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The Power of Maps

Four Early Maps of Our World
VERSUS
Six Early Maps of Science

(1st Iteration of Places & Spaces Exhibit - 2005)

The Power of Reference Systems

Four Existing Reference Systems
VERSUS
Six Potential Reference Systems of Science
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Nanotechnology

This overlay shows the distribution
of nanotechnology within the para-
digms of science. The majority of
current work in nanotechnology
takes places in physics, chemistry,
and materials science, at the upper
right portion of the map. However,
an increasing amount of nanotech-
nology is being applied in the bio-
logical and medical sciences, at the
lower right.

Illuminated Diagram Display

W. Bradford Paley
Scientific Mapmaker

Nanotechnology

Science on the tiny
scale of molecules













The Power of Forecasts

Four Existing Forecasts

VERSUS

Six Potential Science ‘Weather’ Forecasts
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"SDBJscron bmest

Scholarly Database: Web Interface

Search across publications, patents, grants.

Download records and/or (evolving) co-authot, papet-citation networks.

SDB | ScHOLARLY DATABASE

Select Database

™ PNAS
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Author(s) [lames.
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e.g.Classifying DNA
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Publication Range

e.g.Journal of Biological
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: SCHOLARLY DATABASE
3 DB{I Scholarly Database: # Records & Years Covered
Datasets available via the Scholarly Database (* future feature)
Dataset # Records Years Covered Updated Restricted
Access
Medline 13,149,741 1965-2005 Yes
PhysRev 398,005 1893-2006 Yes
PNAS 16,167 1997-2002 Yes
JCR 59,078 1974, 1979, 1984, 1989 Yes
1994-2004
USPTO 3,179,930 1976-2004 Yes*
NSF 174,835 1985-2003 Yes*
NIH 1,043,804 1972-2002 Yes*
Total 18,021,560 1893-2006 4 3
Aim for comprehensive geospatial and topic coverage.
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Boyack, Kevin W., Borner, Katy and Klavans, Richard. Mapping the Structure and
Evolution of Chemistry Research, Accepted for 11th International Conference on
Scientometrics and Informetrics, Madyid, Spain, June 25-27, 2007.

Boyack, Kevin W., Klavans, Richard and Borner, ). (2005). Mapping the Backbone of
Science. Scientometrics. 64(3), 351-374.

12



Why map science and/or chemistry?

N

» How does our collective scholarly knowledge grow over time?

» What major areas of science exist and how are they interlinked?

» Which ateas are major knowledge producers; which ones are consumers?

Computational scientometrics — the application of bibliometric/scientometric
methods to large-scale scholarly datasets — and the communication of results via

maps of science might help us answer these questions.

» Chemistry is a field that is undergoing significant change. Interdisciplinary
research has increased over time and the lines between chemistry and the life
sciences have seemingly blurred.

» 'This study maps the structures of Chemistry, Biochenistry, Biology, and
Bivengineering, and their interactions over 30 years using journal citation patterns.

Borner: “Mapping the Evolving Interface of Mainstream Chemistry and the Fields of Biochemistry, Biology, and Bioengineering.
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How to map science and/or chemistry?

1. Base Map. Information from the combined Science (SCIE)
and Social Science (SSCI) Citations Indexes from 2002 was
used to generate a disciplinary map of 7,227 journals and 671
journal clusters.

2. Chemistry Disciplines. Clusters relevant to study the
structure and evolution of chemistry were identified using
JCR categories and were further clustered into 14 disciplines.

s

3. Knowledge Diffusion among Disciplines. The changing
scientific composition of these 14 disciplines and their
knowledge exchange via citation linkages was computed. The
result is visually communicated using the 2002 map of
science introduced in 1.)

4. Discussion. Major changes on the dominance, influence,
and role of Chemistry, Biology, Biochemistry, and Bioengineering
over these 30 years are discussed. We conclude with a
discussion and suggestions for future work.

Bbrner: “Mapping the Evolving Interface of Mainstream Chemistry and the Fields of Biochemistry, Biology, and Bioengineering.
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2002 Paper-Level Base Map

» Combined SCIE/SSCI from 2002
> 1.07M papers, 24.5M references, 7,300
journals
> Bibliographic coupling of papers, aggregated
to journals, counts are normalized using
cosine index.

X

»  First step

> remove 25 multidisciplinary journals (MD)

> run graph layout and clustering on remaining
journals

> resulting in 646 clusters

»  Second step
> add MD journals back as single-journal
clusters, total is now 671 clusters
> re-aggregate coupling counts at the cluster
level
> layout positions of 671 clusters using VxOrd
> by association, this gives x,y positions for
each journal
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Node — cluster of journals

Edge — similarity of journal clusters based on bibliographic coupling.
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Identify Chemistry Areas

> JCR data for 1974, 1979, 1984, 1989 | 1993-2004
» JCR categories for journals

Field JCR Categories
Chemistry DW — Chemistry, Applied EI - Chemistry, Physical
DX — Chemistry, Medicinal HQ - Electrochemistry
DY - Chemistry, Multidisciplinary II - Engineering, Chemical
EA — Chemistry, Analytical GC - Geochemistry & Geophysics

EC — Chemistry, Inorganic & Nuclear UH - Physics, Atomic, Molecular & Chemical
EE — Chemistry, Organic

Biology CU - Biology HT - Evolutionary Biology
CX - Biology, Miscellaneous PI — Marine & Freshwater Biology
DR - Cell Biology QU - Microbiology
HY - Developmental Biology WEF — Reproductive Biology
hemi: CO - Bi ical Research Methods individual journals: Science, Nature, PNAS

CQ - Biochemistry & Molecular Biology

Bioengineering DA - Biophysics DB - Biotechnology & Applied Microbiology
IG — Engineering, Biomedical QE — Materials Science, Biomaterials

> Split paper counts among fields. If there ate 64 papers in Bivelectrochemistyy, each of the four
fields will get 16 papers.

Borner: “Mapping the Evolving Interface of Mainstream Chemistry and the Fields of Biochemistry, Biology, and Bioengineering.
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Four fields on the 2002 base map
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Symbolic map of 14 disciplines; 1974
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Symbolic map of 14 disciplines; 1974
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Symbolic map of 14 disciplines; 1994
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Symbolic map of 14 disciplines; 1999
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Symbolic map of 14 disciplines; 2004
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> Maps show the growth, distribution, and knowledge flows between Chemistry, Biology,
Biochemistry, and Bioengineering.

> Over the past 30 years, Biochemistry and Bioengineering are moving steadily into Chewistry
territory, and are having a large influence on the general knowledge base.

¥ Chemistry’s impact on the knowledge base is growing, but at a slower rate.

> Journal-level data provides no information about the topics at the interface between
fields, thus limiting the strategic decisions that can be made based on the mapping
exercise.

» Folding in patent and or commercial data would provide a basis to study the impact of
research on innovation and product development. It might very well be the case that
some areas of science change their impact from a generator of cited scholarly knowledge
to a generator of commercially valuable and hence patented and/or disclosed
knowledge.

» Papet-level data would support the

> identification of topics on the intetfaces between fields, knowledge flows at topical
levels, and detailed trends at these micro-levels.

> analysis of the trajectories and impact of single researchets, teams, institutions, or
nations.

Borner: “Mapping the Evolving Interface of Mainstream Chemistry and the Fields of Biochemistry, Biology, and Bioengineering.
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Funding overlay — NITH funded research (extramural)
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Funding overlay — NSF funded research
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Summary

Maps show the growth, distribution, and knowledge flows between Chemistry, Biology,
Biochemistry, and Bioengineering.

Over the past 30 years, Biochemistry and Bioengineering are moving steadily into Chemistry
territory, and are having a large influence on the general knowledge base.

Chemistry’s impact on the knowledge base is growing, but at a slower rate.

Journal-level data provides no information about the topics at the interface between
fields, thus limiting the strategic decisions that can be made based on the mapping
exercise.

Folding in patent and or commercial data would provide a basis to study the impact of
research on innovation and product development. It might very well be the case that
some areas of science change their impact from a generator of cited scholarly knowledge
to a generator of commercially valuable and hence patented and/or disclosed
knowledge.

Paper-level data would support the

» identification of topics on the intetfaces between fields, knowledge flows at topical
levels, and detailed trends at these micro-levels.

> analysis of the trajectories and impact of single researchets, teams, institutions, ot
nations.

Borner: “Mapping the Evolving Interface of Mainstream Chemistry and the Fields of Biochemistry, Biology, and Bioengineering.

45

Relevant Events in 2007

A/

A/

May 22, Award Ceremony for Visualizing Network Dynamics Competition @
NetSci07, New York Hall of Science.

June 25-27, ISS1, Madrid, Spain.

June 29, New Network Theory Conference, Amsterdam, Netherlands.

July 3, Visualization Summit, ETH Zirich, Switzerland.

July 4-6, Information Visualisation Conference, ETH Zirich, Switzerland.

‘Mapping Science’ Exhibit Displays in 2007:

‘;

‘;

May 1-30, Monroe County Public Library, Bloomington, IN.

Sept 7- Dec 30, American Museum of Science and Engineering, Oak Ridge, TN.

Bérner: “Mapping the Evolving Interface of Mainstream Chemistry and the Fields of Biochemistry, Biology, and Bioengineering.

46

23



The End.
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