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1. Science of Science Research

Information Visualization

12 Tutorials in 12 Days at NIH—Overview

15t Week

3. CIShell Powered Tools: Network Workbench and Science of Science Tool

Temporal Analysis—Burst Detection
Geospatial Analysis and Mapping
Topical Analysis & Mapping

Tree Analysis and Visualization
Network Analysis
Large Network Analysis

10. Using the Scholarly Database at IU
11. VIVO National Researcher Networking

12.  Future Developments

2nd Week

3rd Week

4t Week
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[#06] Topical Analysis & Mapping

N

»  General Overview

»  Designing Effective Topic Maps

»  Sci2-Term Co-Occurrence Analysis and Networks

> Sci2-Science Maps With Circle Annotation

»  Sci2-Animations

»  Outlook

> Exercise: Identify Promising Topical Analyses of NIH Data

Recommended Reading

»  NWB Team (2009) Network Workbench Tool, User Manual 1.0.0,
http://nwb.slis.indiana.edu/Docs/NWBTool-Manual.pdf

> Scott Weingart, Hanning Guo, Katy Borner, Kevin W. Boyack, Micah W. Linnemeier, Russell J.
Duhon, Patrick A. Phillips, Chintan Tank, and Joseph Biberstine (2010) Science of Science
(Sci2) Tool User Manual. Cyberinfrastructure for Network Science Center, School of Library
and Information Science, Indiana University, Bloomington.
http://sci.slis.indiana.edu/registration/docs/Sci2 Tutorial.pdf

[#06] Topical Analysis & Mapping

General Overview

Designing Effective Topic Maps




Concept maps of conceptual spaces, are a representational tool used in the fields of
education and psychology. Concept maps have also been referred to as mind maps, pattern
notes, brain patterns, spider maps, networks, semantic maps, semantic networks, and
semantic webs

Domain maps of abstract semantic spaces aim to serve today’s explorers navigating the
wortld of science. These maps are generated through a scientific analysis of large-scale
scholarly datasets in an effort to connect and make sense of the bits and pieces of
knowledge they contain.

Cartographic maps of physical places have guided mankind’s explorations for centuries.
They enabled the discovery of new worlds while also marking territories inhabited by
unknown monsters. Without maps, we would be lost. See Tutorial #5

Concept Maps

There are at least nine different categories of connecting words between nodes:

> Subsuming

> Sirnilarity - Energy: Concept Map
» Quantity @E"c

» Enabling s known 52

» Causal E::;gg:’

» Timing

» Dissimilarity

» equivalence, and =

> categorizing. T‘L‘j‘fﬁ;’%

(West et al, 1991, p 101).
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Domain Maps

Domain maps help answer questions such as:

Y

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? .

7

\7%

\4

What is the relative speed of areas?

7

Which ateas ate the most dynamic/static? .

Y

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.

See also http://scimaps.org and Tutorial #1.
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Sci2-Term Co-Occurrence Analysis and Networks




Process of Analyzing and Mapping Knowledge Domains

DATA ‘UNIT OF ‘NEASURES LAY OUT {often one code doaes both similarty and ordination steps) DISPLAY
EXTRACTION ANALYSIS
SIMILARITY [ORDINATION
SEARCHES COMMON COUNTS/FREQUENCIES  SCALAR {unit by unt mathix) DIMENSIONALITY REDUCTION INTERACTION
1zl GHOICES Afributes f2.g. terms) Direct ctatian Eigenvectar! Eigenvalue solutions Braowse
IMSPEC Journal Author citations Co-citation Fador Analysis (FA) and Pan
Eny Index Dacurrent Co-citations Corrhined linkage Principal Cormponents Analysis (PCAY  Zoom
Wedline Author By vear Co-word { coterm hulti-dirne nsional scaling (WMD) Fitter
Researchindex Term Co-dassification Ls4, Topics Query
Paterts THRESHOLDS Pathfinder networks (PFNet) Dietail on derrand
etc. By counts WECTOR {unit by attribute matriz) Sef-organizing maps (SO
Wector space model (wordstermms) indudes S0M ET-maps, etc. AMALY SIS
EROADENING Latent Serrantic Analyss (wordsterms)
By citation ind. Singular YWalue Decormg (SWD) CLUSTER AMALYSIS
By terms
GORRELATION (if desired) SCALAR
Pearson's B on any of ahove Triangulation

Farcedirected placerment (FOF)

Borner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003) Visualizing Knowledge Domains. In Blaise Cronin (Ed.), Annual
Review of Information Science & Technology, 1 olume 37, Medford, NJ: Information Today, Inc.| American Society for
Information Science and Technology, chapter 5, pp. 179-255.

° NIH Datasets

Using NIH RePORTER

» NIH CTSA Funding (534 records, $1,210,288,444 total ‘FY Total Cost’, Sept. 2006-June
2011) and linked Publications (2,456 records)

» NIH NIGMS PPBC RO1s Funding (935 records, $280,825,758 total ‘FY Total Cost’,
Jan. 1976-Aug. 2013) and linked Publications (18,448 records)

» NIH MIDAS Funding (54 recotds, 35,477,829 total ‘FY Total Cost’, May 2004-Jan.
2011) and linked Publications (50 records,
http://www.nigms.nih.gov/Initiatives/MIDAS /Publications.htm lists 69 on

10/19/2009)
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NIH CTSA Grants:
Co-Project Term Descriptions Occurrence Network

o &
Load... was selected. .:ﬁ @ #F a
Loaded: ...\NIH-CTSA-Grants.csv L L@ a
\ L E
.......... FI | | a . ‘
Extract Co-Occurrence Network was selected. ;h - ? T
Input Parametets: a !@ [ &L\ o & o A 2
Text Delimiter: ... N L4 aw v T D
Column Name: Project term descriptions e @ & S 2 a [ & 3_} s » ®
. — - 4 A e P T
.......... ) ) ¢ @‘ e ¢ 'AQ " N A 9
Network Analysis Toolkit (NAT) was selected. ¢ (] A © i e i ]
Nodes: 5722 e, s, ; ™ ?
Isolated nodes: 2 @
Edges: 353218 s
Y “ - B
N
ﬁg A w
5| Extract Network from Table ﬁ ’
Extracts a netwark from a delimited tahle “
&
Colurnn Marne Project term descriptions V] v .-'". @
Text Delimiter "' &

Aggregstion Function File  CifUsers/User/Desktop/scipolicy
4 1 ] »

NIH CTSA Publications:
Co-Mesh Terms Occurrence Network

Load... was selected. ';—0'., T F
Loaded: ...\NTH-data\NTH-CTSA-Publications.csv .- he o Ta

Extract Co-Occurrence Network was selected.

Input Parameters: P sh

Text Delimitet: ; s :t‘ “

Column Name: Mesh Terms - 5
.......... ¢ t - ¢

Network Analysis Toolkit (NAT) was selected.
Nodes: 10218
Edges: 163934

51 Extract Metwark fram Table
Extracts a network from a delirnited table

Colurnn Name Mesh Terrms
Text Deliriter H . L1 ) } B -

2 A & ® Mesh terms
fggregation Function File  Cy/Users/User/Desktop/scipolicy e D
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Sci2-Science Maps With Circle Annotation
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Maps of Science: Forecasting Large Trends in Science - Richard Klavans, Kevin Boyack - 2007 14




UCSD Map of Science

The UCSD Map of Science was generated using 7.2 million papers published in over
16,000 separate journals, proceedings, and series from Thomson Scientific and Scopus
over the five year period from 2001 to 2005.

A combination of bibliographic coupling and keyword vectors was used to group papers
and journals into 554 journal clusters.

Each cluster is labeled both by the content area shared by the journals in the cluster and by
the overarching scientific domain for that cluster (represented by one of 13 colors).

[ o Chemislr?r " * pHealth Services
Astru_physi.z_' k L T ... . . i
. L 9 % r 2
B . e .
. L] . L
Pysigs l.,'. s q.. . 'S L . Saclal Sclences
. ot * . .“de' e .
. o . %% Chemical Civil & . s o B e
Computer Science” o | Mechanical Enginearing .9 Y Ca-sese
and Electrical i Bio- . gl el Brain Research
Engineering H . Tschnulqgg‘_. s, ?
i e .
L @ *s Molecular .
2 i iolo
T %o Medical
\ e P ? *Treatment
7 i
GsDIgg!.' Lol ,-. .
B e <
ot ¢+ Biology Humanities
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CIShell — Add new Plugins, e.g., UCSD Science Map

@®CiShell

To make the UCSD Science Map and new geomaps available via the Sci? menu,

simply add

wrnerklDeskkopiNIH-12\sciz-plugins V| !
Mame Size | Type Date Modified
edu.iu. scipolicy . visualization. geomaps_0.0.1.jar 4,864 KB Executable Jar File 6/24/2010 5:41 PM
% edu.iu.scipolicy, visualization, scimaps_0.0.1. jar 1,507 KB Executable Jar File 6/18/20103:17 PM
org.cishell reference. gui.persistence_1.0.0.jar 61 KB Executable Jar File 6/24/20105:41 PM
org.cishell utilities_1.0.0.jar 7Z2KB Executable Jar File 6/24/20105:41 PM

to the yourdirectory/ plugin’ directory and restart the tool.

The files were made

available in

/ sci2-plugins directory
on the computers in the
tutorial room.

The rights to the UCSD map are owned by the Regents of UCSD. Usage does not require
a separate, signed agreement or an additional request to our office if consistent with the
permission. As a courtesy, please send information on how the map is being used to
William J. Decker, Ph.D., Associate Director, Technology Transfer Office
University of California, San Diego, 9500 Gilman Drive Dept. 0910, La Jolla, CA 92093
phone:858-822-5128, fax: 858-534-7345, e-mail: widecker@ucsd.edu

To delete algorithms that you do not use, simply delete the corresponding *.jar files in the

plugin directory.
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The file yourtooldirectory/ configuration/ default_menu.xml’ encodes the structure of
the menu system.

In NWB Tool, the Modeling menu (left) is encoded by the following piece of
xml code:

&) Network Workbench Taol

File Preprocessing [Modeling | Analysis Visualization Scientometrics

Randarn Graph

ITE NETWOTK YWOrkD Watts-Strogatz Small World £ |

inestigators are Dr. Barabisi-Albert Scale-Free chi
tiasserman, and Dr.

& consale

The NWE tool was d G v

Tank, Joseph Bibersti Chord uce
Terkhorn, Heng Zhan — eni
Wespignani, and Katy yperg

PRU
Metwork Warkbench yd
Seience Center (http: TARL

Please cite a5 follows Discrete Network Dynarmics (DND) <topmenu names= Modg'\‘lng > . "

\NUE Teamn, (008). <menu p'_ld:lledu.ju.nwb.mode'l'l_ng.erdosrandorﬂgraph s

http:tinwh.slisindial  Evoling Netwark feighted) <menu pid="edu.ju. nwb.modeling. smallwor1d" />
<menu pid="edu.iu. nwh.modeling. barabasialbert" >

<menu type="hreak" />

<menu pid="edu.ju. jv.modeling. p2p. can.Canalgorithm" />

<menu pid="edu. ju. iv.modeling.pZp. chord.chordalgorithm” >

<menu pid="edu.id.v.modeling. p2p. hypergrid. Hypergrid" >

<menu pid="edu.fu. iv.modeling. p2p. pru. Prualgorithm” S

<menu type="hreak" />

<menu pid="edu.ju, Jv.modeling. tarl.Tarlalgorithm" />

<menu type=“break“/>

<menu pid="edu.ju. nwh.modeling. discretenetworkdynamics. onoalgorithm” />

<menu type="hreak"/>

<menu pid="edu.ju. nwh.modeling. weighted. evolvingnetwork" />
</top_menu>
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TLoad NIH-CTSA-Publications.csv

NIH CTSA Grants: Topic Coverage of Publications

I
|

1

14 "l ?l [H.r" ~‘ﬂll=H!1.'ﬁ"|I‘r R

Run Visualization > Science Map (Circle Annotation)’ using

)

Locate the journals from a table on the UCSD Map of Science

-] (@)

1 Science Map via Journals

lournal column lournal Title Abbr

Scaling factor 10

Dataset display name  NIH-CTS8-Publications,csv

To see the science map

overlay on right.

Science Map via Joumals for NIH-CTSA-Publications csv

S

Exportwiew as .

|C:'LUserslUsenDesklop'Lexport fplf

N\
P

\

|Pnrtahle Document Format {.pudf}

|VH Options... |

The ‘Scaling factor’ can be used to increase or decrease the size of the maximum circle.

18




UCSD Science Map
with data overlay. ——

Map legend of ———»
circle area size
coding

Listing of all data ——»
records organized into
UCSD science areas.

Circle of non-located,
e.g., ‘Unclassified’
records.

Header and footer with
information when this
map was created, by
whom and using what
data set.

Listing and circle of
non-located, e.g.,

‘Unclassified’ records.
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NIH MIDAS Funding: Topic Coverage of Publications

Load NIH-MIDAS-Publications.csv via ‘Visualization > Science Map (Circle Annotation)’ and

2 Sience Mlap wia lournals
Locate the journals from a table on the UCSD Map of Science

lournal Title Abbr v]

Journal column

Scaling factor Lo
Dataset display nare  MIH-MIDAS-Publications.csw

Science Map wia Joumnals for NIH-MICAS-Publications.csv

L P PO [ ——

Vs 47 jonsmeeil sefores e ok

s i e 101D Magn of Sedore

Jowmmals which ¢ould not be located on the map of seience:
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NIH NIGMS Funding: Topic Coverage of Publications

Science locate all 18,448 MIDAS papers

Load... was selected.

Loaded: C:\..ANIH-NIGMS-PPBC-R01s,-FY08-Publications.csv
Science Map (Circle Annotation) was selected.
Input Parameters:

Journal column: Journal Title Abbr 2205 Journal Of Biological Chenustey
Saved: NITH-NIGMS-PPBC-R01s,-FY08-Publications.ps| 4 Joumal Of Chromatography A

Journal Of The Amernican Chemical Society

1 Jama: The Journal Of The Amencan Medical Association

ournal Jocations for Journal Of Theoretical Biology

Lancet

Marure

Neuroimage

Pediatnes

Physical Review E - Staustieal, Nonlinear, And Soft Matter Physics

Proceedings Of The National Academy Of Seiences Of The United

Aligning Topic Terms to the UCSD Map of Science

It is possible to align the 554 fields of science in the UCSD map and “Knowledge Areas or
Terms” used internally at an agency.

Knowledge areas or terms |Value, e.qg., total § amount spent | UCSD Map field name
Brain 47405 14
Cancer 677865 15

Load data as csv file then run Visualization > Topical > Science Map via 554 Fields

using parameters:

5 Science Map via 554 Fields (Circle Annotations)
Locate UCSD area tagged records on the UCSD Map of Science

UCSD area [UCSD Map field name -
Label [Knowiedge areas or terms -
Value [Value, e.q., total $amount spent  ~|
Sealing factor 10
Dataset display name | Sample.cov

22
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Sci2-Animations — Interactive Maps of Science

f.-.m%&_
£ 'b
E . ; Comparing the Portfolios of Different Funding Organizations
7
HQQ“@
MAPS OF | ™y 5 L™
SCIENCE wal RO ,,-,, N

}

SciTech Strategies Inc. All rights reserved. home | contact

bttp:/ [ mapofscience.com
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Comparing the Portfolios of Different NIH

Institutional Strategy: The following color coding is used for the disciplinary map:

|NIH e
M Math & Physics "] Biotechnology M Medical Specialties || Humanities
M chemistry M Earth Sciences |7 Brain Research
[l Computer Science & EE M Biclogy |7 Health Professionals
[ "] Other Engineering Ml Infectious Diseases || Social Sciences
Wiew all

Mational Institute of
General Med Science

Mational Institute of
allergy & Inf Disease

Mat, Cancer Institute

Mat. Heart, Lung &
Blood Institute

Mat. Inst Diabetes, Dig
& Kidney Disease

Mat. Inst of Meuro
Disorders & Stroke

Mational Institute of
Mental Health

National Heart, Lung, and Blood Institute. NHLBI is centered in the core heart and lung-related

Mat. Inst of CHild medical specialty areas, with added interests in medical imaging, preventive medicine, and intensive care.

Health & Hurm Dew

bttp:/ [ mapofscience.com

Comparing Stem Cell Research Portfolios

&4 Stem Cell Research
Ranking for STEM-06 (Gene # Cell Therapy
1. University of California at San Francisco

2. University of California at Los Angeles
3. University of California at San Diego

STEM -02Female
reprodu chve cell 0
baology

< STEM -03:Vasculer dasese Ranking for STEM-09 (Genetic Control of Cell
\\ & control of el prolferation Differentiation)

1. University of California at Los Angeles

@

2. University of California at San Diego

@ ( l\\ P 3. University of California at San Francisco

STEM -0d:Conrols STEM -10:D Ranking for STEM-05 (Gene and Cell Thera

in eany develcpment

STEM -05CGene cellh erapy 1. University of California at San Francisco

andcellherapy » 2. University of California at Los Angeles
™ o L2 3. University of Southern California

STEM -06:Sem STEM -u&calmsp@mw

cell herapy & Tissueregeneraton

SciTech Benefit

STEM -07:Cental

of hemaiopoiesis Allocating funds for emerging science is

one of the most challenging decisions in
STEM -14:Neural science policy. The accuracy of a map of

1 aTEM -08.Genete regen eralon emerging science is increased by linking
cantolof call the rigors of a citation-based partitioning
differenation STEM -13:Eerly development with expert judgments. Insights inta the

andorgan dfferaniaion underlying structure of science helps
frame the strateqic issues. Validated data
/ STEM -12Sinaing on what areas of research are “hot' is
pahwaysin cel dffereniaion especially valuable to decision-makers

,*snam - 11:Molecu lar biokogy
,q___/ of cel differen tation

bttp:/ [ mapofscience.com
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Topic Map of NIH Funding by Ned Talley et al

Molecular/ Cellular
Biology g

Labels
NIH Review Clusters §. ...~ :

. Mdeu.llarﬁel_!uiw -
BT

Neuroscience FIC
e B vocan
Wﬂr}ﬂlsﬂl’dﬁf& & T
'm""é‘&?"m I wenHED
v i Fumund
w,m . wﬁ- [ e
Reuasdience I
MHGRI

.".""

% Health
Services

Figure 1. Graphical layout of NIH grants provides an organizational framework with
compelling global structure.
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Comparing the Portfolios of Different Funding Organizations
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' accumbens
efhaﬂol reward )
alcoho
Labels rats 3
Machine-Learned s"°t°t in
Topic Words receptor

T AR |_é )

Somatosensory &
Chemosensoty
) Systems

vt
w2

Molecular
Neuropharmacology &
Signaling

NeurotoxlcoTo
Alcohol gy :

Labels

NIH Review Panels

B vos |

NIDA
ol puryvy

B v

Sensorimotor
Integration

Neuroblologdv
* of Motivate
Behawor

R

Neuroendocrlnologg
Neuroimmunology

Behawor

Relationships between machine-learned categories and NIH Institute/Review otganization.
A and B. Color coding from a selected region of the graphical layout (indicated by the red-dashed box in the inset) shows the Institute
organization of different research categories. Labels in panel A are derived from the title words of the bighest represented topic in the

underlying document clusters. Panel B shows the same view but with labels from the highest represented NIH standing review panels (five of

the six panels are from the “Integrative, Functional, and Cognitive Nenroscience” Integrated Review Group,

bitp:

coms.csr.nih. gov/ PeerReviewMeetings/ CSRIRG DescriptionNew/IFCNIRG/ ).
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D Subset within bounded region

27.10 pain, neuropathic, spina EE!

5.59 nerve, sensory, peripher 27

2.68 pain, ' [ ’ 14 6
o -

10 miammaton, mianms S S S &

. » inflamma) & ES &

E Subset outside bounded region

123
18.85 olfactory, bulb, odor,
9.48 taste, g Yy, £,
Somatosensory & 4,73 cortical, cortex, visual_cc :13_ 3 2
Chemosensory 4.49 plasticity, neuronal, brail & CCJO & Q?
Systems Study Section | 3.72 neurons, firing, neural, s & § & S

Relationships between machine-learned categories and NIH Institute/Review otganization.

C. Query of the database for the review panel represented in B, the Somatosensory & Chemosensory Systems Study Section,

btp:/ [ ems.csr.nih.gov/ peerrevienmeetings/ csrirgdescriptionnen/ ifcnirg/ scs.him). Retrieved awards are represented as inverted teardrop-
shaped markers. Panel D indicates the topic and Institute representation of awards shown in panel C. Panel E shows the topic and Institute
representation of all other awards reviewed by the study section (i.e., ontside the red-dashed box). The top five topics for each subset are
represented by the title words from each topic (shown in descending order, with font grayscale proportional to word probability).
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Topic Map of NIH Funding by Ned Talley et al

Hosted by BIRN

Survey

Home About Documentation

Browse the Maps!
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Attempting to make sense of the
large-scale organization of a complex
field of research is both wery
challenging and very comrnon. AN
working scentists benefit from being
able to understand the landscape of
both scientific funding and

Thiswaork is funded by the
Mational Institute of
Meurological Diseases and
Stroke (MINDS) and the
Mational Institute of General
Medical Scence (NIGMS).
Early Support was provided by

publication and yet the scale of both
the published literature and funding

MEF (115-0513650) and
unrestricted funds from the

agencies portfolios are too large to be able to understand easily. We Information Sciences

Institute.

ChalkLabs
UCIRVINE

want to provide prectica! rrapping fools that can help working scientists

navigate this bewildering landscape.

Here, we present a highly-interactive mapping systern based on a
publicly available collections of funded scentific grants from the
Mational Institutes of Health (NIH, source: CRISP). These docurnents
comprise a (somewhat) comprehensive view of federally funded
biomedical research in the United States (given that funding is also
provided by other, hon-MNIH sources).

‘We hope that this tool allows scientists to examine how projects are

http://www.nihmaps.org
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[#06] Topical Analysis & Mapping

Outlook
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Planned extensions of Sci2 Tool:
» (Flowmap) network ovetlays for science maps.

» Easy means to render maps online—upload multiple datasets to compare.

Visualization of Job Postings

- | | eooraph . | Map of Sclence -

- Hoa Frofwsstonals
Mam o Py ., OM
Niaclioal Fomcistier
i Enpinasetng ared Crraputer Skteres - . ..
[re—— O Brain Fssarch
Chismical, Mschaniesl, wd Ohl Enginssdng " infecious Dissases

Bcxclal Botacess

Coogle

Baarch for Jobs | Bictachnology =l

Snarch

; =l
Interactive World and Science Map of ST Jobs. Angela Zoss, Michael Connover, Katy Borner (2010).
bttp:/ [ cns-nd3.slis.indiana.edu/ mapjobs/ geo/ scivis. htmlZlimit=5000
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Reference Mapper

Duhon & Birner, forthcoming.

(a) Overview (b) Visual Index

Date and input directory — - . o

e e —— Foreach PDF file:

Basic counts and thumbnail
science map

Basic counts

Overlay of all matched ——— T . [P —— —— Max 18 per page
journal references from - - -
all PDF files on
554 scientific disciplines (nodes) ) " -

in UCSD Map of Science

Circle size denotes # references

Listing of all references | = e T
grouped by 13 science areas
(c) Details (d) Top-10 Most Similar

[T

For each PDF file:

Overlay of all matched
Jjournal references on

554 seientific fields (nodes)

in UCSD Map of Science

——— Top-n most similar PDF files
identified based on journal
name CO=O0CcCurrences

Tha similarity of each PDF
file to itselfis 1

Circle size denotes # references

Colors and names of
science areas that are eited —— Overlay of matched journal
references from all above
e listed PDF files on UCSD Map
of Science and grouping by
| — 13 science areas

Alphabetie listing of cited
joumnals and # of times cited
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[#06] Topical Analysis & Mapping

Exercise: Identify Promising Topical Analyses of NIH Data




Exercise

Please identify a promising topical analysis of NIH data.

Document it by listing

Project title

User, i.e., who would be most interested in the result?

Insight need addressed, i.e., what would you/user like to understand?
Data used, be as specific as possible.

Analysis algorithms used.

VV VYV V V V

Visualization generated. Please make a sketch with legend.
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cyberinfrastructure for
ETWORK SCIENCE CENTER

School of Library and Information Science | Indiana University Bloomington

Cyberinfrastructures Qutreach

All papers, maps, cyberinfrastructures, talks, press are linked

from http://cns.slis.indiana.edu
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