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1. The Problem

Facing the Information Flood:

>
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Information available in electronic form doubles every 18 months.
Human perception stays constant.

Main means to access knowledge are search engines.
Almost no development in online search interfaces. Can’t pack more text.

Let’s see how little our means of accessing information have changed using

http://www.archive.org/.
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Surf the Web as it was

http:/f Taks Ms Back!
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8 years back in time

Yahoo Oct 17, 1996 Yahoo Oct 19, 2004
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5 years back in time

Amazon Sept 02, 1999 Amazon Oct 19, 2004
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However, the problem is not how one person can access knowledge
but how we can collectively access and manage humanity’s
knowledge.
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14 Century: One person can make major contributions to many areas of science

Human Brain

————

contribute

Amount of knowledge
on person can mange

Leonardo da Vinci

20 Century: One petson can make major contributions to a few ateas of science

Human Brain

——

contribute

Albert Einstein




21 Century: ( erson can make major contributions to a specific area of science

Human Brain
nse

3

contribute

21" Century: How to collectively contribute to all areas of science?

Human Brains




Domain Expert

Given the steadily increasing flood of information, how can we keep track
and make use of what we collectively know?

> Shift user’s mental load from slow reading to faster perceptual processes such
as visual pattern recognition.

> Give people global knowledge of the structure and evolution of scientific
knowledge. 2 Global maps of science

> Provide access to knowledge and expertise. 2 ... & expettise

» Aim for reusability of data and methods/approaches/algorithms and
reproducibility of results. 2 Interrelate data, code, results, authors.

» Use usage log data to support social navigation and to create novel reputation
systems. = ... & usage data. = A new infrastructure to keep track of
knowledge.
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2. Global Maps of Science / Knowledge Domain Visualizations
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2. Global Maps of Science / Knowledge Domain
Visualizations

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?

v

What are the main connections for each area?

What is the relative speed of areas?

vV VvV

Which ateas are the most dynamic/static?

v

What new research areas are evolving?

\%

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.
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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, or see the influence of certain theoties.

> Reseatchers can monitor and access research 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 catriers, 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 intetfaces 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.
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Process of Analyzing and Mapping Knowledge Domains
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Figure 6.3 Historiograph of DNA development.

L Direct or strongly implied citation
Indirect citation

KEY

1. Braconnot 1820 21. Chargaff 1947

2. Mendel 1865 22. Chargaff 1950

3. Miescher 1871 23. Pauling and Corey 1950-1951
4. Flemming 1879 24. Sanger 1951-1953

5. Kossel 1886 25. Hershey and Chase 1952

6. Fischer and Piloty 1891 26. Wilkins 1953

7. DeVries 1900 27. Watson and Crick 1953

8. Fischer 1907 28. DuVigneaud 1953

9. Levene and Jacobs 1909 29. Todd 1955

10, Muller 1926 30. Palade 1954-1956

11, Griffith 1928 31. Fraenkel-Conrat 1955-1957
12, Levene with Mori and London 1929 32, Ochoa 1955-1956

13.  Alloway 1932 33, Kornberg 19561957

14. Stanley 1935 3. Hoagland 19571958

15. Levene and Tipson 1935 35, Jacob and Monod 1960-1961
16. Bawden and Pirie 1936-1937 36. Hurwitz 1960

17. Caspersson and Schultz 1938-1939 37. Dimazis 1961

18. Beadle and Tatum 1941 38, Novelli 1961-1962

19. Martin and Synge 1943-1944 39, Allfrey and Mirsky 1962

20. Avery, MacLeod, and McCarty 1944 40. Nirenberg and Matthaei 1961-1962
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Co-author Networks
(Newman, 2001a, 2001b)

N

representing atic

whose thickness is proportional to
our estimate. Eq. ([{}. of the
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FI1G. 6. The point in the center of the fignre represents the anthor of the paper you are reading, the first ring his collaborators,
and the second ring their collaboators. Collaborative ties between members of the same ring, of which there are many. have
Leon cpitted from the Genre for clarity

ot Visualizing a
Citation Impact .
knowledge domain's

intellectual structure.

Step 3 A e e — (Chen & Panl, 2001)

Intellectual Grouping | _d

Step 2

Essential Structure

MAPPING
SCIENTIFIC
FRONTIERS

Step 1

Citation Fattems

Figure 2. A four-siep procedure for visualizing intellectual structures. The process starts
from the lowest level and works ils way up by incrementally overlaying more visual-
spatial features at each consecutive step to clarify the essence of intellectual structures.
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Cartographic Information Visualization
(Skupin, 2002)
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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 & Borner, 2003)
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Co-PI Map of Current IDM Awardees
(Ke & Birner, 2004)
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Mapping InfoVis Co-Authorships (Interactive Map)
IV Contest Submission (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, Managing Humanity's Knowledge & Expertise, NSF 11S/CISE Talk, Room 1120, Oct 20th, 2004.

3. Cyberinfrastructure for InfoVis / KDVis Research

Katy Bérner, Managing Humanity's Knowledge & Expertise, NSF 11S/CISE Talk, Room 1120, Oct 20th, 2004.
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3. Cyberinfrastructure for InfoVis / KDVis Research

The InfoVis Cybernfrastructure provides access to data, software code and leaming SOFTWA
modules as well as computing resources in support of the analysis, modaling A e s WL dsreweort mens devgred to
and visualization of diverse data sets, . ]
= im el it i, Pore shgosbion et
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Katy Borner, Managing Humanity's Knowledge & Expertise, NSF 11S/CISE Talk, Room 1120, Oct 20th, 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, Managing Humanity's Know!
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The InfoVis Cyherinfrastructure provides access to data, software code and learning
modules as well as computing resources in support of the analysis, modeling
and visualization of diverse data sets.
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Katy Bérner, Managing Humanity's Knowledge & Expertise, NSF 11S/CISE Talk, Room 1120, Oct 20th, 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, Managing Humanity's Knowledge & Expertise, NSF 11S/CISE Talk, Room 1120, Oct 20th, 2004.

IVC Software Framework (b1p:/ /iv.slis.indiana.edu/ iv)

Analysis
LSA, VEM, Burst, ABSURDIST|

Tqrm Dogumgnt Matris, .
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Visualization
Radial Tree, TreeMap,

Custom
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| | e
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Core
Event Logging Gul Scheduler

Usar Analysis Sequence,
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;

Katy Bérner, Managing Humanity's Knowledge & Expertise, NSF 11S/CISE Talk, Room 1120, Oct 20th, 2004.
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Workshop on
Information Visualization
Software Infrastructure:

bttp:/ [ vw.indiana.edu/ ivsi2004

The InfoVis Cyberinf iek to data, soff ende and |
modules as well as computing resources in support of the analysis, modeling
and visualization of diverse data sets.
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Katy Bérner, Managing Humanity's Knowledge & Expertise, NSF 11S/CISE Talk, Room 1120, Oct 20th, 2004.
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and Educ 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, Managing Humanity's Knowledge & Expertise, NSF 11S/CISE Talk, Room 1120, Oct 20th, 2004.

o
Cyberinfrastructure . e

A pute for R nd E on in In:
Software Data Compute

Bases Resources jegronces

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 Bérner, Managing Humanity's Knowledge & Expertise, NSF 11S/CISE Talk, Room 1120, Oct 20th, 2004.
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Student’s Project Results

User & Task Analysis for Visualizing Tree Data

» 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 rettieve legal

materials in a library.

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

Katy Borner, Managing Humanity's Knowledge & Expertise, NSF 11S/CISE Talk, Room 112brmagunbpolPeter Hook and Rongke Gao

Compute

Hame: Resources

References

Learning Modules = Visualizing Time Series Data

. .
Tlme Serles L iption | 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-

| | L i i

i | Wding ¥

WA Al M&w ,\yf I“] ‘ ;i}!\“ II‘ \y
ji

series.html £

1

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 Bérner, Managing Humanity's Knowledge & Expertise, NSF 11S/CISE Talk, Room 1120, Oct 20th, 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

i =5 i_ ——
All topics by West Category and Sub-Category grouped
corresponding to the five chief justices

All topics grouped by West Category and
Sub-Category grouped over the entire lengths of
the data set

Visualizing Niches of the Blog Universe
By Mike Tyworth and Eljah Wright

£al ST Teoched by Crace
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Given the steadily increasing flood of information, how can we keep track
and make use of what we collectively know?

> Shift uset’s mental load from slow reading to faster perceptual processes such
as visual pattern recognition.

» Give people global knowledge of the structure and evolution of scientific
knowledge. 2 Global maps of science

» Provide access to knowledge and expertise. 2 ... & expertise

» Aim for reusability of data and methods/approaches/algorithms and
reproducibility of results. 2 Interrelate data, code, results, authors.
» Use usage log data to supportt social navigation and to cteate novel reputation

systems. = ... & usage data. Basically, a new infrastructure to keep track
of knowledge.

Katy Borner, Managing Humanity's Knowledge & Expertise, NSF 11S/CISE Talk, Room 1120, Oct 20th, 2004.

Data-Code-Computing Cyberinfrastructures that
Interrelate Data, Code, Papers, Authors & Usage Data
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Data-code-computing cyberinfrastructures that interrelate data, code, results,

authors, and usage data

» Enable data/algorithm/result compatison at data/code/data level.

» Facilitate new types of searches, e.g., retrieve all users that worked with data set
x, retrieve all papers that used algorithm y.

» Supportt algorithm comparison and re-use, e.g., the re-application of an
algorithm sequence reported in a paper to a different data set.

» Do provide bridges between algorithm developers and usets.

» Could provide a great testbed application for novel ways to stote, preserve,
integrate, correlate, access, analyze, map or interact with data.

» Are of interest to diverse communities.
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Mapping Humanity's Knowledge and
Expertise in the Digital Domain

&t the [ 101st Annual Meeting | of the [Association of American

Geographers [Denver, CO: April 5-9, 2005,

Session Organizers

Katy Birner,[Indiana University
André Skupin|, [University of New Orleans

Sponsors

Cartography and GIS spacialty 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
communication data as well as fram information about the producers and consumers of these data sets, Advanced
data analysis technigues in combination with spatial metaphars, geographic principles, and cartographic methads are
applied to organize, visualize, and communicate 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 evolving research frontiers, blinking ‘hot' papers and tapics, ete. This map could be used to teach and
understand the evelving structure of all of seience, to identify major experts, to find and read the most relevant
papers and news, to see the effects of resource allocation decisions, to study sovial networks, ete. Last but not least, it
would provide a unique bird's eye view of major experts in specific arcas and mankind's knowledge in general.

Some of the leading-edge research an this topic is found whers geagraphy intersscts with infarmation/library science,
computer scisnce, and cognitive scisnce. Ws invite papers on the broad faundations, computational methods, softwars
systemns, and evaluation of such data analyses and visualizations, as they have emerasd in this intsrdisciplinary

endeavor.

bttp:/ [ vw.indiana.edu/ aas05
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