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CNS Tools and Services are used by
hundreds of thousands around the globe.

T

Our mission is to advance datasets, tools, and services for the study of biomedical, social
and behavioral science, physics, and other networks. A specific focus is research on the
structure and evolution of science and technology (S&T) and the communication of
results via static and interactive maps of science. Learn more at cishell.org.
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Transforming Data into Insight

CNS

“Information is the
currency of this
digital age”

Carly Fiorina, Former CEO
of HP

Data-Driven Decision Making (credits: PwC)

P
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A Research Agenda for the Analytics Age

/ Business
Technologies / Informaton \ Decision Making A Intelligence/
Electrical Engineering e Psychology Statistics b Information

Computer Science Behavioural Science |

! Systems
Operational /
/ Intelligence
/(Machine Lc:ming) P // //
’, Quantitative Methods
‘ Mathematics
Statistics
Economics (Econometrics)  / Modeling and
Optimization
Figure 1. A Taxonomy of Disciplines (Mortenson et al., 2015 and Evans, 2012) e
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Dresner Advisory Report (2016):
Embedded Business Intelligence Market Study

Reporting

=== Dashboards
End-user "self-service"

»  Advanced visualization
Data discovery

Data warehousing

Data mining, advanced algorithms, predictive
Integration with operational processes

Data storytelling

Enterprise planning/budgeting

Mobile device support

Embedded BI (contained within an application,...
Governance

Collaborative support for group-based analysis
End-user data preparation and blending
Search-based interface

W Critical

¥ Very important

Software-as-a-Service and cloud computing W mportagt
In-memory analysis

Ability to write to transactional applications m Somewhat

Location intelligence/analytics important

Big data (e.g., Hadoop)

Pre-packaged vertical/functional analytical...

Text analytics

Streaming data analysis

Open source software

Social media analysis (SocialBI)

Cognitive Bl (e.g., Artificial Intelligence-based BI)
Complex event processing (CEP)

Internet of Things (loT)

@ c N S Edge computing

Figure 2. Technologies and Initiatives Strategic to Business Intelligence
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Dashboards

66

What's happening? What's happened? What's going to
happen? Check the dashboard! (Markus, 2006) ’ ’
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Data Visualization

66 The goal is to turn data into
information, and information
into insight.

(Carly Fiorina, 2004) 3

66

The purpose of visualization
IS insight, not pictures.
(Ben Shneiderman, 1999) 99
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Web Application versus Software Visualization

66 1he impact of data scientists' work depends on how well
others can understand their insights to take further actions.
(Jorge Castafion, 2016) 99

Interactive display and manipulation of data

No installation required

Easy to develop and share with clients and project teams

I A\ .

Open source libraries

Megaputer
Analytics
Conference

CNS



Past: Imperative Web Frameworks

66

The controller is essential and explicit: you have to
specify what to do when you receive user requests and
what resources you are going to mobilize to carry out

the necessary tasks outlined in the model. ’ ,
(Ribeiro 2016)

controller ]
input
from @
change user s

data

\ MVC

4

model view
access data receive
to render data change
in view notifications

The Model-View-Controller was invented at Xerox
CNS Parc by Trygve Reenskaug in 1979.
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Present: Reactive Web Frameworks

€CNS

Request

_— Ty

Clientside

L .

Response

66

Reactive Systems are highly responsive, giving
users effective interactive feedback. 99

Reactive Manifesto - http://www.reactivemanifesto.org/
Image credit: http://littleactuary.github.io/blog/Web-application-framework-with-Shiny/
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General Architecture

€CNS
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Shiny




Shiny Application

Major Losses Reserving Tool (v1.0.1) ™ cgrroraTe 1 Primary |anguage: R
e e - - B 2. Shinyis an R package

T e e o open-sourced by Rstudio

a S in 2012
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Shiny Application: Get Inspired

Default Shiny layout
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Visualization: Sankey

IVMOOC Student Enroliment Data

Sankey Network ’ Alluvial Sankey Network GoogleViz Sankey Network

@CNS Figure 3. IU Information Visualization Massive Open Online Course (IVMOOC) from 2013 — 2015
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Visualization: Streamgraph

Stream Plot Visualization Tool

Please upload a .csv file with a time, categorical and Streamgraph example 1 Streamgraph example 2 Data upload plot

count field.

Stock Market example

Choose CSY file to upload

Browse... No file selected
3,000,000
Header
Separator 2,000,000
° Comma
~ Semicolon
) Tab
1,000,000
Quote
) None
° Double Quote
0
) Single Quote
1980 1985 1990 1995 2000 2005 2010 2015
Ticker: | - Select - ﬂ
Offset Type
‘ silouhette v l

an
CNS Figure 4. Interactive Streamgraph Visualization



Interactive Text Mining Suite

About File Uploads
Interactive Text Mining Suite ITMS

Text Files
PDF Files
ZOTERO

Structured Data

POS-Tagged Text

Choose file format
XML
JSON

© Google Books Search

Enter your search terms for Google Books,
separated by spaces

megaputer

’ Submit ’

Data Preparation

Data Visualization ~

Show 25 4 entries

titles authors
Decision George M.
Support Marakas
Systems and
Megaputer

Figure 5. Open Source Interactive Text Mining Suite - ITMS

www.interactivetextminingsuite.com

Search:

dates

2002

corpus

Decision Support
Systems and
Megaputer Packed
with essential
information, this
valuable volume helps
future business
management
professionals learn to
make and support
managerial decisions,
providing a thorough
understanding of the
support aspect of
DSS. Written from a
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WVF System Architecture

4 \l/

Fram® : PIu\

roject

Push

\—I I——l
Dev Add more resources
) through Grunt
Send
Client <n Deploy

Framework Workspace - Default code and libraries

CNS Plugins Workspace - D3 visualization code
Project Workspace - Project specific code (data, customization, styling, and instanced scripts)

Developed by CNS team
Primary language:
JavaScript

Build system: Grunt,
NodelS

Libraries: Grunt,
AngularlsS, D3, jQuery,
HTML, CSS
Configuration-based
customization

Megaputer
Analytics
Conference
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Visualization: Twitter Network

Project: 1Al

Select a node to view more information.

O @ . . lcahgmountsinai
O fﬁnstemmed 9

Q

Number of retweets

Count of user's tweets with interactions Count of user's retweets User type
{mentions)
. N
o) CTSA
199 N Other

[ 5 341 0

Visualization Information
Nodes are sized by the number of tweets a user has made interacting with another user, either as a Retweeting, Replying to, or directly mentioning a user, The
color of the nodes indicate the number of times the user has Retweeted other user's messages. Edge color represents a the number of times a source node has

retweeted 3 target node's message.

Selected Twitter User Details

Shewithiynch
ShewithLynch NIHDirector
Corie!l,Suence. v N Y MayoClinic
BRCAresponder @ 4 +@ KathyHudsonN!
burfly12@” o "ONIH
ksurkan Coriell_Science
Average follower count 65
Average following count 4128
Total number of mentions made by the user 199
In-degree 15
Out-degree 199
Number of Tweets per User
' 10 100 1000
Mayoclinic !
Stanfordmed
Einsteinmed
Umassmednow.
Vumcheaith

Icahnmountsinai
Pitthealthsci
Louctsi
Iths_uw.
Orferdows| [N
Utheaithspa
Fatimasughayar [
B e ——

Medicalcollege
Uabects
Miexpresscare _
Ufheaith
Atusatp
Kumedcenter
Nctracs

Shewithlynch
Cathrn111 S
delrec[or_
Baronianconsult
Burkiow] [
Nucatsinstitute
Columbiamed
Crse_cleveland
tsiatucsf

Mayocliniccim
Limastonatel or J————{
Unmhsc
Neats_nin_gov [N
QOsu_ccts
Mayocancercare —

Uc_comresearch

Melissacadzow [N

Rockefelleruniv

Figure 6. Social Network from CTSA Hub and NIH Activities on Twitter



Visualization: UCSD Map of Science
Project: ECON demo.cns.iu.edu/client/econ-ucsdmap

HITS Metrics Visualization @

Time Slider

1959

1959 1973

FILTER

Metrics

[[] Number of Citations
]

Katy's test

r- Disciplinary Diversity of
' References

L] Bruce
Number of New Concepts

Average Age of References

sdtial Sciences Disciplinarity Diversity of
Chemical, Mechanical, & Civil Engineering Citations
L

FILTER

Metric Description:
ge difference in age between an
article and the articles that it cites.

Discipline: Health Professionals
Subdiscipline: Otolyngology: Head Neck .
- T
Humanitie§
Burkhead, Steven 2006 S
K

Ishman, StaceyL. 2007

Rosenfeld, 2008
Richard M

Gan, Kenton 2008

Figure 7. Interactive Map for High-Impact and Transformative Science Metrics




Visualization: Heatmap

Project: HSD demo.cns.iu.edu/client/hsd/static/heatmap_group.html

CNS

Patient Survival by White Blood Cell (WBC) Count and Time of Day

Pathophysiology: WBC Count

Low WBC Count Normal WBC Count High WBC Count 0 50k
Midnight-8am 9,867/12,212 5,218/6,612 19,992
>
[
[a}
.6 1
g 8am-4pm 4,874/5,559 11,199/12,907 97,191
= |
&
(%]
T
4pm-Midnight 1,572/1,726 7,028/7,860 50,166
L.
0
8,453 131,517 27,379
BOK-= = === mmmmmm o m o o o oo - - - - - - - —mmomemmoooooo-
J00K----- = mm o - - ) — — — — — ~— —————==—=--~---------
%Survival (3-Year) #Patients per Time Group #Patients per WBC Group
62.16% 94.83% 0 0 97,191

Figure 8. Patient Survival by White Blood Cell Count and Time of Day

This visualization shows how
white blood cell (WBC)
laboratory tests correlate with
three-year survival rates. The
HSD dimension of the data
(rows) is the time of the day of
the test; and three-year survival
rate (numbers and colors in the
boxes) is an outcome variable.

Aggregation level for the HSD
time of day are shown—three
8 hour blocks. The lowest
survival rates are for patients
with a low WBC value in the
morning (specifically at 6am).
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Visualization: Sankey

Project: STEM demo.cns.iu.edu/webvis/stem

STEM Acadesnic Career Pathways

e
|Selest and Export to Exc

] (Uit

uno "] Vv B B
GENDER STEM2003 STEM2006
™ | Not Available Not Available
NON STEM Career NON STEM Career
Female
STEM Career STEM Career
Male
-
Unemployed Unem
ployed
— —J

Figure 9. STEM Pathways Visualization

STEM2010

Not Available

NON STEM Career

STEM Career

Unemployed

STEM2013

p—

Not Available

STEM Career

NON STEM Career D
Unemployed
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Visualization: Outlook

) ' NS Cyberinfrastructure for
Network Science Center
Develop
e |
m‘
s

About Us Research

o (TP %

B Research
m Submitted paper:
£ MOOC Visual
‘T FRI Analytics

B3 Development

Online version of
AcademyScope now
available on the
National Academies
Press website

£ Videos

Watch Katy Borner's
presentation of
Humanexus at the U
CEWIT Faculty Alliance
Salon

Teaching Outreach Videos

News & Events

ENETTE - f @ B

Connect With Us

We work closely with
clients to provide
custom-made data,
visualization, and
software solutions

B Latest News

Borner Appointed to
' ¥ U.S. Department of
Commerce - Data
Advisory Council

B} Outreach

@ CDC Museum to Host

| Places & Spaces:
- l Mapping Science
ﬁ Exhibition

Purchase Visual
Insights, the IVMOOC
companion textbook

B Our Products
{ clients to provide
custom-made data,

visualization, &
software solutions

We work closely with

o B WDN B

More robust workflow

Public-facing code and documentation
More visualization library support
Better cross-visualization integration
More visualization plugins

All papers, maps, tools} Iks, press are linked from
http: fcns iu.edu

These slides are at http://cns.iu.edu/presentations.html

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

Visualizations:
http://cns.iu.edu/visualizations.html

Tools:
http://cns.iu.edu/data tools.html
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2018 IVMOOC

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.

Register for free: ivmooc.cns.iu.edu.
Class started Jan 9, 2018.

L A A A

Information Visualization MOOC ivmooc.cns.iu.edu

Atlas of Science
Visualizing What We Know

Atlas of Knowledge
Anyone Can Map

NS GHTS
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CIS IEEE 2017 Conference

BLOOMINGTON, IN NOVEMBER 10 - 11, 2017
t

EnCon features talks, demos, and tours on the cutting-edge of technical innovation.
Practicing engineers, academic researchers, students, and retired engineers will all find
something of interest. This is an excellent opportunity for networking, knowledge sharing
and professional development.

KEYNOTES

Zorina Galis, National Institutes of Health Oscar Moralez, VisionTech
“Mapping the Human Body: Splitting, “Important Things You Need to Know to Help
Lumping, and the Rubik’s Cube Dilemma” You Raise Capital: An Angel Investor Overview

I

For more information contact Lisel Record at recorde@indiana.edu.

SESSIONS

» Cybersecurity

» Funders and Funding

» Visualization

» Renewable Energy

» Employer Panel

» Engineering in Biology and Medicine
» Résumé Building and Networking

REGISTER FOR THE CONFERENCE
cis-ieee.org/encon2017

INDIANA UNIVERSITY
SCHOOL OF IKFORMATICS,
COMPUTING, AND ENGINEERING
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