publishers LLC.

Borner, Katy. 2010. Atlas of Science: Visualizing What We Know. The MIT Press.
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Humanexus

Terra bytes of data

Watch the official trailer »

Ying-Far hen, Sound Artist: Norbert Herber, 2013.

Descriptive &
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Descriptive Models

Multiple levels: Micro ... Macro

Answering: When? Where? What? With Whom?

Different Levels of Abstraction/Analysis

Macro/Global
Population Level

Meso/Local
Group Level

Micro
Individual Level




Type of Analysis vs. Level of Analysis

Micro/Individual
(1-100 records)

Meso/Local
(101-100,000 records)

Macro/Global
(100,000 < records)

Statistical Individual person and Larger labs, centers, All of NSF, all of USA,
Analysis/Profiling their expertise profiles | universities, research all of science.
domains, or states
Temporal Analysis | Funding portfolio of Mapping topic bursts in | 113 Years of Physics
(When?) one individual 20-years of PNAS Research
Geospatial Analysis | Career trajectory of one | Mapping a states PNAS publications
(Where?) individual intellectual landscape
Topical Analysis Base knowledge from Knowledge flows in VxOrd/Topic maps of
(What?) which one grant draws. | Chemistry research NIH funding
Network Analysis NSF Co-PI network of Co-author network NIH’s core
(With Whom?) one individual competency
Type of Analysis vs. Level of Analysis
Micro/Individual Meso/Local Macro/Global
(1-100 records) (101-100,000 records) | (100,000 < records)
Statistical Individual person and Larger labs, centers, All of NSE_all of LISA|
Analysis/Profiling their expertise profiles | universities, research allofsg -~
domains, or states \
e
Temporal Analysis | Funding portfolio of ic bursts in | 113 Years of Physics
(When?) one individual “PNAS Research g
[ ; = .
Geospatial Analysis | Career trajectory of on¢._ e~ g PNAS publications
(Where?) individual “Tintellectua BY (.
Topical Analysis = fl VxOrd/Topic .’*;'r-; a ¥
(What?) TR s. » researcn NIH funding | } L t':”’
P = A
e |E Boi%a
Network Analysis NSF CO-PTNetworkK oT Co-author network NIH’

(With Whom?)

one
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,, €°... Mapping Indiana’s
o Intellectual Space

Geospatial/Network Analysis
2001-2006, BioMed, IN Scope
Academic-Industry collaborations and
knowledge diffusion
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1982-2001, US, PINAS (BioMed) Scope

Mane & Bérner.
2004. PNAS
101(Suppl. 1):
5287-5290.
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Spatio-Temporal Information Production and Consumption of Major U.S.

Research Institutions

Bérner, Penumarthy, Meiss, & Ke.

2006. “Mapping the Diffusion of Scholarly Knowledge Among Major
U.S. Research Institutions.” Scientometrics 68 (3): 415-426.

Research questions:

1. Does space still matter ey
in the Internet age?

2. Does one still have to
study and work
institutions in o

Harvard U

Mt
Hohns Hopkins U

1,505 - 1,771
1.772-2,007

' i Temporal/Geospatial Analysis Fengipen
LR 79522007, US, PNAS (BioMled) Seope

high-quality ress

3. Does the Interne
patterns—i.e.,
papers produced at geographically distant
research instructions?

Contributions:

» AnswertoQs1+2isYES.

» Answer to Qs 3 is NO.

» Novel approach to analyzing the dual role of

Citation tmpact and knowledge diffusion

1997-2001: 2.01 (R=90.7%)

J\W!lk

log of number of institutions citing ea

institutions as information producers and f'w
consumers and to study and visualize the : 5 i M”'
diffusion of information among them. log of geographic distance 1
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Mapping the Evolution of Co-Authorship Networks

Ke, Visvanath & Bérner. 2004. Won 1st prize at the IEEE InfoVis Contest.
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InfoVis Lab @ Indiana University
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Mapping the Evolution of Co-Authorship Networks

Ke, Visvanath & Bérner. 2004. Won 1st prize at the IEEE InfoVis Contest.
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Temporal/Network Analysis
1986-2004; US, InfoVis Scope
Evolving co-author networks and author impact
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Studying the Emerging Global Brain: Analyzing and
Visualizing the Impact of Co-Authorship Teams

Bérner, Dall’Asta, Ke & Vespignani. 2005. Complexity 10 (4):58-67.

Research question:
¢ Is science driven by prolific single
experts or by high-impact co- P j Qié, il X Qs \'/

authorship teams?

Contributions:

¢ New approach to allocate citational
credit.

¢ Novel weighted .
ove weignied 8 Temporal/Network Analysis
e Visualization of t

PPN 1986-2004, US, InfoVis Scope

e AN /mpact of co-author relations
impact.

¢ Global statistical analysis of paper
production and citations in correlation
with co-authorship team size over
time.

e Local, author-centered entropy
measure.

113 Years of Physical Review

http://scimaps.org/dev/map detail.php?map id=171
Herr Il, Duhon, Hardy, Penumarthy & Bérner.

| 13%ears of Physical Review

Topical/Network Analysis
1893-2006, World, Physics Scope
Topic evolution, knowledge diffusion,
Nobel predictions
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Mapping Transdisciplinary Tobacco Use o ermcrei mtmain

Research Centers Publications Iiﬂj} ............. A7
Compare RO1 investigator-based funding with TTURC %‘““'} v "\[“'”‘“‘""““
Center awards in terms of number of publications and £ ::\ ‘,_},{___5':-_5353905,_3 ------
evolving co-author networks. o “,"/'/ R /—;-:’ AR P
Stipelman, Hall, Zoss, Okamoto, Stokols, Bérner, 2014. 3;'\ = S TTURC Comer__\
Supported by NIH/NCI Contract HHSN261200800812 e

Longitudinal RO1 Co-Authorship Network

LRO1-13 LRO1-12 LRO1-18
8 o 20

LRO1S

Network Analysis L, A3
1998-2009, US, NIH Data on Tobacco R
research funding

Comparison of co-author networks

Research Collaborations by the Chinese Academy of Sciences
Huang, Duhon, Hardy & Bérner
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The Global 'Scientific Food Web'
Mazloumian, Amin, Dirk Helbing, Sergi Lozano, Robert Light, and Katy Bérner. 2013. "Global Multi-Level
Analysis of the 'Scientific Food Web'". Scientific Reports 3, 1167.

http://cns.iu.edu/docs/publications/2013-mazloumian-food-web.pdf

Citation shares

Contributions:

Comprehensive global analysis of
scholarly knowledge production and
diffusion on the level of continents,
countries, and cities.

Quantifying knowledge flows
between 2000 and 2009, we
identify global sources and sinks of
knowledge production. Our
knowledge flow index reveals,
where ideas are born and
consumed, thereby defining a global
‘scientific food web’.

While Asia is quickly catching up in
terms of publications and citation
rates, we find that its dependence
on knowledge consumption has
further increased.

i .

Reference shares -
2000-2002
2007-2009

Figure 2 | World map of the greatest knowledge sources and sinks, based on our scientific fitness index. Green bars indicate that the number of
citations received is over-proportional, red that the number of citations received is lower than expected (according to a homogeneous distribution of
citations over all citiesthat have published more than 500 papers). It can be seen that most scientificactivity occurs in the temperate zone, Moreover, areas
of high fitness tend to be areas that are performing economically well (but the opposite does not hold).




Visualizing Science Technology and Innovation (STI)

Example: Places & Spaces: Mapping Science Exhibit

Rl |

i

Mapping Science Exhibit on display at MEDIA X, Stanford University

11



Map of Scientific Collaborations from 2005-2009

Olivier H. Beauchesne, 2011. Map of Scientific Collaborations from 2005-2009.

H Language Communities
=0 of Twitter

® English
Portuguese
Spanish
Dutch
Russian

French
Italian
German
Turkish
Arabic
Swedish
Danish
Finnish
Catalan
Romanian
Norwegian
Lithuanian
Slovak
Czech
Greek
Hungarian
Polish
Slovenian
Albanian
N Latvian
Galician
B Hebrew
Croatian
® Bulgarian

Language Communities of Twitter - Eric Fischer - 2012




tesein _ CLicksTREAM MaP
g ° OF SCIENCE

Bollen, Johan, Herbert Van de Sompel, Aric Hagberg, Luis M.A. Bettencourt, Ryan Chute, Marko A.
Rodriquez, Lyudmila Balakireva. 2008. A Clickstream Map of Science.

chen\ical Resealch & Developrnefft The Council for Chemical

Research (CCR)

Powers the U.S. Innovation Engine

ic Implications of Public and Private s in Chemical Sciences

FEDERAL
GOVERNMENT

.
$1 Billion i $8 Billion

FEDERAL FUNDING o TAXES

$5 Billion

INDUSTRY FUNDING

CHEMICAL
INDUSTRY

o

$18 $13 + ss B|[||on $10 Billion ~ $40 Billion

S YRS F—21 YEAR GROWTH IN GNP

CHEMICAL INDUSTRY
OPERATING INCOME

. +
20 YEARS 600,000

JOBS CREATED

Council for Chemical Research. 2009. Chemical R&D Powers the U.S. Innovation Engine.
Washington, DC. Courtesy of the Council for Chemical Research.
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Ward Shelley . 2011. History of Science Fiction.

Illuminated Diagram Display
on display at the Smithsonian in DC.
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aphic Map: Where Science G

s Dome Science M

Top Five Continent Top Five Scientific Disciplines

graphic Map: Where Sc

Sclence Map

-
Coamuia

Ansvai

Elinor Ostrom - Nobel Prize in Economic Sciences 2009
Born: 7 August 1933, New York. NY, USA

Affiliation at the time of the award: Indiana Us ty, Bloomington, |
Arizona State University, Tempe, AZ, USA

Prize motivation: “Tor her analysls of economie governance, especially
the commons’

Field: Economic govemance

Contribution: Challenged the conventional wisdom by demonstrating how
local property can be successfully managed by local commens without any
reguiation by central authorites or privatizaton.

View All

Scientific Disciplines Relate

Interact
Select any location on the Geograph
Map location (by brushing your finger
over an area on the lectem’s fouch
screen) and fopics studied in that area
highlight on the Science Map: the
brighter a topic glows, the more papers
lected
area. Conversiely, touching a scientific
area in the Science Map lluminates
places on the Geographic Map where
that topic is studied. Pecple and fopic
butions support the exploration of
publication output by selected Noble
laureates and particutar lines of
research using MEDLINE data from
2000-2009.

15
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Ingo Gunther's Wotldprocessor globe design on display at the Giant Geo Cosmos OLED
Display at the Museum of Emerging Science and Innovation in Tokyo, Japan

Science Maps in “Expedition Zukunft” science train visiting 62 cities in 7 months 12
coaches, 300 m long Opening was on April 23, 2009 by German Chancellor Merkel

16



e

Maps are available for sale and the exhibit can be hosted by anyone.
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Empowering Anyone to Visualize STI

Example: The Information Visualization MOOC

Information Visualization MOOC 2 woana university GCNS

Overview

This course provides an overview about the state of the art
in information visualization. It teaches the process of
producing effective visualizations that take the needs of
users into account.

The course can be taken for three Indiana University credits
as part of the Online Dat: ce Program, as part of the
Information and Library Sc S. program, and as part
of the online Data Science M.S. Program offered by the
School of Informatics and Computing. Students seeking
enrollment information should contact Rhonda Spencer at
812-855-2018, ilsmain@indiana.edu or

latasci@indiana.edu.

Information Visualization MOOC ivmooc.cns.iv.edu

Among other topics, the course covers: — ’
Register Tor Course

® Data analysis algorithms that enable extraction of
patterns and trends in data

* Major temporal, geospatial, topical, and network
visualization techniques

® Discussions of systems that drive research and
development.

Register for free at http://ivmooc.cns.iu.edu. Class restarted in January 13, 2015.

Already registered? Click here to go to the course.
Forgot your password? Click here to reset it.

36
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The Information Visualization MOOC
ivmooc.cns.iu.edu

Q

o

Exterior Color (Linear) Area (Linear)

count count

Students from ~100 countries

sar 370+ faculty members
@ 269 #ivmooc

Course Schedule

Part 1: Theory and Hands-On

¢ Session 1 — Workflow Design and Visualization Framework
e Session 2 — “When:” Temporal Data

* Session 3 — “Where:” Geospatial Data
* Session 4 — “What:” Topical Data
Mid-Term

* Session 5 —“With Whom:” Trees

e Session 6 — “With Whom:” Networks
* Session 7 — Dynamic Visualizations and Deployment
Final Exam

Part 2: Students work in teams on client projects.

Final grade is based on Class Participation (10%), Midterm (30%), Final Exam
(30%), and Client Project(30%).

38
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Books Used in the IVMOOC

VlSUAL - - : ]\i[?‘:j.)\\']cdf_:c
INSIGHTS

Teaches timely Teaches timeless knowledge:
knowledge: Visualization framework—
Advanced algorithms, exemplified using generic
tools, and hands-on visualization examples and
workflows. pioneering visualizations.

Course Schedule

Part 1: Theory and Hands-On

¢ Session 1 — Workflow Design and Visualization Framework
e Session 2 — “When:” Temporal Data

e Session 3 — “Where:” Geospatial Data
e Session 4 — “What:” Topical Data
Mid-Term

e Session 5 —“With Whom:” Trees

e Session 6 — “With Whom:” Networks
* Session 7 — Dynamic Visualizations and Deployment
Final Exam

VM
Top Student

Part 2: Students work in teams on client projects.

Final grade is based on Class Participation (10%), Midterm (30%), Final Exam
(30%), and Client Project(30%).

40
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Course Schedule

Part 1: Theory and Hands-On

¢ Session 1 — Workflow Design and Visualization Framework

¢ Session 2 — “When:” Temporal Data

* Session 3 — “Where:” Geospatial Data I
¢ Session 4 — “What:” Topical Data g
Mid-Term =
e Session 5 — “With Whom:” Trees

¢ Session 6 — “With Whom:” Networks
¢ Session 7 — Dynamic Visualizations and Deployment
Final Exam

Part 2: Students work in teams on client projects.

Final grade is based on Class Participation (10%), Midterm (30%), Final Exam
(30%), and Client Project(30%).

41

Needs-Driven Workflow Design

DEPLOY
'W 3 Validation
k- ‘3 : . Interpretation
-
Stakeholders Visually
encode
l data
Types and levels of analysis determine I A
data, algorithms & parameters, and Overlay
deployment data
| | | S
Select A
visualiz.
Data % —>% _> type
READ ANALYZE VISUALIZE

21



Needs-Driven Workflow Design

DEPLOY
! B Validation
L' " : \ Interpretation F o D
- /@ o F
Stakeholders visually |8 i od
encode {
l data
Types and levels of analysis determine I %
data, algorithms & parameters, and Overlay [ e,
deployment E data °
Select .
visualiz. /
Data % —>e e type L
READ ANALYZE VISUALIZE

Load One File and Run Many Analyses and Visualizations

Times Publication City of Country Journal Title Title Subject Authors

Cited Year Publisher (Full) Category

12 2011 NEW YORK USA COMMUNICA Plug-and-Play Computer Borner, K
TIONSOF  Macroscopes Science
THE ACM

18 2010 MALDEN USA CTS- Advancing the Science of Research & Falk-Krzesinski, HJ|Borner,
CLINICAL Team Science Experimental K|Contractor, N|Fiore, SM|Hall,
AND Medicine KL|Keyton, J|Spring, B|Stokols,
TRANSLATIO D|Trochim, W|Uzzi, B
NAL
SCIENCE

13 2010 WASHINGTON USA SCIENCE A Multi-Level Systems  Cell Biology Borner, K|Contractor, N|Falk-
TRANSLATIO Perspective for the |Research & Krzesinski, HJ|Fiore, SM|Hall,
NAL Science of Team Science Experimental KL|Keyton, J|Spring, B|Stokols,
MEDICINE Medicine D|Trochim, W|Uzzi, B

Location Count | #Citations o &
Netherlands | H] 12 { i
United States 9 318

(Germany n 3% B

United Kingdom 1 2

44




Load One File and Run Many Analyses and Visualizations

Times Publication City of Country Journal Title Title Subject Authors

Cited Year Publisher (Full) Category

12 2011 NEW YORK USA COMMUNICA Plug-and-Play Computer Borner, K
TIONSOF  Macroscopes Science
THE ACM

18 2010 MALDEN USA CTS- Advancing the Science of Research & Falk-Krzesinski, HJ|Borner,
CLINICAL Team Science Experimental K|Contractor, N|Fiore, SM|Hall,
AND Medicine KL|Keyton, J|Spring, B|Stokols,
TRANSLATIO D|Trochim, W|Uzzi, B
NAL
SCIENCE

13 2010 WASHINGTON USA SCIENCE A Multi-Level Systems  Cell Biology Borner, K|Contractor, N|Falk-
TRANSLATIO Perspective for the |Research & Krzesinski, HJ|Fiore, SM|Hall,
NAL Science of Team Science Experimental KL|Keyton, J|Spring, B|Stokols,
MEDICINE Medicine D|Trochim, W|Uzzi, B

Topical Analysis—p. 56 Paper itation Network—p. 60 Bi-Modal Network—p. 60

== Co-author and
: ' many other
bi-modal networks.

i

45

Course Schedule

Part 1: Theory and Hands-On

¢ Session 1 — Workflow Design and Visualization Framework
* Session 2 — “When:” Temporal Data

e Session 3 — “Where:” Geospatial Data
e Session 4 — “What:” Topical Data
Mid-Term e
» Session 5— “With Whom:” Trees NS =
e Session 6 — “With Whom:” Networks

* Session 7 — Dynamic Visualizations and Deployment

Final Exam

Part 2: Students work in teams on client projects.

Final grade is based on Class Participation (10%), Midterm (30%), Final Exam
(30%), and Client Project(30%).

46
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Visualization Frameworks

How to Classify Different Visualizations?

By
e User insight needs?

User task types?

¢ Data to be visualized?
¢ Data transformation?

e Visualization technique?
* Visual mapping transformation?

* Interaction techniques?

e Or?

24



Visualization Frameworks

Readings

« Bertin, Jacques. 1983. Semiclogy of Graphics. Madison, WI: University of Wisconsin Press. [Josh Quick and Richard Higgins| Presentation [ &

* Brehmer, M. and T. Munzner. 2013. “A Multi-Level Typology of Abstract Visualization Tasks e " IEEE Transactfions on Visualization and Computer
Graphics. 19 (12): 2376-2385. [lan Custer | Presentation [ &)

» Engelhardt, Yuri. “Syntactic Structures in Graphics & .” See also Engelhardt, Yuri. 2002. “The Language of Graphics: A Framework for the Analysis
of Syntax and Meaning in Maps, Charts, and Diagrams.” PhD diss., University of dam. [Shambhavi Dt lkar and David Ebenezer |
Presentation [B &]

» Few, Stephen C. 2012. Show Me The Numbers: Designing Tables and Graphs to Enlighten. Burlingame, CA: Analytics Press. [Saumya Pandey
and Anirudh Ramesh | Presentation @ &)

» Harris, Robert L. 1999. Information Graphics: A Comp R . New York: Oxford University Press. [Ashish Shendure and
Manish Mohan Mohapatra | Presentation g &)

* Homn, Robert E. 1998. Visual Language: Global Communication for the 21st Cenfury. Bainbridge Island, WA: MacroVU, Inc

« MacEachren, Alan M. 2004. How Maps Work: Representation, Visualization, and Design. New York: Guilford. 271. [Kartik Adur | Presentation] B

&
« Pirolli, Peter, and Stuart Card. 2005. “The Sensemaking Process and Leverage Points for Analyst Technology as Identified through Cognitive Task
Analysis 2. In Py dings of the i C on Intell Analysis, 2-4. McLean, VA: MITRE. [Renuka Deshmukh and John

Stewart | Presentation B &]

+ Shneiderman, Ben. 1996. The Eyes Have It: A Task by Data Type Taxonomy for Information Visualizations ¢ .” In Proceedings of the IEEE

Y on Visual L 336-343. Los Alamitos, CA: IEEE Computer Society. [Wensi Wang and Jagadish Shravan Kumar |

Presentation [ B &]

» Wehrend, Stephen C_, and Clayton Lewis. 1990. “A Problem-Oriented Classification of Visualization Techniques & * In Proceedings of the 1st
Conference on Visualization, 139-143. Los Alamitos, CA: IEEE Computer Society. [Sowmya Achanta and Jae Eun Kum | Presentation [B) &)

« Wilkinson, Leland. 2005. The Grammar of Graphics e . New York: Springer. [Trevor Edelblute | Presentation [8 &)

* Yau, Nathan. 2011. Visualize d Statistics & . Indianapolis, IN: Wiley. (ebrary account &

required to read/download)

The FlowingData Guide to Design, Visualizatior

Suggestions of other major works are welcome!
We will add Kosslyn, 1989; Kindlmann & Scheidegger, 2014

LEVELS
Tasks
MICRO: Individual Level MESO: Local Level MACRO: Global Level
about 1-1,000 records about 1,001-100,000 records more than 100,000 records

page 6 page 8 page 10

FHpm

TYPES

Statistical Analysis
age 44

Knowledge
Cartography
3| page13s
WHEN:
Temporal Analysis
page 48 Visusliting
decision-
making
processes
| —— e
WHERE:
Geospatial Analysis
page 52 cell phone
o usagein
I b (Y Milan, italy
Q ' page 109
R
Evolving
Topical Analysis patent
page 56 i Evobving Pmdl::l;pi(r
J
Retworisin W e
ranotechngiogy Countries
page 139
page 93
S hearhal =
WITH WHOM:
Network Analysis
page 60 T world Bectronic and yworld-vide
Finance mew media art scholarly
Corporation ks collaboration
. page 133 networks
page 7 - page 157
i

50
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Basic Task Types

Bertin, 1967 Wehrend Few, 2004  Yau, 2011 Rendgen&  Frankel, | Tool:Many  Tool: Chart |Bérner,
& Lewis, Wiedemann, 2012 Eyes Chooser 2014
1996 2012
selection categorize category categorize/
cluster
order rank ranking table order/rank/
sort
distribution  distribution distribution | distributions
(also outliers,
gaps)
compare nominal differences compare | compare comparison | comparisons
comparison and data values
& deviation contrast
time series patterns time process | track rises trend trends
over time and time | and falls (process and
over time time)
geospatial spatial location generate geospatial
relations maps
quantity part-to- proportions formand | see parts composition | compositions
whole structure | of whole, (also of text)
analyze text
association correlate correlation relationships  hierarchy relations relationship | correlations/
between relationships
data points
5% See page 26
Insight Need Types Data Scale Types | Visualization Types | Graphic Symbol Types | Graphic Variable Types | Interaction Types
page 26 page 28 page30 page32 page 34 page 26
- categorize/cluster - nominal - 1able - geometric symbols - spatial - overview
« order/rank/sort « ordinal « chart point position = Zoom
« distributions « interval + graph line » retinal « search and locate
(also outliers, gaps) « 1atio « map area form « filter
« comparisons « network layout surface color + details-on-demand
- trends VG!U"‘G . optics - history
(process and time) b im?“ﬂ'( symbols motion + extract
- geospatial D « link and brush
J : numerals
+ compositions & « projection
I £ punctuation marks
(also of text) « distortion
omelations/rekationsh » pictorial symbols
correlations/relationships images
icons
statistical glyphs.
34 See page 24
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1.

2.

Visualization Types (Reference Systems)

Charts: No reference system—e.g., Wordle.com, pie charts

Tables: Categorical axes that can be selected, reordered; cells
can be color coded and might contain proportional symbols.
Special kind of graph.

Graphs: Quantitative or qualitative (categorical) axes.
Timelines, bar graphs, scatter plots.

Geospatial maps: Use latitude and longitude reference
system. World or city maps.

Network layouts: Node position might depends on node
attributes or node similarity. Trees: hierarchies, taxonomies,
genealogies. Networks: social networks, migration flows.

Types

Insight Need Types DataScale Types | Visualization Types | Graphic Symbol Types | Graphic Variable Typeq Interaction Types

page 28 page 30 page 32 page 34

- nomina - tab

= geometric symbols = spatia

« ordinal t
« interval h ne . 1€
« ratio

etwork layout

motion

:...-' See page 25
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Graphic Variable Types Versus Graphic Symbol Types

Geometric Symbols
Point Line Area

Spatial

sza quantitative
NA (Not Applicable} | | I I l = & N

'

i

i

NA

orm

Retinal

NA

: treeeNS ‘ | | | | _
qualitative
5| e
® o 0 0 0 0 0 L
3
secseoeel [ [LLTTTTLI|S m—

See page 36 55

Graphic Variable Types Versus Graphic Symbol Types

000 T
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& See pages 36-39 .




Visualization Frameworks

Readings
« Bertin, Jacques. 1983. Semiclogy of Graphics. Madison, WI: University of Wi Press. [Josh Quick and Richard Higgins| Presentation (B ]
« Brehmer, M. and T. Munzner. 2013. “A Multi-Level Typology of Abstract Visualization Tasks e " IEEE Tra on and Ci
Graphics. 19 (12): 2376-2385. [lan Custer | Presentation B &]
« Engelhardt, Yuri. “Syntactic Structures in Graphics ¢ .” See also Engelhardt, Yuri. 2002. “The L of Graphics: A for the Analy
of Syntax and Meaning in Maps, Charts, and Diagrams.” PhD diss., University of A d. [Shambhavi Dh lkar and David Ebenezer |

Presentation [B) &]

« Few, Stephen C. 2012. Show Me The Numbers: Designing Tables and Graphs to Enlighten. Burlingame, CA: Analytics Press. [Saumya Pandey
and Anirudh Ramesh | Presentation @ &)

» Harris, Robert L. 1999. Information Graphics: A Comp Refe . New York: Oxford University Press. [Ashish Shendure and
Manish Mohan Mohapatra | Presentation @ &

* Hom, Robert E. 1998. Visual Language: Global Communication for the 21st Century. Bainbridge Island, WA: MacroVU, Inc.

= MacEachren, Alan M. 2004. How Maps Work: Representation, Visualization, and Design. New York: Guilford. 271. [Kartik Adur | Presentation] &
&

« Pirolli, Peter, and Stuart Card. 2005. “The Sensemaking Process and Leverage Points for Analyst Technology as Identified through Cognitive Task

lysis . In P di of the i C on Intelli Analysis, 2-4. McLean, VA: MITRE. [Renuka Deshmukh and John

Stewart | Presentation B &]

« Shneiderman, Ben. 1996. ‘The Eyes Have It: A Task by Data Type Taxonomy for Information Visualizations & .” In Proceedings of the IEEE

Y ium on Visual L 336-343. Los Alamitos, CA: IEEE Computer Society. [Wensi Wang and Jagadish Shravan Kumar |

Presentation [ &)

* Wehrend, Stephen C., and Clayton Lewis. 1990. “A Problem-Oriented Classification of Visualization Techniques @ . In Proceedings of the 1st
Conference on Visualization, 139-143. Los Alamitos, CA: IEEE Computer Society. [Sowmya Achanta and Jae Eun Kum | Presentation [B) &)

 Wilkinson, Leland. 2005. The Grammar of Graphics 2 . New York: Springer. [Trevor Edelblute | Presentation [B] &)

* Yau, Nathan. 2011. Visualize This: The FlowingData Guide to Design, , and Statistics & . Indianapolis, IN: Wiley. (ebrary account &
required to read/download)

Suggestions of other major works are welcome!
We will add Kosslyn, 1989; Kindlmann & Scheidegger, 2014




@ l NS Cyberinfrastructure for
Network Science Center

Sci2 Tool — OSGi/CIShell-based Macroscope

Download for free at http://sci2.cns.iu.edu

U % Sci2 Teol [EE=
se File Dats Preparation  Preprocessing  Anslysis Modeling Visuslzation Help
¢ Menu to read data, run B.conle = 51| Dos Marager]|_ = 8

. Welcome to the Science of Science Tool (Sci). - ¥ Directory Tree - Prefy
a |g0 rit h ms. The development of this tool is supported in part by the Cyberinfrastructure for
Metwork Science center and the School of Library and Information Science atIndiana | =
University, the National Science Foundation under Grant No. SBE-0738111 and
¢ Console to see work log, ES115305, w th s 5 wiomnill Founaton. S Scionc ofScence
. Gy portal i.shis indis for more
references to seminal works.

Primany investigators are Katy Bamer, Indiana University and Kevin W, Boyack, SciTech

o Data Manager to SEIECE, VIEW, | s rim i o eion oo onretosonens
save loaded, simulated, or =
derived datasets. (Bamasi] B rericoe ormpieied witsrmatcaly (e Lo
¢ Scheduler to see status of m
algorithm execution. | Agorthr Nome oate T 5 Compl

¥ Resd Directory Hierarchy  08/15/2010 070217 PM e

B Scheduler =a

All workflows are recorded into a log file (see /sci2/logs/...), and can be re-run for
easy replication. If errors occur, they are saved in a error log to ease bug reporting.

All algorithms are documented online; workflows are given in Sci2 Manual at
http://sci2.wiki.cns.iu.edu

59

Cyberinfrastri
Network Science

Sci2 Tool Interface Components
Download for free at http://sci2.cns.iu.edu

& sci2 Tool =10l x|
File DataPreparation | Preprocessing Analysis Modeling Visualizaton R Help
‘ECmsdeL ?Hdd : =ﬁ|l5?&?mmmuw|(,workﬂoww‘ ='|3|
. Tempor

.... g = Geospatial * a|||[ = [ 11 Data: : \users\Katy \Desktop\A-TOOLS sci2-v 1. 1401
Extract Co-Occurrence  Topicll b pd- [ 361 Unique IS1 Records
[mplementer s): Tmath pr——" -5, Extracted Co-Authorship Network
Integralm(s):Tmmw Extract Top Nodes e e
il il T (¥ Nodles Above or Below Vakie B Network with degree attribute added to nog
Ihttp:/ /wiki.cns.iu.edu/display/CISHI  Delete Isolates £ author information
fork Fytract Tan Frines
Exvact co- A 1o
lmp*ementz File DataPreparation Preprocessing | Analysis Modeling Visuaization R Help
fintegrator, & e
pocuments | 2] Console M | = 014 ata Mansger | ) Workdow Mansger | =g|

p:/ Jwi {

OTTETICS ¥5T ¥ UOT 19 LU e SEa U e S.ast s
o2sText [T Toicd b 2]||[ & T 151 0ste: - Vsers Kty Pesktop & ToOLS o2+ b |
=
e [ o xi
[leFormat |lntegrat Fle Data Preparation Preprocessing Analysis Modeling | Visualization R Help
.......... Documer . - :
flode Desre nttp:/ /| £ console 1‘3"‘“; : 1| 433 Data Manager | € Workfiow Manager | s
empor:
B schedu || i Geospatial » | ~|||[ =T 151 Data: C:\Users\Katy\Desktop\A-TOOLS \sci2-v1. 14
Extract Co-Ocaurrence Network was selected. Topical » B F .}élumque ISI Records

fimplementer (s): Timothy Keley

integrator(s): Timothy Kelley GUESS

Pocumentation: Gephi .00
http:/ /wiki.cns.iv.edu/display/CISHELL /Extract+Co-Occurrence+Net -
lork Radial Tree/Graph (prefuse alpha)

oo Radial Tree/Graph with Annotation (prefuse beta)
Extract Co-Author Network was selected. Toae

Implementer(s): Timathy Kelley

fintegrator(s): Timothy Kelley ;

:umr;eﬂtaknnn: e disoter] , " , Force Drected with Amnotatn (refuse bet)
ttp:/ [wiki.cns.iu.edu/display/CISHELL /Extract+Co-Author+Netwo s i
%28Text+Files%29 g eqmensR shogord st Aorotaton @eeline bera)

60

30



@ l NS Cyberinfrastructure for
Network Science Center

ACLr: O Ny

Y H-C 4+ 41 (=Y (=Yl £ Al 41
USGI & TISHEI SUPPOrt tre Fiug-ana-riay O AIgOTIuimS

e ClIShell (http://cishell.org) is an open source software specification for the integration
and utilization of datasets, algorithms, and tools.

* It extends the Open Services Gateway Initiative (OSGi) (http://osgi.org), a
standardized, component oriented, computing environment for networked services
widely used in industry since more than 10 years.

e Specifically, CIShell provides “sockets” into which existing and new datasets,
algorithms, and tools can be plugged using a wizard-driven process.

Developers Users

/101 i

Sci2 Tool

CiIShell Wizards

. -7 hell - —
“ : o ’

SCisho K—>
Ly e Il aAnsance %NWBTOO/ Workflow

~T OSGi
o&
6

1

Cyberinfrastr

Network Science

&3 EpiC Tool

=
File | G J g | N k i i isualizati R Help
2 Console o = O | 114 Data Manager = {m|
&3 EpiC Tool
Welcome to the Ep Ih of epidemic processes.
;

T"_E EpiC project (K B¢ Create a compartmental model
primary investigatd Edit comnartmental model
Weld dit compartmental model

The EpiC tool was

ng, 2

07-004 award. The
erman.

Chin Hua Kong, and Russell J. Duhon.

k, Joseph

Network Science Center (http://cns.slis.indiana.edu) at

Please cite as follows:

EpiC uses the Cyberinfrastructure Shell (http://cishell.of Visualization R Help [f
tion

EpiC Team. (2009). EpiC Tool. Indiana University, http:/i pn of
. _— 7-07-
B Scheduler R Help
— ) Line Graph
| Remove From List | [_| Remove P ly | Remove all J !
(
|m
@ Help
! Algorithm Name Date Time % Complete Cocatenr Rl atance.
A Run Rgu
f Import Tl
!
Export Table From R
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@CNS \ Client-side visualization framework
G, Cyberinfrastructure for )
N— Network Science Center uses HTMLB, JavaSCI’Ipt, and SVG

“ ETE AV Proportional Symbol Map
— A
. 44
.
Cansa
bee,
.
b )
L
L - s
o
satrota o =

Developed for NIH by CNS and NETE. Responsive design.

g?; l N Egberinfraslrur_lure for
N Network Science Center

Proportional Symbol Map
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' N S Cyberinfrastructure for
Network Science Center

Proportional Symbol Map
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' N S Cyberinfrastructure for
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' N S Cyberinfrastructure for
Network Science Center

Ferterav Topic Analysis - Map of Science
A
.

4 -« i

e
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:
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' N S Cyberinfrastructure for
Network Science Center

Rerecav

Total Awards

¥
SOIL ANALYSIS

E Humes, Bernice A

ND/INFO
. How To Read This Map

This map is a visual representation of 554 sub-disciplines within

lapped sub-disciplines are
r of matching journals and color
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Course Schedule

Part 1: Theory and Hands-On
¢ Session 1 — Workflow Design and Visualization Framework
¢ Session 2 — “When:” Temporal Data
¢ Session 3 — “Where:” Geospatial Data
¢ Session 4 — “What:” Topica:aData VISUAL

: INSIGHTS
Mid-Term Aprcita e a g S of s
e Session 5 — “With Whom:” Trees :
¢ Session 6 — “With Whom:” Networks
e Session 7 — Dynamic Visualizations and Deployment
Final Exam

Part 2: Students work in teams on client projects.

Final grade is based on Class Participation (10%), Midterm (30%), Final Exam
(30%), and Client Project(30%).

Last 7 Weeks: Students Work in Teams With Clients

Information Visualization MOOC 2015 INDIANA UNIVERSITY

Client Projects

AIDS as a Global Media Event
Client Name: Viadimir Cajkovac

Project Description (goal/scientific or practical value):

AIDS has radically transformed the world and become the focus of interdisciplinary study and research from a medical, cultural, and
media-historical perspective. Over the past 30 years, the German Hygiene Museum in Dresden has collected numerous items
-predominantly posters- which have been used in the media campaign to combat the epidemic. It is the world's largest collection of
AIDS posters with over 9,000 specimens from 147 countries.

The goal of the project is to visualize the distribution of symbols, gestures, and topics addressed in the posters through space and

time so that other researchers and members of the public can understand the development of the cultural response to the AIDs
epidemic.

http://ivmooc.cns.iu.edu/clients.html




Results of 2013 client projects can be found in the
Visual Insights book here.

Chapter 8 - Case Studies 235
Understanding the Diffiicinn af Nan_Fraarcancu Call Guetame 224
Examining the Succe THE DIFFUSION OF 311

Using Point of View ( semraens ey et o
Phylet: An Interactiv A e s Tochmoggates mpk i st
Isis: Mapping the Ge By poPuLATION

Visualizing the Impa TR o B85 .’ 183 ""6”’":"""

(11 cithes use T at the county level) sasie0  7sa7s

- .vih;- \'1
Segment of a IaFk\er visualizatio

POV Education Dashboard

Summed Student Writing Activities

100
- .
Anmotanors Drasng  Amnotstonrs Test Correcton Highigmeg

MonClass Wekng  Non Wrsing Nots Orewing  Notes-Logisios MWotes Text

Writing Analysis per Minute of Lecture
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One Hundred Years of Isis

David E. Hubbard (Texas A&M University), Anouk Lang (University of Strathclyde), Kathleen Reed (Vancouver Island University),
Anelise Hanson Shrout (Davidson College) and Lyndsay D. Troyer (Colorado State University)

Changes in Isis Authorship:
1913-1937 to 1988-2012.

This map and charn show
OOQraphic shiNs In Ies AUIhorS’
locations across two Sme perods
of 26 years each: 1913.1637
and 1988-2012

|

Countries and states tnted 1w
had a greater number of anticles.
published in the 1513-1637 pericd, while
those tinted green had a greader number
published in the 1588-2012 pericd.

Germany and the United States experienced the most v 3 s ANy
eatrems shifts In authorship. Authors located in Garmany = B
published 37 flewer aricies batween 1988-2012 han Mey

din 10171537, Aushors located in the United States 3
Published 31 More aricias botwoan 19838-2012 than thay ¢ b
&din 19131837, i

Courtries and states in 513y had the same number of
of published artickes in both pariods, whike those with
no color (Le.. white) had no publicabions in e#her pericd

Number of Publications
(EEXEKEE L]
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We work closely with
clients to provide
custom-made data,
visualization, and
software solutions

B Research

Open Data and Open
Code for Big Sclence
of Science Studies

B Development

Behind the scenes of
the design and
development of
AcadermyScope

B Videos

- B Watch Katy Borer's
full presentation from
TeDxBloomingtan

B Latest News
TSR . your money

» where your citations
are:a proposal for a
new funding system
(website accessed
9/05/13)

B Outreach

5 See some of the most
~ fascinating data
visualizations

inthe world.

B Teaching

Successful VMOOC
will be offered again
== in January of 2014

I3 Upcoming Events
FYe] Koty Borner attends
[l Pus 2013 Northeast
Conference

1013 Katy Baener prasents Magping
Science Exhibit at WSSF

1015 Ted Polley & Google Team
present NMOOC at

1022 Katy Barner presents at the
SGELD 15 Years Conference.

B Our Products

We work closely with

{ \ clients o provice
custom-made data.
visualization. and

software solutions.

All papers, maps, tools, talks, press are linked from http://cns.iu.edu
These slides will soon be at http://cns.iu.edu/docs/presentations

CNS Facebook: http://www.facebook.com/cnscenter

Mapping Science Exhibit Facebook: http://www.facebook.com/mappingscience
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