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Overview

1. Motivation

2. Knowledge Domain Analysis and Visualization

3. Cyberinfrastructure for InfoVis/KDVis Research

4. Conclusions
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1. Motivation

Facing the Information Flood:
> Information available in electronic form doubles every 18 months.
» Human perception stays constant.

»  Major means of accessing humanity’s knowledge and expertise are search interfaces.

Opportunities & Challenges:

Apply advanced data mining and visualization techniques to study the structure
and evolution of S&E development. Present results as visual maps to shift user’s
mental load from slow reading to faster perceptual processes such as visual pattern

recognition.

Facilitated by:
» CPU speed & hard disk sizes have increased by two orders of magnitude.

» Bandwidth: Since the invention of the web browser, international IP bandwidth
deployments have more than doubled each year.

» Monitor resolution has increased by a factor of 4 (800x600 -> 1600x1200).

Katy Borner, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.




2. Analysis and Visualization of Knowledge Domains

Based on publication, patent, grant, etc. data to help answer questions such as:

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

» Which areas are most insular? PNAS
» What are the main connections for each area? P Kol Bomais
» What is the relative speed of areas? .0 ". ': :

» Which ateas are the most dynamic/static? . (= '

» What new research areas ate evolving? .ot

Impact of xx research on other fields?

v

How does funding influence the number and quality of publications?

Answers are needed by funding agencies, companies, and researchers.

Katy Borner, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.

User Groups

> Students can gain an overview of a patticular knowledge domain, identify major
research areas, experts, institutions, grants, publications, patents, citations, and journals
as well as their interconnections, ot see the influence of certain theories.

» Researchers can monitor and access tesearch results, relevant funding opportunities,
potential collaborators inside and outside the fields of inquiry, the dynamics (speed of
growth, diversification) of scientific fields, and complementary capabilities.

» Grant agencies/R&D managers could use the maps to select reviewers or expett
panels, to augment peer-review, to monitor (long-term) money flow and research
developments, evaluate funding strategies for different programs, decisions on project
durations, and funding patterns, but also to identify the impact of strategic and applied
research funding programs.

» Industry can use the maps to access scientific results and knowledge carriers, to detect
research frontiers, etc. Information on needed technologies could be incorporated into
the maps, facilitating industry pulls for specific directions of research.

» Data providers benefit as the maps provide unique visual interfaces to digital libraries.

> Last but not least, the availability of dynamically evolving maps of science (as ubiquitous

as daily weather forecast maps) would dramatically improve the communication of
scientific results to the general public.

Katy Borner, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.




Process of Mapping Knowledge Domains
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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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Mapping Topic Bursts
(Mane & Birner, 2004)
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Co-PI Map of Current IDM Awardees
(Ke & Birner, 2004)

Legend
Node size: # awarded grants
Node Inner Color: # unique

Co-PIs (0 white; 1 adon Ransar

YellowGreen; 2 Green; 3 D s P

PineGreen; 4 Orange; 5 o

Red; 6 Maroon) B Lomdns
Node Border Color: Grant - 4 gt

Source (Career "Yellow"; e ..r ® e .E-;:M

Pecase "Blue"; TTR fe ety (Y, ..,

.
Faingeeni

"Green"; SGER "Pink";

other "White"; Multi-

Grants "Red") S
Edge Width: # times people .

Co-PI’d Abnay | FRI0T!

Edge Color: First year of Co-
Plship (1999 Maroon; 200C
Red; 2001 Orange; 2002
PineGreen; 2003 Green;

Sparord

2004 YellowGreen) \ 9.
e - -
angar ®Eimagam.
Career awardees are not O = "
5 Pmdcrac yaraman Ward
showing except they have - o)
[P undensiaines o
other IDM grant support as O pcics heysantis
well. S Widom Marunsth Hngacdah \
" s ™ Fobertson
§ O CT Dabic

Katy Borner, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.

‘Stocn

Mapping the Evolution of Co-Authorship Networks
Won 1st price at the IEEE InfoVis Contest
(Ke, Visvanath & Birner, 2004)
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» Diverse attempts have been made to generate maps of science.

» Most have concentrated on specific knowledge domains due to data availability and
scalability of algorithms.

» Cartographic metaphors seem to wotk well as they exploit the map reading skills people
acquire in their education.

> Ideally, maps of science would resemble weather forecast maps in that they not only show
the structure but also the dynamics of scientific evolution and progress.

It is just today, that we have the data, code and compute power to study science
using the scientific methods of science as suggested by Derek J. deSolla Price about

40 years ago.

However, generating a map of science requires a computational effort common in physics or

biology but not in the social sciences.

However, maps of science will benefit every field.

Katy Borner, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.

3. Cyberinfrastructure for InfoVis / KDVis Research

Katy Borner, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.
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3. Cyberinfrastructure for InfoVis / KDVis Research

The infoVis Cyberinfrastructure provides access to data, software code and leaming SOFT

modules as well as computing resources in support of the analysis, modaling e mw' B s I
and visualization of diverse data sets, . ]
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Furumsrce = L

erinee toolhs can e sy “phogeged i oo "anphagge”

A e dutsbuse provides scces 10
pubbcations, paters, s and gran
em——

wrs dron-snd for e databane servTs

1V ; e &

Katy Borner, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.

IVC Database (btp:/ /iv.slis.indiana.edu/ db)

Papers and Patents

Me:

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

Proceedings of the Natioanl Academy of Science (PNAS)

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

MNati Il Sc
Mumber of Entries: 181,132

‘Years covered: 1985-2002

Size: 400 MB

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

Size: 2.3 GB

ing Opportunities

M Community of Science (COS)

Mumber of Entries: 38,154 (5,000 new entries per month)

w ‘ears covered: 2001-present
Size: 60 MB

Katy Bérner, Knowledge Domain Visualize
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Katy Borner, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.
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The InfoVis Cyberinfrastructure provides access to data, saftware code and learning
modules as well as computing resources in support of the analysis, modeling

and visuahzation of diverse data sets.
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Katy Borner, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.

IVC Software Framework (b1p:/ /iv.slis.indiana.edu/ iv)
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Katy Borner, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.
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Workshop on
Information Visualization

Software Infrastructures

bt vw.indiana.edu/ ivsi2004

Katy Borner, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.
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Katy Borner, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.

21



and Educa in Inform Visualization

Compute
Resources

Software

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)

.

.

-

..

Katy Borner, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.

Compute
Resolrces

References

Learning Modules = Visualizing Time Series Data

. .
Tlme Serles D iption | Usage Hints | Le. Task | Discussion | References | Ack led;
.
Analysis & —
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 ohsenvation at every instant oftime 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

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, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.
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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
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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

4. Conclusions

Given access to appropriate databases knowledge domain analysis and visualization
techniques can be employed to

Understand the structure and evolution of scientific disciplines.

» Correlate research input (funding) and research output.

» Track and communicate the development of S&E fields at proper levels of
detail.

Identify major players (individuals or institutions).

s

Y

Understand the result of / the need for cross-disciplinary S&E.

» Correlate taxonomies with the data they describe.

Katy Borner, Knowledge Domain Visualizations in Support of Scholarly Knowledge and Expertise Management, SRI International, Oct 21, 2004.
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