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*Marked orange bars correspond to the actual collected data of 2015 (i.e., 1/1/15-5/12/15).

Figure 1. Statistics for ADNI publications between 01/01/2003 and 05/12/2015. (A) Growth of
ADNI publications on the year-by-year basis; line indicates a linear regression prediction for the
2015 number using data from 2008 to 2014. (B) Growth of institutions involved in ADNI
publications; line indicates a linear regression prediction for the 2015 number using data from

2008 to 2014. (C) Distribution of number of authors per paper. (D) Distribution of number of
institutions per paper.
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Figure 3: Co-affiliation network overlaid on a geospatial map shows collaborating organizations
affiliated with ADNI in North American based on co-authored publications. Only organizations
with at least 4 publications are shown; organizations with at least 30 publications or that are a
Core ADNI research institution have been labeled in the network. Organization relationships
(edges) with four or more co-authorships are shown.
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Supplemental Figure 5: Keyword co-occurrence network focused on major ADNI themes.
Nodes represent keywords relevant to major ADNI themes, including MRI, PET, other biological
biomarkers, clinical and neuropsychological assessment, genetics, and disease and
progression. Edges denote the joint appearance of keywords in a publication. Nodes are
colored based on the themes they belonged to, and those across three or more themes are
colored in dark blue. Both nodes and edges were scaled proportionally based on Bezier curve.
L Only nodes with degree > 2 are shown.




“Expertise Visualization” for NIH’s Clinical and
Translational Science Awards (CTSA) Program Hubs.
The online service lists key experts, publications,
funding awards and clinical trials that match user-
specified search queries. Collaborative work with
Intelligent Automation, Inc. work; NIH SBIR Phase I
project entitled “SMS-VAT: A Scalable Multi-Scale
Visual Analytical Tool.” Sept. 14 - Aug. 16.
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Project: Al
demo.cns.iu.edu/client/iai/expertise.html?set=malaria
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This visualization is based on publication datasets retrieved from the Scholarly Database at IU, and is used to identify relevant experts, publications,
clinical trials, and awards that match a search term. 7
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Visualization: Twitter Network
Project: Al

demo.cns.iu.edu/client/iai/twitter.html
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This visualization shows CTSA hub and NIH activities on Twitter. The accounts and tweets associated with CTSA and NIH were collected between

August 2015 - Sept. 2015, then processed and analyzed to create a social network based on the interaction behaviors of users. The layout of the

user network is force-directed, meaning that nodes that are close to each other have a stronger connection to one another indicating which Twitter
8

users interact with each other most often.
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“Engineering Observatory” that facilitates near real-time monitoring
of Engineering Research Centers (ERCs) in support of informed
decision making. Relevant data streams comprising course data,
publications, patents, scientific datasets, code will need to be
federated. Data mining and visualization web services will be provided
for different stakeholders (NSF staff, researchers, students) to
Increase their understanding of temporal, geospatial, topical, and
network patterns and trends in engineering. User evaluations will be
performed to validate and optimize the new functionality. This
collaborative work with the nanoHub team at Purdue University is
funded by NSF. Dec 15 — Nov 17.
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Visualization: Co-Authorship Network
Project: ERC
nanohub.org/citations/curate
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This figure shows the collaboration network of one ERC, based on co-authorship extracted from bibliography files. Each node is an author,

and 2 authors are connected if they have authored a publication together.
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Visualization: Geographic co-authorship visualization
Project: ERC
nanohub.org/citations/curate

This map shows the co-authorship network overlaid on a geospatial map of the US. each node represents an author and two authors are
connected if they have authored a paper together. 11
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Visualization: UCSD Map of Science

Project: ERC
nanohub.org/citations/curate
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This organizes and visually represents 554 sub disciplines of science and their relationships to one another. Sub disciplines are grouped into
13 overarching disciplines that are color coded (red for medicine, green for biology, etc.) and labelled. Using a journal name based or
keyword based mapping process, data overlays can be computed. For example, expertise profiles for an individual or an institution are
generated by reading a bibtex or EndNote file with relevant publications, identifying unique journal names, and overlaying geometric
symbols such as circles atop the sub discipline(s) that are associated with each journal. This Map of science can be used to explore,
understand, and communicate the expertise profiles of an institute or nation.
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“XDMoD Value Analytics” aims to improve our understanding of the
Interplay between compute resource availability, resource
consumption, and scientific outputs. The overall goal of this line of
research is to provide data-driven, objective input to regular
evaluation exercises but also to support near-real time proactive
management and resource allocation decision making related to
optimizing the usage of advanced computing infrastructure. This
collaborative work with UITS@IUB is funded by an NSF EAGER
Award. April 16 - March 18.

13
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Visualization: Sankey Diagram
Project: XDMoD
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“Visualizing Healthcare System Dynamics in Big Biomedical
Science.” NIH U01CA198934 (Griffin Weber, Harvard University,
Katy Borner) June 15 - May 18.

15
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Visualization: Heatmap

Project: HSD
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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 (humbers 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).

In this project, we created data
visualizations to explain HSD to users
and to help them incorporate it into in
their research.

i ]
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Visualization: Heatmap
Project: HSD
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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
colorsin the boxes) is an outcome
variable. Aggregation level for the HSD
time of day are shown— 24 hourly
blocks on the right.. The lowest
survival rates are for patients with a
low WBC value in the morning
(specifically at 6am).

In this project, we created data
visualizations to explain HSD to users
and to help them incorporate it into in
their research.
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M: The Human Body Atlas: High-Resolution, Functional Mapping
of Voxel, Vector, and Meta Datasets

Katy Borner, Bruce Herr I, Paul Macklin & Randy Heiland
Intelligent Systems Engineering, SICE, Indiana University, Bloomington, IN

Griffin Weber, Harvard Medical School, Boston, MA
Samuel Friedman, Opto-Knowledge Systems, Inc.
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Fig. 7: CCF Ontology Browser (left), spatial map of human body, adopted from http://www.natureinter-
face.com/e/ni04/P056-059/ (middle), functional ApiNATOMY map™3. (right)




“Visualizing Data Visualization Literacy: Research and Tools that
Advance Public Understanding of Scientific Data.” NSF AISL
1713567 Award (Katy Borner, Kylie Peppler, Joseph Heimlich, Bryan
Kennedy, and Stephen M Uzzo) Sept. 17 — Aug. 20.
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Sketch of the Run exhibit
including data collection
(top) and macroscope add-
on that lets interested
visitors explore more
complex data visualizations
using table-top displays.



Manually Sportsology

entered exhibit data
A A Latitude
Who? Body Body Gender ZIPcode Runtime Jumpheight RuP °
height (in) weight (Ibs) (secs) (inch) time _ o
(secs) i .
Me 170 120 Female 55104 13.0 13 .'-'.-- -
#101 180 140 Male 37668 14.3 Unknown <
LY
#234 167 99 Oth 55102 17 28 ] 7
er Body height Longitude

(inch)

(v)
\/

Geocode
lat/long

N
V_

xMacroscope general setup and activity—Raw data on left is converted to
visualization on right by dragging and dropping (or connecting) column
headers to axes, paint buckets, size, and shape.



Using Big Data for Visualizing Living Architectures. International
Research Partnership Grant, University of Waterloo, Canada (Philip
Beesley, Dana Kulic, Katy Borner) Feb 17 - Jan 18.

22
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@ IVMOOC 2017 x

Information Visualization MOOC ivmooc.cnauf et

Register for free: http://ivmooc.cns.iu.edu.



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

Different Question Types

Terabytes of data

Descriptive &
Predictive
Models

Find collaborators, friends

@ science
Al
BJ
) 1 1 I 1 1 1 | 1 I 1 | I 1 1 I 1 1 I | 1 1
2004 | 2005 | 2006 | 2007 | 2008 | 2009
T T T T T T T T T 1 T T T 1 1 T T
News reference volume
|dentify trends

31



LEVELS

Tasks

MICRO: Individual Level
about 1-1,000 records
page &6

TYPES

Statistical Analysis

page 44
. Knowledge
e cartography
_'_ . page 135
WHEN:
Temporal Analysis
page 48 Visualizing
_ decision-
4 making
+— processes
— page 95
:-‘—’T,L ]
WHERE:
Geospatial Analysis
page 52 cell phone
= — J usage in
f 1?\/ Milan, raly
T " page 109
\u\l/rflg
_WHAT: . Evolving
Topical Analysis patent
age 56 holdings
Pag = .: of Apple
_-- = Compauter,
= Inc. and
e s & el b “ Jerome
TECh nOIO'gy el Lemelzon

beisn Reseanchne T e I -TeCEo

WITH WHOM:
MNetwork Analysis
page 60 T y world
2 Finance
Corporation
network
page 87

MESO: Local Level
about 1,001-100,000 records
page 8

Productivity
- of Russian
g lifa sciencas
research
i teams
=y F s page 105

EIERT

ey avents

in the
development
of the video
tape recorder
page 85

wictorian
poetry in
Europe

page 137

Evolving

journal
networks in
nanotechnology
page 139

Electronic and
new media art
networks
page 133

MACRO: Global Level
more than 100,000 records
page 10

e Ll

Swciarr and Sucicty in Equlibnium
Mumber
= 1 of scientists
e versus
-1 § o population
i and RED costs
T / © wersus GMP
== e 103

Increased
travel and
communication
speeds

page 83

Ecological
footprint of
countries
page 99

Product space
showing
CO-EXpOrt
patterns of
countries
page 93

world-wide
scholarly
collaboration
networks
page 157
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Visualization Framework

Insight Need Types
page 26
« categorize/cluster
- orderfrank/sort
- distributions

(also outliers, gaps)
= COMParisons
- trends

{process and time)
- geospatial
= COMpositions
(also of text)
- correlations/relationships

Data Scale Types
page 28
« neminal
- ordinal

- interval
- ratio

Visualization Types
page 30

« table

- chart

- graph

- map

« network layout

Graphic Symbol Types
page 32
= geometric symbols
point
line
ares
surface
volume
- linguistic symbols
text
numerals
punctuation marks
= pictorial symbols
images
icons
statistical glyphs

Graphic Variable Types | Interaction Types

page 34

- spatial
position

- retinal
form
color
optics
miotion

page 26

= OvENViEW

- ZOOM

= search and locate

- filter

- details-on-demand
- history

- extract

= link and brush

= projection

- distortion



Graphic Variable Types Versus Graphic Symbol Types

Geometric Symbols

Point

Line

B

Area
| L
X

Ak . | / | a
quantitative ! . J T .‘ p
= Lo NA (Not Applicable) | I I I I = = B . .
- == Ul te s e
- = /s _mas e
2 Curvatura [ uantitative
o . C C CPBD DO
B Angle guantitative
| = VL LLP2D DO
dlo quantitative
" cCcCcCcoOr>D DO
vl [t s e 00000 | _
| e | quavaive |
2 e o 00 0 08 0 ° e | | | _ l
saturat [zt ® o0 00 00 | _
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Graphic Variable Types Versus Graphic Symbol Types
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Cyberinfrastructure for
Network Science Center

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

G2 5ci2 Tool =10l x|

File DataPreparation | Preprocessing Analysis Modeling  Visualization R Help

1
]
El console iEET I = B | 194% Data Manager | €} Workflow Manager = 8
- Temporal F |
.......... Geospatial ¥ - Elf!'ISI Data: C:\Users\Katy \Desktop \A-TOOLS sci2-v 1, 1
Topical b Bd. B- L=| 361 Unique ISI Records

Metworks Extract Top Nodes El o Extracted Cn:n-.b.uﬂ'u:nrshlp Netwark
Extract Modes Above or Below Value .

Delete Isolates
Fwirart Tnn Frnee

=10 x|
File DataPreparation Preprocessing | Analysis Modeling Visualization R Help
1
3
ocumenta | El consale Temporal 3181 Data Manager (, Workflow Manager = O |
http:/ fwil . Geospatial »
vo28Text [ Topicdl  » ;|| [ = F 151 Data: C:'u,leers'ﬁaty'nDeskb:up'nﬂ-TOOLS'nsleu'1.1-I:u|
E ]
nput Parar & 5ci2 Tool =10 x|
lle Format ntegrat File Data Preparation Preprocessing  Analysis  Modeling | Visualizaton R Help
de D 3
ocE e = consdle General B || pata Manager c, Workflow Manager = O
Temporal
Geospatial * ElEq_ 151 Data: C:\Jsers\Katy\DesktopA-TOOLS \sd2-v 1, 14
wtract Co-Occurrence MNetwork was selected. Topical 9 El{?| 361 Unique ISI Records
]

mplementer(s): Timothy Kelley

ntearator(s): Timothy Kelley Networks GUESS

ocumentation: Gephi hEd to not
http:/ /wiki.cns.iv.edu/display /CISHELL  Extract+ Co-Occurrence+Net
ork Radial Tree/Graph (prefuse alpha)

---------- Radial Tree/Graph with Annotation (prefuse beta)
wiract Co-Author Metwork was selected.

mplementer(s): Timothy Kelley Tree View (prefuse heta)

ntegrator{s): Timothy Kelley Tiree Map (prefuse beta)

Dv:ument._aﬁ_u:un: ) ) Force Directed with Annotation (prefuse beta)
mﬁm‘:ﬁ;&%‘;‘;ﬂId'SPIBYIEEHELumrad*— Co-Author+Network Fruchterman-Reingold with Annotation (prefuse beta)
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Load One File and Run Many Analyses and Visualizations

Times Publication
Cited Year
12 2011
18 2010
13 2010

City of Publisher Country Journal Title Title Subject Category Authors
(Full)
NEW YORK USA COMMUNICATI Plug-and-Play Macroscopes Computer Science Borner, K
ONS OF THE
ACM
MALDEN USA CTS-CLINICAL Advancing the Science of  Research & Falk-Krzesinski, HJ| Borner,
AND Team Science Experimental K|Contractor, N|Fiore, SM|Hall,
TRANSLATIONA Medicine KL|Keyton, J|Spring, B|Stokols,
L SCIENCE D|Trochim, W|Uzzi, B
WASHINGTON USA SCIENCE A Multi-Level Systems Cell Biology Borner, K| Contractor, N | Falk-
TRANSLATIONA Perspective for the Science |Research & Krzesinski, HJ | Fiore, SM|Hall,
L MEDICINE of Team Science Experimental KL|Keyton, J|Spring, B|Stokols,
Medicine D|Trochim, W|Uzzi, B

Statistical Analysis—p. 44

Location Count | £Citations
Netherlands 13 292
United States 9 38
Germany n I8
United Kingdom 1 2

Temporal Burst Analysis—p. 48 Geospatial Analysis—p. 52

Geospatial Analysis—p. 52

™
et
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Load One File and Run Many Analyses and Visualizations

Times
Cited
12

18

13

e A

(¢ ¥

-

Publication  City of Publisher Country Journal Title Title Subject Category Authors
Year (Full)
2011 NEW YORK USA COMMUNICATI Plug-and-Play Macroscopes Computer Science Borner, K
ONS OF THE
ACM
2010 MALDEN USA CTS-CLINICAL Advancing the Science of  Research & Falk-Krzesinski, HJ| Borner,
AND Team Science Experimental K|Contractor, N|Fiore, SM|Hall,
TRANSLATIONA Medicine KL|Keyton, J|Spring, B|Stokols,
L SCIENCE D|Trochim, W|Uzzi, B
2010 WASHINGTON USA SCIENCE A Multi-Level Systems Cell Biology Borner, K| Contractor, N | Falk-
TRANSLATIONA Perspective for the Science |Research & Krzesinski, HJ | Fiore, SM|Hall,
L MEDICINE of Team Science Experimental KL|Keyton, J|Spring, B|Stokols,
Medicine D|Trochim, W|Uzzi, B
Topical Analysis—p. 56 Paper Citation Network—p. 60 Bi-Modal Network—p. 60
T e = Co-author and
&nn 2007, e B ik 5, 141 :‘a. :: ma ny Ot h er
5ol ¥ ﬁ" s = bi-modal networks.




Books Used in the IVMOOC

VISUAL

Cojberint rastructure for
Hetw rk Science Center
-.J DJ

Teaches timely
knowledge:

Advanced algorithmes,

tools, and hands-on
workflows.

\ L 1 a4sS O _T'; [\ NOW ]L C { gc

Teaches timeless knowledge:

Visualization framework—
exemplified using generic
visualization examples and
pioneering visualizations.
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S637/E583/IVMOOC
Information Visualization

Learn to Harness the Power of Data

CNS launched the inaugural Information Visualization
MOOC (IVMOOC) in January 2013, attracting participants
from more than 100 countries. The course provides

an overview about the state of the art in information
visualization, emphasizing a user-needs-driven process.
Anyone interested in generating visualizations would
benefit from the course, and there are also opportuni-
ties to work with real-world clients on a variety of data
visualization projects.

Spring 2019

g B ITH
= 1] (o0 e
EIARSE TU

-~
Lav;

Type of Analysis vs. Level of Analysis

Micro,/indnndue Meso/local Mocre,/ Glodal
(2-200 records] [202-20.000 records)] (10,000 < rocordi]

Geospatol Ansiyd

With wham )

Needs-Driven Workflow Design




ENGR-E484/E584 | Fall 2019
Scientific Visualization

Instructor: William R. Sherman, shermanw@indiana.edu
Monday/Wednesday 4:00-5:15 p.m.
Visualization Lab, Luddy Hall 4012

This 3-credit course teaches basic principles of human cognition and perception; techniques and algorithms for
designing and critiquing scientific visualizations in different domains (neuro, nano, bio-medicine, loT, smart cities);
hands-on experience using modern tools for designing scientific visualizations that provide novel and/or actionable
insights; 3D printing and augmented reality deployment; and teamwork/project management expertise.

Topics covered:

- Scientific visualization: Past, present, and future trends

« Human cognition and perception

« Techniques and algorithms for neurological sciences, nanotechnologies, bio-medicine, |oT, etc.
- Virtual and augmented reality visualizations
» 3D printing deployment

« Choosing and working with clients

« User and task analysis

« Client-oriented projects

m INTELLIGENT SYSTEMS ENGINEERING



Cyberinfrastructure for - :
C NS Network Science Center Search f & B

About Us Research Development Teaching Outreach Videos vents Connect With Us

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

B Research B Upcoming Events

- —= Open Data and Open Put your money filad Katy Borner attends
Code for Big Science where your citations 1 PIUG 2013 Northeast
of Science Studies are: a proposal for a Conference

new fundmg system 10.13  Katy Barner presents Mapping
(website accessed Science Exhibit at WSSF

9/05/13
) 10.15 Ted Polley & Google Team

B Development
present VMOOC at EDUCAUSE

& Behind the scenes of ~7 See some of the most

10.22 Katy Barner presents at the

the design and fascinating data CGELOD 15 Years Conference
development of .| visualizations
AcademyScope in the world.
B3 Our Products
S/~ Watch Katy Borner's Successful IVMOOC < s We work closely with
full presentation from will be offered again ( ) clients to provide
TEDxBloomington . inJanuary of 2014 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/presentations.html

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



http://cns.iu.edu/
http://cns.iu.edu/presentations.html
http://www.facebook.com/cnscenter
http://www.facebook.com/mappingscience
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