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Macroscopes

Decision making in science, industry, and politics, as well as in daily life,
requires that we make sense of datasets representing the structure and
dynamics of complex systems

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 making things larger or smaller, macroscopes let us observe what
is too great, slow, or complex for the human eye and mind to notice and
comprehend

Microscopes Telescopes Macroscopes

Plug-and-Play Macroscopes

While microscopes and telescopes are physical instruments, macroscopes are
continuously changing bundles of software plugins

Macroscopes make it easy to

* Select and combine not only domain-specific algorithms and bridges to
existing tools but also to meet the cross-cutting infrastructural
requirements needed for a scientifically rigorous cyberinfrastructure

* Put together plugins to create customized tools and share plugins via
email, flash drives, or online

* Simply drop plugins into the tool they appear in the menu, ready
to use

* Sharing algorithm components, tools, or novel interfaces becomes
as easy as sharing images on Flickr or videos on YouTube




ggg(:l"--” h 'a ~ 0SGi & Cyberinfrastructure Shell
(CIShell)

¢ CIShell (http://cishell.org) is an open source software specification for the
integration and utilization of datasets, algorithms, and tools

¢ |t extends the Open Services Gateway Initiative (OSGi) (http://osgi.org), a
standardized, modularized service platform

¢ ClIShell provides “sockets” into which algorithms, tools, and datasets can be plugged
using a wizard-driven process
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Science of Science (Sci2) Tool
http://sci2.cns.iu.edu

* Explicitly designed for SoS research and practice, well documented, easy to use.

¢ Empowers many to run common studies while making it easy for exports to perform
novel research.

e Advanced algorithms, effective visualizations, and many (standard) workflows.
e Supports micro-level documentation and replication of studies.

e s open source—anybody can review and extend the code, or use it for commercial
purposes.

SUMMARY

e Existing metrics have known flaws

e Areliable, open, joined-up data
infrastructure is needed

o Data should be collected on the full

O P | N | O N range of scientists’ work
e Social scientists and economists

should be involved

nature Vol 464|25 March 2010

Let's make science metrics more scientific

To capture the essence of good science, stakeholders must combine forces to create an open, sound and
consistent system for measuring all the activities that make up academic productivity, says Julia Lane.




Sci2 Tool v0.5.2 Alpha (Dec 19, 2011)

New Features

e Support new Web of Science format from ISI

* Support network overlay for geographical map
e Support Prefuse's visualizations on Macs OS

Improvements

* Improve memory usage and processing time of Extract top N nodes and
Extract top N Edges algorithms

e Unify merging algorithms used by database

Bug fixes

* Fix legend boundary issue in geographical map
e Fix typo error on the output data label

* Fixslice by year algorithm

Sci2 Tool v1.0 Alpha (June 13, 2012)

Major Release
featuring a Web services compatible CIShell v2.0 (http://cishell.org)

New Features
* Google Scholar citation reader
* New visualizations such as
* geospatial maps
* science maps
* bi-modal network layout
R statistical tool bridging
Gephi visualization tool bridging
Comprehensive online documentation

Release Note Details
http://wiki.cns.iu.edu/display/SCI2TUTORIAL/4.4+Sci2+Release+Notes+v1.0+alpha
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Sci2 Tool — Supported Data Formats

* Input: ¢ Output:
*  Network Formats *  Network File Formats
o GraphML (*.xml or *.graphml) e GraphML (*.xml or *.graphml)

¢ Pajek .MAT (*.mat)
e Pajek .NET (*.net)
e NWB (*.nwb)

e XGMML (*.xml)

e XGMML (*.xml)
e Pajek .NET (*.net)
e NWB (*.nwb)

e Scientometric Formats o CSV (*.csv)

e ISI(*.isi)

*  Bibtex (*.bib) * Image Formats
¢ Endnote Export Format (*.enw) «  JPEG (*.jpg)

e Scopus csv (*.scopus) *  PDF (*.pdf)

* NSFcsv(*.nsf) *  PostScript (*.ps)

e Other Formats

e Pajek Matrix (*.mat)
e TreeML (*.xml)

e Edgelist (*.edge)

e CSV(*.csv)

Formats are documented at http://sci2.wiki.cns.iu.edu/display/SCI2TUTORIAL/2.3+Data+Formats.

£ 3 Sci2 Tool — User Interface

h & practice
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Primary investigators are Katy Bomer, Indiana University and Kevin W. Boyack, SciTech Strategies Inc. The Sci2 tool was developed by Chin manipulation
Hua Keng, Jeseph Biberstine, Thomas G. Smith, David M. Coe, Micah W. Linnemeier, Patrick A, Phillips, Chintan Tank, and Russell ),
Duhon. It uses the Cy Shell (http org) developed at the C for Metwork Science Center

P Ju.edu) at Indiana University, Many algarithm plugins were derived from the Network Workbench Toal
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5¢id Tearn. (2009), Science of Science (5¢i2) Tool. Indiana University and SciTech Strategies, hittp//scil.onsiuedu

=

B scheduler ._L

Scheduler lists what algorithm =

algorithm g

Ir“ Fruml.rﬁ! used and displa
(m/

! Algorithm Mame Date Time % Complete




‘arch & practice
[ -

Lnix i
-:uunPusJ N StaticExec SERITVALGOI \degree_ dat

045

04

0%

03

0%

o2

a1s

o1 sl e e 2

oos [+ toage | | Cortm || Charga teasey -

LW e
192132, 52 P 100 150 0 =0
Gnuplot GUESS
portable command-line driven exploratory data analysis and visualization
interactive data and function plotting tool for graphs and networks.
utility http://www.gnuplot.info/. https://nwb.slis.indiana.edu/community/?n=

VisualizeData.GUESS.
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Cytoscape

m Sci2 Too — Supported Tools

Adding more layout algorithms and network visualization interactivity

via Cytoscape http://www.cytoscape.org.

Simply add org.textrend.visualization.cytoscape_0.0.3.jar into your /plugin directory.
Restart Sci? Tool

Cytoscape now shows in the Visualization Menu

S2 Sci2 Tool
File DataPreparation Preprocessing Analysis Modeling RISTEIREGIE Help

D] et =5

sial Data Manager
o+ Temporal b k= 1 |
:Cymscape was selected, | Geospatial » | Al 2 E’? 151 Data: C:\Documents and Settings\borner]
i[ntegrator(s): TexTrend Consortium (http:ﬁwww.tentfcndl Networks  » pis (TexTrend, = f‘ 361 Unique ISI Records
[ dvewshas Fimad) | Cytoscape | . Extracted Co-Authorship Netwark
IReferem:e: Cytoscape Consortium (http:// www.cytoscapé | I 2 L

iC:'I,DOCUME~I'I.b0rrserk\.LOCnLS~ 1\Temp\CIShell-Session-6886247 785800266799\ St aticE xecutable I
|Runner-20667 1827 14686870377\ algorithm >echo off
cytoscape,Cytoscapelnit[INFO]: Cytoscapelnit static initialization

cytoscape.Cytoscapelnit[INFO]: Parent_Dir: C:\Documents and Settings\bornerkl.cytoscape I
created,

E-] Author information

Select a network in Data Manager, run Cytoscape and the tool will start with this network
loaded.
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Sci2 Tool — Bridged Tools

R statistical tool bridging
Fle DataF ing Analysis R Hebp
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Gephi visualization tool bridging
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farch & practice

Use GnuPlot to visualize the degree distribution of a co-authorship network
extracted from ISI data...

] gruplot graph
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Sci2 Tool Visualizations: General
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Use Temporal Bar Graph to visualize NSF funding profiles over time...

Temporal Visualization

Generated from NSF cov fle: C-UsersdagoleyDeskiopscid-N-1.0.0 20120015011 TNGT-wini2 wini2 yFounst
June 15, 2012 | 10:18 AM EDT
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Sci2 Tool Visualizations: Geospatial

Use the Proportional Symbol Map to size and color symbols proportionally to
numeric data, in this case the 20 most populated cities around the world...

Geospatial Visualization (Proportional Symbol Map)
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May 02, 2012 | D5:13:38 PM EDT
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~ 28 Sci? Tool Visualizations: Geospatial

farch & practice

Use the Choropleth Map to color regions proportionally to numeric data, in this case
the US by state population...

a ial Visualization (Chorapleth Map)
Generated from LS. state poputations
May 02, 2012 | D6:13:42 PM EDT
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Sci2 Tool Visualizations: Geospatial

& practice

Overlay a geospatial network on a base map, in this case Albert-Laszl6 Barabasi
and his collaborators...

Geo Map ()
Echest IV Poopeetion
Ape 19,2012 | 11:04.48 AN
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Sci2 Tool Visualizations: Networks

Dl'xiﬂn:t.

ch & practice

Use GUESS to visualize networks, such as this co-authorship network extracted from

ISI data...
Joint Co-Authorship Network

Stanley Wasserman
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Sci2 Tool Visualizations: Networks

Use Circular Hierarchy to visualize networks with community attributes appended...

22




= Sci2 Tool Visualizations: Networks

Use the Bipartite Network visualization to create a network of authors and
publication titles...

Network Visualization

Generated from Bipantie network from Authors and Tite 2

September 20, 2012 ] 1104 AM EDT
Authors Title

Moo, X Aaaa

@

Yiyy, ¥ Ceee

Dddd

Iz 2 Evee

Legend How To Read This Map

This isparito notwork shows twa fecofd fypes and iheir nteronnections. Each
recond is reprusardud by a labsled circle that is sirs coded by & numerical
mtiribute vaiue, Focords of sach bype are vertically sigred and sored, e.g., by
node size o alphabetically Links batwsen reconds of dferent fyps may be
waigind A represenied by Ine nckrass.

CNS fons i eda)

23

Sci2 Tool Visualizations: Topical

Use the Map of Science via Journals visualization a network drawn the result of
mapping a dataset's journals to the underlying subdiscipline(s) those journals

contain...

Topical Visualization

Generated from 301 Unique I5] Records

©0 out of 112 records were mapped to 182 subdisciplines and 13 disciplines.
September 20, 2012 | 1120 AM EDT
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Sci2 Tool Usage at National Science
Foundation

Topic co-occurrence network of the 2885 cognitive and
neuroscience NSF projects funded between 2007 and 2011.
Statistical text mining (Topic model) was used to identify topics
from NSF awards and proposals from 2000-2011.

Each award is tagged with up to 4 topics. Lines represent the co-occurrence of the
connected topics within an award(s). The nodes are scaled by number of awards
(max = 355) and the lines are scaled on number of co-occurrences (max =91). The
node colors differentiate the nodes via the level-0 Blondel communities.

This is ... an entirely new way of characterizing and understanding the NSF
portfolio. This is in part because this enables analysis of the content of the
awards/proposals independent of the institutional structure. One can quickly
identify ALL of the Cog/Neuro awards throughout the entire NSF portfolio — so it
captures research in all of the unexpected institutional places. This method also
allows one to easily identify areas of parallel or potentially collaborative research
being funded by different institutional structures and ... to identify potential areas
for advancing science by facilitating collaborations.

Leah G. Nichols, NSF
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Cognitive and Neuroscience at the NSF: 2007-2011
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Sci2 Tool Usage at National Institutes
of Health

01 & TTURC Preject Information

Mapping Transdisciplinary Tobacco Use Research .
Centers Publications: Compare RO1 investigator based funding o
with TTURC Center awards in terms of number of publications '
and evolving co-author networks. Zoss & Bérner, forthcoming.
Supported by NIH/NCI Contract HHSN261200800812
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Sci? Tool Usage at National Institutes
of Health

Sci2 Tool now supports Web services and serves as a visual interface to publically available NIH
RePORT Expenditure and Results RePORTER)/ RePORTER data provided by NIH.

Rerecav

WALYZE

TEMPORAL ANALYSIS OEOAPATIAL ANALYAIS TORICAL ANALYSIS NETWORK ANALYSIS

GEOSPATIAL
ANALYSIS

When" quest

WHEN
Where
WHERE
What'
WHAT
‘With whom™ quastic
WHOM
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Sci? Tool Usage at the National Oceanic and
Atmospheric Administration (NOAA)

Co-author network generated from publications supported by NOAA’s Office of Ocean
Exploration and Research (OER). Nodes are sized based on the number of publications
produced and colored to highlight clustering. Edges are sized and colored based on the
number of collaborations between authors.

S . | Corals and
Coral Reefs
For details, see “Visualizing S g
Networks of Scientific il NW Atlantic .
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Research o % /nc b
by Chris Belter = AT '.7\.\ s 2
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Research.shtml 5 A N 3
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Hydrocarbon Seeps el - T Geophysics
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Sci? Tool Usage at the National Oceanic and
Atmospheric Administration (NOAA)
Central section of a word co-occurrence - T "::m .
network of words drawn from ry -
the titles of OER-supported “’“:n Mosopto -
journal articles. Some words i gt
have been truncated. B =
Nodes are sized by the number .;“:m ‘3‘"” "4.&’ ' W
of times the word is - A ‘ .s,.m .
used and edges ® L _ %, == .
are sized and colored N ®... 0... e N e m.,::m
based on the number < O o . @ Perna
of publications in which they co-occur. .:m wg,w sun
Weaker edges have been removed 0 ot
for clarity. Nodes colored blue are \V4 .M'" T -
those that have been used 10 or ®.. avi . sorond oy

more times in the publication set. st s
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Sci2 Tool Usage at US Department of
Agriculture (USDA)

First time portrait of intramural research conducted by the U.S. Department of Agriculture
(USDA) presented at the VIVO Conference 2012.

Sci2 Tool Usage at US Department of
Agriculture (USDA)
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Sci? Tool Usage at US Department of
Agriculture
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Sci2 Tool Usage at James S. McDonnell
Foundation

How did cognitive neuroscience of attention emerge from neurobiology and psychology,
1980-2005? Author co-citation analysis and Pfnet is used to trace prospectively the
development of the field from its precursor disciplines: cognitive psychology, single cell
neurophysiology, neuropsychology, and evoked potential research.

NEUROSCIENCE

e Sctirmicher

Fig. 1 In the 1980 net, neuroscience (black nodes and black—white nodes) and cognitive psychology (white
nodes) develop as clusters with high intemal co-citation rates. ERP (grev nodes) develops later in net
construction. These clusters are connected by secondary edges at very low levels of co-citation

34




Sci2 Tool Usage at James S. McDonnell
Foundation

By 1990 a distinct cognitive neuroscience specialty cluster emerges, dominated
by authors engaged in brain imaging research.

Watson

Fig. 5 The strongest link in the 1995 net is a primary edge linking Posner and Petersen. ERP and single cell
neurophysiology are linked to cognitive neuroscience cluster by secondary edges

Bruer, John T. (2010). Can we talk? How the cognitive neuroscience of attention emerged from
neurobiology and psychology, 1980.2005. Scientometrics, 83(3), 751-764.
http://ivl.cns.iu.edu/km/tools/2010-bruer-scientometrics.pdf 35
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A Tool for Science of Science Research & Practice

Download a copy of Sci2 by visiting
Read the documentation available at

All papers, maps, tools, talks, press are linked from
CNS Facebook:
Mapping Science Exhibit Facebook:

If you have questions feel free to email me dapolley[at]indiana[dot]edu
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We are Hiring!

Senior Software Engineer/Research Analyst (3IT) IU Job #6839

As Senior Software Engineer, you will perform research and programming for current and future
externally funded research projects at the CNS Center. These projects include tools powered by the
Cyberinfrastructure Shell (CIShell, http://cishell.org), an open-source software platform that supports
the interchange of datasets and algorithms; MapIN, a map of Indiana’s expertise and resources; and
other online interactive maps and web sites. You will participate in the entire software development
process, from the collection of user stories through planning, implementation, testing, deployment, and
documentation. You will also be expected to participate in the training new developers, and the creation
of educational material for workshops. As Senior Software Engineer, you will have a chance to help set
the standards of our team in many areas, including code, teamwork, product direction, and process.

Software Developer (2IT) IU Job #6862

As a Software Developer, you will work in a team of four to perform research and programming for
current and future externally funded research projects at the CNS Center. The main focus will be on
tools powered by the Cyberinfrastructure Shell (CIShell, http://cishell.org). CIShell is an open-source
software platform, built on Java and OSGi that allows developers and scientists to easily exchange
datasets and algorithms, and bundle them into custom tools that serve the particular needs of research
communities. You will participate in the entire software development process, from the collection of
user stories through planning, implementation, testing, deployment, and documentation.
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