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Using Visualizations to Convert BIG Data into Insights
&
to Communicate Insights Gained to Others

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
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RO1 & TTURC Project Information

Mapping Transdisciplinary Tobacco Use Research
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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), pp. 415-426.

Research questions:

Stanford U 3

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

2. Does one still have to ol
study and work at major research
institutions in order to have access to
high quality data and expertise and to produce
high quality research?

3. Does the Internet lead to more global citation
patterns, i.e., more citation links between
papers produced at geographically distant
research instructions?

Contributions:
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» AnswertoQs1+2isYES.
» Answer to Qs 3 is NO.
> Novel approach to analyzing the dual role of =

institutions as information producers and
consumers and to study and visualize the
diffusion of information among them.
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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).
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Data Visualization Literacy Study




Can Science Museum Visitors Read Data Visualizations?

More than 1000 youth and adult visitors across six U.S. science museums.

Visitors saw 5 out of 20 visualizations and were asked to answer
¢ Does this type of data presentation look at all familiar?

¢ Where might you have seen images like this?

¢ How do you think you read this type of data presentation?

¢ What would you call this type of data presentation?

Results show that:

o a very high proportion of the population, both adult and youth, cannot interpret
data visualizations beyond very basic reference systems;

o construction of complex visualizations led to more accurate interpretation than
deconstruction; and

. individuals are willing to spend time attempting to make meaning in
representations depending on their personal interest in the topic.

Joint work with Adam V. Maltese, Russell N. Balliet, Joe Heimlich and COSI, SMM,
NYSCI, WonderLab, and the Marian Koshland Science Museum.
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Can Science Museum Visitors Read These 20 Visualizations?

Asit
happened;




Names Science Museum Visitors Give These Visualizations

i T quit Relared Unrelated Not Doesn'
Type Label Phrase Phrases Applicable Know
c1 Chart Word cloud Word chart  Info graphic Messaging Mess Not Sure
Tag cloud Wordle Visual Advertising Test No Idea
thesaurus
._ Word Randemness Makes me
cluster think of words
Word art Mixed up
graph
Word
Chart
o1 Graph Scatter graph Scatterplot Population Paint Dots  Things that No Idea
- with proportional Graph have color
2! symbol coding  Bubble Graph Graph to Countries of Messy Not Sure
.z'.. show the World
(L Rainbow Crumb Open Map
Scatter Graph Graph
Bubble Chart Dot Chart  Circley
Graph
Weighted Graph Chart
scatter plot
Line graph
Choropleth map Mapof U.S. Map Graph Boring Not Sure
Density Population  Chart A Chicken No Idea
distribution ~ Chart
Density Map  Population
Map
Map with Percentage
Concentration Map
Saturation
concentratio

Hue Map

Borner, Katy, Russell Balliet, Adam V. Maltese, and Stephen Miles Uzzo. 2015. "Meaning Making Through Data
Representation Construction and Deconstruction”. Accepted for American Educational Research Association
(AERA) Annual Meeting.
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Places Where Science Museum Visitors Encounter Visualizations

% of Instances by Relative Age

Location Code Example Response(s) Youth Adult
Advertisements Seenitinads 1.0 28
Art Artwork 0.8 1.1
Books History Book 88 97
Data and Research Research or data that is broken dc 08 6.3
Entertainment American Idol 43 315
Internet Websites 6.6 82
Magazines & Brochures National Geographic 15 58
Maps Anywhere a map would be 71 44
Medical Doctor's office, Psychology tests 13 17
Museums & Zoos MOMA in NYC 1.8 038
News Newspapers 28 10.7
Politics Voting 038 17
Posters & Presentations Business Presentations 0.8 42
Public Spaces I think I've seen this at the mall 5.1 3.8
School Classes- History 196
Technology Devices iPod 20 10
Work & Everyday Life Weather, At my job in marketing 20 124
Other Everywhere 0.5 15
Don't Know Not sure 0.5 0.7
Total Coded Elements 396 710

Borner, Katy, Russell Balliet, Adam V. Maltese, and Stephen Miles Uzzo. 2015. "Meaning Making Through Data
Representation Construction and Deconstruction”. Accepted for American Educational Research Association
(AERA) Annual Meeting.
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Visualization Types Sorted from Easy to Hard

Visualization Type 1 (Easiest) 2 3 4 5 (Hardest)
Chart 348 43 26.1 17.4 17.4
Graph 255 245 17.9 18.9 13.2
Map 2170 318 21.7 17.4 7.2
Network Layout 4.5 6.0 19.4 254 S

Study Replication in Other Countries:

We are interested to replicate the study in different environments and
countries. Therefore, all study materials have been made available online at
http://cns.iu.edu/2015-VisLit.html.

Please feel free to contact the authors for more information. We are

interested to collaborate on research projects related to data visualization
literacy.

Bérner, Katy, Russell Balliet, and Adam V. Maltese. (Submitted). "Data Visualization
Literacy of Youth and Adult Science Museum Visitors". Information Visualization.
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Bringing Visualizations of BIG Data
to General Audiences
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Places & Spaces: Mapping Science Exhibit

S Human Connects

\ -]

|

Maps are available for sale and the exhibit can be hosted by anyone.

Mapping Science Exhibit on display at MEDIA X, Stanford University
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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
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.
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$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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Geographic Map: Where Science Gets Done

Top Five Continents

Illuminated Diagram Display
on display at the Smithsonian in D

Science Map: How Scientific Disciplines Relate

Poople& Topics L
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Geographic Map: Where Science Gets Done Science Map: How Scientific Disciplines Relate
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Bon gust 1933, New York. NY, USA Select any location on the graph
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butions support the exploration of
publication output by selected Noble
laureates and particutar lines of
research using MEDLINE data from
2000-2009.

View All

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




Places & Spaces Digital Display in North Carolina State’s brand new Immersion Theater

D

.

Empowering ANYONE
to Convert BIG Data into Insights
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Information Visualization MOOC

Overview

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

This year, the course can be taken for three Indiana University credits
as part of the Online D ence Program just announced by the
School of Informatwcs and Computlng students interested in applying

to the program can find more inform ere,
Among other topics, the course covers:

® 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.

INDIRKA UnVERSITY

Just like last year, students will have the opportunrry m collaborate on
real wcrtd prc;ects foravamety of clients. t year

b B IVMOOC 2014 course materials will be available
Everygnewho registers gains free access to the Schol arly a until end of November 2014. The IVMOOC 2015
(26 million paper. patent. and grant records) and the Sci2 T will open in January 2015 with new materials
algorithms and tools). and a cloud computing setup.

Please watch the introduction video to learn more.

Register for free at http://ivmooc.cns.iu.edu. Class will restart in January 2015.

w
S

The Information Visualization MOOC
Ivmooc.cns.iu.edu

(o]

Exterior Color (Linsar) Area (Linear) Students from more than 100 countries

count count

350+ faculty members
#ivmooc




Course Schedule

¢ 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

LETTER OF ACCOMPLISHugy I

Students work in teams with clients.

¢ Session 5 — “With Whom:” Trees

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

Final grade is based on Midterm (30%), Final (40%), Client Project (30%).

37

Needs-Driven Workflow Design

DEPLOY
'&M 3 Validation
k " ‘ A 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
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Needs-Driven Workflow Design

DEPLOY
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Interpretation F .
/ ’. »
Stakeholders visually |8 g o4
encode N {
data d
Types and levels of analysis determine I i
data, algorithms & parameters, and Overlay /
deployment data
I e
Select ,
visualiz.
Data —>9 _> type {
READ ANALYZE VISUALIZE pONgE.

Clients

Information Visualization MOOC INDIANA UNIVERSITY

List of Clients

Project Title: Isis: 100 Years

Client Name: Jay Malone

Project goal/scientific or practical value: A visual representation Isis' contributors and locales over the past 100 years. Isis is
the journal of the History of Science Society. This representation will provide a dynamic picture of how scholarship in the
history of science has shifted over the past century.

Information on dataset(s) to be used: Citation information, author locale, and |5sue number for Isis publications.

Relevant publications, websites, etc: http://w s/journal/isis.
Conditions under which can publlsh results and/or add project results to their resume: Client would like to approve results.

. b Project Title: e-Xploration
( yC I Client Name: Luiy
Comunidades

Project goal/scientific or practical value: e-Xploration is an agent- -based model for ths ethnographic observation
and the registry, analysis, and interpretation of social practices in virtual ¢ fori ion in the development of collaboration
and cooperation. This project will analyze the interactions between subjects and objects in a platform collaborative community called
0OYCIB, a project based on e-Xploration (e-crick.net).

Information on dataset(s) to be used: | can provide a data base in .graphml format for the students. The file .graphml contains the
interactions between subjects and objects in a platform collaborative community called OYCIB. In the level of practice, it is not necessary
that students know agent-based models for using the database. But, in another level, for example: the collaborate level for the 0YCIB
development, it is necessary to have basic knowledge in AMS or MAS and another competences like PHP and MySQL.

Relevant publications, websites, ete: http://wy t
Conditions under which students can publlsh results andlnr add project results to their resume: If any person or institution use my
dataset or another info about eXploration (e-crick.net, oycib.net), | need to approve the results and appear as co-author.

http://ivmooc.cns.iu.edu/clients.html
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National Science Foundation Awards to Institutions Conducting “Global Warming” Research from 1979-2009

LEGEND

ABOUT THIS MAP

HOW TO READ THIS MAP

mijstamper_ivmooc
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We work closely with
clients to provide
custom-made data,
visualization, and
software solutions
B Latest News B upcoming Events
OpenDataand Open [ NSHESSENSSNN Put your money PY=1 Katy Borer attends
Code for B:g Science T » where your citations PIUG 2013 Northeast
of Science Studies = [ oreieproposelfora Conference
- new funding system 1013 Kary Boiher presra b
(website accessed Seience Exhibit st WSSF
9/05/13)
B Outreach 1055 :::(‘z:mg“"‘
ehind the scenes of % See some of the most
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B videos B Teaching B Our Products
% by e i e prisprerc Bl TN
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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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