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Planteamiento (1)

La investigacion cientifica es una actividad en la que se ponen
de manifiesto multitud de relaciones, interacciones e influencias

Estas relaciones se producen a diversos niveles:
iInvestigadores, instituciones, disciplinas cientificas, etc.

Pueden representarse y analizarse en forma de redes sociales

El analisis de las interacciones y su evolucion puede resultar
util a la hora de definir, evaluar o comparar politicas cientificas

También puede servir para diagnosticar el estado de la ciencia
en un cierto ambito (geografico, temporal o tematico) o predecir
su evolucion



Planteamiento (2) |
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EDICIGH ON LINE EDICION IMPRESA queden reflejados mediante citas. Estas representaciones pueden

emplearse como interfaces de recuperacion de informacion




Cienciogramas

e Un cienciograma es una representacion visual (mapa) del
estado de la investigacion cientifica de un dominio concreto
(instituciéon, regidn, pais, continente o a nivel mundial) en un
momento concreto

e Aplicaciones:
e Andlisis de la estructiura de campos cientificos y frentes de
identificacion
e Representacion de la evolucion de la produccidén cientifica en
dominios institucionales/de conocimiento

e [valuacion cualitativa de la produccidon cientifica de instituciones/
regiones/paises y del impacto de politicas cientificas

e Comparacion de los perfiles cientificos de diferentes instituciones o
areas geograficas

Moya-Anegdn, F., Vargas-Quesada, B., et al. (2004). A new technique for building maps of large
scientific domains based on the co-citation of classes and categories. Scientometrics 61(1), 129-145



No se trata de representar “La Ciencia”, sino la
produccion cientifica

¢;,Cuadl es el producto?

¢,Quiénes son los “productores™ / ;A queé nivel se
agrega la produccion?

¢;,Guales son las relaciones entre productos o
productores?

Se analiza la produccion en términos de
publicaciones

El articulo cientifico es la unidad de producto
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Abstract In this paper, we propose a swarm intelligence
localization strategy in which robots have to locate dif-
ferent resource areas in a bounded arena and forage
between them. The robots have no knowledge of the arena
dimensions and of the number of resource areas. The
strategy is based on peer-to-peer local communication
without the need for any central unit. Social Odometry
leads to a self-organized path selection. We show how
collective decisions lead the robots to choose the closest
resource site from a central place. Results are presented
with simulated_an,

Keywords Swarm robotics - Self-organization -
Collective decision - Local communication
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1 Introduction

A safe nest and abundant food are the key aspects to ensure

animal survival. The ability to find, select and exploit food
1 ol

resourcesis i = dexthe e of foraging
eneubourg et al. 1990; Camazine et al. 2003).
1 F i ays, adapting to

changing conditions. A particularly interesting foraging
strategy is the one of ant colonies. Ants are able to col-
lectively find and select the shortest path to a resource
by using simple indirect local interactions (Bonabeau
et al. 1999; Camazine etal. 2003). Their foraging
effectiveness is the result of a robust strategy based on
local interactions between a large number of autonomous
agents. The chemical trails formed by ants are robust
with respect to changes in the environment and to the
failure of individuals (Deneubourg et al. 1990). The path
selected by an individual which leaves pheromone on it
influences the path chosen by the next ant that passes,
which also adds pheromone on the path. In this way, one
specific path is rapidly and collectively selected. After
multiple interactions, the foragers establish a pheromone
trail between the nest and a resource site. Experiments
have shown that because of the trail-laying behavior, ants
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Representacion (1) |
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Representacion (2) |
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RECOPILACION REDUCCION Y DISTRIBUCION
DE UNIDADES DE UNIDADES DE MEDIDA ESPACIAL DELA REPRESENTACION
INFORMACION ANALISIS INFORMACION GRAFICA
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Moya-Anegon, F., Vargas-Quesada, B., et al. (2004). A new technique for building maps of large
scientific domains based on the co-citation of classes and categories. Scientometrics 61(1), 129-145

Moya-Anegon, F. de, Vargas-Quesada, B., et al. (2007). Visualizing the marrow of science. Journal of
the American Society for Information Science and Technology, 58(14), 2167-2179

Vargas-Quesada, B., & Moya-Anegon, F. (2007). Visualizing the science structure. NewYork: Springer



Analisis para un pais (USA) y un ano
(2003)

e Presencia de las diversas disciplinas

e Disciplinas sobrerrepresentadas
e |nteraccion entre disciplinas

A partir de frecuencias de inter- y co-
citacion a nivel de revistas



The United States of America
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Comparacion con otros paises en idéntico
periodo

Utilizando vistas graficas similares

Analisis realizado sobre un conjunto de
unos 800.000 articulos
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ANALISIS Y VISUALIZACION DE
CRANDES DOMINIOS

74

CIENTIFICOS




Cienciogramas de Grandes Dominios Cientificos
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INFORMATION SCIENGE & UBRARY SCENCE

COMPUTER SCENGE, KAEVIARE & ARCHITECTURE
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The re
| Kamada—Kawai algorithm is as spectacular and visually infor-
mative as the map of an underground metro or railroad system:

* At one glance, the center and the outer limits of the system
(i.e., domain) can be seen.

e [t is easy to get from one station (i.e., category) to another,
following the trails or links.

* We can effortlessly see which are the most important nodes
in terms of the number of their connections and, in turn,

ke, which points act as intermediaries with other lines, as hubs
e or forking points.

WAGING SCENCE § PHORCORAPHC TECHNOLOGY

Unién Europea 2005 Representacion Grafica de la Informacion



FIG. 1. Scientograms obtained using the algorithms of Fruchterman and Reingold (1991), and Kamada and Kawai (1989), respectively.

Representacion Grafica de la Informacién: La distribucidn de F&R no es apropiada
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dure, PENET is topology oriented. Yet, they are extremely
valuable as complements in the detection of the structure of]
a scientific domain. Thus, factor analysis is responsible for
identifying, delimiting, and denominating the great thematic
areas reflected in the scientogram. Meanwhile. PFENET is in
charge of making the subject areas more visible, grouping
their categories into bunches, and showing the paths that
connect the different prominent categories, and finally, the
overall topology of the domain.




Backbone: La “médula” de la produccion cientifica mundial, 2002
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0: Atlas of Science

Interfaz de recuperacion de informacion cientifica
Representacion de la produccion cientifica espaiola
Afno 2005

Basada en relaciones de co-citacion

Agregada a nivel de disciplinas cientificas utilizando
las categorias establecidas por el Thomson-ISI Journal
Citation Rank
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Sci? Tool: Download, Install, and Run

Sci2 Tool v0.5.1 Alpha (May 4th, 2011)

Can be freely downloaded for all major

operating systems from
http://sci2.cns.iu.edu

Select your operating system from the
pull down menu and download.
Unpack into a /sci2 directory.

Run /sci2/sci2.exe

Sci2 Manual is at
http://sci2.wiki.cns.iu.edu

Cite as

Sci Team. (2009). Science of Science (Sci) Tool.

Indiana University and Sci'lech Strategies,
http:/ [ sci2.cns.in.edu

The Science of Science (Sci®) Tool is a modular toolset
specifically designed for the study of science. It supports the
temporal, geospatial, topical, and network analysis and
visualization of scholarly datasets atthe micro (individual},
meso (local), and macro (global) levels.

Reqistration required.

W°) Download

‘Sci? Tool

Mapping Topics and Topic Bursts in PNAS

Start Stop (4)

News

» Sci® Toolv0.5.1 alpha is now available, featuring
enhancements to the Burst Detection algorithm and
several bug fixes. Release Motes

Dr. Katy Borner

Cyberinfrastructure for Network Science Center
Information Visualization Laboratory

School of Library and Information Science
Indiana University, Bloomington, IN
http://cns.iu.edu
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Visualization | Scientornetrics  Help
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YWi'elcome to the Science of Science Tool (5
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Metwork Science center and the School of Li
Indiana University, the Mational Science Fou
and O5-0715303, and the James 5 McDonnel
Cyberinfrastructure portal (http:ffsci.slis.ind

The prirmary investigators are Kaby Bérner, In
SciTech Strategies Inc. The Sci® tool was dew
1. Duhaon, Patrick &, Phillips, Chintan Tank, a
Cyberinfrastructure Shell thttp:ficishell.org
for Metwork Science Center (hittp:dfons.slis.il
Mary algorithm plugins were derived from ¢
thttp:{ inwb.slis.indiana.edu).

Please cite as follows:
Scif Tearn, (20093, Science of Science Toal, Ir
Strategies Inc,, httpefiscislis.indiana.edu.
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Author co-occurrence network Q.
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[ Extract Network from Table X
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N Extract Bipartite Network } . Ad

Extract a bipartite network from two columns in the table. If the column
values may list multiple entries, enter the spedal text which delimits

them.
First column IPuinmh’on j -ﬁ . pa
= pert 3
aperd
Second column IAuﬁ'mrs j 9 .
— Al
Text Delimiter |; (>3

®:s

Paper-author 2-mode network

. FPapers
L Qv @i



Coauthor Network

MNode Eizf:_
Number of Works
Authored

1 96

Node & Label Color

% Time First Author

- s
0 100

Edge Width
MNumber of Times
Coauthored

1
12

Edge Color
Diate of Earliest

a Collaboration

i
)
' _
~I

11.6.2007



Investigator-Project Network

Shiffrin

duilldine BlocksAor Virtual Wao...
g1 ifagmation Visualization Lear.. .

ﬂ;.‘ : j L Collgbo piNechar M. Sackler Colloquium o.. . Mostafa
.Q_rcat:ﬁ%\' fetapkory to Stimulag/. CAREER: e
II—KIKWE:\T:.@ Netpork Dy P meet R ADLE: Learning Throu.. *

mﬂ-ﬂpl[ﬁl‘_gxschi?ﬂ;\ﬁxﬁl il Data-Code-Computing Infrastruc. T2

WTSEEN @i

L'f,lﬂr =

Outstanding Junior Faculty Awa.. .
—@Ragp

ce for Compu ="

RQuest AthiriAdvagcing=So.. .

7’ A .\n";' e T
Ede 1 J.r_h::r N tructure Jetwor.

) Mapping IndagaOs Intellevgud,

terngtiongl Vv s @E‘:‘l‘l:{h{&rativ kehop: T...
Mapping Indiana@©s Inte pal

] ing Chemnis Barab
: j'atgﬁlur ench: E)Jr_.argc—Sca..

>

=

—t

VW asserman

PI Node Size
Number of Grants

1 29
PI Node & Label Color

0% Times Main PI
|
0 100

Project Node Size
Amount of Grant

$7,200 $2,000,000
Project Node Color

Starting Date

_ s
9.1.2000 8.1.2007

Edge Color
Starting Date

.
9.1.2000  8.1.2007



mup Network Visualization:
Giant Component

- @"re 'arch & practice

..........

Weak Component Clustering was selected.
Implementer(s): Russell Duhon
Integrator(s): Russell Duhon

Input Parameters:
Number of top clusters: 10
3 clusters found, generating graphs for the top 3 clusters.

..........



“ttge & Network Visualization:
Color/Size Coding by Degree

Qre arch & practice

..........

Node Degree was selected.
Documentation:
https://nwb.slis.indiana.edu/community/?n=AnalyzeData.No
deDegree




*8 ¢ Network Visualization:
Color/Size Coding by Betweeness Centrality

‘;é_ég@_a:r_ch & practice

Node Betweenness Centrality was selected. B
Authot(s): L. C. Freeman

Implementer(s): Santo Fortunato

Integrator(s): Santo Fortunato, Weixia Huang

Reference: Freeman, L. C. (1977). A set of measuring centrality

based on betweenness. Sociometry. 40:35-41. *

Input Parameters: /
Number of bins: 10 i Garted, E

7,
A
umber of bins: 10 A

..........




il & Network Visualization:

S ¥
ience of Science

“#8  Reduced Network After Pathfinder Network Scaling

A "l"'- eMakaey, MA . ! . ... )
WI:P‘ T F - ﬁb‘l‘ = .
- - k L ]
N i { ®Jzong, H "
-thi.l, 8 . #Kahng B
.y - ' .- : -
I- L L o -
‘.: " 3 - .- -
'..: « W ghabasi AL :
- " d ] .Hyf{
., —WSchifler, P @ ! .-' ®Pastor-satomas, Re sLoreto, V
- ‘. - . : " ” =
®0Rva, 2N =
’ - spignani, A .
" * evaghez, A . k >
SARan, R @Pktoners, L g
. J " wBarthelamy, M
i e \ ®Damat, A
MST-Pathfinder Network Scaling was selected. . . :
Input Parameters: - " rmsamns
Weight Attribute measures: SIMILARITY _' 3

Edge Weight Attribute: weight



Network Visualization:
Circular Hierarchy Visualization

Select Co-Author Network and run Blondel Community detection:

File Data Preparation Preprocessing [.&nal}-’sis] bModeling  Visualization Help

El console Temporal ’ — O i Data Manager
T lean IS File wras selacted Sizospez] | ||| a 7 ISI Data: CoulsersiUser\Desktoph10-NEH-A&H-Workshop\DVD s ci2isarmple
. : 5 - _
Authior(s) Micah Linnemeier Ve 4 F-| 361 Unique IS Records
Implementer(s): Micah Linnemeier Metniorks k Metwork Analysis Toolkit (MAT) gl
Inteqrator(s): Micah Linnemeier MetsciResearchers.isi
Docurmerntation: Urwveighted & Undirected * e rreraed
Ifttzs:.fdfnwh.slls.lndlana.edu.fcnm munityfIn=LoadData. IS oadAr Weighted & Undirected " Clustering Coefficient
oaded:
CiUsersyUsertDesktopt10-MEH-A&H-Warkshap DWDhsci2ysample Ureighted & Directed * Mearest Meighbor Degree
ormetricshisitFourMetSciResearchers.isi VWeighted & Directed b Strength vs Degree
Loaded 361 records, I 4 E' I5I Data: C:I‘-_L.I:IJsers‘-LLlse Degree & Strength
'ier;r;-lnved I duillcatzrecurds. - P E‘ 361 Unique IS Rec Berage Weight vs End-point Degree
uthor names have been normalized, .
T, Extracted Co-Z Strength Distribution
361 records with unique ISTIDs are available wia Data Manager, E‘ Authar infarm Weight Distribution
Wrote log to Randomize Weights
ChUsers\UserAppDatailocahTermphisiduplicaterermowverlogd?73522398971021 . .
378 bt Blondel Cormmunity Detection
OC lth pﬂrameter Vﬂlues 7 | Elandel Cormrmunity Detection @
This algarithrm implernents Blondel's community detection
algarithim,
Wreight ’numhernfcnauthnredwurks vl ['ﬁl




Network Visualization:
Circular Hierarchy Visualization

Nodes that are interlinked/clustered
are spatially close to minimize the

number of edge crossings.

Node labels, e.g.,

author names.

g ™
e

g
——

I
I| .______-.- : .
using edge bundling. m

1 IR

Color coded cluster =
hierarchy according to
Blondel community

MNode Caolor

brsed oo MUMBEROFWORES artribate

1 4 127

detection algorithm.

Note:
Header/footer info, legend, and more meaningful color coding are under development.



Topic Mapping: UCSD Science Map

Science Map via Journals for FourNetSciResearchers.isi

314 journal references matched out of 361 found.

These 314 references are associated with 13 of 13 disciplines of science and 255 of 554 research specialties in the UCSD Map of Science.

Health Professionals . :::--—
A ‘T
: N ,Gb g (é Data:
N B 68@ WoS and Scopus for 2001-2005, 7.2 million

A papers, more than 16,000 separate journals,
o (o o .
KT fusecdons Jhiscas? proceedings, and series
2 A ® _
Ciecle Area: Jommal Comnt 3 ”
() SSRE Similarity Metric:
e Combination of bibliographic coupling and
keyword vectors
Number of Disciplines:
554 journal clusters further aggregated into 13 main f---
7 Science Map == scientific disciplines that are labeled and color
Locate the journals frorm a table on the UCED Map of Science coded in a metaphorlcal way, €.g., Medicine is
: blood red and Earth Sciences are brown as soil.
Journal column lournal Marme (Abbreviated) '] —
Dataset display name  FourMetSciResearchers.isi _-- =




How to Read the UCSD Map

UCSD Science Map

with data overlay. —— ‘ e

Map legend of ——
circle area size
coding

Listing of all data —
records organized int
UCSD science areas.

Fedy B, [0 T P

e

-2 Doty i TR F

Science Map via Joumals fue NIH-AUTSA-Publiscasema oo

Thae 1504 fraaral wirverrs o s weh 11 o S o s s W8 @ T

A

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.



Geospatial maps with congressional districts

A

1 Zipcode

2 90095
2 4672
4 232980568
3 10032
6 10039242
7 45091500
8 191112434
9 27705
10 981959472
11 10065
12 10065

) Identify Congressional District, Latitude, Longitude

A

Al jzip code Congressional District Latitude

E D

Longitude

2 90095 CA-30 34.0735035 -118.6645815
2 4672 ME-02 45.818717  -69.0290345
4 | 232980568 VA-03 37.270472  -T77.0699335

Aggregate/Count identical Congressional Districts

QL[ T

O

DQ)Q

A, | B | C | D |
1 |Congressional District |Latitude Longitude Count
_ 2 |CA-30 34.0735035 -118.66455815 4
3 [ME-D2 45818717 -BY.0250345 2
4 WAD3 37270472 77 0R99E55 1
8 [NY-15 40.8341475  -73.93420595 4

O ®

Q g B




How to Read the Geo Map Header and footer
with information
e e < when this map

was created, by
whom and using

U.S. Map with what data set.

data overlay.

Listing of map
type, author, and
parameters used.

Map legend with
color coding.

T Geo Map (Circle Annotation Style)
Albers Equml-fArea Conic Projection
Apr 10, 2011 | 09:22:15 AM
K. Borner

Intenor Zolor [Lainear) Area (Linear) 44—



science of science
S res@arch & practice

Evolving collaboration networks

D
v
Taylor Su Stonehraker Dantzich Thiel Dolal Heath
Chen
Aiken Larson Labow Fox
Paxson Wisnovsky Landay Robbins
Spalding ‘Wake Averboch
E Wiz Czemwinski Hix
Hellerstein F
Konstan ‘Woodruff Erca Guimbretiere rance
govac
Bar Beldonado Schulman
b4 Qlstan Uikl DeLine Brueni
_ Kuchinsky
Cerlis Chi Gossweiler Robertson Guyer Nowell
Riedl o —_— Hearst _—
: iel o
Mackinlay Masinter Tanasse
Retzel Shoop Schank Eialvaisan Hetzler
' o Pedersen Tenev Whitney
Lewis Chang Pirolli s
Badro _ ) Pitkow Rao
Zhang Jerding SP— Igarashi Rushall
4 Stefik g
O
Price Stasko Kraemer o— /IHopkins Senn
H‘ Callahan
; A Burks
' fukherjea e
Jones [/ . P Lucas
oBrown Harrold I,‘ / Weiser - Kolojechick
| Johnson ! .
B !/ Card Dunmire
otafogo V5 . Gomhen
Eagan 1/ Gershon Goldstein 9
L ; Weiland :
Rivlin Shneiderman sl Chuah Mattis Stroffoling
R Bederson ‘Wattenbery Jain Hao Bah
o Herrmann Dayal
Furnas Rose Williamson Kerpediiev
Hsu
. North .
. Widoff : Derthick
Zhang Plaisant . : Keim
Jul Milash Ahlber Seid| Schneidewind Harrison
Doan 9 Kriegel
Zacks Tanin Morth Panse
Carr Beigel Wistrand Berchtold Moore
Ankerst
Legend Node Color Code Edge Color Code
Nodes ~ Authors e ¢6-90 I Mapping the Evolution of
Node area size ~ Number of papers published 91-95 I CO-AUthOI’Shi Networks
Node color ~ Number of citations 20-29 96 -00 —— , ' P H
30-3 I o1- Weimao Ke, Lalitha Visvanath & Katy Bérner
Edges ~ Co-authorship relations 40-49 NN InfoVis Lab @ Indiana University
s50- s Displayed Year: 1988 2004

Edge color ~ Year of first co-authorship



Evolving collaboration networks

rch & practice

lL.oad isi formatted file

v osci2-wlS-alpha v osarmmpledata e scientormetrics »oisi - [+

B e Folder

As

Nar‘ne, Date rodified Type Size

{17 AlessandroYespignani.isi i |7] EugeneGarfield.isi
|7 FourMetsciResearchers.isi | 7| LaszloBarabasiisi
|7 StanleyWasserman,isi | 7| TestSPapers.isi

csv, file looks like:

A | B | C | o | E | F | 6 |
1 |Abstract Authars Authars (Full Names) Beginning Book Serie Book Serie Cited Pate
2 |The systematic study of Calizza, V|Barrat, AlBarthelery, M[Vespignani, A 2015
_ 3 |Uncovering the hidden reCaolizza, %|Flammini, AlSerrano, MANVespignani, A 110
4 |Computer viruses can s|Yespignani, & 135
_ & |Mapping the Internet geiDall'Asta, L|Alvarez-Hamelin, [|[Barrat, AlvVazoguez, AlvVespignani, A 140 LECTURE MOTES 1M

Visualize each time slide separately:

R e, &

Pigirmem, L

[ Jre——

S peoren @ pemgens B
Warsii N

1980- 1981 1880- 1986 1980-2001 1880-2008



cyberinfrastructure for
ETWORK SCIENCE CENTER

Schiool of Library and Information Science | Indiana University Bloomington

Cyberinfrastructures Teaching Outreach

All papers, maps, tools, talks, press are linked from http://cns.iu.edu

CNS Facebook: http://www.facebook.com/cnscenter
Mapping Science Exhibit Facebook: http://www.facebook.com/mappingscience




