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Mapping the Evolution of Co-Authorship Networks
Ke, Visvanath & Birmer, (2004) Won 1st price at the IEEE InfoV/is Contest.
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1. Motivation for Mapping Knowledge Domains /
Computational Scientometrics

Knowledge domain visualizations help answer questions such as:

v

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

Which areas are most insular? PNAS

Mapping Knowledge Domains

What are the main connections for each area? oK

%

7

%

7

%

7

What is the relative speed of areas?

4

Which areas are the most dynamic/static?

v

What new research areas are evolving?

v

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.

Shiffrin & Barner (Eds). (2004) Mapping Knowledge Domains. PNAS, 101 (Suppl_1):5266-5273.

Mapping Knowledge Domains, Katy Bormer, Indiana University 22
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User Groups

Students can gain an overview of a particular 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 theories.

Researchers 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 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.

Mapping Knowledge Domains, Katy Birner, Indiana University

23
2. Mapping the Structure and Evolution of Knowledge
Domains
DATA ‘UN\T oF ‘I\I'EASURES LAYOUT {often one code does bath similarty and ardination steps) DISPLAY
EXTRACTION ANALYSIS
SIMILARITY [ORDINATION
SEARCHES COMMON COUNTS/FREQUENCIES  SCALAR (urit by unit ratris) DIMENSIONALITY REDUCTION INTERACTION
15l CHOIGES Mtributes & g.terme) Direct citation Eigenvector! Eigenvalue solutions Browse
INSPEC Journal Pathor citations Co-citation Factor Analysis (FA) and Pan
By Index Docurrent Co-itations Corrbined linkare Principal Cormponents Analysis (FCAY - Zoom
Ivedline Author By year Co-word / coderm Multi-dirmensional scaling (MDS) Fitter
Researchindex Terrn Co-cassification L4, Topics Cuery
Paterts THRESHOLDE Pathfinder networks PFMat) Detail on dermand
e By courts WECTOR {unit by attribute rmatrix) Self-organizing rmaps (SOM)
Vector space rmodel fvordstermns) indudes SOM ET-rmaps, etc. ANALYEIS
BROADENING Latent Bernantic Analyais (wordstterms)
By citation ind. Sngular Value Decorrp (EW DY CLUSTER ANALYSIS
By terms

CORRELATION (if desired)
Pearson's R on any of ahove

SCALAR
Triangulation
Forea directed placernent (FDP)

Barner, 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. 179-2535.

Mapping Knowledge Domains, Katy Birner, Indiana University
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Indicator-Assisted Evaluation and Funding of Research
Boyack ¢ Birner. (2003) JASIST, 54(5):447-461.
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Research

Boyack, Mane & Birner.
(2004) IV Conference, pp.
965-971.

K. Borner
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Studying the Emerging Global Brain: Analyzing and Visualizing the Impact of
Co-Authorship Teams
Birner, Dall’Asta, Ke & Vespignani (2005) Complexity, 10(4):58-67.

Research question:

* Is science driven by prolific single
experts ot 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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Spatio-Temporal Information Production and Consumption of Major U.S.
Research Institutions

Birner & Penumarthy. \ Harvacd U
(2005) Scientometrics ey
Conference. i

Mt

Hohns Hopking U

Does Internet lead to
more global citation
patterns, i.e., more
citation links between

® 15051771
01772-2087

0 2,088 -2529

papers produced at o B 2o
geographically distant
research instructions? Y — s
Analysis of top 500 —
most highly cited U.S. b :
gj?}:u;(:;l;ﬁon is | \'-\ Tszss i 194 (R2i91.5%)

1w \ L Ygr0 = 2.11 (R?=93.5%)

assumed to produce and [ Yopos = 2.01 (R?=90.8%)

Yor.on = 201 (R2=90.7%)

consume information.

bog of number of mstilubons citing each other

Mapping all of Sciences
(in English speaking domain, based on available data)

Subsequent slides are based on
*  Boyack, KW., Klavans, R., & Birner, K. (2005, in press). Mapping the backbone of science.

Scientometrics.
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Comparing different similarity measures

ISI file year 2000, SCI and SSCI:
7,121 journals.
Ten different similarity metrics
* 6 Inter-citation (raw
counts, cosine, modified
cosine, Jaccard, RF,
Pearson)

* 4 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, KW., Klavans, R., &
Birer, K. (2005, in press). Mapping

the backbone of science. Scientometrics.

Selecting the similarity measure with the best regional accuracy

* For cach similarity

measure, the VxOrd

layout was subjected to k- 400
means clustering using

different numbers of 380
clusters.

indicates increasing
distance from a random
solution.

* Most similarity measures

are within several percent
of each other.

Number of k-means clusters

Boyack, K.W., Klavans, R., & Birner, K. (2005, in press). Mapping

the backbone of science. Scientometrics.

* Resulting cluster/category o 360 - ——a——— & &
. Q
memberships were 2 —m- IC Raw
N 340 - -& - IC Cosine
compared to actual —e— IC Jaccard
H —@— |IC Pearson
category memberships 520 ---%-- IC RFavg
using entropy/mutual --0-- CCRaw
. . —o— CC K50
information method by | o - -0~ CC Pearson
. 300 p=—"""""" S S
Gibbons & Roth, 2002. S S o
¢ Increasing Z-score 280 \ T
100 150 25
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A map of all science & social science

K. Borner

. . B,
* The map is comprised of us ; @ 8%2 —
7,121 journals from year ¥ e < E
. PS G%
2000. C W B g,
. . e pcB S
* Each dot is one journal % g;y% S @0‘”’ fee »
. . Com% . % Social Sci .. ﬁmm o
* An IC-Jaccard similarity . & 184 T Jrict S
o Age o 8 w
measure was used. . s T a@&ﬂg&%ﬂg ? e g
. e
* Journals group by * 60, %’évcm’@ - physics. a@fmsp o .
I Edurﬁﬁ g, ﬁ Neun% . B g g MaSei 5 onstr
discipline o PSV‘”"‘ A se. Aﬂ"w * e . Q% T
G labeled b Psyc““’ 3 Spon s » gﬁh “%g‘ w e &,
0 B % ®
roups are labele y .@@ea\m i ", Radiol &QE“V @ %@ o o N
hand g % Emerg, 2 . °ﬂ g
@ . Gen ME%Q %;;ro%g A . Geoscl "°, ChemEng
* Large font size labels Ca Hieme o i -
: : . Nusing o ¢ Em g Genet a@ Polymer, © 5 °
identify major areas of o owmn @ R eteorol o
i Py c
science. 4 Sw &F e %ﬂw&% g @% & il @@5 “‘Ge"sc‘
o s = Medicine ™% Lonar o ’Q@rﬁm A
% Nun
e Small labels denote the - iy Urol T pu%«g Earth Sciences Palec
disciplinary topics of e %1@'%{321&" O % ™ .
Derm o . % go
nearby large clusters of et & g éﬁ*g@w e RO v
y larg Dentist o Paholee °% U ooFood Sei o @
. ° 3 o, ° o o2
journals. o e o o3 o -
° * o o o . Agnc N
N P 3 . e ©
Vet Med ﬁinm ﬁ}

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 (atea) denote the
number of journals in each
cluster.

* Circle color depicts the &
independence of each cluster, -
with datker colors depicting
greater independence.

* Lines denote strongest
relationships between disciplines
(citing cluster gives more than S
7.5% of its total citations to the ¥ e 2
cited cluster).
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Science maps for kids

Base map modified by
Lan Alipan, 1U.
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Latest ‘Base Map’ of sciences

* Uses combined SCIE/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

Presented by Kevin Boyack at AAG, 2005.
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Science Map Applications: Identifying Core Competency

Funding patterns of the US Department of Energy (DOE)

+

Math

Computer Tech

Statistics

Economics

Education
Psychology
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Plant

Animal

virology Infectious Diseases

Science Map Applications: Identifying Core Competency

Funding patterns of the National Science Foundation (NSF)

+ +

Education

Psychology

Psychia GeoScience

MRI
Biology

Bio
Materials

Micfobiology
Plant
Cancer

Animal

Virology Infectious Diseases
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Science Map Applications: Identifying Core Competency

Funding patterns of the National Institutes of Health (NIH)
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3. Challenges and Opportunities

Map sciences on a small (regional) and a large scale:

» Develop techniques, tools, and infrastructures that can continuously hatvest,
integrate, analyze, and visualize the growing stream of scholarly data.

» Educate scholars, practitioners, and the general public about alternative means to
access humanity’s collective knowledge.

Increase our understanding of the structure and evolution of sciences:
» Model the co-evolution of scholatly networks

Birner, Katy, Maru, Jeegar and Goldstone, Robert. (2004). The Simultaneons Evolution of Author and
Paper Networks. Proceedings of the National Academy of Sciences of the United States of America,
101 (Suppl_1):5266-5273. Also available as cond-mat/0311459.

» Model the diffusion of knowledge in evolving network ecologies.

Mapping Knowledge Domains, Katy Birner, Indiana University 42
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InfoVis Cyberinfrastructure at IUB
http://iv.slis.indiana.edu

The infoVis Cyberinfrastructure provides access to data, software code and leaming
modules as well as computing resources in support of the analysis, medeling
and visualization of diverse data sets.

AT

Mapping Knowledge Domains, Katy Birner, Indiana University 43

3. Challenges and Opportunities

Map sciences on a small (regional) and a large scale:

» Develop techniques, tools, and infrastructures that can continuously hatvest,
integrate, analyze, and visualize the growing stream of scholarly data.

» Educate scholars, practitioners, and the general public about alternative means to
access humanity’s collective knowledge.

Increase our understanding of the structure and evolution of sciences:
» Model the co-evolution of scholatly networks

Birner, Katy, Maru, Jeegar and Goldstone, Robert. (2004). The Simultaneons Evolution of Author and
Paper Networks. Proceedings of the National Academy of Sciences of the United States of America,
101(Suppl_1):5266-5273. Also available as cond-mat/0311459.

» Model the diffusion of knowledge in evolving network ecologies.

Mapping Knowledge Domains, Katy Bormer, Indiana University 44
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Cartography of the Physical and the Abstract This physical &
virtual science
exhibit compares and
contrasts first maps of

our entire planet with
the first maps of all of

sciences.

3. Challenges and Opportunities

Map sciences on a small (regional) and a large scale:

» Develop techniques, tools, and infrastructures that can continuously hatvest,
integrate, analyze, and visualize the growing stream of scholarly data.

» Educate scholars, practitioners, and the general public about alternative means to
access humanity’s collective knowledge.

Increase our understanding of the structure and evolution of sciences:
» Model the co-evolution of scholatly networks

Birner, Katy, Maru, Jeegar and Goldstone, Robert. (2004). The Simultaneons Evolution of Author and
Paper Networks. Proceedings of the National Academy of Sciences of the United States of America,
101(Suppl_1):5266-5273. Also available as cond-mat/0311459.

Model the diffusion of knowledge in evolving network ecologies.

\7

Mapping Knowledge Domains, Katy Birner, Indiana University 46
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