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This Commentary describes recent research progress and professional developments in
the study of scientific teamwork, an area of inquiry termed the “science of team science”
(SciTS, pronounced “sahyts”). It proposes a systems perspective that incorporates a
mixed-methods approach to SciTS that is commensurate with the conceptual, method-
ological, and translational complexities addressed within the SciTS field. The theoreti-
cally grounded and practically useful framework is intended to integrate existing and
future lines of SciTS research to facilitate the field’s evolution as it addresses key chal-
lenges spanning macro, meso, and micro levels of analysis.

SciTS research and practice require an interdisciplinary, multi-level, mixed-methods
approach. Expertise, theories, methods, data, and tools from diverse research fields need to
be applied and advanced to arrive at a holistic understanding of the science system.
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Mixed-methods, multi-level SciTS needs:

EXP cr tlS C- identify and access it at the perfect moment

using, e.g., Facebook, LinkedIn, Academia, VIVO, Harvard Profiles,
Elsevier’s Collexis, Loki, Stanford’s CAP, or other systems.

Theories and Methods - find, understand,
apply, advance them, e.g., using http://scienceofteamscience.

northwestern. edu/team-science-resources.

Data — find, interlink, unify, merge, reformat, share them, e.g.,

using web sites analogous to http://www.diggingintodata.org/
Repositories/tabid /167 /Default.aspx, SDB, or LOD.

TOOIS — identify, learn, advance, share code, e.g., via Plug-and-

Play Macroscopes, to arrive at a holistic understanding of the science
system.

Note that the evolution of all of the above could be an extremely interesting
and valuable SciTS study object.
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i Expertise......

access it at the perfect moment using, e.g., Facebook,
LinkedIn, Academia, VIVO, Harvard Profiles, Elsevier’s
Collexis, Loki, Stanford’s CAP, or other systems.

Borner: Cyberinfrastructure and Datasets for SciTS Research




Enabling a National
Network of Scientists

VIVO: A Semantic Approach to Creating a National Network
of Researchers (http://vivoweb.orqg)

« Semantic web application and ontology
editor originally developed at Cornell U.

- Integrates research and scholarshipinfo =~ ———~ p—
from systems of record across e ———
institution(s). y— . e

- Facilitates research discovery and cross-

disciplinary collaboration.
« Simplify reporting tasks, e.g., generate >
biosketch, department report.

Funded by $12 million NIH award.

Cornell University: Dean Krafft (Cornell Pl), Manolo Bevia, Jim Blake, Nick Cappadona, Brian Caruso, Jon Corson-Rikert, Elly Cramer, Medha Devare,
John Fereira, Brian Lowe, Stella Mitchell, Holly Mistlebauer, Anup Sawant, Christopher Westling, Rebecca Younes. University of Florida: Mike Conlon
(VIVO and UF PI), Cecilia Botero, Kerry Britt, Erin Brooks, Amy Buhler, Ellie Bushhousen, Chris Case, Valrie Davis, Nita Ferree, Chris Haines, Rae Jesano,
Margeaux Johnson, Sara Kreinest, Yang Li, Paula Markes, Sara Russell Gonzalez, Alexander Rockwell, Nancy Schaefer, Michele R. Tennant, George Hack,
Chris Barnes, Narayan Raum, Brenda Stevens, Alicia Turner, Stephen Williams. Indiana University: Katy Borner (1U PI), William Barnett, Shanshan Chen,
Ying Ding, Russell Duhon, Jon Dunn, Micah Linnemeier, Nianli Ma, Robert McDonald, Barbara Ann O'Leary, Mark Price, Yuyin Sun, Alan Walsh, Brian
Wheeler, Angela Zoss. Ponce School of Medicine: Richard Noel (Ponce PI), Ricardo Espada, Damaris Torres. The Scripps Research Institute: Gerald
Joyce (Scripps P1), Greg Dunlap, Catherine Dunn, Brant Kelley, Paula King, Angela Murrell, Barbara Noble, Cary Thomas, Michaeleen

Trimarchi. Washington University, St. Louis: Rakesh Nagarajan (WUSTL PI), Kristi L. Holmes, Sunita B. Koul, Leslie D. MclIntosh. Weill Cornell
Medical College: Curtis Cole (Weill P1), Paul Albert, Victor Brodsky, Adam Cheriff, Oscar Cruz, Dan Dickinson, Chris Huang, Itay Klaz, Peter Michelini,
Grace Migliorisi, John Ruffing, Jason Specland, Tru Tran, Jesse Turner, Vinay Varughese.
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UF

Clinical and Translational
Science Institute
UNIVERSITY of FLORIDA

Type of Analysis vs. Level of Analysis
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University of Florida

How do you want to compare? Comparing Grants of Organizations in University of Florida

Enabling a National

by Grants = & Network of Scientists
80
Who do you want to compare? R
S 60
Search X 2 50
5 5
=
E
Records 1 - 10 of 30 « First «Prav Next » Last » =
a0
Entity Label Grant Entity Type
Count B
[¥] continuing 562  UF Department, Agent, 1o
Education Non-Academic Department, 0
Lo 1930 1985 1990 1995 2000 2005 2010
¥l Florida Museum 203 Museum, Agent Year

of Natural History

Total Number of Grants
¥ coliege of 166  Agent, UF College, College

Agricultural and You have selected 7 of a maximum 10 organizations to compare m

Life Sciences
[¥] college of 103 Agent, UF College, College [ Florida Sea Grant =~ . 44

Engineering

¥ mernstionaicenter ~7 [l 54

] Evelyn F. and 64 UF Center, Agent, Center

William L.

etV W G4

McKnight Brain @ EvennF. andwiiam.. = -

Institute of the

University of £ College of Engineeri o - 103

Florida

¥ College of Agricutur . £ 166

[Vl international 54 UF Department, Agent,

Center Non-Academic Department, ] ¥ =) 203

eraresat " Florida Museum oft..

¥ Florida SeaGrant 44 UF Center, Agent, Center ¥ coninungEsucaion ~ [ EEGCG_— :::
[E1  whitney 42 UF Research Laboratory,

Laboratory for Agent, Laboratory, Research

Marine Laboratory

Bioscience

1 water Institute 38 UF Center, Agent, Center

[T} college of 35 Agent UF College, College

Dentistry
save as csv|clear]

Temporal Analysis (When) Temporal visualizations of the number of papers/funding
award at the institution, school, department, and people level 9

Enabling a National
Network of Scientists

Marth & Physics

Brain Rescarch

Circle Area: Value

— 0 .
. EarT -)t.‘il'rlt‘r.'.\
| 16
' | o1 | M Math & Physics 1 Biotechnology B Medical Specialties
I"\. I B Chemistry M Earth Sciences 1" Brain Research
\ g |7l Computer Science & EE M Biology [7] Health Professionals

| Other Engineering B Infectious Diseases | Social Sciences
| Humanities

Copyright () 2008 The Regents of the University of California

Topical Analysis (What) Science map overlays will show where a person, department,
or university publishes most in the world of science. (soon) 10




(% Co-Investigator
" Network

Conlon, Mike

Associate Director and Chief Operating Officer Enabling a National
Network of Scientists

Co-Author Network (CraphML File)

Conlon, Mike
Assaciate Director and Chief O
VIVO profie | Co-author network
5 Publication(s)
12 Co-author(s
1991 First Publication

2004 Last Publication

Note: This information is based solely on
publications which have been loaded into
the VIVO system. This may only be a small

sample of the person's total work Andersan, Ge, Conlon;Mike

Pepine,Carl 1

Refresh J { Sort alphabetically I I Save as image

Interact

Haver aver any name to see the number of
joint publications and co-authors with Conlon,
Mike.

Network Analysis (With Whom?) Who is co-authoring, co-investigating, co-inventing
with whom? What teams are most productive in what projects?

V|VO Enoblmg National Networking of Scientists

http://www.vivoweb.org

Cumulative Counts (World)

Jan 29 - Feb 5, 2010

VIVO People Profiles 32,125
B VIVO Email Requests 4

VIVO Web Visits (Countries) 16,060
VIVO Code Downloads 20

Profiles  Emails Web Visits

100 @ 1 100 ' P - e e - T
10,000 10 10,000 = . :
100,000 100 1,000,000 Eee e e ot <

Created by: Jennifer R. 5. Coffey (design), Kaveh Ekbia, Justin Peters (ArcGIS) and Katy Bémer (concept).

Science is global. World view of VIVO activity.
Web site visits are aggregated at the country level.

Geospatial Analysis (Where) Where is what science performed by whom? Science is
global and needs to be studied globally. (in work) 12




V|VO Enoblmg National Networking of Scientists

http://www.vivoweb.org

Cumulative Counts (World)
Jan 29 - Apr 16, 2010
VIVO People Profiles 33,551
B VIVO Email Requests 30
VIVO Web Visits (Countries) 145,096
VIVO Code Downloads 86
Profles  Emails Web Visits
100 © 1
10000 10 10,000
100,000 100 1,000,000

Created by: Jennifer R. 5. Coffey (design), Kaveh Ekbia, Justin Peters (ArcGIS) and Katy Bémer (concept). Lo

Shown are the

- Number of people profiles in the 7 different VIVO installation sites plus CAS and U Melbourne.
- Email contacts by data and service providers as well as institutions interested to adopt VIVO.
- The number of visitors on http://vivoweb.org

Circles are area size coded using a logarithmic scale.

V|VO Enoblmg National Networking of Scientists

http://www.vivoweb.org

Cumulative Counts (World)
Jan 29 - Jul 30, 2010

VIVO People Frofiles 40,841

B VIVO Email Requests 128

VIVO Web Visits (Countries) 300,254
VIVO Code Downloads 748

Profiles  Emails Web Visits

100 @ 1
10000 10 ;
100,000 100 1,000,000

Created by: Jennifer R. 5. Coffey (design), Kaveh Ekbia, Justin Peters (ArcGIS) and Katy Bémer (concept). I

VIVO 1.0 source code was publicly released on April 14, 2010

87 downloads by June 11, 2010.

The more institutions adopt VIVO, the more high quality data will be available to understand, navigate,
manage, utilize, and communicate progress in science and technology.




enabling national
nefworking of scientists Enabling a National
Network of Scientists

About

Networks and Complex Systems Research at Indiana University

This %[O instance provides information on netwarks and complex systems

o Faculty and their departments
# Publications

e Grants

e Courses

at Indiana University. The site was created in support of a NSF IGERT grant application. A major intent is to cross-fertilize
between research done in the social and behavioral sciences, research in natural sciences such as biology or physics, but also
research an Internet technaologies.

The site will be continuously updated to help

o Mew faculty to get in contact with relevant researchers.

s Faculty and policy makers to pool teams in response to funding solicitations.

o Faculty to coordinate research efforts — collaborations using existing funding/resources.
* Faculty to coordinate teaching.

o Students identify relevant courses, potential advisors, funding.

® Organize the Maon talk series on Metworks and Complex Systems.

s Arrange research meetings for visitors with relevant faculty/students

http://vivo-netsci.cns.iu.edu
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Methods

— find, understand, apply, advance them.

MICRO.

[ndiadual fevel
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NORTHWESTERN N U CATS

UNIVERSITY Clinical and Translational Sciences Institute

Annual nference SciTS 2011 Conference =

NORTHWESTERN
UNIVERSITY

SciTS and Team Science ResoUr Alse available are listings of

Science of Team Science and Praxis of Team S © Upcoming conference and WOI‘kShOpS:
Research Team Support & Development at th ¢ Past Conferences and WOI‘kShOpS:

Team Science graduate course, MSCI 307 o Selected References:
Science of Networks in Communities (SONIC

L]

L]

- . . .

* Morthwestern Institute on Complex Systems  © Team Science Tramlng:
L]

L]

L]

Complexity in Action Metwaork (CaMet) .
Team researchers in the Kellogg School of M
CollaboLab * Interdisciplinary Research and Team Science Resources:

* Professional Organizations:
* Team Science Blog and Twitter:
* Science of Team Science Publishing Venues:

Team Science Tools:

http://scienceofteamscience.northwestern.edu/team-science-resources

@T‘Tﬁ National Cancer Institute U.S. National Institutes of Health | www.cancer.gov

Login or Register

Team Science

Home Learn More Discover Contribute News 8 Events

The Team Science Toolkit helps you find and share
resources that support the practice and study of team science.

It includes tools to facilitate or support team science initiatives, measures to study or evaluate

team science, a team science bibliography, expert directory, blog, listserv, and more. e
graphy, exp ¥, 008 T of resources:

Learn More about team science, the science of team science, and the Toolkit. Tools
Measures
. Discover resources relevant to your work and resources. Bibliographic entries
Funding opportunities
Searchiytermes: Job announcements
Browse to find: [ Types of resources: ) Mews

Ewents
All resources

. Contribute resources to the Toolkit.
¢ Resources that will help me:
learn ahout tearmn science
conduct effective team science
enhance team performance
provide institutional support
train team members or students
evaluate team science efforts
engage community parners

Connect to colleagues across disciplines.

= Facilitates information and knowledge exchange, via a wiki-based platform
= Users can freely upload/download publicly available team science resources

= Will help reduce replication of resources, accelerate advances in the field

www.teamsciencetoolkit.cancer.gov
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OLLABORATION
4 HOME

What is HUBzero? BUB 4 Start your own HUB

HUBzero® is a platform used to create HUB 2011 g% Use HUBzero® to create your own site.
dynamic weh sites far Scientific research ang e e senferenca Download our open source release or have a
educational activities. With HUEzero, you Conference far the HUBzaro® User hub setup and hosted for you via Purdue's
can easily publish your research software Community. hosting service.

and related educational materials on the web BApril 56, 2011, Indianapolis, IN.

News & Events =) Latest Events (=) Latest News
NCYYVO &0 EVED Lo Z Fe=

J Hub Cwners' Forum ETE8 HUBzera Paving the Way for the Third
| This regular meeting (second Monday of l 02 | Fillar of Science
every month 3:00 - 4:00 Eastern Time ... HFC in the Cloud - Feature What if

researchers could access and share ..
J, Hub Owners' Forum

This regular meeting (second Monday of m Mew Documentation Added for Hub Users

http://hubzero.org
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e ol -.Q/)
nanoHUB.org B2 lNDlANAC_TS! LE3ALHU m A

LEERHUB NEES! O:n:; Pa I\:(’BW i .. USing
g i K

e Hubs
hpc@ V:ﬂiﬁ‘

L |
» .sBamboo

Funded
. Development
HA29 PO Parks T'-_"; o3¢ INDIANACTS Projects

PHARMAHUB

PURDUE Il] @ @CLEMSON HUBzero

W1V ERGSIT

INDIANA UNIVERSITY W ONSIN ____________ CO nsortium

http://hubzero.org
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MICRO

D a t a — find, access, interlink, unify,

merge, reformat, share them, e.g., using web sites analogous
to http://www.diggingintodata.org/Repositories /
tabid /167 /Default.aspx, SDB, or LOD.
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“Mewdnenday, aprl 13, 2011

aii Homa 3 Repoattoran i

S'te.Navigaﬂun :

List of Data Repositories =

Eu_Home
HlRepositories
HniD Logos
+\JAward Recipients - 2004
ElConference

Last Updated: 31 March, 2011

Below iz a list of digital libraries, data archives, and data repositories that are inwiting Digging into Data
researchers to uze their collections. For each repository, vou'll find a descrption of their contents, contact
information, and ather details.

Thig list is being frequently updated, so check back often! If wou are a digital repository and would like to be
included on this list, please gat in touch with us.

The Archaeology Data Service (ADS)

ads.ahds.ac.uk

Bbougt: The AD% catalegue holds the digital archives of @ huge number of archaeological interventions from the
UK and beyond in around 400 collections, these range from the autputs of single excavations to lange scale
developer funded projects encompassing hundreds of individual archaeological interventions. A= well as digital
archives and fieldwork autputs the catalogue contains a number of scholady resources intended specifically as
reference sources for further reseanch on topics such as lithics, ceramics and animal bone. The catalegue also
contains digitised (or bom digital) wersions of waraus significant joumals and seres running to many thousands

http://www.diggingintodata.org/Repositories/tabid/167/Default.aspx




SDE{ ARLY DATABASE Scholarly Database at Indiana University
bhitp:/ [ sdb.wiki.cns.in.edn

Supports federated search of 25 million publication, patent, grant records.
Results can be downloaded as data dump and (evolving) co-author, paper-citation networks.

an [SCHOLARLY DATABASE SCHOLARLY DATABASE

Cytretndinstrwcture bur Nefwuih Scrmnce Contes, SUS, Imluana Univeruty, Boowungton
Cyberinfrastructure for Network Science Genter, SLIS, Indiana University, Bloomingtan

Search | Edit Profile Mm-ni About| Logout

U User Non IU User

< U uiple tasma are antared i 8 flakl, they are
Search sutarnatitally cambinad wring ' i

Eancay MmuEhat Shy focid weh tbrs

Creators: st el
Wau R pUt AND Babwaan trme ta combing with
Tithe: “ANCF. Thus ‘Brewst AND cancer’ would anky mateh
racards that cortain both v
Abstract: [FNA
Couble guatstion can bae ured te rmatch ampaund
Full Teut: [ arm: raast cancer™ ratrieves recerds with
" g
First ¥, = | 1695 =
s nu-[ L] i wnwrt pheas

Last Year: EENB 'I The imponance of o particdles et o & ey con b
a e

P ieitiow (1aas - zasn)

an.
F win g1oss - 2002) somparad t mm.n, m. T bt
F s poes - zongy

F usetn (1ers - senn)

S
() SCHoOL OF LrnARy @
4 AND 1NFURMATION SCIENCE 0 b

Register for free access at http://sdb.cns.iu.edu
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Jscholarly Database :: Results - Mozilla Firefox 101 x|

File Edit Wiew History Bookmarks Tools  Help

GEv c x BT ID |http:,l’,l’sdb.slis.indiana.edu,l’search,l’results,l’?q=("artificia|intelligence") ﬁ - '|markmckie urich ,’f‘

Mast Yisiked , Getting Starked 5 | Latest Headlines D Hatel Kénigshaf - Bod...

£» |SCHOLARLY DATABASE]

Cyberinfrastructure for Network Science Center, SLIS, Indiana University, Bloomington

Search Edit Profile Admin About Logout

Browse Results

rour search returned 13,231 results in 0,295 second

Tatal results per database: MIH: 2,103, Medline: 10,235, USPTO: 279, MSF: 614,

Results 1 through 20,

Nextx>

Source Authors/Creators Year Tite gc;i;\)a (outof
Medline LaCombe 1937 Artificial intelligence. 5.71
Medline 1982 Artificial intelli e: expert sy 5,71
Medline Schrmitt 1990 [Artificial intelligence in dentistry] 5.71
Medline Adlassn!g and 2002 Artificial-intelligence-augmented systems. S5.60

Adlassnig
Medline Touretzky 1930 Artificial intelligence. 4,86

Medline Goldenberg 1930 Artificial intelligence. 4,86




¥ scholarly Database = Download - Mozilla Firefox =0 x|

Fle Edt Yew Hstory Bookmarks Took  Help

6 = € 0 o [ [hepefiscs.sis inclana.ecufdonnioadf7a={"articialinteligence”) kD 7~ |[Gl+| mark mkie umich 7

2] Most Visited 4 Getting Started 5 | Latest Headines | | Hatel Kanigshof - Bod...

<> [QCHOI ARIY DATARASE ]

g 0%
i/

o

e
o @
m"l(

Edit Profile

Cyberinirastructure for Network Science Center, SLIS, Indiana University, Bloomington

Search Admin | About | Logout

Download Results

Download |20000 records starting at record |1 from the fallowing databases:

I select all dounloads.

Medline Database: =

Mediine MasH hesding table [
Mediine MasH qualifier able [T

Favarites

Since March 2009:

Users can download networks:

Co-author

Co-investigator

Co-inventor

Patent citation
and tables for
burst analysis in NWB.

File Edit  View

Tools  Help

=10l
| e

Mediine co-authar table (nub format) [0

esa‘:k y \) - L.I;

/.7\-' Search || Folders ‘

-
-
I Mediine suthor table 10
-
-

Medling rmaster table [0

Address IE D:\sampledatalscentometricsisdb

S0

= = Hame | size |
NIH Database: = L] g Tasks ¥ Files Currently on the CD
Ttk master able Y 960 KE
File and Folder Tasks E
ST T &y ¥ _table_{nwb_Format).csv 627 KB
- (2) Make a new folder B Medine_master_table,csv 13,996...
I nse m-invEstwqatmEtabletnwb farmat) E2 9 Publish this Folder ko the @Med||ne_MEEH_head\ng_tahlE.(sv 3,453 KB
T NsF master table HH web L Medine_MesH_qualfier_table.csv 853 KB
USPTO Database: 2 B IH_master_table.csv 5,189 KB
DOther Places 2 ELJMSF_co-investigator_table_(nwb_format).csv 19KE
T UseTo patent Cooperation Trasty table E @NsF_master_table‘csv 1,303KB
I UsPTO agent table F [ scentometrics ELJUSPTO_ co-inventor_table_(nwh_format).csv 18KB
I UsPTO assignes table I (5 My Documents ELJUsPTO_agent_table.csyv 20KB
™ UspTo ctation table (nwb format) E \3 My Metwork Places %]USPTO_ass\gnee_table.csv 23K
T UsPTO dlaims table L @UEPTO_(ltat\Dn_tahle_(nwh_Furmat)‘Esv FZKB
I USPTO covinvantor table (nub format) IO ELJUsPTO inventor_table.csy EIKE
: i 2 - P
F USPTO inventor table = Details ELJUsPTO_master_(burst_Format). csv 308 KB
= USPTO master (burst farmat) sdb ELJusPTo_master_table.csv 37KE
USPTO rnaster table File Falder — @USPT07Patent7cooperationjreaty?table.csv 2KB
Date Madfied: Tadsy, Apri
Dovmload | 08, 2009, 1:23 PM =141 | i
| bone v

Semantic Web: Linked Open Data

» Interlinking existing data silos and
» Exposing them as structured data

» Adding new high quality data relevant for S&T studies

http://linkeddata.org

Save Data.gov, sign

)
DBtune

A
@_ 1

us
Census
Data

the petition at
http://om.ly/BRPRE

Twitter
#savethedata

Borner: Cyberinfrastructure and Datasets for SciTS Research

Open-
Guides

DBLP
Berlin

DBLP
Hannover

*  RDF Book
Mashup

August 2007
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National Research Networking (NRN)

Activity Visualization

Number of People Profiles

ooty s . 3. by sk ame Ly Wl [0 gt

Enabling a National
Network of Scientists

Number of Publications

Cructd by emaed L 5. Cattey {ovia] e Ky e cmmcog.

Federated Search

Smarch Terne CRNCET

Rt for “eancer

Cornell University 200 People

P ticpants i the VIV hatioral Nrtuork inchds

TESRATER AMECMEy h DIOMIRG ApPRCATIONT Tt £an

University of Florida

Search Results for

Shew ariby results of this :1 =

Cornell Un

MICRO.
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T O O 1 S — continuously identify, learn,

advance, share code, e.g., via Plug-and-Play Macroscopes
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COMMUNICATIONS
°”"7—\CM

Borner, Katy. (March 2011).
Plug-and-Play Macroscopes.

Plug-and -Pl ay Commmunnications of the ACM,
Macroscopes [EKE/RIEZ

by Katy Borner
W\

L
— 5

Video and paper are at

A
-
Agpociation for
Camputing Machinary

. ? Designing “Dream Tools”

‘ﬂiw

Many of the best micro-, tele-, and macroscopes are designed by SCientiStS
keen to observe and comprehend what no one

has seen or understood before. Galilco Galilei (1564-1642)

recognized the potential of a spyglass for the study of the heavens, ground and
polished his own lenses, and used the improved optical instruments to make
discoveries like the moons of Jupiter, providing quantitative evidence for the
Copernican theory.

Today, scientists repurpose, extend, and invent new hardware and software to

¢ y»
create . INACTOS COP €S that may solve both local and

global challenges.

Plug-and-play macroscopes empowet me, my students, colleagues, and
100,000 others that downloaded them.
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Decision making in science, industry, and politics, as well as in daily life, requires that we
make sense of data sets representing the structure and dynamics of complex systems.
Analysis, navigation, and management of these continuously evolving data sets require a new
kind of data-analysis and visualization tool we call a macroscope (from the Greek macros, or
“great,” and skopein, or “to observe”) inspired by de Rosnay’s futurist science writings.

Macroscopes provide a “vision of the whole,” helping us “synthesize” the related elements
and enabling us to detect patterns, trends, and outliers while granting access to myriad
details. Rather than make things larger or smaller, macroscopes let us observe what is at
once too great, slow, or complex for the human eye and mind to notice and
comprehend.

Microscopes Telescopes Macroscopes
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While microscopes and telescopes are physical instruments, INNACTOSCOPES
resemble continuously changing bundles of software

plug-ins. Macroscopes make it easy to select and combine algorithm and tool
plug-ins but also interface plug-ins, workflow support, logging, scheduling, and
other plug-ins needed for scientifically rigorous yet effective work.

They make it easy to share plug-ins via email, flash drives, or online. To use new
plugins, simply copy the files into the plug-in directory, and they appear in the tool

menu ready for use. No restart of the tool is necessary. Sharing algorithm
components, tools, or novel interfaces becomes as
easy as sharing images on Flickr or videos on
YouTube. Assembling custom tools is as quick as
compiling your custom music collection.
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Different datasets/formats.
Diverse algorithms/tools written in
many programming languages.

Physics

Changing Scientific Landscape—General Observations

Science becomes more data driven and computational but also collaborative and
interdisciplinary. There is increased demand for tools that are easy to extend, share, and
customize:

> Star scientist —> Research teams. Traditionally, science was dtiven by key scientists. Today,
science is driven by collaborating co-author teams, often comprising experts from
multiple disciplines and geospatial locations.

> Users —> Contributors. Web 2.0 technologies empower usets to contribute to Wikipedia
and exchange images, videos, and code via Fickr, YouTube, and SourceForge.net.

> Disciplinary —> Cross-disciplinary. The best tools frequently borrow and synergistically
combine methods and techniques from different disciplines of science, empowering
interdisciplinary and/or international teams to collectively fine-tune and interpret results;

> Single specimen —> Data streams. Microscopes and telescopes were originally used to study
a single specimen at a time. Today, many researchers must make sense of massive data
streams comprising multiple data types and formats from different origins; and

> Static instrument —> Evolving cyberinfrastructure. The importance of hardware instruments
that are static and expensive tends to decrease relative to software tools and services that
are highly flexible and evolving to meet the needs of different sciences. Some of the
most successful tools and services are decentralized, increasing scalability and fault
tolerance.
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Related Work

Google Code and SourceForge.net provide special means for developing and distributing software

> In August 2009, SourceForge.net hosted more than 230,000 softwate projects by two million
registered users (285,957 in January 2011);

> In August 2009 ProgrammableWeb.com hosted 1,366 application programming interfaces (APIs)
and 4,092 mashups (2,099 APIs and 5,493 mashups in January 2011)

Cyberinfrastructures serving large biomedical communities

»  Cancer Biomedical Informatics Gtid (caBIG) (http://cabig.nci.nih.gov)
Biomedical Informatics Research Network (BIRN) (http://nbirn.net)

Informatics for Integrating Biology and the Bedside (i2b2) (https://www.i2b2.0rg)
HUBzero (http://hubzero.org) platform for scientific collaboration uses

myExperiment (http://myexperiment.org) supports the sharing of scientific workflows and other
research objects.

Missing so far is » COIMON standard ¢

> the design of modular, compatible algorithm and tool plug-ins (also called
“modules” or “components”)

> that can be easily combined into scientific workflows (“pipeline” or “composition”),
> and packaged as custom tools.

Y VVVY
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» CIShell (http://cishell.org) is an open source software specification for the integration
and utilization of datasets, algorithms, and tools.
» It extends the Open Services Gateway Initiative (OSGi) (http://osgi.org), a
standardized, component oriented, computing environment for networked services
widely used in industry since more than 10 years.
» Specifically, CIShell provides “sockets” into which existing and new datasets,
algorithms, and tools can be plugged using a wizard-driven process.
' Developers ¢ . . Users
7.V
Alg , : ¥ i Workflow
CIShell Wizards CIShell $¢2 Tool
Ale | F=— = e {| Workflow
Alg g ! S C 1S s BRE J
— R ————— [ -
| OSGi NIZB Tool Workflow
Tool ST mmeees % :
Tool = - | Workflow
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CIShell Developer Guide
CIShell ..

cishell.wiki.cns.in.edu)
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language they are comfortable with. Simple tools are provided to then take their algorithrm and

Tools Workshop on “Social Network Analysis”
Thursday, April 14 ¢ 1:15 — 5:00 PM

This workshop presents and demonstrates CIShell-powered tools such as the Network
Workbench (NWB) Tool (http://nwbcns.iu.edu) and the Science of Science (Sci2) Tool
(http://sci2.cns.iu.edu). The NWB Tools is a network analysis, modeling, and visualization toolkit
for physics, biomedical, and social science research. The Sci2 Tool was specifically designed for
researchers and science policy makers interested to study and understand the structure and
dynamics of science. Both tools are standalone desktop applications that install and run on
Windows, Linux x86 and Mac OSX. The tools provide easy access to more than 160 algorithms
for the study of temporal, geospatial, topical, and network datasets at the micro (individual), meso
(local), and macro (global) levels.
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CIShell Portal (http://cishell.org)

rly)
Vel

ClShell Powered

Tools Portal

Cyberinfrastructure Shell (CIShell)
CIShell supports the plug-and-play of datasetz and
algorithms and their bundling intocustorn tools that
serve the specific needs of 2 nser group or research

" to learn more about using

IShell as a platform
, comruunity, It has been applied to develop diverse Cl fl—‘ P a]ro
I customn tools, see below, Feel free to take plugins from DL FOT s
any of these tools to design your personal dream tool.
Provided by the Cyberinfrastructure for k Sci CenteratIndiana University.

Learn more about existing CIShell-powered tools below.

Network Workbench Tool {(NWE)
The MTWE Tool supports researchers, educators, and practitioners interested in the study of
biomnedical, social and behavioral science, physics, and other networks. It comnes with a pp-
page user manual.

.||

Gallery
=

s
a || E

Science of Science Tool (Sci®)

The Sci® Tool was specifically developed for seience policy makers and researchers that
study science by scientific means, It supports the temporal, geospatial, topical, and
network analysis and visnalization of scholarly dataszets at the micro (individual), meso
(local), and macro (global) levels. There exists 2 11z-page user manual and z4 hours of
HIH tutorialsin this tool.
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Downloads for NWB Tool Rel
Network Workbench Tool O —
http://nwb.slis.indiana.edu
Cumulative Total of Downloads [~
89,559
45000
The Network Workbench (NWB) tool
saoed

supports researchers, educators, and
practitioners interested in the study of

A Workbench for Network Sci

iomedical ial an havioral scien
biomedical, social and behavioral science, m eople Research Publicaion: |8

physics, and other networks.

In February 2009, the tool provides more 169 | summary

MNetwork WnrkhEﬂE_h A Lar_gE-SEa\E Networ 1o ooa
plugms thﬁt support the preprocesslng, Toolkit for Biomedical, Social Science and F

evaluate, and operate a unigue distributed,

- - - - - scale network analysis, modeling, and visual
analysls, modehng, and visualization of (MWE). The envisioned ata-code-computi avy.
more ~
networks. How to cite this project o TARYA
Dec-06 Dec-o07 Dec-o8 Dec-og  Augto
1 News & Updates
More than 50 of these plugins can be e W 03 B 07+ post
. . . LA R aelble, Steve . Mapping the
applied or were specifically designed for Knowledge, Ressaich & Creaile Actvil ] v0.4 W 08+ pre
. (websile accesged 5/1/09) . 0.5 . 0.9
S&T studies. * 3.23.09 100 beta § Released [} :0‘6 | :,.1.0 ; fr[:re
= 1.23.09 Ann hicranie's futorial abstract for 5|
053 Total # of Downloads
It has been downloaded more than 65,000 = 11.4.00 Two NW Pis featured in “Connected—The Gerfing Srarted
Power of Six Degrees.” 2008. Anna Maria Talas, See more documentation

1 1 Director. Australian Broadcasting Corporation, Ltd.
times since December 2006' YouTubel [Full Yideo (300MEN] Get Involved

Herr 11, Bruce W., Huang, Weixia (Bonnie), Penumarthy, Shashikant & Birner, Katy. (2007). Designing Highly Flexible and Usable
Cyberinfrastructures for Convergence. In Bainbridge, William S. & Roco, Mihail C. (Eds.), Progress in Convergence - Technologies for Human

Wellbeing (V'ol. 1093, pp. 161-179), Annals of the New York Acadeny of Sciences, Boston, MA.
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Password

Forgot your password?

To recover your account password, please visit our password recovery page.

Mot registered vei?

Register now

Tutorials Katy Borner (2010) Science of Science Research and Tools (12 Tutorials). Reporting Branch, Office of Extramural Research/Office of the Director, National

Institutes of Health, Bethesda, MD
Scott Weingart,
Biberstine (201
Srience, Indiana Tutorial #01: Science of Science Research

Tutonal #02: Network Science / Information Visualization

Tutorial #03; CIShell Powered Tools: Network Workhench and Science of Science Tool
Tutorial #04: Temporal Analysis—Burst Detection
Tutorial #05: Geospatial Analysis and Mapping
Tutorial #06: Topical Analysis & Mapping

Tutorial #07: Tree Analysis and Visualization . ; ;.

Tutorial #08: Network Analysis and Visualization bl‘ép' / /J‘[ZZ' Ll ed%
Tutorial #09; Large Network Analysis and Visualization. o ' e .

Tutorial #10: Using the Scholarly Database at IU /]fl:b. / / I[Zz. WZ/éZ' ¢S, €d%
Tutorial #11: ¥YIVO National Researcher Networking
Tutorial #12: Future Developments

Geetha Senthil (2010). Multidisciplinary Nature of Work With Reference to PIs and ICs Within a Portfolio. PA Group at NIH.

MIH Office of Extramural Research and Katy Barner (2010) Network Visualizations Using SPIRES Data and the Sci2 Tool Office of Estramural
Research at NIH




Sci? Tool — “Open Code for S&T Assessment”

Joint Co-Authorship Network

OSGi/CIShell powered tool with NWB plugins and

many new scientometrics and visualizations plugins.
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OSGi/CIShell Adoption

A number of other projects recently adopted OSGi and/or CIShell:

Cytoscape (bi1p:/ / cytoscape.org) Led by Trey Ideker at the University of California, San Diegois an
open source bioinformatics software platform for visualizing molecular interaction networks
and integrating these interactions with gene expression profiles and other state data (Shannon
et al., 2002).

> Taverna Workbench (bi1p:/ / taverna.ors.nk) Developed by the myGrid team
(http://mygrid.org.uk) led by Carol Goble at the University of Manchester, U.K. is a free
software tool for designing and executing workflows (Hull et al., 2006). Taverna allows users
to integrate many different software tools, including over 30 OOO web services.

> MAEwiz (bttps:/ [ wiki.ncsa.nine.edn/ display/ MAL/ Home) Managed by Jong Lee at NCSA is an
open-source, extensible software platform which supports seismic risk assessment based on
the Mid-America Earthquake (MAE) Center research.

»  TEXTrend (bt1p:/ / texctrend.org) Led by George Kampis at E6tv6s Lorand University, Budapest,
Hungary supportts natural language processing (NLP), classification/mining, and graph
algorithms for the analysis of business and governmental text corpuses with an inherently
temporal component.

> DynalNets (bizp:/ [ www.dynanets.ors) Coordinated by Peter M.A. Sloot at the University of
Amsterdam, The Netherlands develops algorithms to study evolving networks.

As the functionality of OSGi-based software frameworks improves and the number and
diversity of dataset and algorithm plugins increases, the capabilities of custom tools will expand.

Common algorithm/tool pool n
Easy way to share new algorithms
Workflow design logs

Custom tools

Converters Bio
' SNA

O Phys
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Mixed-methods, multi-level SciTS needs:

EXP cr tlS C- identify and access it at the perfect moment

using, e.g., Facebook, LinkedIn, Academia, VIVO, Harvard Profiles,
Elsevier’s Collexis, Loki, Stanford’s CAP, or other systems.

Theories and Methods - find, understand,
apply, advance them, e.g., using http://scienceofteamscience.

northwestern. edu/team-science-resources.

Data — find, interlink, unify, merge, reformat, share them, e.g.
[ ) ) ’ gc, ] y €.8.
MESD

~ | using web sites analogous to http://www.diggingintodata.org/
Repositories/tabid /167 /Default.aspx, SDB, or LOD.

TOOIS — identify, learn, advance, share code, e.g., via Plug-and-

Play Macroscopes, to arrive at a holistic understanding of the science
system.

MICRO
ndigdual feve

Note that the evolution of all of the above could be an extremely interesting
and valuable SciTS study object.

Borner: Cyberinfrastructure and Datasets for SciTS Research 47

Different levels and types of analysis will require access to very different

Expertise, Theories and Methods, Data, and Tools.
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Ideally, a future SciTS CI can provide easy access to the best, highest quality
Expertise, Theories and Methods, Data, and Tools.

49

So that researchers, practitioners, and students can fully benefit and advance

Expertise, Theories and Methods, Data, and Tools.
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