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Towards Effective Knowledge Discovery and 
Knowledge Management Tools for NIH

The Talk has Three Parts:

1. Mapping Aging Research = NIH NeedsNIH Needs
2. Improved Scholarly Data Collection = NIH NIH ToDoToDo
3. Computational Scientometrics = NIH KM ToolNIH KM Tool



Case Study:Case Study: Mapping Aging ResearchMapping Aging Research

Part of this work was previously presented at the NIH Planning Workshop: 
“Assessments of Behavioral and Social Science Research Vitality” on Nov 9th, 
2001. 

Publication:
Boyack, Kevin W. and Börner, Katy. (2003). Indicator-Assisted Evaluation and 
Funding of Research: Visualizing the Influence of Grants on the Number and 
Citation Counts of Research Papers, Journal of the American Society of Information 
Science and Technology, Special Topic Issue on Visualizing Scientific Paradigms, 
54(5):447-461.

Funding Support:
Börner, Katy & Kevin W. Boyack. Mapping Aging Research. NIH 
Evaluation Express award on “Investigating Methodologies for Assessing 
Research Excellence in the Social and Behavioral Sciences” to Dr. Richard 
Suzman, BSR, NIA, Aug.-Dec. 2001
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Mapping Aging Research: Client Needs

NIA's Most Actionable Questions

1. What are the major research areas, experts, institutions, regions, grants, 
publications, journals in aging research?

2. Which areas are most insular?
3. What are the main connections for each of our areas?
4. What is the relative speed of areas? Which areas are the most dynamic/static?
5. What new research areas are evolving?
6. Citation rate of grantees compared with other S&B&Life scientists?
7. How influential have NAS reports been?
8. How does NIA funding influence the number and quality of publications?
9. Impact of NIA funded research on other fields as measured by press 

coverage, Congressional presentations, etc.?
10. How can we measure progress?**

** Needs clarification.
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Mapping Aging Research: Client Needs

NIAs Indices of an Individual Researcher’s Productivity

Success/Discovery stories.
Publications in top science journals such as Science, Nature, PNAS.
Most significant publications in disciplinary journals or NIA volumes and 
publications.
Citations of papers.
Recent major honors received by funded investigators such as NAS
membership, Nobel prizes, etc.
Media coverage of grant research.
Recent public policy activities by funded investigators. Impact on policy and 
practice.
Export of ideas to other fields.
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Mapping Aging Research: Client Needs

NIAs Indices of the Vitality of Research Field

Average age of researchers in a field.
Employment of post docs in the field.
Employment of post docs in the private sector.
Rapidity of publication of new results in leading journals in the field.
Speed of promotion and tenure.
Concentrations at Centers of Excellence; size of project teams over time; 
number of projects with multiple institutions.
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Mapping Aging Research: Datasets Used

Publication Data

Medline publication data (Query for ‘aging’ in title, abstract or MeSH, 1996-
2000) resulting in 28,700+ articles. (Query for selected 37 journals with >= 10 
articles represented in NIA publication data) resulted in 101,800+ articles. 
Concerns: No citation links. Medline does not cover all relevant journals such 
as Journal of Marriage and the Family, Research on Aging, American 
Economic Review, Journal of Cross-cultural Gerontology, Journal of Family 
Issues, Aging Neuropsychology & Cognition.
ISI publication data incl. citation links. 2,296 papers by 32 merit scholars, 
26,880 papers that cited those 2,296, and the 14,828 ISI-indexed papers cited in 
(or by) the 2,296 for 1981-June 2001. 
Concerns: For the demonstration work, we received no abstracts or keywords.

General Concerns: No data on books, media coverage, awards, etc.
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Mapping Aging Research: Datasets Used

NIA/BSR Data

NIA grant data (PI names, institutions, years, award amounts, titles, abstracts, 
MeSH terms etc. for 1975-2001) resulting in 33,448 (sub)grants
Concerns: Different name formats, changing BAS codes. Most grants are 
multi-year grants with several subcontracts, changing names & titles, etc. 
BSR accomplishment reports (CFA, DPE, HCO, PHB, PSP) resulting in 
4,500+ publications 
Concerns: grant – publication linkage is not unique, grants by non-PI’s are 
often missing, many duplicates.
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Mapping Aging Research: Datasets Used
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Mapping Aging Research: Data Analysis
Top Journals



11

Mapping Aging Research: Data Analysis
# NIA Grants and Average Grant Amounts per Year
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Mapping Aging Research: Visualization

Subsequent slides show visualizations of
BSR grants and publications.
Show impact of funding on number of publications over time.
Grant input and publication output for U Michigan and Duke U.
Author supplied linkage patterns for one grant and its publications.

VxInsight is used for
interactive visualization.
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Recommendations

Create a clean and maintainable ‘Scholarly Database’ database for NIA 
grants & publications as a basis for the application of scientometric
methods.

NIA enters new program announcements, grants, etc.
Researchers enter relevant data (papers, patents, media coverage, policy 
changes, honors, etc.), short “new result(s)/impact headline” in standard form 
entries.
Publishers input publications, e.g., Medline records, impact factors, etc.

Make data and results of scientometric analysis publicly available.
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Recommendations cont.

This Scholarly Database & Associated KM Tools would
Enable cross-disciplinary information access & transfer between different 
research areas.
Reveal unproductive duplication, unrealized complementarity, gaps & 
opportunities, and overlapping topics.
Help to facilitate (cross-disciplinary) collaborations and to establish research 
priorities.
Provide opportunities for each scientist to think systematically about the state 
of their field.
Ideally help achieve consensus on what should be funded.

Advantages for BSR/NIA
Supports monitoring of (long-term) money flow and research developments, 
evaluation of funding strategies for different programs, decisions on project 
durations, funding patterns.
Staff resources can be used for scientific program development, to identify 
areas for future development, and the stimulation of new research areas.
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Recommendations cont.

Advantages for Researchers
Easy access to research results, relevant funding programs and their success rates, 
potential collaborators, competitors, related projects/publications (research 
push).
More time for research and teaching.

Advantages for Industry
Fast and easy access to major results, experts, etc.
Can influence the direction of research by entering information on needed 
technologies (industry-pull).

Advantages for Publishers
Unique interface to their data.
Publicly funded development of databases and their interlinkage.

For Society
Dramatically improved access to scientific knowledge and expertise.



Improved Collection, Integration, Analysis and Improved Collection, Integration, Analysis and 
Management of Management of 

Scholarly Knowledge & ExpertiseScholarly Knowledge & Expertise
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The Challenge: Data Collection & Integration

Börner, K. (2006) Semantic Association Networks: Using Semantic Web Technology to Improve Scholarly Knowledge and 
Expertise Management. In Vladimir Geroimenko & Chaomei Chen (eds.) Visualizing the Semantic Web, Springer 
Verlag, 2nd Edition, chapter 11, pp. 183-198.



23

Text Mining & Data Mining Tools

Work well if the records are written in similar styles, using similar formatting and 
conventions, are of similar length, etc. 

Work less well if applied to interdisciplinary or multi-lingual datasets because
Words, e.g., ‘prototype’, have very different meanings in computer science, 
biology, psychology, architecture, etc. 
Paper titles are frequently used to demonstrate the creativity of authors, e.g., “All 
you ever wanted to know about x”,  “A unifying theory of x”. 
Author supplied keywords are useful to identify an author but not to find similar 
papers. Note: Controlled vocabularies/thesauri work well. 

Humans might simply be too different and too creative to produce proper raw 
material that can be analyzed using existing text mining and data mining algorithms. 
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Link Traversal & Link Mining

Link Search: Google 

(Citation) Link Traversal in One Database: Thomson Scientific, Google Scholar, and 
CiteSeer already support citation link traversal. The Proceedings of the National 
Academy of Sciences of the United States of America (PNAS) online interface 
<http://www.pnas.org>. provides citation maps that shows articles citing or 
being cited by a selected article.

(Citation) Link Traversal Across Databases: The Library Without Walls project 
<http://library.lanl.gov/lww/> at the Los Alamos National Laboratory
interlinks major publication databases and supporting citation based search 
across different holdings that have citation linkages.  

(Co-Author) Link Traversal: Some digital libraries such as the citation indexes 
published by Thomson Scientific, DBLP Bibliography Server
<http://www.sigmod.org/dblp/db/>, and ACM Digital Library
<http://portal.acm.org> provide information on co-authorships. Services 
comprise a listing of all papers by an author, a listing of all co-authors for one 
author, and co-author link traversal. 

Link traversal and link mining might be a viable alternative. 

http://www.pnas.org/
http://library.lanl.gov/lww/
http://www.sigmod.org/dblp/db/
http://portal.acm.org/
http://www.pnas.org
http://library.lanl.gov/lww/
http://www.sigmod.org/dblp/db/
http://portal.acm.org
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The Challenge: 
Interlink $ Input & Publication/Patent Citation Output

Need to interlink 
Grants and papers/patents.
Grants/papers/patents and their PIs/authors/inventors, etc.

Use resulting networks to 
Count #papers, #citations, etc. 
Determine strength of co-PI/author/inventor relations, etc.
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Improved Representation of Scholarly Knowledge

Entity and link types:

Attributes:
Records often have a publication date, a publication type (e.g., journal paper, book, 
patents, grant, etc.), topics (e.g., keywords or classifications assigned by authors and/or 
publishers). 
Authors have an address with information on affiliation and geo-location. 

Derived attributes:
Because authors and records are associated, the geo-location(s) and affiliation(s) of an 
author can be attributed to the authors’ papers. 
Similarly, the publication date, publication type and topic(s) can be associated with a 
paper’s author(s). 
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Link Analysis

Statistics:

Number of papers, grants, co-authorships, citation (over time) per author. 
Bursts of activity (#citations, #$, #patents, #collaborators, etc.).
Changes of topics and geo-locations for authors and their institutions over 
time. 

Visualizations:

Geospatial and topical distribution of funding input & research output.
Structure and evolution of research topics.
Evolving research areas (e.g., based on young yet highly cited papers).
Diffusion of information, people, $s over geospatial and topic space.



Computational Computational ScientometricsScientometrics::

Mapping the Structure and Evolution Mapping the Structure and Evolution 

of Scienceof Science

Shiffrin, Richard M. and Börner, Katy (Eds.)  (2004). Mapping Knowledge Domains. Proceedings of the 
National Academy of Sciences of the United States of America, 101(Suppl_1).
Börner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). Visualizing Knowledge Domains. In Blaise Cronin 
(Ed.), Annual Review of Information Science & Technology, Volume 37, Medford, NJ: Information Today, 
Inc./American Society for Information Science and Technology, chapter 5, pp. 179-255. 28



Part (I):Part (I):

Mapping Science LocallyMapping Science Locally
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Mapping the Evolution of Co-Authorship Networks 
Ke, Visvanath & Börner, (2004) Won 1st price at the IEEE InfoVis Contest.
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Studying the Emerging Global Brain: Analyzing and Visualizing the Impact of 
Co-Authorship Teams 
Börner, Dall’Asta, Ke & Vespignani (2005) Complexity, 10(4):58-67.

Research question:
Is science driven by prolific single 
experts or by high-impact co-
authorship teams?

Contributions:
New approach to allocate citational
credit.
Novel weighted graph representation.
Visualization of the growth of 
weighted co-author network. 
Centrality measures to identify author 
impact.
Global statistical analysis of paper 
production and citations in correlation 
with co-authorship team size over 
time.
Local, author-centered entropy 
measure.
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Mapping Medline 
Papers, Genes, and 
Proteins Related to 
Melanoma 
Research

Boyack, Mane & Börner. 
(2004) IV Conference, pp. 
965-971.
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Co-word space of 
the top 50 highly 
frequent and bursty
words used in the 
top 10% most 
highly cited PNAS 
publications in 
1982-2001.

Mane & Börner. (2004) 
PNAS, 101(Suppl. 1):
5287-5290.

Mapping Topic Bursts
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Does Internet lead to 
more global citation 
patterns, i.e., more 
citation links between 
papers produced at 
geographically distant 
research instructions? 
Analysis of top 500 
most highly cited U.S. 
institutions.
Each institution is 
assumed to produce and 
consume information.

γ82-86 = 1.94 (R2=91.5%) 
γ87-91 = 2.11 (R2=93.5%)
γ92-96 = 2.01 (R2=90.8%)
γ97-01 = 2.01 (R2=90.7%)

Spatio-Temporal Information Production and Consumption of Major U.S. 
Research Institutions 
Börner & Penumarthy. 
(2005)
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Mapping Indiana’s Intellectual Space
(Ke, Börner & Mei, 2005)

Identify
Pockets of innovation
Pathways from ideas to products
Interplay of industry and academia

37



Part (II):Part (II):

Mapping Science GloballyMapping Science Globally
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Comparison of Similarity Metrics

ISI file year 2000, SCI and 
SSCI: 7,121 journals.
Different similarity metrics
• Inter-citation (raw counts, 

cosine, modified cosine, 
Jaccard, RF, Pearson)

• Co-citation (raw counts, 
cosine, modified cosine, 
Pearson)

Maps were compared based on 
• regional accuracy, 
• the scalability of the 

similarity algorithm, and 
• the readability of the 

layouts.

Boyack, Kevin W., Klavans, R. and 
Börner, Katy. (2005). Mapping the 
Backbone of Science. Scientometrics. 64(3), 
351-374.
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Selecting the similarity measure with the best regional accuracy

For each similarity 
measure, the VxOrd
layout was subjected to k-
means clustering using 
different numbers of 
clusters.
Resulting cluster/category 
memberships were 
compared to actual 
category memberships 
using entropy/mutual 
information method by 
Gibbons & Roth, 2002.
Increasing Z-score 
indicates increasing 
distance from a random 
solution.
Most similarity measures 
are within several percent 
of each other.

Number of k-means clusters
100 150 200 250

Z-
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or
e

280

300

320

340

360

380

400

IC Raw
IC Cosine
IC Jaccard
IC Pearson
IC RFavg
CC Raw
CC K50
CC Pearson

Boyack, Kevin W., Klavans, R. and Börner, Katy. (2005). 
Mapping the Backbone of Science. Scientometrics. 64(3), 351-374.
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A ‘Backbone’ Map of Science & Social Science

The map is comprised of 
7,121 journals from year 
2000.
Each dot is one journal
An IC-Jaccard similarity 
measure was used. 
Journals group by 
discipline.
Groups are labeled by 
hand.
Large font size labels 
identify major areas of 
science. 
Small labels denote the 
disciplinary topics of 
nearby large clusters of 
journals.
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Structural Map: Studying Disciplinary Diffusion 

The 212 nodes represent clusters 
of journals for different 
disciplines. 
Nodes are labeled with their 
dominant ISI category name.
Circle sizes (area) denote the 
number of journals in each 
cluster.
Circle color depicts the 
independence of each cluster, 
with darker colors depicting 
greater independence.
Lines denote strongest 
relationships between disciplines 
(citing cluster gives more than 
7.5% of its total citations to the 
cited cluster).
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Zoom Into Structural Map

Clusters of journals denote 
disciplines.
Lines denote strongest 
relationships between 
journals
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Latest ‘Base Map’ of Science
Kevin W. Boyack & Richard Klavans, unpublished work.

Uses combined SCI/SSCI 
from 2002
• 1.07M papers, 24.5M 

references, 7,300 journals
• Bibliographic coupling of 

papers, aggregated to 
journals

Initial ordination and clustering 
of journals gave 671 clusters
Coupling counts were 
reaggregated at the journal 
cluster level to calculate the 
• (x,y) positions for each 

journal cluster
• by association, (x,y) 

positions for each journal
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Science map applications: Identifying core competency
Kevin W. Boyack & Richard Klavans, unpublished work.

Funding patterns of the US Department of Energy (DOE)
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Science map applications: Identifying core competency
Kevin W. Boyack & Richard Klavans, unpublished work.

Funding Patterns of the National Science Foundation (NSF)

Policy

Economics

Statistics

Math

CompSci

Physics

Biology

GeoScience

Microbiology

BioChem

Brain

Psychiatry
Environment

Vision

Virology Infectious Diseases

Cancer

MRI

Bio-
Materials

Law

Plant

Animal

Phys-Chem

Chemistry

Psychology

Education

Computer Tech

GI

48



Science map applications: Identifying core competency
Kevin W. Boyack & Richard Klavans, unpublished work.

Funding Patterns of the National Institutes of Health (NIH)
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Places & Spaces: 
Cartography of the Physical 
and the Abstract 
The first iteration of this science 
exhibit compares and contrasts 
first maps of our entire planet 
with the first maps of all of 
sciences.
http://vw.indiana.edu/places&spaces/
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CAREER: Visualizing Knowledge Domains. NSF IIS-0238261 award 
(Katy Börner, $440,000) Sept. 03-Aug. 08.

SEI: Network Workbench: A Large-Scale Network Analysis, Modeling and 
Visualization Toolkit for Biomedical, Social Science and Physics Research. NSF 
IIS-0513650 award (Katy Börner, Albert-Laszlo Barabasi, Santiago Schnell, 
Alessandro Vespignani & Stanley Wasserman, Craig Stewart (Senior Personnel), 
$1,120,926) Sept. 05 - Aug. 08. 
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Pointers to Papers & ExpertisePointers to Papers & Expertise
(not covered in the talk)(not covered in the talk)
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Extra SlidesExtra Slides
(not covered in the talk)(not covered in the talk)
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Process of Mapping Knowledge Domains

Börner, Chen & Boyack.. (2003) Visualizing Knowledge Domains. In Blaise Cronin (Ed.), Annual Review 
of Information Science & Technology, Volume 37, Medford, NJ: Information Today, Inc./American Society 
for Information Science and Technology, chapter 5, pp. 179-255.

, Topics
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Semantic Association Networks

Katy Börner. (2006) Semantic Association Networks: Using Semantic Web Technology to Improve Scholarly Knowledge 
and Expertise Management. In Vladimir Geroimenko & Chaomei Chen (eds.) Visualizing the Semantic Web, Springer 
Verlag, 2nd Edition, chapter 11, pp. 183-198.
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