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Information Visualization

“Information Visualization is a process of transforming data and information that
are not inherently spatial, into a visual form allowing the user to observe and

understand the information.”

(Source: Gershon and Eick, First Symposium on Information Visnalization)

> Rooted in geograj Hu'mzm's can detect a single dark pixel in a 500 x 500 array of

white pixels in less than a second. This screen can be replaced

» Not even 15 pUSEA® cvery second by another, enabling arch of 15 million pixels
g . in a minute (War

» Far reaching (IR, @

» Tremendous pote Also, people have a truly remarkable ability to recall pictorial

images. In one study, Standing, Conezio, & Haber (1970)

showed S's 2560 pictures, each for 10 seconds over 7 hours, in

a 4-day period. Afterwards, S's were asked to classify pictures

presented at a rate of 16 pictures/min and they achieved better

than 90% accuracy.
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Knowledge Domain Analysis and Visualization

To answer questions such as:

» What are the major research areas, expetts, institutions, regions, nations, grants,
publications, journals in xx research?

YVVVYVY

v Vv

Which areas are most insular?

What are the main connections for each area?
What is the relative speed of areas?

Which ateas are the most dynamic/static?
What new research areas are evolving?
Impact of xx research on other fields?

How does funding influence the number and quality of publications?

Answers are needed by funding agencies, companies, and researchers.
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Process of Mapping Knowledge Domains

DATA ‘UN\T oF ‘I\FEASURES LAYOUT {often one code does bath similarty and ordination steps) DISPLAY
EXTRACTION ANALYEIS
SIMILARITY JORDINATION
SEARCHES COMMON COUNTEFREQUENCIES  SCALAR (unit by unit rmatrix) DIMENSIONALITY REDUGTION INTERAGTION
151 CHOIGES Atributes g terme) Direct citation Eigervector! Eigenvalue solutions Browse
INSPEC Journal Author citations Co-citation Fador Analysis (FA) and Pan
Engy Index Docurrent Co-citations Corrhined linkage Principal Cormponents Analysis (PCAY  Zoom
Ivedline Author By year Co-word ! coderm Multi-dirmensional scaling (MDS) Fiter
Fesearchindex Terrn Co-dassification LSA, Topics Query
Paterts THRESHOLDS Pathfinder networks PFMet) Detail on dermand
eto By courts WECTOR (unit by attribute rmatrix) Self-organizing maps (S0
Vector space rodel fvordsterms) indudes SOM ET-rmaps, etc. ANALYEIS
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By dtation ind. Sngular Value Decorrp (EWD) CLUSTER ANALYSIS
By terrms

CORRELATION {if desired) SCALAR
Pearson's R on any of shove Triangulation
Force directed placerrent (FOF)

Bérner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003) Visualizing Knowledge Domains. In Blaise Cronin

(Ed.), Annnal Review of Information Science & Technology, Volume 37, Medford, NJ: Information Today,
Inc./American Society for Information Science and Technology, chaptet 5, pp. 179-255.
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Mapping Humanity's Knowledge and
Expertise in the Digital Domain

At the [ 101st Annual Meeting | of the [Association of American

Geographers Denver, CO: April 5-3, 2005,

Session Organizers

edi/ aag05/ |Katy Birner, | Indiana University |

\André 5kupin|,|University of New l:lrleans|

bttp:/ [ vw.indiana.

Sponsors

Cartography and GIS specialty groups

Description

This session will bring together leading researchers and practitioners that aim to develop technigues, tools, and

infrastructures to map humanity's knowledge and expertise for the improvement of science and education.

Knowledge and expertise is typically extracted from digitally available literature, news, computer mediated
cormmunication data as well as from information about the producers and consumers of those data sets. Advanced
data analysis technigues in combination with spatial metaphars, geoaraphic principles, and cartographic methods are
applied to organize, visualize, and cormmunicate the semantic relationships inherent in the data,

The ultimate goal of this work might be an interactive cartographic map of all of science, with continents representing
the major research areas such as, e.g., biology or physics, dots denoting major authars, PIs, papers or news,
dynamically evalving research frontiers, blinking 'hot’ papers and topics, etc, This map could be used to teach and
understand the evolving structure of all of science, to identify major experts, to find and read the most relevant
papers and news, to see the effects of resource allocation decisions, to study social networks, ete. Last but naot least, it

would provide & unique bird's eye view of major experts in specific areas and mankind's knowledge in general,

Some of the leading-sdas research on this topic is found where gengraphy intersects with information/library science,
computer science, and cognitive science. We invite papers on the broad foundations, computational methods, software
systems, and evaluation of such data analyses and visualizations, as they have emerged in this interdisciplinary

endeavor,

Indicator-Assisted Evaluation and Funding of Research
Visualizing the influence of grants on the number and citation counts of research papers (Boyack & Birmer, 2003)
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(Boyack, Mane & Birner,
2004)

_PNAS
Mapping Topic Bursts g o

(Mane & Birner, 2004) .CLDNING ®
receplors

MA
1
molecular weight

gane expression regulation

meswengsrfggmlm i
kinetics
citured e L Aiitiion o5
Co-word space of pm,ase chan i an o8
the top 50 highly ~ @ ..m, ]
/ :equmhumdﬂg
frequent and EXPRESS\DN /

models

bursty words used "3::;:“3:@3; - 4. o ransduction
/ signal lrans
in the top 10° "\\o( '
the t.op 0 / 0 .CELLUNE \ gy ook o bybrigization \ abodes
most highly cited GENES " i\ 2000
o b ) tumar
PN AS inbr\ed straing b
. . . ™
publications in 99’
1982-2001. e

/ arovth-factar

25" Color Code

aming acid base soquence 82-83

amino acid sequence 0. 93

4 - 97

o n witro receptor . Cc- 01
sequanoe

. circle size ~ burst weight
Qene expression cicle color ~ burst onset

ring color ~ year of max word count
years of 2nd and 3rd burst are given in color




3
Schneidewind

Chang

Kuchinsky

.
Panse Zelweger

QN ith Hiu\g *Lackech
o

Dayal Lin

Hsu
Herrann

“Geidl Keim—,

Berchtold Botefogo

Kriegel

Color Code:

Line color

8590 — e

91-95 I Fick

96-00 m—
01-

D‘Garshnn Shoop

/Karpadﬂav
Chuah

Node color
Bederson
Furnas

50 I °Ju R,

line color ~ year of first time co-autharship
node color ~ number of citations acks
node size ~ number of papers

Zhang
Goldstein

Information Diffusion Patterns
(Bdrner & Pennmarthy, 2004)

Top 500 most highly
cited U.S. institutions.

Each institution is
assumed to produce
and consume
information.

Does Internet lead to g

mote global citation i
patterns, i.e., more §°

citation links between E f

papers produced at ol \
geographically distant f
research instructions? !
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Examining the Evolution and Distribution of Patent Classifications

~—, Patents Granted Over the Last 20 Years
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Mapping Virtual Worlds and Their Inhabitants

Addressed User Tasks Design Concept Design Implementation
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VLearn 3D Vis
(Barner, Hazlewod, Jones, 1.ee & Penumarthy, 2003)

Temporal-spatial distribution of
Conference attendees

» Conference wotlds are represented by
squate, petspective maps, each labeled
by its name.

» Worlds accessed at the beginning of the f g

Beasiem for Stusents

conference are placed at the bottom,
worlds accessed later toward the top.

» Next to each world is a circular
snapshot of the virtual venue. Short
descriptions of the main sessions are
added as text.

»  Major jumps between worlds are
visualized by transparent lines. The
thickness of each line corresponds to
the number of traveling users. Color
coding was used to denote the
chronological paths of the conference
sessions.
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InformationVisualization Cy

€
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The InfoVis Cyberinfrastructure provides access to data, software code and learning WAR
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Analysis
P ey

IVC Software Framework

Stamming,
Stop Word Removal,

Madeling

Smal world, ScaleFree, 4->|P|_unn,<—
PP Networl:s, TARL, ...

Visualization
Fadial Tree, TreeMap,

kamada Kawai, Matrizviz

Toelkits
Hagwork Analysis, Flugin
BetreaWorlds Taclkit, ... H

Dats Models

:, Matrix, Trew, Segquance,
Documant Corpus, CUstem, ...

!

Event Logging

Usar Analysis Sequence,
| [wser istary Trading &

Replay,
Error Logging

Scheduler

Condtional Fipalining,
Batch Mode Execution

See SLIS Colloquium talk on the Infol/is Cyberinfrastructure on Nov 19, 2004.
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Workshop on !
Information Visualization

Software Infrastructures

http://vw.indiana.edu/ivsi2004




and Educa in Inform Visualization

Compute
Software RhSTRGas References

Learning Modules

Mostinformation visualizations are highly interactive. While a number of excellent texthooks exist, the
two-dimensional printouts on paper often cannot convey their true visual appearance and interactive performance
Several texthooks come with accompanying web sites that contain snapshots of user interfaces as well as
animations and movies. However, none ofthern facilitates the exploration, application, evaluation, and comparison of
algorithms.

This web page will pravide access to a number of learning madules. Each learning module comes with an:

.

Introduction
Discussion of Existing Algorithms
Learning Task
¢ Achallenging scenario to use the code in the XML Toolkit to visualize a data setto suppart a specfic
USEr group
Programming Exercise
< An programming exercise plus an explanation of possihle solutions.
Opportunities & Challenges, and
References to research papers, online demos, {commercial) applications)

.

.

-

..
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Learning Modules > Visualizing Tree Data

Visualizing Description | Usage Hints | Learning Task | Di | Ref es | Acknowledgments
Tree Data —
iption

Many data sets come in tree format. There are family trees, organizational charts, classification hierarchies, and
directory structures. The figure below shows an inheritance tree by Emst Haeckel ('Stammbaum’ in German). Read
also To Draw a Tree by Pat Hanrahan

http://iv.slis.indi

ana.edu/lm/Ilm-
trees.html

Click image for larger version

Atree graphis a set of straight line segments (edaes) connected at their ends containing no closed laops (cycles)
You can also callit a simple, undirected, connected, acyclic graph (or, eguivalently, a connected forest). A tree with n
nodes has n-1 graph edges. All trees are bipartite graphs.

Many trees have a root node and are called rooted trees. Trees without a root node are called free trees.
Subsequently, we will only consider rooted trees. In rootes trees, all nodes except the root node have only one parent
nade. Modes which have no children are called leave nades. All other nodes are referred to as intermediate nodes

Katy Borner: SLIS Orientation Session, Fall 2004.
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Student’s Project Results

User & Task Analysis for Visualizing Tree Data

A

Visualizing the structure of IU’s Decision Support System

Visualizing the co-occurences of keywords in DLib Magazine articles.
Visualization of the Java API

Visualizing the the Library of Congress Classification System to retrieve legal
materials in a library.

Y

\

See Handin pages at
http://ella.slis.indiana.edu/~katy
handin/1.579-S04/cei/handinlogin.cei

Katy Bérner: SLIS Orientation Session, Fall 2004. Image by Peter Hook and Rongke Gao
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Home

References

Learning Modules = Visualizing Time Series Data

. .
Tlme Serles Desctiption | Usage Hints | Learning Task | Discussion | References | Acknowled:
A .
alySIS & Description
Visualiz ation Atime geries is a sequence of events/observations which are ordered in one dimension, e.g., time. Frequently,

successive ohservations depend on each other and it makes sence to display therm in a dime) sorted fashion, e.g.,
as a scatter plot. Alternatively, one could be interested to know how many observations of a certain value have been
rnade. Here one would sortthe observations by value, count the number of observations for each value and derive a
histagram. Time series data can be continuous, i.e., there is an ohservation at every instant of time see figure below,
or discrete, i.e., obserations exist for regularly or irregularly spaced intervals

http://iv.slis.indiana
.edu/lm/lm-time-
series.html

g

-0

iy

flf...4
M\ I m' r‘ﬁg |

Time series are recorded, analized and used in diverse domains of scignce. Check outthe Tirme Series Data Library
maintained by Rob Hyndman and Muhammad Akram for numerous data sets from Agriculture, Ghemistry, Crime,
Demography, Ecology, Finance, Health, Hydrology, Industry, Labour market, Macro-Economics, Meteorology, Micro-
Econornics, Physics, Production, Sales, Simulated series, Spor, Transpart & Taurism ar Utilities

Katy Borner: SLIS Orientation Session, Fall 2004.
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Student’s Project Results

Time Series Analysis & Visualization

» Using Timesearcher and the Burst Detection Algorithm to
Analyze the Stock Market from 1925 to 1945

» Applying Burst and TimeSearcher to Chat Data
» Lab Access Trends
» Quest Atlantis Chat Log Data

See Handin pages at

ella.slis.indiana.edu/~kat
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Visualizing the Work of the United States Supreme Court Based on Time Data
and Top Level West Topics

by Peter A. Hook & Rongke Gao

HEELE

-

Topécs Per Month Per Court
Jaruary

e arch

i
i
il

&
£

e Top fifteen most occurring topics from 1944 to 2004 in Timesearcher

All topics grouped by West Category and .
Sub-Category grouped over the entire lengths of All topics by West Category and Sub-Category grouped
the data set corresponding to the five chief justices
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Visualizing Niches of the Blog Universe
BY Mike Tyworth and Eljjab Wright

WO STy by Grage
Eeie " Created Equal oo
rman Family
- .y Of Bark
provized.

Insmniry 17 Fectore | Basts

soctevas enriacians [

Homeechco
Home: ling Blogs
General (Not ¢ ized

IVC DB Data Sets ()z1p:/ / iv.slis.indiana.edu/ db)

Papers and Patents

Medline

L MNumber of Entries: 11,693 477
‘ears covered: 1863-2002
NI‘N{ Size: 135 MB (gunzipped)

Mumber of Entries: 16,168
‘Years covered: 1987-2002

Size: 583 MB

United States Patent and Trademark Office (Patents)
Mumber of Entries: 2,582 647

‘Years covered: 1976-2003

Size: 350 MB

Grant Awards

HNational Science Fo {NSF}
Mumber of Entries: 181,132

3 ‘Years covered: 1985-2002

Size: 400 MB

National Institute of Health (NIH}
gté Mumber of Entfries: 1,003,521
‘Years covered: 1972-1882 and 1984-2002

e Size: 2.3 GB

ing Opportunities

Community of Science (COS)

& » Mumber of Entries: 38,154 (5,000 new entries per month)
w ‘ears covered: 2001-present

Katy Borner: SLIS Orientation Session, Fi Size: 60 MB
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Coutrses

%+ L597 Structural Data Mining and Modeling
Fall 2004 (http://ella.slis.indiana.edu/~katy/1.597)

% L579 Information Visualization (formerly 1.697)
Spring 2005 (http://ella.slis.indiana.edu/~katy/1.579)

Both courses have final projects in which students work with outside

collaborators.

Katy Borner: SLIS Orientation Session, Fall 2004.

L597 Structural Data Mining and Modeling

This coutse

» Introduces students to major methods, theoties, and applications of structural
data mining and modeling.

» Covets elementary graph theory and matrix algebra, data collection, structural
data mining, data modeling, and applications.

Upon taking this course students will be able to analyze and describe real networks
(power grids, WWW, social networks, etc.) as well as relevant phenomena such as
disease propagation, search, organizational performance, social power, and the

diffusion of innovations.

Format: Lectures and 4-5 labs. E - =

Class Webpage: http://ecllaslis.indiana.edu/~katy/1.597

Fall 2004 Talk Series on Networks and Complex Systen
http://vw.indiana.edu/talks-fall04

15



This coutse covers

Perceptual basis of information visualization.
Data mining algorithms that enable extraction
of relationships in data.

Visualization and interaction techniques.
Discussions of systems that drive research and development, and

Future trends and remaining fundamental problems in the field.

Students do weekly readings, provide a presentation on specific

readings, do Java projects, and participate in class & online discussion.

Class Webpage: http://ella.slis.indiana.edu/~katy/1.579
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Information ¥
isualization

Student Projects

Katy Borner: SLIS Orientation Session, Fall 2004.
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Stock Tracker
Larry Mongin & Steve Rice

Larry & Steve's Stock Tracker
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SLIS Student Academic Career Viewer
Jason Baumgartner & Tim Waugh

SLIS Student Academic Career Viewer A4
Designed by Jason Baumgartner & Tim Waugh
Select Program: | MIS Program  « B
L542 ‘to Human Computer i
Exarnines the human factors associated with i
information technology and seeks to provide :1
students with knowledae of the variables likely | 4

to influence the perceived usability, and hence | 4

the acceptability, o any inforrmation technalogy, | 4

In 50 daing it will enable students to progress L1535 L543 L544 L548
further towards specialistwork in the important

field of human-cormputer interaction. i

£k I |

Toview a grade distribution, please select the semester node, i.e. 1-2000, from
the hynerbolic tree.

L5342, 1-2000
BORNER

Course Grade Distribution for L542

A+AA-B+BB-C+CC-D+DD-FP S| RNRNC NY WWX Other
0 4911000 010 00 000000 0 1 10 O
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Newsgroup Votes Visualization
David Heald (Collaborator John C. Paolillo)

Katy Borner: SLIS Orientation Session, Fall 2004.

Katy

Hypetbolic Tree Visualization of Roget's Thesaurus
Jason Baumgartner & Tim Waugh (Collaborator John Old)
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Oncosifter — a‘é‘ Y
Personalized Cancer Information i

4 Filters cancer related news and
medical information from
Medlineplus and Cancer.gov.

. By Body Location/System

Endocrine
. . . Eye
4 Provides hierarchical search & Geritouinary

Germ Cell
Gynecologic
e
DIRECTORY INTERFACE 0«35?;/#:

browsing interface.

VISUAL INTERFACE

SerchBy | Diciory | | Vimlision | | MyProfie | Help

T ]

Faculty Client: Javed Mostafa,
SLIS, IUB

o coemend formst

Teaaig e

To be presented at the Information Skt BN bain_cancer | € 1[ 2 5[]
- . PN . breast_cancer [ 102 3[4
T YAY/27) / 7 or Rt‘fl'[(’[’t{/d//{'/ cancer_general |C1|C2|F3| C4
skin_cancer | 01| C2[F3[ 4

Analysis Workshop CDL, Houston, TX,

Adult Brain Tumors eyecancer | |C1|C2JEFC4

May 31, 2003. i okl eancer [ € 1[C2[EB[C4

~ " " Jas Ll
TEXT BASED INTERFACE PROFILEBASED INTERFACE
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Visualizing the Animal Behavior Domain

Faculty Client:
Emilia Martins & Terry Ord, Biology, IU

Documant Court

Sidharth Thakur, Ketan Mane, Katy Borner, Emilia
Martins & Terry Ord. Content Coverage of Animal
Behavior Data. Submitted to IEEE Infol/is, 2003.

Katy Borner: SLIS Orientation Session, Fall 2004.

19



