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ABSTRACT

A COMPLEXITY APPROACH TO EVALUATING NATIONAL SCIENTFIC
SYSTEMS THROUGH INTERNATIONAL SCIENTIFIC COLLABORATONS

Ryan J. Zelnio, Ph.D.
George Mason University, 2013

Dissertation Director: Dr. David Hart

This dissertation seeks to contribute to a fullederstanding of how international
scientific collaboration has affected national stifec systems. It does this by developing
three methodological approaches grounded in socrablexity theory and applying
them to the evaluation of national scientific syste The first methodology identifies the
global core-periphery structure of science at thergific disciplinary level. The second
methodology creates a multitheoretic, multileveld@idfor studying the evolution of
international collaborations. The third methodolalgvelops a framework that relies on
identifying scientific topics with a lack of inteational collaboration to identify areas in
which a country has emerging capabilities that gigg it an advantage in the global
arena. Each of these methodologies are appliedaniety of case studies and can be
used in conjunction to obtain a fuller understagdimat could aid the governance and

management of national and international investmgnscience.



CHAPTER ONE: INTRODUCTION

International scientific cooperation (ISC) grew erpntially over the past two
decades (Ghzel 2001). This cooperation results in the transf&nowledge between
participants as well as the creation of new knog#ed he growth in international
cooperation has had profound effects on the comafuetsearch both internal and
external to national borders. This change in cohatuturn has implications for the
effective functioning of national systems suppatstience. Yet, the mechanisms and
processes that underlie the growth in cooperatierpaorly understood (Katz and Hicks
1997, Wagner-Bbler 2001, Wagner and Leydesdorff 2005). A fullederstanding of
the factors contributing to this growth could g governance and management of
national and international investments in science.

The factors affecting growth in ISC can be dividet two groups, those internal
and those external to science (Wagner and Leydé&fa5, Drori et al 2003, Hwang
2008). Factors internal to science include bothctiveduct of science and the social
structure of the scientific community. Externalttas are those coming from social and
political environments in which scientists resi@enfounding our understanding of ISC,
the two types of factors have an effect on eachroffo unravel the relationship between
these factors and the growth of ISC, this disserigiroposes utilizing the lens of social
complexity theory. The central thesis of this sbcamplexity theory was encapsulated
in the title of Thomas Schelling’s seminal work ‘dvbmotives and Macrobehavior”,

which the decisions and actions of individuals hsigaificant consequences for the



group in which they reside. This dissertation aggpthis theory by examining the
decision of scientists to collaborate with anotb®entist residing in another country
having a dramatic impact on the structure of thenascientific system of the countries
in which they and their collaborator reside.

This introduction is split into three sections:albrief literature review on
international scientific collaboration; 2) methoolgical considerations; and 3) an

overview of the dissertation

Literature Review of International Scientific Collaboration
The factors affecting growth in ISC can be dividet two explanatory themes,

those internal and those external to science (§&868, Wagner and Leydesdorff 2006,
Dosi et al 2003, Hwang 2008). This literature rewexamines these two macro themes

separately.

Factors internal to the conduct of science
The earlier of the two explanatory themes is thatdrs internal to the conduct of

science are largely responsible for the increaseiemtific cooperation (Merton 1968,
1973; Zuckerman 1989; Ben-David 1990; and oth@itsis line of inquiry has been
explored particularly in the “sociology of scienaholarship.

This explanatory theme captures the benefits assativith ISC that are internal
to the conduct of science: access to more skitlsyhedge, and techniques; transferring
of knowledge; the desire of researchers to incrédase visibility and recognition;
intellectual companionship; and a clash of vieve thay lead to new insights (Katz and
Martin, 1997). Thus, individuals within the sciditticommunity are rewarded with

greater status, more promotions, and increasedrigrsthould they conform to these



mores of scientific culture and increase collabweeaactivities (Whitley 1984, Drori et al
2003).

Internal to science is a clear hierarchy amongisies, from Nobel Prize winners
to graduate students and a defined path of howsomemoted in this hierarchy (Merton
1968). Scientists at the top of this hierarchyareorded the greatest status and have
higher visibility. Senior scientists are sougheafis collaborators by junior scientists as a
way to increase their own visibility and add aduh@l credibility to the junior scientist’s
own research (Merton 1968; Price and Gursey 19#63%. effect is commonly referred to
as the “Matthew effect,” after the biblical passagéhe Gospel of Matthew describing
the effect that “the rich get richer and the poet gporer.” This hierarchy also fits within
the concept of “preferential attachment,” the pssc@ which the attractiveness of a
scientist for collaboration is directly proportidia how well known the scientist is.
Price and Gursey (1976) found that this effect $gadsenior scientists gaining even
greater prominence as they increase their repuat#trough an increasing number of
collaborations while junior scientists’ reputatigrows at a much smaller rate as they are
partially eclipsed by the more prominent collaborat

This hierarchy also extends to the internationatlleThere is a core-periphery
structure associated with the uneven distributiosc@nce globally (Schott 1993, Kim
2006, Hwang 2008). Within this core-periphery stuue, scientists from core countries
are given much greater status and scientists ipehphery countries are encouraged to
collaborate with scientists located within the ctrdave access to the latest equipment

and theories.



The changing conduct of science is causing scisrttisbe more dependent on
collaboration within their own scientific networkSchott 1992, Glanzel 2001, Wagner
2008, Hwang 2008). This change is driven by thegased specialization within the
sciences, the growing interdisciplinary nature@ésce, and the increased mobility of
scientists (Schott 1992, Hwang 2008).

The various internal factors are institutionalizegbart through the formation of
professional societies (Drori et al. 2003). Thesgeties are self-organizing with
membership and advancement reflective of the labyaobserved by Merton (Beaver
and Rosen 1978). The rapid growth of professiooaiksies in core countries (Drori et al.
2003) is evidence of the fragmentation of sciemseilting from increases in
specialization and interdisciplinary science.

There is a strong correlation between the expardignofessional science within
core nations and the increase of professional seigninternational non-governmental
organizations (INGOs) (Drori et al. 2003). The fation rate of INGOs has increased
exponentially, practically doubling every 10 yeansce the 1950s (Drori et al. 2003).
These INGOs reflect a culture that encourages ammgtes scientific cooperation
regardless of political borders. These INGOs haymeded into the role of providing
assistance to developing countries on mattersmglét scientific public goods by
promoting cooperation among members with scieniistise developing world.

Another explanatory theme internal to science ersigba the nature or culture of
exploration among scientists that is self-reinfiogc{Drori, et al. 2003). It takes the view
that science is a public good to be shared glolzetigng universities and laboratories in

order to accelerate the rate of discovery. Theesgof science endogenously supplies its



research agenda and creates incentives for autarsoexpansion. Where resources are
scarce, the scientific community seeks to inteynatioritize where to allocate these
resources. Examples of this would be the decadwaegs performed by the National
Academies and the peer-reviewed grant processhystiee National Science
Foundation. The decadal surveys are conducted aswagtists to find out what the
major scientific questions are that need to beclattd within a specific discipline. One
intention of the authors of these surveys is thay should be used by national policy-
makers to decide where to allocate resources fence.

“Big science”, or scientific endeavors that reqsil@ge-scale projects for
progress, was initially viewed as a major drivethia growth of ISC (see Gallison and
Heavly 1992). The rising cost of instrumentationdertain fields such as space science
and particle physics necessitated that countriageghe cost of pursuing such endeavors.
An empirical study by Wagner (2008) comparing thendh in ISC between a “big
science”, astrophysics, and “small sciences” sgcbod science and mathematics logic
found that ISC, as measured by coauthored pulBitsitigrew at a rate of 138% in
astrophysics between 1990 and 2000, while the ssuighces of mathematical logic and
soil science grew at the rates of 333% and 323%entively during the same period.
While the growth rate of these small sciences riqaarly impressive, one’s
conclusions drawn from these observations abowtthreates should be tempered with
the fact that astrophysics had already establi£h€das a norm, while the others were
more recently internationalized. In 2000, 47% ofpabers in astrophysics were
internationally coauthored, compared with 38% irthreenatical logic and 33% in soil

sciences.



The analysis by Wagner highlights that increasdS@differ among fields of
science. While “big science” has a pressing neetSiG due to the costs involved, other
fields such as the soil sciences cited above re@acess to certain regions or virology
which may require access to specific populatiormmp@ration becomes necessary to
access these local resources. Still others, suttiteasetical physics, do not require any
sharing of physical resources and collaboratianamly driven by a desire of scientists
to “consult with others”. Through studying collabtve patterns among differing
branches of science, one may differentiate thecesffef factors that are internal to the

conduct of science on the degree of ISC.

Factors external to the conduct of science
External to the conduct of science is a social@drthat provides motivations

that are external to the scientific context andude: the rising cost of doing research;
the declining cost of travel and communication iegdo a growing availability and easy
access to researchers; and political factors eagowg greater collaboration across
borders (Katz and Martin 1997).

One may hypothesize that growth in information aathmunication technologies
(ICT) alone helps explain the sudden increase ¢hd8en over the past two decades.
Wagner (2006) argues that scientists enabled thradgances in ICT have empowered
this factor recently by lowering barriers assodatgth pursuing international scientific
collaboration (ISCs) in “small” science. While griwn ICT is definitely an enabling
factor, work by Laudel (2001) has shown that thgonity of ISC begin face-to-face.
Thus, ICT can be seen as a necessary but notisoffgart of the growth of

collaborations.



A competing explanatory theme encompassing faetxernal to science is that
the conduct of science is a product of the sodretyhich it is embedded (for examples
see Callon et. al. 1986; Latour and Woolgar 198hjs theme suggests that social
factors external to science, such as national msteutional politics, heavily control the
conduct of scientists. Within this framework, s¢ists are seen as entrepreneurs seeking
to exploit opportunities within the social contexternal to science to promote their own
agendas. If national policies state that funds bellprovided for research involving
international cooperation, scientists will thusluate international teams with little
thought given to the scientific merit of adding sumembers. Indeed, diplomacy has
been found to be a significant driver in the inseeaf ISC (Oldham 2005, Skolnikoff
2001).

The condition of a country’s scientific infrastruot plays a role in its propensity
to cooperate. Luukenoon, Persson, and Siverst@2jX¥éund that “[t]he less developed
the scientific infrastructure of a given counttye thigher the tendency for international
coauthorship collaboration.” The increased spegadsibbn of science has also had an
effect on scientists from countries with small stiiec output who are forced to look
outside their borders for collaborative partnefsug ISC may also be viewed to be a
good way of “enhancing domestic scientific capabsi’ (Oldham 2005). This effect has
been tempered by the increased transaction costschfcollaborations.

The transaction costs associated with ISC occhotdt the institutional and
national level. At the institutional level thesestohave additional financial burden, they
take more time to accomplish, require increasedimdtration, and have significant

problems in reconciling institutional systems saslHinancial, management, and



property rights (Katz and Martin 1997). At the oatal level, there are also political
impediments in advanced countries for gatheringpettdor ISC. These include the
belief that other countries are free-riding, tf&€Iwill be giving away know-how to
other countries, and that science will be subotdih#o strategic and political ends
(Wagner 1997). Thus countries may erect barriecoli@aboration which include export
controls, classification, and visa restrictions.

There are additional costs imposed in the shont-terdeveloping countries that
accompany an increase in ISC (Schofer, et. al. 2064 et. al. 2003). These costs arise
from the fact that increases in the scientific Wor&e and scientific research activities
are heavily correlated with women'’s rights, humights, consumer’s rights, gay and
lesbian rights, and environmental rights. While itte¥ease in all these rights is a social
benefit to a developing country, they create aesponding economic cost that is
burdensome for developing countries to bear.

The transaction costs associated with collaboratiag be mitigated by foreign
policies to address either social factors (to askloeeation of knowledge that would
benefit global public goods, such as health, afjuoe, or environmental issues) or for
political factors (such as foreign aid programsoopromote better relations between
countries) (Oldham 2005). Additionally, shared gapiy, culture, and languages may

also play a role in lowering transaction costs (@it 2005, Ponds et al 2006).

Methodological Considerations
The bulk of the empirical section of this dissedmatproposal is a detailed

coauthorship analysis of articles cataloged in ThmmReuter’'s ISI Web of Knowledge
(WoK). WoK is one of the most comprehensive databad peer-reviewed journals

covering over 256 subjects dating back 100 yeavau@orship analysis (CA) is a widely



used bibliometrics approach to understanding IS@aper is coauthored if it has more
than one author, and is internationally coauthdratleast two authors list addresses
from different countries. Smith (1958) was oneld first advocated the use coauthored
papers to measure the possible increase in satectifaboration and de Solla Price
(1963) was one of the first to use direct biblionostmeasurement to support Smith’s
hypothesis. Since then a consensus has emergembthahorship is synonymous with
collaboration with the one caveat being that tleeecases of scientific fraud in which

“honorary authorships” are given. (Katz and Malit#97)

Issues in bibliometric data collection
CA is performed by looking at the author and adslfedds of papers. The

address field describes both the physical locatfaesearchers as well as their
institutional affiliation. The basic units of analy for collaborative studies using CA are
author, institution, and country (Gauffriau et2007). Some researchers (for example
see Glanzel and Schubert 2005) also use the nurhb#ations to provide some kind of
weight to the importance of the collaboration.

Katz and Martin (1997) outlined several advantdgeshe use of bibliometrics
approaches for CA. First, it is invariant and viabfe. Second, it is inexpensive and a
practical means for quantifying collaborations.réhthe sample size is typically large
and thus statistically significant. Lastly, it is anobtrusive and non-reactive
measurement.

There are some problems with the use address.fMldgner and Leydesdorff
(2005) found that ~5% of papers had more addrebsesauthors. This occurs because
some authors claim to be from multiple institutBsus the number of authors gives a

lower limit to the number of institutions that aspresented through the collaboration.



Gauffiau et al. (2007) notes several issues withgl@A. The first is that within
Thompson Scientific’s large database of journatkrtwhich is comprised of SCI
(Science Citation Index), SSCI (Social Sciencetitalndex) and AHCI (Arts &
Humanities Citation Index), about 20 million addres are listed. This is in contrast to
the estimated 50,000 different institutes that cahdesearch world-wide. One reason for
this is that the coding for institutes may or may contain the name of the institute itself,
but may be just a department, university, or amlmioation of these three factors. This
provides a significant hurdle in automating theingadf institutional affiliation of
authors and requires intensive hand coding.

This problem is lessened somewhat for doing cowdding of articles. While
generally, countries can be deciphered unambiguotidy can appear under different
names and are sometimes omitted and can only éeedffrom their institutional
affiliation or city.

There are three separate counting methods forrdistieilg the number of authors,
institutions, and/or countries represented in aagrgpublication (Gauffiau et al 2007).
The first is whole counting which counts all unicqughors, institutions, or countries
contributing to a publication. The second is fraeél counting which normalizes
counting by assigning 1/n credit to each authatjtute, or country where n is equal to
the total number of participants. The third istfmsthor or first address counting which
provides a rank dependent accounting in which tmyfirst listed address given is
tabulated. This research is concerned primarilywibether a country participated in
collaborative research, and not the degree ofqyaation. Therefore whole counting will

be used.
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There is also an issue with which scientific disogs can be studied using
bibliometrics. At issue is whether or not the stifendiscipline main discourse is held in
peer reviewed publications that are indexed byadriee two main databases, ISI's Web
of Knowledge or Elsevier's Scopus. These two daebare the most complete
collections of peer-reviewed journals across masgiplines, though there are others
that specialize in gathering so called “gray litera” such as conference proceedings like
IEEE and Google scholar.

Stefaniak (2001) examined its possibilities of @A $ocial science and found
three major flaws in its use. The first is thatiabscience has a tendency to publish in
more types of literature, such as books and nom@e&ewed journals, than other
sciences. Secondly, as stated above, most citdéitaibases do not include books. Lastly,
unlike “hard” sciences, English is not the univéfaaguage and social scientists tend to
publish in their own language. There is a heavg manost databases towards English-
based journals and their coverage of other langutegels to be lacking. For this reason,
my research will not examine social science digogdl.

Moed (2005) has done considerable work catalogiBitig coverage by
discipline. The following table shows the result$is work. His work on coverage is
based on how many of the works cited in papersoaeted within ISI's database. In
general, coverage of theoretical and health-relstezhces are excellent, applied research

has good to moderate coverage and social sciemclkuamanities have poor coverage.

Table 1 1S| coverage of disciplines (Moed 2005)

Excellen (80%-+) Good (60%¢+) |Moderate(40%4poor (<40%)
Molecular biology and |Applied physics and Engineering Other social
biochemistry chemistry sciences
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Biological sciences  [Biological sciences IMathematics Humanities and

primarily relating to primarily related to animals arts
humans and plants
Clinical Medicine Psychology & psychiatry] Economics

Physics & astronomy | Other social sciences
primarily related to
medicine and health

Chemistry Geosciences

Creating and analyzing the empirical ISC networks
Gathering the empirical data is perhaps one ofrtbst challenging aspects of this

research proposal. The following sections outlimedeneral strategy for accomplishing

this task.

Collecting the data
The first decision to be made in the data coltecis determining which

data to collect. It has been known for quite soime that the level of collaboration
varies by discipline (for example see Luukoneraktl992). Therefore, any analysis of
variation needs to sample a sufficiently broad sveditenough disciplines over a
sufficiently long enough time period to determihéhere are trends in international
collaboration that are internal to science.

Disciplines shall be selected based on WoK diswptlassification (a full
listing of disciplines categorized by ISl is in tAhppendix). WoK uses Bradford's Second
Law loosely to determine which journals compronasdiscipline. This law simply states
that a relatively small number of core journals Imlibthe bulk of significant scientific
research. There are exponential diminishing returextending search for relevant
articles outside of the core journal set as thenals tend to be more strongly correlated

with other disciplines. WoK uses a citation anaysi determine the core set of journals
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for any discipline and supplements this quantieatinalysis with a qualitative assessment
that includes whether the journal adheres to Qasimal standards, editorial content, and
international diversity. (Thomson)

The next decision is how many years of data teectllPrior research done by
Wagner and Leydesdorf (2005) compared ISC netwindktsires from 1990 and 2000 in
six different disciplines and later updated witltD2@ata (Leydesdorf and Wagner,
2008). While doing snapshots at these time peli@dseful in demonstrating that the
pattern of collaboration has changed, it does notide enough detail to shed light into
how the patterns of collaboration have evolved.thi®, more fine-grained annual
analysis may be required. Thus for the chapterd?3amlata will be collected for all years
between 1983 and 2008. This data range has that@dpaof allowing a swath of data
spanning a quarter of a century and covering ses@aificant historical changes in
detail including the collapse of the Soviet Unigrddhe internet boom.

For research into emerging trends, a much shonter period is required.

Previous studies of emergence have looked at cingteme slices of 3 years (Glanzel
and Thijs 2012) and 6 years (Upham and Small 2@4t®put much discussion as to
what is the ideal time span. For better statisteellysis, the QEHS described in chapter

4 has erred on the upper part of the range anceoh®gears as the time span.

Aggregating the data
There are multiple ways in which one may aggretisedata, each of which can

provide valuable insights. The data may be aggeegaither at the institutional level or
at the national level. The institutional level getul in that it provides insights into the
types of institutions that participate within a otny’s border. It can be used to illuminate

the differences in collaboration strategies fowersities, research institutes and private
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companies for various nations. The national viesugh provides insight into the
ramification of national priorities. One of the teh question in this research is how is
international collaboration affecting the condutcécence. For a large part, science is
funded at the national level. Thus, this researithoe looking at countries as the
primary unit of analysis.

Next, as discussed in the previous step, I'll biéecting data over a continuous
25-year time period for chapters 2 and 3 (in chapt¢he data is not aggregated beyond
the single year). Whether or not this is aggregasedprovide different insights. My
preliminary work, based on an examination of nameys® and nanotechnology,
suggested the aggregation of results into 3 timege Cold War (1983-1992), Internet
Boom (1993-2000), and modern era (2001-2008). fiatsthe advantage of creating a
large enough sample size to have significant redattcertain analysis such as using
power law analysis to test for small world propestiwhich requires a minimum of two
orders of magnitude to be significant. Howevers gize of aggregation may have hidden
underlying patterns which may shed insight into mations change position in the core-
periphery structure. For instance, South Korearftadollaboration and only 0.9% share
of publication in the Cold War Era, which then jumdo 67 joint papers with 5.1% of
share in the internet boom and 326 joint papers8abib share in the modern era. The
movement was dramatic but the fidelity of the da#s not sufficient for gaining
understanding of when Korea began to substantrathease its international presence.
This proves problematic in the second part of thedysis when | concentrate on

examining country performance.
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In addition to aggregating this data, certain sti&s need to be gathered during
this phase for later analysis. These statistidsidecnumber of papers authored, number
of papers authored with international collaboratarsl the total and average citations for

papers that were authored both with and withouabokation.

Overview of the Dissertation
This dissertation is organized as three empiribapters that utilize different

methodologies from social complexity theory to pemtk and reveal different insights
into evaluating and understanding of a countryomal scientific system. The
organization begins by looking at the global letleén narrows down to country-to-
country analysis and then narrowing down to onlystdering the country in isolation.
Each chapter is written as a publishable artidiended for submission in a peer-
reviewed journal.

Chapter 2 utilizes examines the properties of theegu law structure of article
outputs and degree centrality distribution of coiestin five different fields (astronomy
& astrophysics, energy & fuels, nanotechnology &aesciences, nutrition, and
oceanography). This applies the methodology detaiéPower Laws and Non-
Equilibrium Distributions of Complexity in the SatiSciences” (Cioffi-Revilla,
forthcoming) to scientometrics to uncover a twaecepower law structure that is used to
determine a country’s position in the core-perigtstructure in the global scientific
enterprise.

Chapter 3 applies the concept of multitheoreticalltilevel network analysis
(Monge & Contractor, 2003) to understanding thel@vwan of inter-relationship between
countries. Using the same five fields as chaptérexamines five countries’ (Chile,

China, France, South Korea and the United Stateksjtee African continent’s changing
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pattern of international scientific collaboratianitdentify how their scientific systems
have evolved over time.

Chapter 4 attempts to tackle one of the core el&srarsocial complexity theory,
emergence. Whereas the previous two chapters wesa&sunements of international
collaboration to ranking relationships between ¢oas, this chapter exploits the lack of
international collaboration and data mining to idfgrtopics in which a country could
develop new emerging scientific and technologieglabilities that could give it an edge
over other countries. This research develops amethodology, called Quantitative
Exploratory Horizon Scanning based on this prirecgahd then applies it the United
States as a case study.

Finally, Chapter 5 draws conclusions of how thiseggch can be used by policy
makers and outlines further research. It also disesihow agent-based modeling,

another key methodology from social complexity flyegan be used for future research.
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CHAPTER TWO: IDENTIFYING THE GLOBAL CORE-PERIPHERY
STRUCTURE OF SCIENCE!

Ryan Zelnid

'ryjaz@yahoo.com
George Mason University, Fairfax, VA, USA

Abstract

While there is a consensus that there is a corglpy structure in the global scientific enterprishere
have not been many methodologies developed fortifgieny this structure. This paper develops a
methodology by looking at the differences in thewpolaw structure of article outputs and degree
centrality distributions of countries. This methtmlyy is applied to five different scientific fields
astronomy & astrophysics, energy & fuels, nanotelitgy & nanosciences, nutrition, and oceanography.
This methodology uncovers a two-tiered power lamucitire that exists in all examined fields. Theeeor
periphery structure that is unique to each field¢haracterized by the core’s size, minimum degre a
exponent of its power law distribution. Stark diffaces are identified between technology and non-
technology intensive scientific fields.

Keywords

Core-periphery structure; power law analysis; nekveentrality; global science

Introduction
There is a hierarchical, core-periphery structarsaience that has dominated the

international relations for scientific cooperatitimoughout the 20century (Ben-David
1971, Traweek 1988, Schott 1998, Hwang 2008). Heslly, the core structure was
composed of the United States, Japan and the Euhojpe (Ohmae 1985, Glanzel et al
2008). Socio-cultural elements such as nationatjonial past, scientific heritage, and
infrastructure reinforced the core-periphery stneet(Oldham 2005, Hwang 2008). This
structure predetermined the status of scientigidrastitutions creating a disadvantage for
countries in the periphery to invest in the humapital necessary to advance their own

institutions to be equal to those in the core (8ch@98, Hwang 2008).

! This chapter has been published as: Zelnio, Rertifying the global core-periphery structure of
science.” Scientometrics, Vol.91, No. 2 (2012) €16
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However, this triad and the corresponding coregbeniy structure began to break
down in the 21 century. This break down is due in part to theomemtial growth over
the past two decades in international scientifigpsoation (ISC) (Ghzel 2001). This
cooperation results in the rapid creation of neewkiedge and transfer of knowledge
across borders. This growth in international coapen has a profound effect on the
conduct of research both internal and externabtemnal borders. These changes in
conduct in turn have implications for the effectfuactioning of national systems
supporting science (Hill 2007).

These changes began during the turn of the ceahdycontinue to this day. Even
as these changes have taken place, there contmbesas King (2004) put it, “a stark
disparity between the first and second divisiothim scientific impact of nations”. This
second division, the developing world, is incregbirbecoming marginalized and
exploited by those countries in the core (Lall 200ldham 2005).

Yet, the mechanisms and processes that underlgroineh in cooperation at the
national level is poorly understood (Katz and Hi¢R97, Wagner-Bbler 2001, Wagner
and Leydesdorff 2005). While certain countries,mhafrom Asia, have invested heavily
in the sciences (Wagner & Leydesdorff 2005, Glaetel 2008, Hwang 2008,
Leydesdorff & Wagner 2008) it is not well underdashich of these investments have
been successful in bridging the divide betweerctre and periphery. This research
seeks to contribute to our understanding of theetlgithg structure of the core and
periphery through quantitative analysis and undastow it evolves over time, with

some countries entering and others exiting the.core
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To gain new insights, this research will follow eat trends to examine scientific
collaborative networks as collaborative networlesemergent, complex adaptive
systems (Newman 2001, 2004, Barabasi et al 200gnéfand Leydesdorff 2005
among others). A characteristic common among emeégystems is that order appears
to arise spontaneously from the local interactibaators who are not necessarily aware
of how their actions contribute to the larger orfldolland 1998). Building on this
theoretical foundation, this research will extehe work of previous scholars by
aggregating scientific collaborative networks te tiation-state level to perform a macro

study on the evolution of countries to the core padphery.

Data Collection and Methodology
Data was drawn from Thomson Reuter’s ISI| onlindibibetrics database, Web

of Knowledge (WoK) and the country names were statiided” WoK is one of the most
comprehensive databases of peer-reviewed journaéyiaog over 256 subject areas
dating back 100 years. Each subject area has @ gfaorresponding group of journals
that provide a broad coverage on related topicprovide a wide breadth for analysis,
five subject areas were chosen: Astronomy and pbyrsics, Oceanography, Energy and
Fuels, Nanosciences and Nanotechnology, and Nutrifihe first two subjects are
chosen to be representative of the basic sciettrestext two for applied sciences and

the last draws from medicine. Statistics for thieslds are shown in Table 2.

Table 2 Subject Area Statistics
Field Coverage Journals Articles Avg.
Citation

England, Wales, and Scotland are treated as separtties in WoS and were combined into the United
Kingdom. Additionally, East and West Germany wesenbined into a single entity prior to 1989.

% Nanotechnology & Nanoscience’s coverage is shattat others as the first journal classified irs thi
subject area started at 1981. Additionally, 200 a@as not available at the time data collectiocuoed.
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Astronomy 1979-2008 54 228796
Energy 1978-2008 74 88886
Nanotech 1981-2007 47 74755

Nutrition 1979-2008 69 95350
Oceanography | 1979-2008 57 64764

To conduct this analysis, abstracts from all jolg@&ssociated with the selected
fields were downloaded and parsed into a datatlmassnflysis using customized
software. Only research articles were analyzedfetence proceedings, reviews,
editorials and letters were ignored. The numbeeséarch articles reported in Table 2
includes only articles with author address infolioratncluded. With the exception of
Energy and Fuels, less than 2.5% of articles dichawe address information. For energy
and fuels, slightly less than 12% of articles did contain author informatich.

For longitudinal panel analysis, publications wspét into 3 major time periods:
1978-1992, 1993-2000, and 2001-2008. The first pereod represents the global
polarity in the world between the USSR and USA. $eeond time period was chosen as
it is widely recognized that an explosive growthriternational scientific publications
followed the post-Soviet time period (Georghiou989Glanzel, 2001), and the last time
period is the current state of field.

Bilateral ties are counted for any instance in Whaathors from two countries
were in the same publication. For articles witrhaus from more than two countries,
each country was counted as country-pairs. For plgrfor an article with authors from
three countries, the article was counted threegjroece as a collaboration between

country A and country B, then between country B emantry C, and finally between

* The cause for this discrepancy was not investijatewever, the author hypothesizes that partisf th
discrepancy may come from the fact that WoS indwaléarge number of professional journals.
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country A and country C. This results in counthesing more bilateral ties than the total
number of articles. To compensate for this, thegmtiages of articles that are part of an
international scientific collaboration (ISC) ardatdated as 1 minus the ratio of number
of national papers (with no international coautharsdthe total count of articles
containing a least one author from the countrywhei centrality measurements were
calculated using UCINET with all edges symmetriaed weighted by the total count of

articles.

Power Law Analysis Methodology
A persistent pattern associated with complex syssgomower laws. In

bibliometrics, power laws are commonly seen in alion frequencies (Lotka 1924),
citation frequencies (de Solla 1965), the degremutthors in coauthorship networks
(Newman 2001, Jeong et al. 2001, Barabassi e0@R)2and the degree of international
coauthorship (Wagner and Leydesdorff 2005).

The majority of analysis used for this paper isdolasn log-CCDF
(Complementary Cumulative Distribution Functionwgo law which takes the form

(Cioffi-Revilla, forthcoming):

Equation 1Log-CCDF Power Law Function
log[L— ®(x)]= &’ — (b—1)log x
which yields a C.D.F.

Equation 2Log-CCDF Power Law C.D.F.
d(x)=1-ax"®
and a corresponding probability density functioDkp

Equation 3Log-CCDF Power Law P.D.F.
a(b-1)

p(x) = 5

This type of a power law is the same type seemauthorship networks and

citation networks. In order to determine the polaer coefficients, data will be fit into a
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log-log format seen in equation 1 and then OLSeaggon will be used to compute the
coefficients. A combination of the t-statistic astdndard error associated with the power
law exponent as well as thé Rill be used to determine the goodness-of-fiti® power

law (Cioffi-Revilla, forthcoming).

Core-Periphery Analysis Methodology
Core-periphery structures are often discusseddailtd formal definition

(Borgatti & Everret 1999). When discussing the watientific system, the core is the
area which produces the majority of new sciencehasda high inwardness, while the
periphery consumes the knowledge (Schott 1993, ,200Ang 2008). Using this
definition or ones similar to this, scientometrnes been used to identify the core
through the study of citations, publications andutborship (Glanzel 2001, Glanzel et al
2008, Wagner & Leydesdorff 2005, Leydesdorff & WagR008, Hwang 2005, 2008).

Barabasi et al. (2002) found that in some coauthpnsetworks, a two-tier
structure in the degree distribution appears withogs-over point that varies by
discipline. Each of the tiers has a different pcleer coefficient. Wagner & Leydesdorff
(2005) found similar two-tier architecture in stirty international coauthorship
networks. This is two tier architecture was coibgdZhou and Mondragon’s (2004)
study on internet topology as the “rich-club pheeaon.” Serrano (2008) extended this
to weighted networks and found rich-clubs in angportation, world trade and
coauthorship networks.

This research uses the advances in detecting luchphienomenon detailed in
Serrano (2008) to determine the core countrieanvarious fields under study and how
they have changed over time. The methodology has adapted into the following

algorithm for computing the different power law agents and core-membership:
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Compute the weighted degree of all nodes
Compute the log-CCDF as outlined in the power mathmgy section
Use piece-wise linear regression of log-degree EgdCCDF using a moving
threshold to get a best fit for power law coeffitse
In some cases piecewise linear regression foune than one best fit, in such

wnN P

cases the value which has the great discontinuttythe prior degree centrality was
chosen. For example, in oceanography from 2001-20@dit for the core beginning at
425 degree and 652 where very close, however thefpr degree value in was 295 and
546 respectively. Thus the discontinuity is greatet25, thus the four countries with a

degree centrality between 425 and 652 were coresideart of the core.

Analysis and Results
To grasp the complex underlying patterns associaittdinternational scientific

cooperation (ISC) at the macro level, the analgsimoken down into two components:
1. Field Analysis
2. Core-Periphery Analysis
Each analysis is done over three distinct timegasrover five separate

disciplines to insight into the evolving naturel8C. The results of each of these

analyses are interpreted independently withingbition.

Field Analysis

Statistical Properties
An analysis of collaboration at the disciplinarydéshows that collaboration has

grown significantly for the selected five case stgver the past thirty years. The

results of this analysis are shown in tables 34and

Table 3 Field Statistics
Field Time Total Average Average Average Percent
Period Records Citation  Authors Countries ISC paper

Astronomy & | pre-1992 68076 31.85 1.42 1.15 11.5%
Astrophysics | 1993-2000 68026 28.66 2.09 1.42 28.5%
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2001-2008

Energy & pre-1992
Fuels 1993-2000
2001-2008

Nanotech & pre-1992
Nanosciences | 1993-2000

2001-2007

Nutrition pre-1992
1993-2000
2001-2008

Oceanography | pre-1992
1993-2000
2001-2008

Table 3 shows that there are stark differencekarcomposition of each field.
Astronomy and Astrophysics is the most collaboet¥ the fields surveyed, while
Energy & Fuels is the least collaborative. Nutritis the second most collaborative field
surveyed in terms of co-authors yet is fourth nmi® of percentage of paper that are
collaborated abroad and nearly tied with Nanotedlafaosciences for average countries.
This difference in growth of average authors anghtees seen in nutrition shows
evidence that increases in coauthorship does adtdeectly to similar increases in
international collaboration, though the two remiaighly correlated. The extent of how

collaboration has evolved in these fields can lem $& table 4.

Table 4 Field Growth Rates
Avg. Authors Avg. Countries Percent ISC
1993- 2001- 1993- 2001- 1993- 2001-
2000 2008 2000 2008 2000 2008
Astronomy & 47.2% 56.5% 23.5% 26.8% 147.8% 58.9%
Astrophysics

Energy & Fuels 23.1% 23.3% 6.9% 6.4% 492.9% 69.9%
Nanosciences & 31.0% 35.8% 9.8% 9.8% 362.5% 74.4%

Nanotech
Nutrition 32.6% 38.3% 7.7% 10.7% 200.0% 83.8%

Oceanography 30.8% 36.6% 11.5% 14.7% 266.7% 92.4%
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The growth in average authors is highly correlat#tl the pre-existing amount
co-authorship. That is, the higher the averageuailer of authors, the higher the growth
rate. This indicates there may exist some typaowballing phenomena which reflects
the changing structure of a field. Thus the moi&aborative a field is in general, the
more authors choose in the future to coauthor éatgr team sizes.

The same pattern does not hold for the averagetwesicollaborating on a paper.
Astronomy & astrophysics continues to have thengfest growth rate, making it
increasingly more global. Of interest though is diféerence in growth between nutrition
and oceanography. In the initial time period, p#®2, these two fields had the same
average countries. However, their growth ratesrdge@ with oceanography becoming
globalized at a rate much faster than nutrition.

The growth in the percentage of articles in a fiblak are internationally scientific
collaborations (articles that had a minimum ofeaist 2 authors from different countries)
grew rapidly in the 1990s. However, the rate ofaglowas not sustainable and dropped
considerably in the most recent time period. Theatgst growth was seen in the fields
which had the lowest rate of collaboration to stath. The smallest growth came in
astronomy & astrophysics, which was the field #ileeady had the highest level of
collaboration. The difference of growth rates betwautrition and oceanography

followed a pattern similar to that seen the ave@gmtries.

Distribution Analysis
In addition to the mean averages and growth, ondazk at the distribution of

country collaborations. As previously noted, povesyvs have a long and varied
association with bibliographic data. Due to thisagsation, the distribution of how many

countries collaborate on a given publication waseid to see if it fit to a power law.
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Figure 1 shows the log-log plots of CCDF verse tourepresentation in a given

publication for each of the five fields studied lwthe goodness of fit to a power law in

table 5.

Table 5 Power Law Goodness of Fit for Count

Field

Astronomy &
Astrophysics

Energy &
Fuels

Nanotech &
Nanosciences

Nutrition

Oceanography

Time Period b+1

3.728
3.317
3.241
2.955
3.344
3.489

pre-1992
1993-2000
2001-2008
pre-1992
1993-2000
2001-2008
pre-1992
1993-2000
2001-2007
pre-1992
1993-2000
2001-2008
pre-1992
1993-2000
2001-2008

log a

-0.579
-0.097

0.414
-1.987
-1.149
-0.949

R2

0.967
0.951
0.865
0.986
0.986
0.986

Collhoration Distribution

std

err
0.231
0.195
0.286
0.160
0.182
0.138

t-stat

-16.14
-17.01
-11.34
-18.45

-18.4
-25.26
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Figure 1 Distribution of Country Collaborations
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The goodness-of-fit is strong for strong for altegt the most collaborative of the
fields, Astronomy and Astrophysics. A&A has a vetsong hook at the end of the 2001-
2008 data which starts at 19 countries collabogatihen this hook is removed, OLS
regression shows a slope (b+1) of -2.61 with aeraept (log a) of 0.023 and the
goodness-of-fit goes up considerably with a R2.668, standard deviation of 0.143 and
t-statistic of -18.21. The hook appears in pre-188@ starting at when 10 or more
countries collaborate and in the 1993-2000 datawiltemore countries collaborate. A
similar hook, though not as pronounced, showse2001-2008 graph for nutrition,
starting after log 1, or when more than 10 coustcellaborate together. A likely
explanation of this hook comes from the literatsuerounding power-laws seen in social
networks. It has been noted by Amaral et al. (2@0@) Wagner and Leydesdorff (2005)
that the cost of adding additional vertices to avoek is a limiting factor, especially in
collaborative networks. However, over time the hbegins at a later point suggests that
these costs have been decreasing over time deeedif rate for each field.

This analysis shows that the scale-free collabmma®und by Newman (2001),
Jeong et al.(2001), and Barabassi at al.(2002eandividual scientist level, and scale-
free collaboration of scientists collaborating wiitkernational scientists found by
Wagner and Leydesdorff (2005) also applies at thermlevel of countries collaborating
together to publish articles. Just like the othedies, the power-law exponent varies by
disciplines but falls in a similar range betwees &1d 3.6, with the exception of
nanosciences & nanotechnology (N&N). One of the@aa why N&N'’s slope is

considerably steeper may lay in the fact the N&Id rmuch “younger” discipline with a
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smaller select number countries investing heawilthe discipline. This hypothesis will

be explored later during the country-level analydithis chapter.

Core-Periphery Analysis

Degree Distribution
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Figure 2 Distribution of Country's Degree Centrality

Figure 2 shows the initial graph of the distribataf degree centrality in log-log
space. The significant shift to the right over tisl®w that the density of cooperation
among countries is growing across all disciplifidge majority of graphs also show a
marked discontinuity in which the distribution bertdwards a different slope. This bend
is characteristic of the core-periphery structuevmusly discussed and is illustrated in
figure 3.

Piece-wise linear regression shows two distincicstires lie within this
distribution (see figure 3). An analysis shownable 7 shows this structure permeating

across all disciplines studied.
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Figure 3 Nanotechnology and Nanosciences 2001-2@D&gree Centrality Distribution

The cohesiveness of the core varies by field amteiasured through a
combination of the core (power-law) coefficient timinimum degree level of core
countries, and the core size. The core coeffigenimilar to a Gini coefficient seen in
economic studies: the closer it comes to 0, thatgrehe disparity among members.
Therefore, the greater the absolute value of tledficeent, the more cohesive the core.
The inverse is also true: the greater the minimegrek of the core, the greater the
density of cooperation within the core. The analysitable 6 shows three distinct core-
periphery patterns among the fields.

The first pattern is a highly dense and intercotegbcore and a largely disperse
from the periphery as seen in Astronomy & Astroptg/sOver time, as the size of the
core has grown so too has its density as refldngatie high minimum degree level seen
in each time period. Additionally, the disparitytlween the core and periphery
coefficients is suggestive that it is increasingjfficult for countries to travel from the
periphery to the core in this discipline in theuit.

The second pattern features a large but highlyodisected core membership.

This is seen in the disciplinary fields of energyglanano, which are mostly loosely
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related to technological fields. This pattern sigggéhat countries are working largely
independently of each other, more so in energyfagidesearch than in nanotechnology.
The third pattern falls in between the first twaldeatures a much smaller core of
countries than the other disciplines but one thaighly dense and is reflected in
oceanography and nutrition. This pattern has haglk coefficients and a minimum
degree ranging twice that seen in the second pgatiesuggests a high level of
interconnectedness and more equity in the distohudf cooperation amongst core

members.
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Table 6 Degree Core Coefficients

Astronomy Nanotechnology Energy Nutrition Oceanography

-'92 93'-00 01-'08 | -'92 93'-00 01-'08 | -'92 93'-00 01-'08 | -'92 93'-00 01-'08 | -'92 93'-00 01-'08

Core Coef. -0.87 -101 -103| -094 -111 -1.07 -1.02 -1.15 -1.16 -1.10 -1.30 -1.42 -1.38  -1.23 -1.29
R-Sq 0.97 0.97 0.96 0.94 0.98 0.97 0.95 0.98 0.97 0.94 0.99 0.97 0.85 0.97 0.98

std error 0.03 0.04 0.04 0.13 0.04 0.03 0.08 0.04 0.05 0.11 0.04 0.06 0.26 0.06 0.04
t-stat | -25.68 -22.79 -2453 | -7.11 -31.05 -31.12 | -12.96 -29.12 -24.72 -9.81 -33.92 -21.89 -5.42 -20.38 -30.46

Per. Coef. -0.21 -0.23 -0.19| -057 -0.29 -0.24 -055 -0.44 -0.33 -056 -0.45 -0.39 -0.48 -042 -0.36
R-Sq 0.99 0.97 0.99 0.91 0.93 0.98 0.93 0.95 0.94 0.92 0.93 0.96 0.97 0.94 0.95

std error 0.00 0.01 0.00 0.06 0.02 0.01 0.04 0.02 0.01 0.03 0.02 0.01 0.02 0.02 0.01
t-stat | -48.78 -41.10 -71.52| -9.64 -18.01 -4243 | -14.25 -26.56 -26.84 | -19.24 -2456 -37.74 | -23.82 -23.80 -32.41

Min. Degree 595 1147 2937 16 83 225 24 68 185 79 153 558 117 170 425
Core Size 13 20 26 7 19 29 10 19 23 9 15 18 7 14 17
Core Share 84.3% 89.2% 91.7% | 82.1% 87.8% 94.7% | 76.1% 78.7% 82.0% | 75.0% 79.9% 76.1% | 72.2% 80.2% 81.4%

Table 7 Article Core Coefficients
Astronomy Nanotechnology Energy Nutrition Oceanography

-'92 93-00 01-08 | -92° 93-00 01-'08 | -'92 93'-00 01-'08 | -'92 93-00 01-'08 | -'92 93'-00 01-'08

Core Coef. -0.86 -0.88 -0.87 | n/a -0.86 -095| -081 -1.05 -120| -0.75 -0.99 -1.09 -0.76 -0.98 -1.15
R-Sq 0.95 0.97 0.97 | n/a 0.99 0.98 0.94 0.94 0.95 0.95 0.95 0.95 0.95 0.96 0.95

std error 0.06 0.04 0.03 | n/a 0.02 0.03 0.07 0.08 0.07 0.06 0.07 0.05 0.04 0.05 0.07
t-stat | -13.31 -22.88 -29.91 | n/a -44.06 -33.15 | -11.37 -12.80 -17.67 | -13.59 -14.50 -20.24 | -16.92 -19.06 -16.58

Per. Coef. -0.27 -0.24 -0.21 | n/a -024 -025| -041 -0.39 -032]| -0.38 -0.39 -0.32 -0.37 -0.35 -0.32
R-Sq 0.95 0.97 0.99 | n/a 0.94 0.97 0.89 0.94 0.94 0.95 0.95 0.96 0.97 0.98 0.98

std error 0.01 0.01 0.00 | n/a 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
t-stat | -29.98 -41.69 -68.93 | n/a -22.95 -36.60 | -21.57 -30.66 -32.92|-32.09 -34.72 -40.49 | -32.47 -41.65 -50.87

Min. Article 505 859 1040 | n/a 173 601 579 550 700 584 613 511 169 274 607
Core Size 12 20 29 | n/a 22 21 10 13 19 11 12 23 16 17 18
Core Share | 85.4% 89.3% 94.1% | n/a 91.7% 89.8% | 83.0% 73.8% 80.6% | 83.5% 77.3% 85.5% | 92.40% 87.60% 84%

® There was no significant core-periphery structlugng this time period.
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Figure 4 Distribution of Country's Article Output

Figure 4 shows the initial graph of the distribatmf a country’s article output in
log-log space.The article output is the numbentlas published in which at least one
author was from a given country. Just as in theakedistribution, there is a strong 2-tier
structure evident in the graph. However, in cottaslegree distribution seen in figure
2, there is not as pronounced growth (symbolized kght shift in the graph) in overall
article output. The analysis of the two-tiered stinwe is shown in table 7.

The power law exponent is significantly lower irthb¢éhe article count’s core and
periphery structures than in the degree distrilufidus, while overall output continues
to grow and the core gets wider, the inequalitgutput between countries has decreased
at a rate much slower than inequality of coopenasignifying that countries are

depending more on cooperation for growth ratherqusgputting new articles.
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In astronomy, while the core has grown over tirhere has been little change in
the core coefficient. A possible interpretatiorttaé would be that the structure has
reached some type of equilibrium. A possible exgti@m is that only astronomy has
reached this equilibrium state would be that it loag had the highest amount of
international cooperation and has reached somedfypkateau.

In contrast, nanotechnology, the youngest of &lldisciplines studied, went from
having no discernable core-periphery structurdenfirst time period (the distribution fit
closer to a single power law structure rather @hamo-tier structure) to a large core in
the second time period that then stabilized irthiel time period with output become
more equal in the core.

Energy and nutrition saw little growth in the minim amount of articles
published to enter the core while having a largedgase in the core coefficient. A quick
glance of the graph in figure 4 for these discgdirshow a distinct break in the
distribution illustrates this behaviour. One pobsixplanation could be that investment
in core countries for these disciplines has stadili

Oceanography shows a similar break in the figuoetdn this case there is
significant increase in the minimum articles btttdigrowth in the size of the core. This
may be the case that countries interested in ogeapby have increased their
investments whereas other countries choose natrsue investments, quite possibly due
to the geographic nature of this discipline. Inddaddlocked countries in Europe,
notably Austria and Switzerland, which are parth&f core in may other disciplines are

not part of the core of oceanography.
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Core-Periphery Membership
The core-periphery structure seen in the degreadiule distributions has

significant membership overlap though the rank ova@eies considerably. The majority
of the differences of country membership occur withintries near the edge of the core-
periphery structure. A good example of this caséen in nutrition. In this field, India is
publishing enough articles to be in the core ofatesle distribution but has very low
degree centrality due to the fact that it haselitbiternational coauthorship (<7% prior to
2000 and 16% from 2001-2008). Switzerland on themwohand has the opposite pattern;
it has a very low number of articles and doesnteethe core in article counts prior to
2001 but has the highest level of internationatiguthored publications of any European
country in all three time periods thus puttingguarely in the core in the degree
centrality rankings. In India’s case, you have antoy working heavily in the area of
nutrition science without accessing the globalrtapol thus keeping them in the
periphery. Whereas in Switzerland you have a cguhtt is dependent on working with
the core countries while not having enough of vis @roduction to reach the critical
threshold until the 2001-2008 time period. Thus for this reason that for a country to
considered a core country within a discipline itstnexist in both the degree and article

cores. The result of this analysis is shown indabl

Table 8 Number of disciplines in which the countryhas core membership
Country pre-'92 93'-00 01-'08 Country pre-'92 93'-00 01-'08
Canada Australia

Netherlands

Germany Sweden
U.K. China
USA

Italy
Spain
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Country pre-'92 93-00 01-'08 Country pre-'92 93-00 01-'08
Belgium Mexico
Brazil Chile

South Singapore
 Korea
‘Poland | 0 2 2

Greece Czech

"Finland |0 0 2 Republic

Ta|wan South
Africa

The membership in the cores is similar to pattérseoved by Glanzel (2001,
2008). The EU-US-Japan triad has dominated theldsterically, with some exceptions.
After the fall the USSR, Russia joined the coréhef scientific community in all
disciplines except nutrition. With the exceptionN#w Zealand and Chile, most the other
countries that have limited membership to the cergsr through investments in energy
& fuels and nanotechnology, while those with mersbgrin 3 cores also include
astronomy and astrophysics. New Zealand’s and Glige membership can be
attributed primarily to geography as New Zealandnssland nation and Chile has many
countries putting their southern observatoriehedrid Atacama Desert. This research
also confirms observation by Glanzel et al (2008} China is integrating in the core of
all sciences, though its membership in the nonreldyy focus disciplines of nutrition

and oceanography is at the edge of the core.

Conclusion
In summary, even though there is a distinct arahtjfiable core-periphery

structure evident that varies across fields ofrax@e The countries that tend to compose
the majority of the core are similar with variatioaround the edges of the core.

Originally comprised of a handful of countries Iretcore of any field of science, the core
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has grown to include 29 countries that maintain fmenship in at least one core. There
are several implications to this phenomenon. Forteahnology intensive fields,
membership in the core increases the attractivasfessountry’s scientific base.
However, those countries left in the peripheryl@eoming increasingly isolated from
the scientific elite. This isolation is growing th& gap widens in their relative decline in
article output, degree centrality and citation ictpdo understand how to overcome this
isolation, a more detailed analysis of the collatiwe behaviour at the bilateral level

needs to be conducted.
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CHAPTER THREE: METRICS FOR THE EVALUATION OF
INTERNATIONAL SCIENTIFIC COLLABORATION IMPACT ON NA  TIONAL
SCIENTIFIC SYSTEM

Abstract

Where science is happening has dramatically chamgedno longer only concentrated in a few core
countries. The impact of this shift is reflectedhe rapid growth in international collaboratiortle past 2
decades. This presents new challenges to policyeradk understand how to assess a country's saienti
portfolio and position it within a global contexthe policy goals vary dramatically. Developed coigst
may seek to maintain dominance or form strategidnpaship, developing countries may be seeking
pathways to strengthen their systems, and othemizgtions may be seeking to fulfill humanitariauses

of transferring knowledge from developed countt@developing countries. Built into this challerigehe
need for metrics to evaluate progress towards ngpdtiese goals. This paper lays out scientometric
methodologies that may be used for evaluatiorhdhtuses five case studies in which these metheds a
used in conjunction for evaluation. The first twase studies are an evaluation of the United Statds
France, both highly developed countries. The setanctase studies are of Chile’s and South Korgsés
from the periphery to the core in astronomy andotechnology respectively. The last case study és th
interaction between the developed world and Afiicthe field of Nutrition.

Introduction
Where science is happening has dramatically chaagéado longer only

concentrated in a few core countries (Glanzell2G08, Leydesdorff and Wagner 2009,
Zelnio 2012). The impact of this shift is refleciedhe rapid growth in international
collaboration in the past 2 decades (Glanzel 2@dgner and Leydesdorff 2005). No
longer is the leading edge of science being dorehandful of developed countries
(United States, Western Europe and Japan); itwsspoead globally (Glanzel et all 2008,
Leydesdorff and Wagner 2009, Hill 2007, Zelnio 2D12

This presents new challenges to policy makers tergtand how to position their
country's scientific portfolios. The old paradigfiveewing national scientific systems in

isolation has been tossed aside and the new paradig/hich policy makers must learn
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how best to position a country’s system in the gloteb of science (Wagner 2008).
Approaches for addressing this challenge vary d#gipgron the current state of a
nation’s scientific infrastructure and the involvemt of international NGOs such as the
UNESCO, OECD, and the World Bank (Schott 2001, Véa@®08). Built into this
challenge is the need for metrics to evaluate h@igress (Wagner 2008).

The objective of this paper is two-fold. Firstdaévelops scientometric
methodologies that may be used by policy makeev&tuate a country’s international
collaboration in terms of positioning and perforro@amver time. Second, it demonstrates
how these methodologies can be used in conjuntiievaluate the research portfolios of
developing and developed countries. This is accmmgd through five case studies. The
first two case studies are an evaluation of theddnGtates and France, both highly
developed countries. The second two case studkesf &hile’s and South Korea'’s rise
from the periphery to the core in astronomy andoteshnology respectively. The last
case study is the interaction between the develojoeldl and Africa in the field of

Nutrition.

Data Collection
Data used is an expansion on the dataset usedrio42102) that includes all

articles published between 1978 and 2008 in filgesit areas: Astronomy and
Astrophysics, Oceanography, Energy and Fuels, N&roses and Nanotechnology, and
Nutrition. These subjects were chosen to providadicoverage. The first two subjects
are representative of the basic sciences; thetwexare applied sciences and the last

draws from medicine. Statistics for these fields sttown in Table 9.
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Table 9 Subject Area Statistic®
Field Coverage Journals Research
Articles

Astronomy 1979-2008 | 55 276017
Energy 1978-2008 | 74 177448
Nanotech 1981-2007 | 48 81212
Nutrition 1979-2008 | 69 141274
Oceanography | 1979-2008 | 53 80873

For longitudinal panel analysis, publications wspét into 3 major time periods:
1978-1992, 1993-2000, and 2001-2008. The first fier@od represents the global
polarity in the world between the USSR and USA. $keond time period was chosen as
it is widely recognized that an explosive growthrternational scientific publications
followed the post-Soviet time period (Georghiou989Glanzel, 2001), and the last time
period is the current state of field.

Whole counting is used for enumerating country fmalilon and measuring
international collaboration (Gauffriau 2007). Tmgthodology assigns one credit to all
unique countries in a publication. Thus when couqna collaboration, each unique
country is assigned one credit with each otherumizpuntry in a publication. For
example, in a paper with three authors, one adtbar USA, China and France, the
paper increases the total publications for eadhasde countries by one and increases the

collaboration counts of USA-China, USA-France amin@-France each by one unit.

6 Nanotechnology & Nanoscience’s coverage is shtingn others as the first journal classified in

this subject area started at 1981. Additionallyd@@ata was not available at the time data codiacti
occurred. Data for Nanotech was collected in thisngmf 2009 and the rest of the fields during fdléof
2009.
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Additionally, it would count as a single publicatitor both USA, China and France. The
advantage of using this method of counting iscul®es on the extent of external
collaboration while disregarding internal collabitwa. Thus is it focuses on measuring
the contribution of a country to a field. The aftative method, fractional or complete
counting, attributes credit proportionally so teath individual author is counted
separately. Thus for the three-author example, eachtry would 1/3 credit for the
publication. The advantage of this method is thateasures the participation of a
country to a field and measures both internal attereal collaborations. Since the focus
of this research is on external collaboration amdh@ developing network between

countries, whole counting is used.

Methodologies for Evaluation
This research employs four common methods for wtdeding international

collaborations that have been used traditionallscientometric analysis and introduces a
common statistical methodology to the field of &toenetrics that enhances our
understanding of international collaboration oveiveen time period. The four traditional
methodologies employed are: collaboration perce&stagpllaboration intensity, affinity
ratios, and citation impact. The new methodologyésodds ratio.

For illustrative purposes, the example of Chinaipat and its interactions with
its top collaborators in Energy & Fuels from 200108 will be used. This includes 5,586

documents with Chinese authors, of which 22% (1), 888 internationally coauthored.

42



Percentage of collaboration
The most common and oldest method for understaraitigboration (Beaver &

Rosen 1978) is to measure the number of papersshetlby a country that also claim an
affiliation with at least one other country dividey the total output of that country. This
measurement provides a macro indicator showingihtamationalized a country’s
scientific program is.

Figure 5 shows the percentage of collaborationHerG8 countries + China and
South Korea in Energy & Fuels across all three for@eods under study in this paper.
This graph shows a macroscopic view of the intéonat collaboration within the field
across several countries. Growth in collaboratimorg Western countries and Japan and
South Korea has grown rapidly at a rate betwee®&®B000%. In contrast, international
collaboration in China grew at a more modest paceeasing from 9% to 20%, or 220%,

over the same time period.

Energy & Fuels

m—France
45%

mlilfe GE T TOENY
A40%
===={(anada
35%
United Kingdam
30%
250 Italy
20% South Korea
15% - Russia
10% /7 USA
5% :'*_'.-f“"fjj lapan
% - ' ' g Peoples R China
Pre-19592 1993-2000 2001-2008

Figure 5 Growth in International Scientific Cooperation as % of total articles in Energy & Fuels
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For usage to study collaboration between two caesjttuukkonen, et al (1992)
modified this method by limiting the numerator taypublications coauthored between
two countries while keeping the denominator thaltptiblication output of the country
in question. This indicator can be used to rankriyeortance of foreign countries
contributions by their percentage of collaborafitaile 10). When compared with the
world ranking for the country (based on article mi3), a rough measure can be seen for
how important a country is to China in comparisoothers. For instance, Singapore,
which is ranked 30in the world in Energy & Fuels, is China’8 Grgest collaboration.
This signifies that Singapore is more importanaereer to China than other top ranked

countries such as Germany and France.
& fels (2001-2008)

Table 10 China's Top 10 Collaborators in Energ

Collab  Country Count  Percent World
Rank Rank
1 United States 371 6.64% 1
2 Japan 186 3.33% 3
3 Canada 136 2.43% 5
4 United 100 1.79% 4
Kingdom
5 Australia 68 1.22% 14
6 Singapore 63 1.13% 30
7 Germany 54 0.97% 6
8 South Korea 51 0.91% 11
9 Taiwan 32 0.57% 15
10 France 29 0.52% 8
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Collaboration Intensity
Collaboration intensity (Cl), also referred to adt&’s index or the cosine

similarity, is used to normalize the amount of tatal collaboration between two

countries and is defined as

Equation 4Collaboration Intensity

C
Cl = Y

JC, xC,

Where Gy is the count of papers coauthored togethear@@ G is the total
number papers authored by country X and Ya&tl 2001, Wagner and Leydesdorff
2005, Wagner 2008).

Clis interpreted in both absolute and relativen®rin absolute terms CI ranges
from 0-1, with a 1 signifying that every paper gabéd by two countries were
coauthored together, a very rare occurrence. Ictipeg many countries have authors
who publish without any international collaboratigo CI tends to be low and therefore
the interpretation is done in comparing the intgnslative to other CI. The relative

interpretation is done across countries, withirellf or across time.

Table 11 Collaboration Intensities for China's Top10 Collaborators in Energy & Fuels (2001-2008)

Country Count Percent Intensity
1 United States 371  6.64%  4.55
2 Japan 186 3.33%  3.99
3 Canada 136 2.43% 3.38
4 United 100 1.79%  2.32
Kingdom
5 Australia 68 1.22% 2.44
6 Singapore 63 1.13% 4.24
7 Germany 54 0.97% 1.36
8 South Korea 51 0.91% 1.57

45



9 Taiwan 32 0.57% 1.21
10 France 29 0.52% 0.78

The Clis added to the China example for illust@purposes (table 11). The
main difference between the Cl and the percentag®ai the CI takes into account the
size of the scientific output of both collaboratpa&rtners. Thus, the intensity of
collaboration with Singapore is on par with the tddiStates. This measure can also
differentiate two nations that are close in termpeycentages, such as Germany and
South Korea. While they are virtually tied in terofgpercentage, South Korea has a Cl
that is 15% greater. Additionally, Australia hasiatt a third less collaborations with
China than the United Kingdom but maintains a shighigher CIl. Thus Australia enjoys

a closer relationship with China than the UK does.

Affinity Ratio
The affinity is an asymmetric indicator (Luukkonemal 1992, Ginzel 2000 and

Glanzel & Schubert 2001) that measures the importaheaother country to a selected
country. It is defined as the ratio of the percgatahare of joint papers (SJP) in the
internationally co-authored papers of the seleahty (Gpx) and the percentage share of

the partner country (SPC) in the total world outfilyt) minus country under study:

Equation 5Affinity
_SJB
Aff,, =S5pc

Equation 6Share of Joint Papers

C/
SIP=""
C:IPx
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Equation 7Share of Partner Country

C
SPC= %W _Cx

100% affinity would indicate no affinity with a gaer country. In other words,

the select country co-authors with the partner trguass much as the rest of the world

does. Values greater than 100% show positive &ffsivhile less than 100% would be a

negative affinity. So a 200% affinity would mea ghartner country is twice as

important to the select country as it is to the oéshe world while a 50% affinity would

mean it is half as important.

1 United States 371 6.64%  4.55 175.82% 150.90%
2 Japan 186 3.33%  3.99 270.08% 291.41%
3 Canada 136 243%  3.38 265.40% 205.68%
4 United 100 1.79% 2.32 169.82% 112.52%
Kingdom

5 Australia 68 1.22% 2.44 275.30% 172.98%
6 Singapore 63 1.13% 4.24 897.22% 573.35%
7 Germany 54 0.97% 1.36 107.50% 66.960
8 South Korea 51 0.91% 1.57 152.50% 142.18%
9 Taiwan 32 0.57% 1.21 143.12% 279.85%
10 France 29 0.52% 0.78 65.42%  40.16%

Affinities are useful for providing signals of anportant relationship, or
lack thereof between two countries. Expanding agaithe China example (table 12),
further insights in the collaborative behaviors bangleaned. For example, Singapore is

9 times more important to China than it is to thst of the world. Conversely, France is
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nearly a third less important to China as it ishte rest of the world. The assymetrical
nature of this measurement can be informativeifstance, while China has no
particular affinity towards Germany, Germany haeegative affinity (67%) towards
China. And while China has only a slight affinipntard Taiwan (143%), Taiwan has a
very strong affinity (280%) toward China. This lagesd behavior is indicative of a

dependency on China for Taiwan in the area of Bn&rguels.

Citation Impact
Citation impact is a relative measure of the metation rate of an entity gauged

against some aggregated class of entities. For @eam comparing an institution’s
mean citation rate versus the average citationafgurnals and/or the subfields they
have published in or against some sort of globataye (Schubert and Braun 1985,
Moed et all 1995, Glanzel 2001). Glanzel (2001¢reto this as the Relative Citation

Rate (RCR) and provides a general description as:

Equation 8 Relative Citation Rate

RCR- MOCR
MECF

Where MOCR is Mean Observed Citation Rate and MECtRe Mean Expected
Citation Rate. For the study of the citation impafcinternational collaboration between
countries, the MOCR is the mean citation rate ¢lhboration between the two countries
and the MECR is the mean citation rate of the agtsipublications that were published
without any collaboration (similar to the methodptaised in Moed 2005). A RCR of 1

means the collaboration has neutral effect, >1sitipe effect and <1 a negative effect.
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Table 13 Citation Impact for China's Top 10 Collabaators in Energy & Fuels (2001-2008

Rank Country Count  Percent Intensity Affinity Affinity  Citation
To From Impact

1 United States 371 6.64%  4.55 175.82%50.90% 1.01

2 Japan 186 3.33%  3.99 270.08%91.41% 1.12

3 Canada 136 243%  3.38 265.40%05.68% 1.17

4 United 100 1.79%  2.32 169.82%112.52% 0.94

Kingdom

5 Australia 68 1.22%  2.44 275.309472.98% 0.86

6 Singapore 63 1.13% 4.24 897.22%73.35% 1.26

7 Germany 54 0.97% 1.36 107.50%6.96% 1.43

8 South Korea 51 0.91% 1.57 152.509%42.18% 1.21

9 Taiwan 32 0.57% 1.21 143.129279.85% 1.36

10 France 29 0.52%  0.78 65.42% 40.16% 0.55

The citation impact provides a proxy for determgqthe impact of the
collaboration. A high citation impact could be iogiive of a relation in which the
country is creating new knowledge that is valuedi®ycommunity. While a low citation
impact could be a sign of a technology transfeapplication of existing methods to a
localized problem. Expanding upon the Chinese eXaifsee table 13), the citation
impact is greatest for Germany. Therefore, evendghdhe relationship with Germany is
less intense than others, it is producing work kizest a significantly higher citation rate
than work produced solely by Chinese scientistsiv@wsely, the work with France has
the lowest citation impact. Given that it is theakest partner on this list, this is

confirmation that France is not a strategic parfoeChina in Energy & Fuels.

Odds Ratio
The Odds Ratio is an asymmetric indicator that messthe growing or lessening

of collaboration between two countries over timkeTDdds Ratio is a standard statistical
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measure of an event occurring in one group to tus @f it occurring in another group.
In applying this to studying international sciemti€ollaboration, the event is countty
collaborating with country over a time periotl Thus the country odds ratio (COR) is

defined as:

Equation 9Country Odds Ration
n fl(n/2)

Z CXY Z ny

t=cl(n/2) =
COR,, =, ﬂ(n/z)t :
Z (Cx _ny) Z(Cx _ny)
t=cl(n/2) t=1

Take the example of an odds ratio analysis of Céiteg 10 collaborators in
energy & fuels in 2001-2008 (figure 6). For calding the odds ratio of China towards
USA, first take the sum of all China-USA collabdoat in 2005-2008 and divide this by
the sum of all Chinese publications minus thosewrae in collaboration with USA in
the same time period; and then divide this by #mesratio but instead summing all
papers from 2001-2004. This would provide an odis 10f 0.87. The interpretation is
that China is 13% less likely (1 minus the oddmjab collaborate with USA in the

latter half of the 2001-2008 than in the earlidf.ha
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USA
(371 pubs)

Japan
(186 pubs)

Canada
(136 pubs)

UK
(100 pubs)

Australia
(68 pubs)

Singapore
(63 pubs)

Germany
(54 pubs)

S. Korea
(51 pubs)

Taiwan
(32 pubs)

France
(29 pubs)
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W Odds Ratio China Towards W Odds Ratio Towards China

o

Figure 6 China’s Top 10 Collaborators in Energy & Fuels (2001-2008) Odds Ratio Analysis

In figure 6, the bars to the left of the countrpsis the odds ratio of China
towards the given country for collaboration andlilaes to right are a given country’s
odds ratio to collaborate with China. This grapbves that countries with a presence in
oceans south of China are an increasing growthfarégzhina (odds ratio > 1) while

others are of lessening significance (odds ratld. ¥Vhile at the same time, for all
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countries save Germany, China is increasingly betmught after as a collaborating

partner.

Table 14 Odds Ratio for China's Top

Country Count  Percent Intensity Affinity Affinity Citation Odds Odds
To From Impact  Ratio Ratio
To From
1 United 371 6.6% 4.55 175.8% 150.9% 1.01 0.87 1.95
States
2 Japan 186 3.3% 3.99 270.1% 291.4% 1.12 0.69 1.82
3 Canada 136 24% 3.38 265.4% 205.7% 1.17 0.76 1.32
4 United 100 1.8% 2.32 169.8% 112.5% 0.94 0.7 1.55
Kingdom
5 Australia 68 1.2% 2.44 275.3% 173.0% 0.86 1.37 8209
6 Singapore 63 1.1% 4.24 897.2% 573.4% 1.26 2.19 3.88
7 Germany 54 1.0% 1.36 107.5% 67.0% 1.43 0.44 0/93
8 South 51 0.9% 1.57 152.5% 142.2% 1.21 1.05 1.59
Korea
9 Taiwan 32 0.6% 1.21 143.1% 279.9% 1.36 2.81 2163
10 France 29 0.5% 0.78 65.4% 40.2% 0.55 1.2 2124

In conclusion, all these methods shine a diffelight unto the relationship
between China and its partners (see table 14)eXample, China’s currently maintains a
strong affinity to collaborate with Japan but tltele ratio points towards a decline in
their relationship as China grows. In contrast,n@hs a weaker affinity with Taiwan but
it is growing much stronger than other relation# @asllaborates on projects that are
having a large citation impact. However, citatiopact alone is not reason enough for

growth as the odds ratio for Germany is showing.
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Case Studies
Each of the methodologies presented above proaiditerent type of insight

that can be used in conjunction to evaluate a cg@rgcientific relationship with the
world. Five case studies that examine a countryflalsoration over time are briefly
presented to illustrate that point.

The first two case studies, United States in Ené&rdpels and France in
Oceanography, provide examples of how internatiooléboration analysis may be
used to evaluate the relationship among scienlijiealvanced countries and how they
relate to the developing world. The next two cdsdiss, Chile in Astronomy &
Astrophysics and South Korea in Nanoscience & Negtotology, demonstrate how the
evaluation of international collaborations shedktlion how a country rises from the
periphery of science to the core. The final cagdysbof Nutrition research in Africa
demonstrates how to evaluate the relationship leetvilee developed and the developing
nations.

Each case study contains at the minimum two pietegormation: 1) details of
the general publication trends of the country amtdes under study, and 2) an
international collaboration analysis of the topla@iobration partners. The international
collaboration analysis is performed separatelyetarh time period specified in the case
study and follows the format outlined in table T&@mpanied by a discussion of the
results of the analysis. There is a slight varratbthis in the African study in which the
rank was dropped as many countries had only a igmifisant collaboration partners

(defined greater than 5 collaborations). For thisecstudy, all African countries were
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combined into two tables with a column listing eaclintry. See the case study on

Nutrition in Africa for more details.

Table 15 International Collaboration Analysis Leg
Country Count Percent Intensity  Citation Aff. To
Impact

Aff.
From

Collab- % of Collab Citation Aff. of Aff.of Odds Odds
by partner pubs total intensity  impact case collab Ratio Ratio
count output compared study partner of case of

to national to to case study collab
pubs collab study to partner
partner collab  to case
partner study
United States in Energy & Fuels
Table 16 US Output in Energy & Fuels
Pubs % Avg Cites
Collab
pre-1992 11557 5% 5.4
1992-2000 7153 16% 11.7
2001-2008 11900 22% 7.4

The United States is the global leader for resemr@&nergy & Fuels with over

four times the number of publications than its ekigivals in field, China and the UK.

The global average for papers with internation#ibboration in energy and fuels was

14% in 2001-2008 (Zelnio 2012), the lowest amonhd\a fields analyzed. Among the

G8 + China & South Korea, the range for collabamatluring that time period is

between 12% and 38% with the USA being close tartbdian (see figure 5). Even with
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this low collaboration percentage, the USA is aaldcandidate for a case study in this

field due to the sheer volume of publications @abb).

Table 17 Top 15 US International Collaborations Andysis in Energ

Rank  Country Count Percent Intensity Citation Affinity  Affinity Odds Odds

Impact To From Ratio  Ratio

To From
1 Canada 129 1.1% 3.5 0.8 762% 320% 0.8 11
2 United 80 0.7% 2.4 1.7 610% 220% 1.8 1.2
Kingdom

3 Australia 58 0.5% 2.8 2.5 1078% 321% 1.0 0.Y
4 France 40 0.4% 1.7 5.7 607% 201% 1.9 0.8
5 China 25 0.2% 2.1 2.0 1471% 380% 374 212
6 Japan 23 0.2% 11 1.3 446% 336% 2.0 11
7 Italy 22 0.2% 1.2 14 553% 227% 15 1.1
8 Netherlands 18 0.2% 14 0.5 929% 191% 14 09
9 Egypt 17 0.2% 1.7 0.3 1316% 298% 2.2 0.7
9 Israel 17 0.2% 14 2.4 877% 298% 1.3 0.8
11 New Zealand 15 0.1% 1.7 19 1570% 360% 0.8 0.7
12 Brazil 14 0.1% 14 15 1107% 304% 0.6 0.5
13 Switzerland 12 0.1% 1.3 3.2 1238% 274% 0.5 0.p
14 Mexico 11 0.1% 15 0.2 1666% 386% 0.6 04
15 Germany 9 0.1% 0.9 0.8 696% 171% 139 O0.L
15 Hungary 9 0.1% 1.8 6.0 2786% 456% 139 338
15 Sweden 9 0.1% 1.0 1.7 854% 293% 0.4 0.2

In the pre-1992 time period international collaliaras analysis (table 17), the
top three collaborators are all from English spegldountries, with the top being the
US’s northern neighbor. The collaborations withrféeare at a lesser intensity than

others in the top-5 but the citation impact of teeearch was the greatest.
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The sheer geographic diversity of countries setdthited States apart from other
countries. This diversity reflects patterns notethie US maintaining ties in both Europe
and Asia (section 3.2) and its strong presencefiimca\(section 4.1). Even here in the
early time period analysis, the United States basng affinities and mostly positive odds
ratio towards peripheral non-western countries sichina, Egypt, Israel, New

Zealand, Brazil, Mexico and Hungary.

Table 18 Top 15 US International Collaborations Andysis in Energy & Fuels (1992-2000

Country Count Percent |Intensity Citation Affinity  Affinity Odds  Odds
Impact To From Ratio Ratio
To From
1 United 140 2.0% 3.8 0.9 290% 199% 2.2 1.6
Kingdom
2 Canada 122 1.7% 4.0 1.0 367%  322% 15 1.5
3 France 110 15% 3.9 1.7 376% 218% 1.6 1.6
4 Germany 102 1.4% 3.6 1.2 348% 207% 2.0 1.5
5 Japan 99 1.4% 3.0 1.1 253% 299% 4.1 2.5
6 Australia 70 1.0% 3.2 1.3 415% 338% 4.5 3.7
7 China 55 0.8% 2.6 1.1 330% 278% 2.5 0.7
8 Russia 45 0.6% 1.7 1.0 170% 292% 2.3 0.9
9 Israel 39 0.6% 3.0 0.9 643% 353% 1.4 1.5
10 Netherlands 38 05% 2.2 1.3 359% 193% 0.8 0.6
11 Spain 32 0.5% 15 1.9 207% 161% 2.4 2.1
12 Sweden 30 0.4% 1.7 1.0 278% 181% 2.2 1.1
13 Switzerland 29 0.4% 2.4 14 542% 266% 14 0.9
13 Venezuela 29 0.4% 2.6 0.4 659% 413% 0.5 2.8
15 Mexico 27 0.4% 2.3 0.5 525% 356% 6.7 3.2

In the 1992-2000 analysis (table 18), the UK ovasaCanada as the top
collaborator as the US strengthens its ties to @edturope in general and brings their

intensities in-line with those shared by Canadanstralia. The largest jump up in the
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ranks is Germany whose strong growth in the odiils irapre-1992 continues into this
time and it leaps forward td"4lace from 15. The US also dramatically increases its
odds ratio with Japan as it brings its collaborati@ensity in-line with those of its
European partners. Israel also maintained a latgasity with the US during this time.
During this time the US forged strong affinitieshvRussia, increasing the odds
of collaboration. This push would prove unsustaieas Russia fell to 24rank in 2001-
2008 due in part to Russia’s lack of engagemenbllaboration with the world in this
field (see figure 5). Venezuela followed a simpattern in which the high collaboration

intensity formed during this time period dissohaed it fell to rank 26 in the 2000s.

Table 19 Top 15 US International Collaborations Andysis in Energy & Fuels (2001-2008

Country Count  Percent Intensity Citation  Affinity  Affinity Odds Odds
Impact To From Ratio Ratio
To From
1 China 371 3.1% 4.6 0.8 151% 176% 2.0 0.9
2 Canada 276 2.3% 4.7 0.9 217% 196% 1.2 0.9
3 United 200 17% 3.2 1.1 137% 106% 1.2 1.2
Kingdom
4 Germany 198 1.7% 3.4 1.5 159% 115% 1.1 1.1
5 South Korea 179 1.5% 3.8 1.2 216% 234% 1.9 1.3
6 Japan 168 14% 25 1.3 98% 124% 0.8 0.9
7 France 151 1.3% 2.8 1.2 137% 98% 1.0 0.9
8 Australia 110 0.9% 2.7 1.6 179% 131% 0.7 0.7
9 Turkey 93 0.8% 1.7 0.9 86% 203% 2.0 1.5
10 Italy 81 0.7% 19 1.8 121% 129% 1.7 1.2
11 Mexico 70 0.6% 2.4 1.1 215% 232% 0.7 0.9
12 Netherlands 69 06% 2.0 11 162% 108% 1.1 0.8
13 India 66 0.6% 1.2 2.0 58% 112% 1.1 0.7
14 Spain 62 0.5% 1.3 1.3 69% 67% 0.7 0.5
15 Switzerland 59 0.5% 2.2 11 217% 139% 1.0 0.9
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2001-2008 (table 19) saw the dramatic rise of Asia collaboration partner for
the USA. A strong growth in collaborations with @aipropelled it to the top of the list
with an intensity that rivals that of Canada. Sdfithea also makes a strong debut at the
5™ rank with intensity greater than any of those Vitirope. Japan keeps a strong
relation with the United States though the oddi® mips slightly below 1.0 for the first
time as the affinities for collaboration betweead countries levels off. Rounding out
Asia growth is the introduction of India to the td% as it bypasses Spain (whose less
negative odds ratio and affinity with the US heljtediop 3 ranks).

Western European countries remain a strong pantitlerthe US through
maintaining a steady relation during this time periThe large growth in odds ratio by
Mexico in 1992-2000 pays off with it the two couas maintaining a strong intensity and
mutual affinity during the 2000s. The US also gresacollaborations with Turkey
significantly during this time, making Turkey itsgmier collaborator in the Islamic
world. Egypt, its premier partner in pre-1992, kasadily declined to 27rank in 2001-

2008, just behind Venezuela.

France in Oceanography

Table 20 France output in Oceanography

Pubs % Avg

Collab
pre-1992 361 25% 32.2
1992-2000 1251 45% 30.8
2001-2008 2233 60% 12.4
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France is the fifth largest producer of article®@@anography, borders both the
Atlantic Ocean and the Mediterranean Sea, has &es@pnies in the South Pacific and
Indian Ocean and is a leading European Union (Etipn. This case study of France in
the field of Oceanography helps shed insight d®te France has juggled these factors

over time.

Country Count Percent Intensity Citation  Affinity Affinity
Impact To From

1 United 36 10.0% 2.8 1.3 184% 411% 0.7 1.0
States

2 United 13 3.6% 2.7 1.1 475%  662% 1.1 15
Kingdom

3 Canada 9 25% 1.7 1.7 265%  306% 2.1 2.1

4 Italy 7 1.9% 3.6 0.9 1536% 1424% 0.3 0.3

5 French 5 14% 7.9 0.6 10373 4769% 4.1 3.0
Polynesia %

Pre-1992, France’s collaborations were limited laadful of nations (table 21).
The most predominant of these was its relationsiiiip the United States, whose
collaborations were greater than the next top Kborators combined. France also
maintained a strong intensity with its neighboraogintries the UK and Italy and

disposition to collaborate with its colony FrenablyPesia.

Table 22 Top 15 France International CollaborationsAnalysis (1992-2000
Rank Country Count  Percent Intensit Citatio Affinity Affinity Odds Odds
y n To From Ratio Ratio

Impact To From
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1 United States 128 10.2% 4.5 1.4 85% 153% 1.2 1.6
2 United 110 88% 7.1 1.3 253% 327% 1.8 1.7
Kingdom
3 Germany 65 52% 5.1 1.3 221% 244% 0.7 0.7
4 Spain 47 3.8% 5.6 1.0 363% 422% 1.9 1.5
5 Canada 46 3.7% 3.4 1.4 139% 206% 0.8 1.2
6 Italy 42 3.4% 6.0 1.3 465% 508% 1.4 0.9
7 Netherlands 39 3.1% 4.5 1.9 283% 333% 0.5 0.4
8 Belgium 29 23% 6.2 1.3 729% 582% 0.7 0.6
9 Japan 25 20% 2.8 1.2 169% 291% 0.3 0.3
10 Australia 24 1.9% 2.0 1.2 95% 181% 1.2 1.0
10 New 24 1.9% 10.7 0.9 2639% 1678% 1.0 0.5
Caledonia
12 Norway 21 1.7% 2.7 1.4 190% 230% 1.3 1.3
13 Denmark 18 1.4% 2.4 1.4 178% 173% 2.2 2.1
14 Greece 16 1.3% 4.2 2.0 591% 597% 11.3 45
15 French 15 1.2% 8.7 1.1 2749% 1749% 0.6 2.3
Polynesia
15 Portugal 15 1.2% 4.4 1.0 709% 616% 10.6 5.3

The 1990s (table 22)saw a shift in France’s pigsiaway from its collaborations
with North America to focus on building strong ttesEU nations. While the United
States remains France’s number 1 partner and aroagrowth, France’s affinity for
collaboration with the US crossed the thresholdwaedt negative as it dipped below
100%. France collaboration intensities with itsdssing EU countries grew to surpass
the United States. The odds of collaborating witeegge and Portugal have sky rocketed
showing a concerted effort by France to include¢rsouthern European countries.

France increased its presence in the Pacific duhisgime period, albeit at a
lower rate than in Europe. It maintained its straffgity to collaborate with French

Polynesia but substantially decreased its oddsltdlmoration. France has instead
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intensified it collaboration with its other subgiahSouth Pacific colony, New
Caledonia. France also maintains a low intensigtienship with Japan and Australia
though its Japanese collaborations has a very tmg catio score which is reflective of

how little importance Japan is to France in relatm Japan’s general importance to

world.

Table 23 Top 25 France International CollaborationsAnalysis (2001-2008
Country Count Percent Intensity Citation  Affinity Affinity
Impact To From

1 United 332 14.9% 6.7 1.4 73% 98% 1.3 14
States
2 United 278 12.5% 9.8 15 185% 202% 10 13
Kingdom
3 Germany 137 6.1% 5.8 1.7 133% 140% 09 11
4 Spain 136 6.1% 7.3 1.4 211% 270% 1.0 0.9
5 Netherlands 116 52% 7.4 1.3 253% 269% 14 1.7
6 Italy 96 43% 6.3 1.4 220% 258% 1.1 13
7 Belgium 93 42% 8.9 1.9 459%  427% 08 0.8
8 Canada 88 3.9% 4.0 1.2 95% 111% 1.2 14
9 Australia 87 3.9% 3.8 1.5 90% 148% 22 23
10 Norway 70 3.1% 4.4 1.6 145% 169% 16 1.6
11 Japan 54 24% 2.7 2.2 70% 116% 0.7 0.8
12 South 46 21% 5.2 1.8 312% 362% 1.0 1.2
Africa
13 Sweden 45 20% 3.6 15 155% 173% 08 1.0
14 Portugal 44 20% 4.1 1.9 201% 259% 0.7 05
15 Greece 42 19% 5.4 1.3 368% 479% 1.1 1.0
16 Denmark 38 1.7% 2.9 1.6 122% 120% 1.3 1.6
17 Russia 36 1.6% 1.8 0.7 46% 97% 19 29
18 Monaco 30 1.3% 7.2 1.9 938% 668% 0.6 0.6
19 New 30 1.3% 7.8 0.8 1094% 809% 44 59
Caledonia
20 Chile 26 1.2% 3.0 0.8 181% 210% 1.2 1.1
21 Peru 26 1.2% 7.8 0.6 1251% 909% 74 6.0
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22 China 23 1.0% 1.3 0.9 39% 71% 1.4 0.9

23 New 23 1.0% 1.6 1.0 62% 106% 3.2 49
Zealand

24 Switzerland 20 0.9% 3.1 2.0 252% 213% 0.6 0.8

25 Brazil 19 09% 2.0 1.2 117% 161% 1.0 0.8

The third time period, 2001-2008, was a turningipér France in that the
majority of all publications now were internatiortal-authored (table 20). This follows a
trend shared by most EU countries towards greeti&nce on collaboration (see Figure
5). The international collaborations analysis @a28) shows a greater increase in
collaboration intensities with all its neighborik) countries, though there is a
significant lag in the intensity with Germany inngparison with other neighbors. The
United States continues to retain its top rankoltaborations but affinities between the
two countries continue to decline. This declinaiffinities may be symbolic that while
France cannot ignore its partnership with the tmymntry in oceanography research, it has
chosen to continue its focus on bolstering itsgmes in Europe.

Outside of Europe and North America, France hastéxd its presence in Africa
forming intensive collaborations with South Afriaad Monaco. It has recently started
increasing its odds ratio of collaboration with Biasand the research with Japan, while
not as intense as others, has the largest citatipact of all its collaborative
partnerships.

The extended analysis into the top 25 partners shaance is actively growing
its presence in the South Pacific. It is increasisigelation with Australia both in terms

of intensity and in its odds ratio, which is thghst among developed nations. While its

62



colony in French Polynesia has continued to dec¢brtee point it does not even make
the top 25 list, France has increased its relatratis New Caledonia as well as
significantly increasing the odds of its collabayatwith neighboring New Zealand.
Across the Pacific, France has dramatically growelaionship with Peru, becoming

Peru’s most significant foreign partner.

Chile in Astronomy & Astrophysics
Chile provides a unique case study of how a dewafppountry positions itself to

be a member of the core countries involved in Asiroy & Astrophysics (A&A) (Zelnio
2012). They have accomplished this by exploitirgrtgeographic advantage: the
Atacama Desert. The Atacama is the driest placdsaotth with an average rainfall in the
Chillean region of just Imm. This aridity and itevation has made it one of the most
ideal spots for astronomy helping to seal its selador the European Southern
Observatory (ESO) (Duerbeck 2003). ESO has budltamrently operates 8 telescopes

in Chile (table 24).

Table 24 ESO Telescopes in Chile

Name Size Began
Operations

ESO 3.6 m telescope 3.57m 1977

MPG/ESO 2.2 m telescope 2.20m 1984

New Technology Telescope (NTT) 3.58 m 1989

Very Large Telescope (VLT) 4x82m+4x1.8m 1998

Atacama Pathfinder Experiment 12m 2005

(APEX)

Visible and Infrared Survey Telescope 4.1 m 2009

for Astronomy (VISTA)

Atacama Large 50x12m,and12x7m+4x12m 2011

Millimeter/submillimeter Array

(ALMA)

63



VLT Survey Telescope (VST) 26m 2011

Chile’s output of publications has grown expondhtiaver the past 30 years
(Table 25). However, this growth has been driverelylby international collaboration.
Domestic production has been flat at ~200 papersirperperiod. While collaboration
rates are generally high in A&A, Chile’s percent&ge risen at a rate significantly
higher than other developed countries in the ceee Figure 5). Its average citation rate

is the highest of the top 26 countries that congsribie core of A&A.

Table 25 Chile Output in A&A

pre-1992 534 63% 40.1
1992-2000 1130 81% 53.6
2001-2008 2864 93% 26.7

In the first time period (table 26), Chile was hiéadependent on the United
States with a history of collaboration that spacs@tury (Duerbeck 2003). However, the
effects of ESO were already evident with strondatxration intensities with France and
Netherlands and strong growth with the UK and It#kyhighest citation impacts were
with the Netherlands and its primary Southern Hefmse partner, Australia. In Latin

America, Chile maintained strong affinities to Mexiand Brazil.
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Table 26 Top 15 Chile International Collaboration Analysis in A&A (pre-1992

Rank  Country Count Percent Intensit Citation  Affinit Affinity
y Impact VAL From
1 United States 179 33.5% 5.4 1.8 188% 414% 1.4 19
2 France 53 9.9% 4.5 1.6 431% 572% 1.2 1.2
3 Netherlands 38 71% 4.3 2.6 557% 573% 0.9 1.1
4 United 35 6.6% 2.4 1.6 184% 245% 2.5 3.3
Kingdom

5 Italy 32 6.0% 2.8 0.8 269% 418% 2.8 2.7
6 Canada 29 5.4% 2.8 14 316% 494% 0.7 0.8
7 Australia 21 3.9% 2.8 2.4 427% 489% 04 05
8 Spain 18 3.4% 2.6 1.3 434% 565% 19 1.1
9 Sweden 18 3.4% 3.7 0.7 849% 836% 29 3.1
10 Germany 16 3.0% 2.5 1.2 454% 546% 2.5 0.0
11 Mexico 12 2.3% 3.0 0.4 831% 1237% 109 7.5
12 Brazil 11 2.1% 2.4 15 573% 976% 3.0 1.6
12 Japan 11 2.1% 1.2 0.8 142% 316% 1.6 1.2
12 Switzerland 11 2.1% 2.2 0.8 486% 593% 1.6 2.0
15 Belgium 10 1.9% 2.3 0.7 622% 733% 2.7 34

The 1990s saw Chile become even closer to the tBitates even as
collaboration with Europe grew (table 27). The etf$eof ESO are even more pronounced
as collaboration intensity grew and the odds ofatalration were higher with all Europe
with the exception of Italy. The largest change weesgrowth of collaboration with

Germany, where it grew from rank 10 in pre-199fhsecond most important partner

in 1992-2000.

1 United States 482 42.7% 8.2 1.7 156% 195% 1.7 1.3
2 Germany 207 18.3% 6.6 1.7 234% 256% 2.1 13
3 France 167 14.8% 6.2 1.0 258% 295% 1.8 13

65



4 Italy 129 11.4% 4.8 0.9 202% 257% 1.0 0.8

5 United 123 10.9% 3.9 2.1 140% 165% 1.5 1.0
Kingdom
Spain 89 79% 4.7 2.3 271% 312% 1.5 0.9
Netherlands 86 76% 4.7 0.9 287% 294% 1.7 1.4

6
7
8 Australia 78 6.9% 4.9 4.6 344% 394% 2.7 1.9
8

Canada 78 6.9% 4.1 14 243% 302% 0.9 0.9
10 Mexico 54 48% 4.7 0.9 459% 539% 1.9 0.9
11 Belgium a7 42% 5.2 0.9 638% 815% 1.2 0.8
12 Brazil 45 40% 3.5 0.9 307% 451% 1.3 0.7
12 Sweden 45 40% 4.3 1.0 453% 487% 1.6 11
14 Russia 40 3.5% 1.8 0.6 89% 131% 1.8 0.8
15 Austria 27 24% 3.5 1.0 505% 577% 3.8 1.8
15 Poland 27 24% 2.3 1.2 227% 293% 1.0 0.6

The collaborations with Australia in the 1990s o to be of significance as it
has the highest citation impact. The two countm@éntain a high affinity for
collaboration that grew at a rate higher than moktle is actively growing its
collaboration with Russia, however such a low istgnand a negative citation impact
signals that this collaborative relationship ishagrs more about establishing ties than
conducting new science.

Chile continues to maintain a strong mutual affimith Mexico and Brazil in the
1990s but the odds ratio from these countries kewaded off and the payoff in terms of

citation impact is minimal.

Table 28 Top 15 Chile International Collaboration Analysis in A&A (2001-2008
Rank  Country Count  Percent Intensity Citation Affinity Affinity Odds
Impact To From Ratio

To
1 United States 1427 49.8% 12.3 3.6 124% 122% 0.8 11
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2 Germany 825 28.8% 12.1 3.1 206% 213% 1.0 1.1

3 France 585 20.4% 10.1 3.2 203% 219% 1.0 1.0
4 United 563 19.7% 8.1 3.6 137% 150% 1.4 15
Kingdom
5 Italy 472 16.5% 8.1 2.2 165% 195% 1.2 1.3
6 Spain 349 12.2% 7.9 3.1 210% 234% 1.0 1.1
7 Canada 248 8.7% 6.1 4.4 174% 207% 1.4 1.3
8 Australia 225 79% 6.6 3.0 227% 265% 1.2 14
9 Netherlands 221 77% 6.0 3.3 188% 195% 1.3 15
10 Argentina 157 55% 8.0 1.3 481% 647% 2.1 2.9
11 Poland 151 53% 54 4.1 228% 294% 0.9 11
12 Brazil 146 51% 5.1 1.6 209% 359% 1.2 14
13 Belgium 144 50% 6.3 1.9 325% 392% 1.3 1.2
14 Sweden 141 49% 5.9 4.9 289% 331% 0.9 11
15 Russia 139 49% 2.8 1.9 64% 98% 1.2 15

The 2000s (table 28) continued to see the roleetinited States grow in
importance as collaborations with the US now acteaifor 50% of all of Chile’s output,
though its odds of collaborating with the US irata&n to the rest of the world has
become negative. The same pattern of increaseaboodtion intensity but a leveling off
of the odds ratio is seen with Chile’s Europeanrnms. This means that while Chile is
increasing its collaboration with the world, itdsing so uniformly now with countries in
the Western Hemisphere. The only country in theltophat Chile is growing with is a
new entrant to the list, its geographic neighbageftina. As Argentina is a peripheral
country (Zelnio 2012), this increase in collabaratis most likely political rather than
scientifically motivated.

The 2000s also mark a turning point for Chile iattall collaborations now have

a positive citation impact. This, coupled with trexy high collaboration rate shown in
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table 25, demonstrates that Chile has become coehpleliant on collaboration for

advancing its scientific base in A&A.

South Korea in Nanoscience & Nanotechnology

Table 29 South Korean outiut in Nanoscience & Nanethnology

Pre-1992 7 0% 4.7
1992-2000 604 19% 8.7
2001-2008 3092 24% 4.0

South Korea in Nanoscience & Nanotechnology (N&kvdes a case study on
how a peripheral country with almost no publicatiam a field twenty years ago rises to
over 3,000 publications in the most recent timeque¢Table 29). In comparison to the
world, South Korea rose from being ranked' #terms of publication output in 1991 to
5™ in 2007 (table 30). The way this was accomplished through a build-up of internal

capacity and strategic partnerships with key leadethe field.
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Table 30 South Korea Publication Rank over Time ilNanotechnology & Nanoscience

Rank country # Documents 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
1. == United States 19591 .
2. e japan 7807 =
3. [ china 7240 L

4. BN Germany 6328 -
5. 11 France 4293 e je (e
6. = United Kingdom 3759 ‘@ ‘e | N |
7. @ SouthKorea 3700 le; e je) je; le; (e i
8. B Taiwan 2322 ==
9. = India 2157 [ =]
10. 11 Italy 2132 ‘e e HA
11, I Spain 1703 b )4 =
12, B+lcCanada 1641 'EX]
13. mm Russia 1539 -
14, ™= singapore 1326 =
15. Switzerland 1282 :::
16, = Netherlands 1172
17. B1E Belgium 1080 b ) 0B
18. &M Australia 1015 i
19. == Sweden a55 [R—
20. [@ Brazil 823 [
21, == Poland 772 =
22, = Austria 670 =
23. = Israel 585 ‘@t =
24, mm Czech Republic 552 b 4 =
25, E= Greece 495 h

In table 30, there are two predominant stratediesva in N&N collaboration.
The first strategy, typically followed by Europeamuntries, shows a steady growth in
collaboration ending in 40%-50% of all publicatian®2001-2007 being internationally
coauthored. The second model is the US & Asian inadehich growth in collaboration
is limited with international collaboration in 20@D07 accounting for 20-% 25% of total

output. This model, followed by South Korea, reliesa much stronger domestic base in

which collaborations are targeted.

1 United States 67 11.1% 3.9 1.2 263% 222% 1.6 8.6
2 Japan 18 3.0% 1.6 0.9 177% 180% 0.2 0.9
3 China 12 20% 1.7 1.9 287% 208% 1.5 2.6
4 Russia 8 1.3% 1.7 0.5 423% 160% 1.0 15
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5 United 6 1.0% 0.8 0.4 124% 75% 0.8 2.9
Kingdom

South Korea'’s collaboration in 1992-2000 (table @&y concentrated on
achieving a strong relationship with the Unitedt&aand, to a much lesser extent, its
neighboring countries and exclusion of any sigaificcollaboration with Europe.

The strategy of collaboration with Japan has msigdals. While Japan is the
second ranked country, the intensity and affinrg/lawer than other neighbors and the
odds of collaboration with Japan in relation to tést of the world are very low. These
odds are reflective of the fact that the Japanasagithis time period is the second most
prolific authors in N&N and account for a much larghare of the worldwide output yet
only account for 3% of South Korean output. A pblesreason for this is that both Japan

and South Korea are pursuing a strategy of low edjon and strong domestic output.

Table 32 Top 10 South Korea International Collaboréions Analysis (2001-2007
Country Count Percent Intensity Citation Affinity  Affinity
Impact To From

1 United States 338 10.9% 5.1 1.2 154% 113% 1.2 1.4
2 Japan 160 52% 3.8 1.0 183% 167% 0.9 15
3 China 81 26% 1.8 1.3 82% 85% 1.0 0.7
4 Germany 49 1.6% 1.3 0.9 68% 34% 1.2 1.8
5 United 44 14% 1.5 0.9 103% 58% 0.5 0.6
Kingdom
6 India 32 1.0% 1.3 0.9 112% 123% 4.0 3.1
7 Russia 23 0.7% 1.2 0.8 128% 53% 1.9 4.1
8 Taiwan 22 0.7% 0.9 0.4 71%  129% 0.7 0.5
9 Australia 19 06% 1.2 0.9 150% 84% 1.1 1.2
10 France 14 05% 0.5 0.5 29% 14% 0.8 1.1
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In 2001-2007 time period (table 32), South Koreanta#ned its close ties with
the United States. During this time period theyaglseexpanded their collaboration with
Japan, doubling their intensity. A factor in thiewth was Japan’s increased odds of
collaborating with South Korea. South Korea alspagded its collaboration efforts to
target Germany, the top European N&N research cpuaind to a lesser extend the UK
and France. It also expanded its collaboration vatjional partners, maintaining steady
growth with China and Russia and open up new cotktibns with India, Taiwan and
Australia. From a citation impact, South Koreamedi the most advantage from its
collaborations with USA and China and the leasififaiwan and France. Both Taiwan
and France and leading researchers in N&N (tabjes@0the low citation impact and low
intensity are probably signals that the collaboraiwere more about establishing

relations than a push to conduct new ground-brgaldsearch.

Nutrition in Africa from 2001 to 2008
The case study of nutrition research in Africa whassen as an example of the

relationship between the developed and developorpvas nutrition science is
considered “a foundation for development” by thatethNations and is considered a
critical problem identified in the Millennium Dexadment Goals (United Nations
Standing Committee on Nutrition, 2009). Every coymt Africa is considered in the
periphery of nutrition scientific research (Zeli@012).

The nutrition data for this case study was limiie@nly publications that
contained at least one author from an African maitiothe years 2001-2008. This

resulted in a total of 1,466 publications. Therthsttion of these articles across African
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countries is shown in figure. For the collaboration anais, only countries with at lea
20 articles, of which 5 are international collatimas with another country, we
consideredOnly Sudan had more than 20 articles and failedeet this criterion witl

only 4 collaborations with Germat

Moroceo

:-f. V] Algeria

Saudi Arabi
audi Arabia Unit

Zimbabwe Y

1-4 Documents

Il 5-10 Documents

N 11-30 Documents
31-70 Documents
71-200 Documents
Em More Than 200 Documents

Figure 7 Geographical Distribution of Nutrition Research in Africa (2001-2008;
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A co-country network analysis of this data (fig@)ereveals a continent divided
along languages relating to its colonial historg &a linguistic legacy. The co-country
network depicts connections between countriesitaee co-authored together at least 5
times, with the thickness of the line being repné¢stve of the number of collaborations
and the size of the node being the total numbeubfications within this data set. Figure
9 shows that French-speaking Africa is dominateériaynce, while the rest of Africa is
dominated by the United States and the United Kongdwith little to no overlap
between these two divisions. French Africa is esiele in its collaboration with French-
speaking countries (France, Belgium and Switzejlanth the most notable exceptions
being Morocco, which has strong ties to its Europe@ighbor Spain, and Cameroon,

who'’s Northwest Province and Southwest ProvinceEargish-speaking.
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The international collaboration analysis is spitbitwo separate tables to reflect

the division between English (table 33) and Freftable 34) speaking Africa.

Table 33 International Collaboration Analysis of Erglish Speaking Africa
African Country Count Percen Intensit Citatio  Affinity Affinity
Country t y n To From
Impact

S. Africa United 54 15.7% 2.1 2.1 126% 170% 2.3 3.0
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(344 -
42%)

States

S. Africa
(344 -
42%)

UK

36

10.5%

1.7

265%

292%

0.5

0.6

S. Africa
(344 -
42%)

Germany

14

4.1%

1.4

1.2

207%

227%

3.4

3.9

S. Africa
(344 -
42%)

Netherland
S

3.8%

15

1.4

263%

233%

1.0

1.2

S. Africa
(344 -
42%)

Canada

12

3.5%

1.2

4.0

184%

205%

0.6

0.8

S. Africa
(344 -
42%)

Australia

3.2%

13

2.9

245%

296%

2.6

2.7

S. Africa
(344 -
42%)

Italy

2.9%

1.0

2.6

164%

207%

2.3

2.1

S. Africa
(344 -
42%)

New
Zealand

2.6%

2.1

3.5

773%

785%

2.0

2.1

S. Africa
(344 -
42%)

Nigeria

2.6%

3.2

1.0

1835%

2388%

8.7

S. Africa
(344 -
42%)

Switzerlan
d

2.0%

11

3.8

266%

191%

0.5

0.5

S. Africa
(344 -
42%)

France

1.7%

0.6

13

86%

87%

2.4

2.5

S. Africa
(344 -
42%)

Sweden

1.7%

0.8

4.0

182%

160%

1.2

1.3

Nigeria
(225 -
32%)

United
States

32

14.2%

2.1

148%

154%

2.0

13

Nigeria
(225 -
32%)

UK

17

7.6%

11

249%

211%

13

0.6

Nigeria
(225 -
32%)

S. Africa

4.0%

13

2388%

1835%

3.8

Nigeria
(225 -
32%)

Germany

2.2%

15

147%

124%

11
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Nigeria Ghana 5 22% 4.6 1.8 8775% 4183% 2.0 0.8
(225 -

32%)

Nigeria Jamaica 5 22% 4.1 4.6 6913% 2710% 05 0.5
(225 -

32%)

Egypt United 18 135% 1.1 1.0 133% 147% 0.3 0.3
(133 - States

34%)

Egypt Italy 5 3.8% 0.8 0.9 262% 267% 1.4 0.9
(133 -

34%)

Tanzania United 41 46.6% 3.1 3.7 182% 505% 1.6 1.7
(88 - 85%) States

Tanzania Sweden 10 11.4% 2.7 2.4 581% 1041% 0.7 0.7
(88 - 85%)

Tanzania UK 8 9.1% 1.1 3.3 113% 254% 05 0.5
(88 - 85%)

Tanzania Kenya 6 6.8% 7.2 0.5 6753% 7015% 0.8 0.9
(88 - 85%)

Tanzania Uganda 5 57% 9.0 0.5 12541 14400 9.3 85
(88 - 85%) % %

Kenya (78 United 34 43.6% 2.7 3.1 177% 473% 1.3 1.2
- 82%) States

Kenya (78 Netherland 21 26.9% 5.0 2.3 954% 1658% 0.8 0.7
- 82%) S

Kenya (78 UK 10 12.8% 1.4 2.1 165% 358% 3.6 24
- 82%)

Kenya (78 Denmark 7 9.0% 2.3 1.9 612% 1040% 1.2 1.0
- 82%)

Kenya (78 Tanzania 6 17.7% 7.2 0.5 7015% 6753% 0.9 0.8
- 82%)

Ghana (52 United 24 46.2% 2.4 1.6 229% 501% 3.6 35
- 67%) States

Ghana (52 Canada 5 9.6% 1.3 24 314% 565% 19 25
- 67%)

Ghana (52 Nigeria 5 9.6% 4.6 1.7 4183% 8775% 0.8 2.0
- 67%)

Ethiopia  United 15 40.5% 1.8 2.3 179% 440% 1.1 1.9
(37 - 76%) States

Uganda United 13 37.1% 1.6 3.3 167% 403% 0.3 0.9
(35-74%) States

Uganda Tanzania 5 14.3% 9.0 0.5 14400 12541 8.5 9.3
(35-74%) % %

Zimbabwe United 13 37.1% 1.6 1.4 167% 403% 2.2 1.5
(35 - 74%) States
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Zimbabwe Denmark 5 14.3% 2.5 2.0 1078% 1655% 0.1 0.1
(35 - 74%)

Malawi United 19 57.6% 2.4 0.6 198% 624% 09 2.0
(33-97%) States

Malawi Finland 8 24.2% 4.6 1.0 1818% 3845% 1.3 2.0
(33 - 97%)

Malawi UK 7 21.2% 1.5 0.5 231% 593% 0.3 0.6
(33 - 97%)

Malawi France 6 18.2% 1.9 1.2 386% 907% 0.8 1.2
(33 - 97%)

Gambia UK 30 93.8% 6.7 9.6 1003% 2687% 0.4 0.9
(32 - 97%)

In this analysis, next to the African country’s r&am parenthesis are the total
number of publications and the percentage of patiios that are internationally co-
authored. In the English-speaking Africa, only $oétfrica, Nigeria and Egypt have
substantial stand-alone scientific base in nutritiesearch, the rest have at least 2/3 of
the output internationally coauthored. While typlicanternational collaborations are a
positive indicator, in this case there are no iehescientific base which may take
advantage of such collaborations.

The intra-Africa collaboration is limited to NigariSouth Africa, Nigeria-Ghana,
Tanzania-Kenya and Tanzania-Uganda. These collatosaare highly intensive,
ranging from 3.2 to 9.0, and are growing (oddorats 2.0) or relative stable (odds
ration = 1 + 0.2). The collaborations that involvegeria generally had a positive
citation impact while those involving Tanzania teadegative impact. This may be

reflective of Nigeria’s scientific output being Zifnes larger than Tanzania.
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Not surprisingly, the USA and UK dominate as thef@med collaborative partner
throughout the region, usually by an order of magté to other countries. However, in
all instances except in Kenya, the odds ratio efllik collaborating with an African
country is less than 1, meaning the UK is now liésdy to collaborate with African
nations. In contrast, the odds of the United Statdiaborating are rising throughout
much of English-speaking Africa, thus filling theig left by the UK lessening its
interest in the continent. The exception for tei&enya, where the odds ratio is
relatively flat for the US but is significantly hdor the UK.

The rest of the developing world targets collaboratvith just 1 or 2 select
African countries. Germany collaborates with atreédy low intensity and citation
impact with South Africa and Nigeria. The Nethedarhas a very strong intensity and
mutual affinity to collaborate with Kenya which alkas a strong citation impact. It also
has a relatively weaker collaboration with Southi@sé. The only incursions of France
into English Africa are a very weak presence intB&frica and a surprisingly strong
affinity to collaborate in Malawi. Several Scandiian countries have unusual ties to
Africa such as Sweden’s strong ties to Tanzanidakd has a strong affinity to
collaborate with Malawi and Denmark’s short bubsgy interactions with Zimbabwe in
the early part of the 2000s that was not sustaméae second half of the time period
(odds ratio of 0.1). A possible explanation of themall but significant forays of these
countries into Africa may be indicative of relatsbmp between a professor and their
student that lasted for a few years after the stugeduated. A more detailed analysis

would be required to confirm this hypothesis.
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The one significant outlier in this analysis is thgd largest scientific producer in
Africa, Egypt. While the United States is its magotlaborator, its affinity is positive but
weak and the odds of these two countries contintiiag relationship is very low. Its ties
with its other collaborator, Italy, are growing findEgypt’'s perspective but the
collaboration intensity is low and non-sustainalldditionally, the citation impact of the

research done with both countries is low.

Tunisia (94 France 34 36.2% 6.2 1.9 1206% 1805% 0.4 2.5
- 62%)

Tunisia (94 Belgium 13  13.8% 4.6 1.3 1714% 2103% 1.5 53
- 62%)

Tunisia (94 lItaly 5 53% 1.0 2.1 203% 378% 19 6.7
- 62%)

Morocco France 17 27.9% 3.9 1.4 796% 1391% 1.1 0.8
(61 - 72%)

Morocco Spain 12 19.7% 2.8 2.3 587% 1757% 0.7 0.4
(61 - 72%)

Morocco Switzerland 9 14.8% 3.3 4.3 1118% 1382% 0.8 0.6
(61 - 72%)

Morocco Italy 5 82% 1.2 0.7 268% 583% 14 0.9
(61 - 72%)

Senegal (37 France 21 56.8% 6.1 o0 1492% 2832% 0.2 1.1
- 78%)

Cameroon France 10 27.8% 3.0 0.7 858% 1386% 0.4 1.5
(36 - (67%)

Cameroon UK 6 16.7% 1.3 3.5 264% 466% 0.2 0.7

(36 - (67%)

Algeria (35 France 22 62.9% 6.6 5.8 1678% 3137% 0.4 1.2
- 77%)

Burkina France 17 60.7% 5.7 © 1400% 3551% 0.8 1.8
Faso (28-
100%)

Benin (24 - France 8 33.3% 2.9 o 966% 2315% 5.3 0.8
92%)

Benin (24 - Netherlands 8 33.3% 3.4 o0 1207% 2467% 0.2 0.1
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| 92%)

French speaking Africa is highly reliant on Frafmecollaboration with no intra-
African collaborations and no presence by the UWin&ates. None of the countries have a
strong national scientific base. The UK’s collakimma with the partially English
speaking Cameroons is of low intensity and deaijnin Tunisia, Belgium and Italy are
signaling strong growth which has resulted in Tianghifting its own collaboration from
France (as seen in its low odds ratio) to theseratbuntries. By contrast, Morocco has
strong intensities with Spain and Switzerland betadds of their relationships growing
are negative. The one outlier in this analysisesiB, which has strong collaboration
intensity with the Netherlands that rivals its telaship with France. However, the odds
ratio signals that this relationship was only dgrihe early part of the time period and
was not sustained to the latter half.

Note that the infinite citation impacts) are reflective of the fact that the

countries in question have no citations to papeitem with an international coauthor.
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Figure 9 Semantic Clusters of Nutrition Research irAfrica

Finally, to gain further insight into the naturiecollaboration in Africa,
the articles were semantically clustered into twbtspics using the Naval Surface
Warfare Center’s in-house software package. Figugleows the two clusters along with
their key single-, double- and triple word phraaed the top 5 country publication
(identified by their flag) counts. Cluster O appsetir be primarily concerned with the
human health aspects of nutrition while clustes ¢ancerned with the nutritional
properties of native crops and animals in AfricaeTop five in health are South Africa,
United States, United Kingdom, France, and Tanzd&ra top five in food sources are
Nigeria, Egypt, South Africa, France and TunisihisTreveals that the USA and UK are
primarily interesting in collaborating with Afriaan researching the nutritional health of
Africans while France is evenly split between tlealth aspects and understanding local

food sources.

Summary of Case Studies and Concluding Remarks
The case studies provide diverse examples on thefuaternational

collaboration analysis for the evaluation of nasibscientific systems. The African case
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study shows a continent cleanly split by FrancetaerdJnited States. The Chilean case
study shows a developing country entering the bgrexploiting its geographic
advantage to forge close ties to Europe and theediditates. The South Korean shows a
different path from the periphery to the core byidng a strong relationship with its
neighbors and the United States. The French cadg shows a shift that goes from the
strengthening of European Union ties in the 198C&rengthening ties to the South
Pacific in the 2000s. Finally, the case study efltmited States shows a strategy of
maintaining strong ties to a wide range of coustridile strengthening ties to strategic
partners like China and Turkey but also weakeniegtb Russia and Egypt.

The example of Africa highlights how this may bedi®y NGOs whose goal is
assistance to the developing world, while the ca$€&hile and South Korea show
differently paths in which a developing country ¢aim the ranks of developed nations.
The examples of the United States and France Qigihtiow the analysis provides
insights into shifting patterns of collaboratiofiiese examples can thus be used by
policy makers to evaluate whether these pattermmegpond with national or
international priorities.

However, there are limitations to this methodoltlgyugh that needs be
considered. The case studies presented here puiatds a need for deeper
understanding that the data just simply cannotigeowVhy the sudden drop in
collaboration between Russia and the increaseliabmyation with Turkey and China in
the US? Is the shift of France towards the Southfieandicative of some policy change

or rather a reflection of France turning to thisaato exploit its access to natural
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resources? How much has the US’s and France’s htaran aid to Africa resulted in
increased scientific ties with those nations ot &l just due to shared language and/or
colonial heritages? How much lag is there betwierenactments of policies aimed to
increase collaboration and actual collaborativielag? This type of analysis cannot
answer these questions alone but should accompeaiiyatgive assessments. Going
forward, the next step in this research is the tegubrform deeper analysis on these case
studies to see if there is a link to policy or otbecial phenomena that can validate the

methodologies laid out in this research.
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CHAPTER FOUR: QUANTITATIVE EXPLORATORY HORIZON SCAN NING
OF EMERGING COUNTRY CAPABILITIES IN SCIENCE & TECHN OLOGY

Abstract
Horizon scanning is a technique growing in use tlycy makers as an input into

future planning for a variety of subjects. One ameavhich its use is growing is planning
future science and technology investments. Thetmwican is used in this context to
gather intelligence on the scientific, technolodgi@ad innovative activities of nations.
This paper introduces a technique that can be disethis purpose. The Quantitative
Exploratory Horizon Scan is designed to detectetiidy emergence of new critical
scientific and technical (S&T) topics that may mally alter a country’s capabilities and
give it an advantage over other nation. This papé&oduces this methodology and then
applies it to a case study of the United Statesf2®05-2010 using a scientometric data

source.

Introduction
In today’s competitive world, intelligence on thaesntific, technological and

innovative activities of nations is vital to poliayakers. From a national security
perspective, policy makers need to be aware ofilplgsiisruptive capabilities that may
give one nation a competitive advantage over amoErem a scientific perspective,
policy makers need to ensure that they remain ers¢ientific frontier. And from a

humanitarian perspective, policy makers need taviere of possible transformative
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research that may radically alter the health anlttleeng of a populace. Therefore,
identifying and detecting the early emergence @f neuntry capabilities in science and
technology is increasingly becoming priority fodipg-makers (Georghiou and Harper
2011, Ahlgvist et. al. 2012, Konnola et al. 2012).

There are two different communities of scholarsifig on methodologies to
identify and detect emerging trends in sciencetanoknology: forecasters and
information scientists. In recent years, the fostiog community developed the horizon
scanning methodology for emergence detection (MpRa(R0). The horizon scan is
focused on detecting weak signals and extrapolalieiy probability of emerging. By
contrast, information scientists focus exclusivatydata mining technologies that can
detect clusters of information that exhibit emeggolmaracteristics over time.

Rather than competing approaches, these two agmeaan be complementary
within a limited scope in which there is sufficiefdta to be mined to house sufficient
weak signals over a long enough time period fohgiatg enough statistics for an
extrapolation to be made. The scope of this rebaano detect the early emergence of
new critical scientific and technical (S&T) topitteat may radically alter a country’s

capabilities and give it an advantage over oth&ons.

Horizon Scanning
Horizon scanning is an increasingly popular methgbloyed by government

agencies in the policy planning process (Schul20an Rij 2010). Countries and
NGOs around the world are investing in researchigg@erforming horizon scans on

emergence of new advancements in medicine, sectratysportation, environmental
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science, and energy (Sutherland and Woodroof 2B0@er et al 2009, van Rij 2010,
Botterhuis 2010, Amanatidou et al 2012, Konnolakt2012).

In 2002, The UK’s Department for Environment Food &ural Affairs defined
horizon scanning as “The systematic examinatigomodéntial threats, opportunities and
likely future developments which are at the margifisurrent thinking and planningd.”

Its aim is the detection of ‘weak signals’ in ordemprovide early warning about
important future changes (Schultz 2006) and to awpithe robustness of policies by
identifying gaps in knowledge (van Rij 2010). Tloeds on weak signals is a core
concept of the horizon scan that dates back tg eantk by Ansoff (1975) and is defined
as: “warnings (external or internal), events andettgoments that are still too incomplete
to permit an accurate estimation of their impact/anto determine their complete
responses” (Hiltunen 2008).

Weak signals come from a variety of sources. Ttagyame from data collection
(such as web searches), data mining (such as ptibhe or patents), conferences,
expert/stakeholder workshops, and surveys (moguéetly Delphi Surveys) (Schultz
2006, Amanatidou et al 2012). These weak signaidlten be extrapolated using
statistical methodologies as well as through ga@ie impact assessment techniques to
identify emerging issues (Schultz 2006). Emergssyies that have a low probability but
a high impact are identified as “wild cards”. Thegkl cards are events that would

radically alter the landscape (Amanatidou et al201

’ http://horizonscanning.defra.gov.udcessed 5/22/2012. See also van Rij 2010.
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Approaches to horizon scan are differentiated betvexploratory and issue-
centered scanning (Amanatidou et al 2012). Expboyagcanning examines a wide range
of data to identify emerging issues. Issue-centsoasning is a more focused and uses a
core description of an issue to identify data foalgsis of emerging issues. These
approaches can be used in conjunction, with aialmixploratory scan being used to
identify issues for a more in-depth analysis.

Horizon scanning is distinguished from other fagasimethodologies in both
scope and function (van Rij 2010). The scope téad® wider and its focus on
identifying emerging trends rather than forecastiegt gives no particular time frame.

Its systemic approach allows for it to have a néipetcharacter that allows for validation
of issues identified in previous scans in additimthe identification of new emerging
issues. Thus its function is highly supportive afeicasting and policy activities as it may

be used to select and scope issues for more im-a@malysis and agenda setting.

Quantifying Emergence through Data Mining
Glanzel and Thijs (2012) state that detecting gerce is one of the greatest

challenges currently facing scientometrics, a suibuhin of information sciences that
focuses on scientific literature. Emergence igm teften used but rarely defined in
information sciences. Instead it is frequently dedi by its characteristics. The two
characteristics commonly examined are newnessapid growth (Cozzens et al 2010,
Glanzel and Thijs 2012). Newness can include acmverent structure that appears over

time or it could also refer to a sudden shift ipital focus of an existing cluster. Rapid
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growth can refer to a sudden growth in either mation or citation activity of a topic
over a short period of time (2-5 years).

There are three common data-mining techniques fasexdustering: text-based,
author-based and citation-based. The most commdibésed clustering algorithm used
is co-word clustering which uses co-occurrence @fds or phrases to associate
documents. Author-based techniques use co-autipoasiailysis to cluster data based on
the underlying social structure. Citation-basedhtegues can use either co-citation or
bibliographic coupling. Co-citation uses the cowrcence of citations of an older
document within a newer document to associatedrdeats that are often cited together.
Bibliographic coupling however looks the co-occuare of citations between documents
to associate documents that cite similar works.

To detect emergence, the data is cut into timeslibat vary in sizes of 1-5 years
in length. These slices are then compared to finsters that are either new or rapidly
growing. To trace clusters over time, a measugmnilarity between one slice to the
next is chosen, usually based on the clusterinfpodeiogy. For example, in co-
authorship, the similarity in authors is usedgxttbased it is terms and in citation-based
methods it is cited documents.

While this discussion of techniques is quite genehey have been applied
broadly in the study of emerging topics in recametperiod, either by themselves or in
conjunction with each: co-word (Yang et al 2012}authorship (Bettencourt 2008), co-
citation (Chen 2006, Upham and Small 2010), catiomat co-word (Chen and Guan

2011), and bibliographic coupling + co-word (Gléiraed Thijs 2012).
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Scoping
The scope of this research is to detect the earBrgence of new critical

scientific and technical (S&T) topics that may iy alter a country’s capabilities and
give it an advantage over other nations. The agbroadertaken was to develop a
guantitative exploratory horizon scanning (QEHS}hodology focused on text-data
mining technologies that are largely autonomousuditide domain-agnostic algorithms
to reduce multiple signals to inform and prioriteeountry’s emerging S&T topics.

This approach has several benefits. First, thesfecutext-data mining
technologies allows for the exploration of verygliand diverse data sets in a largely
autonomous way, allowing for fast turn-around amedjfient scanning. The use of
domain-agnostic algorithms for signal reductiomal for broad coverage of the S&T
spectrum and the focus on prioritizing allows pglicakers and analysts to focus their
limited attention span on a subset of data. Theseifizations can easily feed into larger
activities such as identifying issue-centered larigcans, scenario planning, and focused
expert surveys.

There are disadvantages to this approach. FitseiBmitation of the data to be
mined. Signals can come from a variety of sourags, text being a limited subset.

There is also a time lag associated with text &t by the time most data sources become
available, they are already several years old. iBhigie in large data sets used in S&T
analysis such as bibliographic and patent dataeeaxlvancements in text-data mining
of more real-time data such as twitter and micagblare addressing this issue but this
research does not employ those techniques. Beohtisese limitations, the focus on the

use text-data mining tends towards topics thaearerging in the near-term.
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The narrow scoping of this project minimizes thésadvantages to some extent
allowing the benefits to outweigh the disadvantagisvever, these limitations need to

be kept in mind when the results of this methodsgaied towards policy-making.

Methodology
QEHS is taking a fundamentally different approackhe question of emergence

than the methodology use by the information scienRather than identifying topics that
that are emerging over multiple time-slices, theH3Hries to identify topics that may
potentiallyemerge within a single time-slice. Thus the QEHShudology thus can be
thought of detecting “pre-emergence”.

Similar to methodologies for detecting emergencé@ip and Small 2010,
Glanzel and Thijs 2012), the QHES begins with adsassessment of the current
fundamental research base using data mining tegbsitp cluster the output into
subtopics. However, due to its scope, the assesss@one primarily at the country
level (though this method can also be appliedairnktitution or disciplinary level).

Where it differs is that QHES (figure 10) usesistaial analysis on the clusters to
detect emerging areas of growth. The various stdigathered can then be fused
together to produced a rank ordering of the clgdi@prioritize a country’s emerging

S&T topics. This following subsection outlines hitvis is accomplished.

oE
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Figure 10 The Horizon Scan Method

Assessing the Fundamental Research Base
There are three factors to be considered for thessment: time window, data

sources, and clustering methods.

The selection of a time window is a non-trivialkashe time window has to be
large enough that enough of the research is aétiey under study is captured and
trends over time can be calculated. However, tlsea@ upper limit of around 10 years in
which the literature has aged to the point ternagglis either ubiquitous or has morphed
over time. Previous studies of emergence have bhakelustering time slices of 3 years
(Glanzel and Thijs 2012) and 6 years (Upham andli&28&0) without any discussion as
to what is the ideal time span. For better stagstnalysis, the QEHS has erred on the
upper part of the range and chosen 6 years asihespan.

The most common data source used to assess aysuesearch base is one of
the large databases of peer-reviewed bibliometticles such as Thomson Reuters Web
of Science of Elsevier’'s Scopus. Inclusion of ohthese databases is adequate to
perform an initial horizon scan but for more acter@sults, additional information
should be included such as patents, dissertatioriter and academic blogs. The design
of the methodology is built so that it can acceggbdrom multiple streams.

There are various technigues which are used fstating sub-topics. Most
common techniques cluster using co-occurrenceadsiphrases, citations, authors or

some hybrid approach of these co-occurrences (Beitet 2008, Shibata et al 2009,
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Boyack & Klavans 2010, Upham and Small 2010, Glaard Thijs 2012). However, the
clustering methodology is driven largely by theiget accept data from multiple
streams. Not all of these data sources have citatformation and in many cases,
authors cannot be properly disambiguated. ThergtioeeQEHS follows the approach of
Kostoff et. al. (2007) and uses co-word analysislister subtopics.

The software package CLUTO (Karypis 2006) is ugeduster all data sources.
This technigue uses a hierarchical phrase frequelnsyer algorithm that makes the TF-
IDF (term frequency-inverse document frequency}aespace model (while omitting
stop words) to measure the similarity between danimto assign them to n-clusters.
Under this model, the user decides the total nurabelusters to partition. For purposes
of QEHS, it was decided through trial and errot thenean frequency of between 200 to
400 documents per cluster is ideal. Thereforechimece the choice for n-clusters is
usually determined by dividing the total numbedo€uments by a value by 300 and
rounding up to the nearest 1000s. So for instana QEHS of 700,000 documents, the
n-clusters would be set to 3,000.

An advantage of using the TF-IDF is that it ideesfthe top discriminating terms
which differentiate this cluster from other clusteFhese terms can be used to

automatically label each cluster in a meaningfuy \{@hibata 2009).

Detect Emerging Areas of growth
The QEHS scope is to find early emerging S&T topied may give a country an

advantage. The focus thus is not to detect clusfaechnologies that might have already

emerged, but to identify those that are likelynoeege. Thus, we are looking for S&T
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topics that have a coherent structure (i.e. catifferentiate as its own cluster); a weak
signal (low size); and are rapidly growing. Thuegtistics on the size of the clusters and
their compound annual growth rate are gathered.cbhgound annual growth rate

(CAGR) is calculated based on a linear fit of thester over the life of the index:

Equation 10Compoud Annual Growth Rate
1

C(tw) it
CAGR(to,t,) = (%toi)t o _q

whereC(tp) andC(t,) are the count of articles in the linear fit modgthe clusters
at timetp andt,. The linear fit model is used to avoid the divideO error that occurs if a
cluster was not presenttat

As a proxy for determining if the topic will givenadvantage to the country, is
the purity statistic (Zhou and Karypis 2004, Liuat 2005). Purity is concept from
information theory for measuring the correlatiotviEen an entity and its environment.
The higher the purity, the less interaction antgiitas with its environment. It is defined

as:

Equation 11Purity
. 1
Purity = ;Zipi

wheren is the total number of documents in the clustat tave the entity ang
is the fractional count of the entity in each af thdocuments (for example, if a
document had 2 German authors, 1 Austrian andrickrehen the; for Germany would
be 0.5).

Thus purity when applied to country co-authorshippuntry with 100% purity
within any given cluster means that they are cotepleleveloping the science within

their borders. A country with a high purity sconeain S&T field is thus developing an
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internal expertise. This internal expertise mayeg@vechnical advantage to a country by
allowing it an early lead in the development andeas to emerging technologies that
may lead to disruption. The exact level of advaataglependent on the nature of the
emerging phenomena. The advantage is low in anaasite easily reproduced or copied.
The advantage is high in areas that require spexxfpertise, equipment or facility.
Therefore the purity statistic is only measuringegessary condition for determining
advantage. Qualitative assessments by subjecttexpéirneed to be used when
interpreting the results of the QEHS to gauge st much country’s purity score will

give it an advantage should the field emerge.

Rank Emerging Trends
To produce a ranking, each statistic must be nazedko a unit vector prior to

being fused into a single score for ranking. Fanmadization of any statistic (STAT), the

following algorithm is used:

Equation 12Statistic Normalization
(STAT—-STAT min)
STATy = min
(STATmax—STATmin)

Then, the statistics can be fused together by ctingpthe geometric distance of
each statistic from its ideal value. For growth pndty, the ideal value is the maximum
value of a unit vector, 1. However, for frequenicg tveak values are of interest so the

minimum value, 0, is ideal. Thus the fusion alduontis defined as:

Equation 13Fusion Score

FScore = \/FN2+(GN ~1)%+(P, -1)?

96



As the fusion algorithm is defined as the distainom the ideal, the lower the
fscore, the closer it is to the ideal score. Chsstee then ranked from the lowest fusion

score to the highest.

Case Study - United States 2005-2010
A case study of the United States can demonstnatattlity of the QEHS. For

this case study, all records published by the dritates from 2005 to 2010 in Thomson
Reuter's Web of Science were used. The outputeof)tf rose from 470,483 records in
2005 to 495,687 in 2010 for a total of 2,947,01¢rds. The data was then clustered into

10,000 clusters and table 35 shows the statistich® cluster solution.

Table 35 US Cluster Statistics
Freq. Growth Purity

Max 5569 228% 100%
Min 20 -56% 43%
Mean 294 2% 88%
Median 201 1% 89%
St. Dev. 316 11% 7%

The combined statistics signals that the distrdngiof the frequency and growth
are highly skewed towards lower values while pustgkewed towards higher values.
These heavy tailed distributions produce a healgdtéusion score distribution (Figure
11 top). The outliers that make up the left tadt{bm chart in Figure 11) are the weak

signals that are of most interest to QEHS.
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Figure 11 Distribution of Rank vs. Fusion scores.
Top chart is all fusion scores and bottom chart isop 100 scores.

Table 36 shows the top 25 clusters by their fusmore that identify pre-
emerging S&T topics as of 2010. Some of these sopie directly related to recent Nobel
Prizes. Two of the topics are related to Nobelé¥in Physics: optical Frequency combs
(rank 1) won the 2005 prize and graphene (tiedrmit 19) had a major breakthrough in
2004 and won the prize in 2010. Pluripotent reseémank 7 and tied for rank 19), which
is at the forefront of embryonic stem cell researebn the 2012 Nobel Prize in
Medicine. HPLC mass spectrometry (rank 18) is a bmanalysis technique that utilizes
the electrospray ionization technique, which waa ftobel Prize in Chemistry in 2002.

While typically Nobel Prizes are lagging indicatofsemergence, the clusters identified
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by the QEHS show that US researchers are concegtiat maintaining their advantage

in these topics.

Table 36 Top 25 Fused Clusters
Rank Top 5 td-idf phrases # paper

CAGR Fusion

1 comb, frequenc.comb, optic, 0 o

optic.frequenc.comb, optic.frequenc, Wavefornl109 228% 95% 0.09
2 fragranc, branch.chain, chain.satur, chain, a1 210% 88%

branch, fragranc.ingredi 0.22
2 prostatectomi, robot, robot.assist,

robot.assist.radic, assist.radic, 138 176% 93%

assist.radic.prostatectomi 0.22
4 medi, synthesi, analog, carbocycl, librari, deri2 151% 98% (.27
5 bodi.radiotherapi, stereotact.bodi.radiotherapi o 0

stereotact.bodi, stereotact, radiotherapi, sbrt 79 133% 96% 0.34
6 patient.center.medic, medic.home,

center.medic, center.medic.home, 57 113% 98%

patient.center, medic 0.41
7 inor, ligand, complex, complex.support, 233 105% 96%

pyrazolyl, reactiv 0.44
7 stem.cell, stem, pluripot, pluripot.stem, 0 o

pluripot.stem.cell, cell 100 118% 88% 0.44
9 pmse, polym, nanoparticl, polym.surfac, 119 103% 94%

polym.nanoparticl, biodegrad 0.45
10 hinl, influenza, virus, pandem, swine, o o

h1lnl.virus 222 122% 84% 0.47
11 epigenet, epigenet.regul, regul, 0 o

epigenet.mechan, gene, modif 172 102% 88% 0.49
12 crisi, financi.crisi, financi, global.financi, o 0

global, global.financi.crisi 151 96% 89% 0.50
13 memori.polym, shape.memori, 0 o

shape.memori.polym, polym, shape, memori 52 90% 92% 0.51
14 inor, chemistri, synthesi, character, catalyst, 1611 106% 96%

oxid 0.52
15 nps, nanoparticl, np, nanoparticl.nps, nm, ag 80 5%9 86% (53
15 social.media, media, social, public.relat, userzg 28% 97%

public 0.53
17 th17, th17.cell, cell, il-17, th1, cd4 263 93%  86% (54
18 anyl, spectrometri, hplc, spectroscopi, 271 75% 95%

chromatographi, separ 0.55
19 social.network, social, social.network.site, 141 %1 97% (56
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network.site, network, onlin
19 pluripot, pluripot.stem, pluripot.stem.cell, o 0

stem.cell, stem, cell 326 81% 86% 0.56
19 graphen, layer, sheet, graphen.oxid, graphit, o 0

graphen.sheet 263 86% 86% 0.56
19 person.medicin, medicin, person, genom, 0 o

promis, era 80 70% 96% 0.56
19 kidney.injuri, acut.kidney, acut.kidney.injuri, 277 7504 91%

kidney, injuri, acut ° ° 056
19 msc, cell, stem.cell, mesenchym, o 0

mesenchym.stem.cell, mesenchym.stem 110 89% 84% 0.56
25 health.care.reform, care.reform, reform, o o

health.care, health, care 325 68% 9% 0.57

Biomedical clusters dominate the top fused clusesounting for 12 out of the
top 25. These include three stem cell clusters(Bloripotent and one on mesenchym —
tied at rank 19) mentioned previously, two genetiosters (th17 —rank 17, and
epigenetic — rank 11), four medical research claqt®botic assisted prostatectomy —
tied rank 2, stereotactic body radiotherapy — fanklnl influenza — rank 10, and acute
kidney injuries — tied at rank 19), and three Hea#ire clusters (patient-centered medical
homes — rank 6, personalized medicine — tied & t8nand health care reform — rank
25).

Semantic clustering is not without its drawbacKkse Tlusters starting with
“medi” (tied at rank 2) and “inor” (tied at rankand rank 14) are byproducts of naming
conventions for titles employed by Abstracts of &apf the American Chemical
Society. In both cases, the first term in eachtelusere used in all-caps in the title to
identify each article. However, this is an exceptioot a rule in utilizing this cluster

technique and these results can be easily ideshtifiging verification. For all three of
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these, there were similar clusters of much lowek that these documents would most
likely be clustered into without those conventiapplied.

Of the remaining 7 clusters, one deals with théctoxof branched chain
chemicals in fragrances (rank 2), 3 deal with p@yimand/or nano- materials (PMSE —
ranked 9, shape-memory polymers — rank 13, andrsilanoparticles — tied at rank 15),
and the other three deal with social issues (glbbahcial crisis — rank 12, impact of
social media — tied rank 15, and online social oek® — tied rank 19).

Taken as a whole, this QEHS shows that the UnitateS has several promising
fields in biomedical and nano-material science gmner The three social issues and the
three health care emerging clusters are also gaamheters on what are the major social
issues facing the country under study. With theep&on of the global financial crisis, all
these clusters have a 97% or higher purity. Coupigdthe high growth rate, this is

indicative of internal problems facing the nation.

Empirical Validation
The intent of the QEHS is to identify emerging are&S&T topics that can give

it an advantage in the global marketplace. The sagly of the United States has
identified several promising candidates using tEHQ approach. An analysis of two
S&T topics identified in the top 25, optical freaquey combs (OFC) and T Helper-17
(commonly referred to as TH17) cells, help illusgrbow to validate the results of the

case study.
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Figure 12 Number of Optical Frequency Comb(top) and TH17 (bottom) Publications (1989-2012)

Web of Science was queried with the phrase “al frequency comb” o
December 12, 2012 and 1,683 results were retri “TH17” was queried on the san
day and produced 3,725 rest Growth in OFC was slow until just before the tirhe

Nobel Prize was awarded in 2005 in whichwth became exponentidigure 12). The
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production of articles is slightly more than 20(pcations per year from 2009-2011
(2012 data is incomplete), demonstrating thatithsill a young, emerging field of study
that is growing rapidly. In contrast, the discovefyTH17 cells in 2006 sparked an
immediate surge in interest and publications gyickinbed to 912 in 2011, thus

showing a field rapidly emerging.

Table 37 Top 10 Countries in OFC and TH17

Optical Frequency Combs T Helper-17

Rank|Country ;:t:::rds H-Index Rank|Country ;:t:::rds H-Index
1|United States 557 50 1|United States 1529 94
2|Japan 256 24 2|China 452 28
3|Germany 220 39 3|Japan 412 48
4|China 118 11 4|United Kingdom 334 45
5|United Kingdom 102 20 5|Germany 312 45
6|France 86 21 6|ltaly 199 36
7| South Korea 82 12 7|France 171 22
B|ltaly 66 15 8|Netherlands 155 25
9|Canada 62 13 9|Canada 135 22
10| Taiwan 57 9 10| Switzerland 115 31

Two bibliometric indicators are used to determinte US has an advantage over
other countries in these two fields: the total rdsqublished and the H-index. The H-
index is a proxy for determining quality based eemprecognition through a ratio of
citations to publications that has been used faluating countries (Csajbok et al, 2007)
and institutions (Van Raan 2006).

In the case of OFC, the United States has a suladtead in publication volume,
with 1/3 of all papers on OFC coming from its itiions (Table 37). This publication

rate is more than double its closest competit@sad and Germany. However,
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Germany'’s high H-index makes it a strong competitithin this field. In looking at the
top institutions (table 38), we see that for masirdries, the research is happening at
government labs (University of Colorado high raeue primarily to the fact that 79%
of its publications are co-authored with NIST). \MIST has a clear lead within the
field, if Germany’s two government labs are combiridey provide more evidence of
Germany as a strong competitor within this fielpan also has a strong publication
record in OFC but its H-index is considerably lowean Germany’s. There are several
US universities in the top 10, though their H-indewores are considerably lower than
both domestic and foreign government labs. This beandicative of a high cost barrier
to entry in this field to performing cutting edgesearch which often leads to higher

citation publications.

Table 38 Top 10 Institutions in OFC and TH17

Optical Frequency Combs T Helper-17
e Total = Total
Rank |Institution Flag Recoras H-Index Rank|Institution Flag B enords H-Index

4|natl inst stand % 181 40 1|harvard univ E 152 37
tech

5|max planck inst E 95| 29 2|univ tokyo ) ‘ 74 22
quantum opt -

3|univ colorado E 86 3

3|megill univ I e I 68 17
4|purdue univ E 67 13 4| niaid E 65| 26
HAtEi st ack [ & W 51 11 5|osaka univ ‘ - \ 55| 21
sci tech -
i : —=
5 unn.f cent E 4 8 6 kings coll aé 60 16
florida london >
korea res inst l > %" T E
e + @, 37 7 7|univ pittsburgh 49 16
8 Eai diesnmtale 37 16 8|yale univ 49 21
9| natl phys lab EIE 35| 12 glinserm . . 43| 13
10{univ tokyo l @ ] 34 E 10| nyu E 4s| 20
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The advantage the United States has in TH-17 rséamuch more substantial.
It produces 41% of the articles and nearly threw$ more than its closest competitors.
Unlike OFC, the research is driven primarily thrbugsearch universities though the
National Institute of Allergy and Infectious DiseayNAIAD) is the second leading
institute in the United States. Half of the top testitutes are from the US and the H-
index of these institutes are larger than thosgroilar sizes. While China is the second
largest producer of TH-17 research articles, ndnes anstitutions make the top-ten list.
The closest competitor is Japan, which has 2 usitkes in the top 10 with substantially
higher h-indices than other non-US institutionsiafilar size. Thus the advantage that

the United States enjoys is quite substantial i;mftbld of research.

Conclusions
Quantitative Exploratory Horizon Scanning has theeptial to be a useful tool in

to detect the early emergence of new critical S&dids that may radically alter a
country’s capabilities and give it an advantager @iker nations. The case study of the
United States, along with validation, showed thBH3 can identify weak signals that
identify emergence in several important S&T to@eswvell as identify several emerging
social issues. Its ability to prioritize the issadlews for a reduction in the data in which
to focus resources on identifying S&T topics thatyrbe disruptive and/or may be ‘wild
cards’. These results of this analysis can be fbémto a much large process for policy

planning and foresight activities.
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There are many challenges and opportunities ali@aa .to identify and integrate
data sources that are more recent is one of thehaienges. What other signals in the
data can be fused into the analysis to produce amrerate results? How sensitive is the
analysis to the time window? There are other pakwaluable techniques that may be
used to refine the QEHS methodology, such as alhstering techniques for assessing
the fundamental research base and other statistitsan be calculated for detecting
emergence. Most notably would be the inclusionitation data in the analysis and other
measurements of time trends beyond growth suchli@siess or currency
measurements. This paper is meant to be a foumdation which this work can

continue.
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CHAPTER FIVE: CONCLUSIONS

This concluding chapter is broken into three sesti@ summary, a discussion on

future directions and policy implications.

Summary
In broadening our understanding of the interplaintdrnational scientific

collaborations and national scientific systemss thgsertation makes three
methodological contributions rooted in social coexitly theory
1. A novel methodology of quantitatively determinitggtcore and periphery
of science through utilizing a two-tier power arsigy
2. A novel framework for understanding bilateral redas between two
countries scientific systems (with an introductaiiog-odds ratios
statistic to analyzing collaborations over timete field of
scientometrics)
3. A novel methodology for detecting pre-emerging Sé&pabilities that a
country is developing
Taken together, these three contributions showmgeraf outcomes at the country

level that can be deduced through the study ofnateonal scientific collaborations.
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Determining the Core and Periphery of Science
The methodology of quantitatively determining tloeecand periphery of science

through utilizing a two-tier power analysis wasaatuced in chapter two. This chapter
discovered that the distribution of a country’scetoutput and degree centrality was a
two-tier power law commonly found in “rich-club” phomena and used this discovery to
differentiate countries that are in the core antppery structure of science.

This methodology was demonstrated over five sepa@entific and technical
disciplines (as defined in Web of Science): Astioga Astrophysics, Energy & Fuels,
Nanotechnology & Nanoscience, Nutrition, and Ocegaaphy. Each field exhibited the
same two-tiered structure that differentiates thre @nd periphery. The countries that
compose the majority of the core across the figeidiines are similar with variations
around the edges of the core. Originally, thesepread of a handful of countries in the
core of any field of science pre-1992, but the ¢@e now grown in recent time periods
to include 29 countries that maintain core membprshat least one discipline.

There are positive and negative implications te glienomenon. The positive
implication is that membership in the core increabe attractiveness of a country’s
scientific base for collaboration. The negative licgiion for those countries left in the
periphery: they are becoming increasingly isoldtech the scientific elite. This isolation
is growing as the gap widens in their relative ohecin article output, degree centrality

and citation impact.

Understanding bilateral relations between two countries scientific systems
The framework for understanding bilateral relatibesveen two countries

scientific systems was introduced in chapter thféés chapter built a multi-level and
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multi-theoretical framework for examining a courgrghanging pattern of collaboration
over time. It develops five statistics that desetibe relation between two countries:
collaboration percentage, collaboration intengittgtion impact, affinity ratio and odds
ratio. The first four statistics have been usedanous papers examining international
collaboration in sciences but this was the firgtgesof the odds ratio to the field to the
best of the author’s knowledge.

The framework was developed using the case stu@hwfa’s collaboration in
Energy & Fuels. Then the framework was demonstrated five other case studies: two
case studies examined changing priorities in tveldped world (USA and France), two
examined a country’s rise from the periphery todbee (South Korea and Chile) and the
last case study examined the African continentrfeights into the developing world.

The examples of the United States and France Qigihtiow the analysis provides
insights into shifting patterns of collaboratiofiie case study of the United States shows
how the US went from collaborations primarily foedson English-speaking countries
and France in the pre-1992 time period, to grovinsitong ties across a wide-range of
countries in the mid-nineties and a rapid risealfaboration with China and South
Korea in the 2000s. The French case study showfeaedt shifting pattern that goes
from the strengthening of European Union ties s11890s to strengthening ties to the
South Pacific in the 2000s.

The cases of Chile and South Korea show differgratis in which a developing
country can join the ranks of developed nationg CThilean case study shows a

developing country entering the core by exploitisggeographic advantage to forge
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close ties to Europe and the United States. ThéhS¢arean shows a different path from
the periphery to the core by building a strongtreteship with its neighbors and the
United States while developing its own indigenoagabilities.

The example of Africa highlights how this methodplonay be used by NGOs
whose goal is assistance to the developing worldrmerstanding which countries have
access to the continent. It showed a continenhblesplit by French- and English-
speaking Africa. France’s collaborations are esiglel to its former colonies, while the
United States is replacing the United Kingdom atietocolonial powers as the prime
collaborator in the rest of Africa. This case statso highlighted that there is virtually

no intra-African collaboration.

Detecting pre-emerging S&T capabilities that a country is developing
The methodology for detecting pre-emerging S&T tdfees that a country is

developing was introduced in chapter four. Thisptbacombines the horizon scanning
methodology developed by future studies with emeegealetection algorithms develop
by information scientists to develop the Quantiat:xploratory Horizon Scan for
identifying emerging country capabilities that m@apvide it a distinct advantage. This
methodology involves clusters a country’s scieatifutput and seeks to identify small
clusters that are experiencing rapid growth witbvarate of international collaboration
(defined as its purity). By combining these thseaistics, clusters can be ranked by
those most likely to become scientific areas incitthe country will have a distinct

advantage in the near term.
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This chapter applied this methodology to a caseystd the United States’
scientific output from 2005 to 2010 and identifemerging areas in biology, chemistry
and physics in which the United States has sigmifi@dvantages in. Several of these
areas are related to areas in which recent Nolm#$were awarded in. An analysis of
two emerging areas, Optical Frequency Combs andeghe TH-17, was conducted to

verify and validate that this methodology.

Future Research Directions
Throughout the development of the various methagle®in this dissertation,

case studies were used to highlight the applicatfe@ach technique. In chapters two and
three, an attempt was made to select five divease studies to understand how these
methods fared under different scientific and tedbgical disciplines. While diverse,
these studies relied on the subject categorizatidne Web of Science. While this made
data collection and repeatability easier, there bwbiases built into this collection that
need to be explored to determine how robust thebadologies are. This exploration
may be accomplished through either exploiting d#ife data sources, such as Scopus or
IEEE proceedings, or by building user-defined ceeeto define technological areas.
Additionally, there is likely some sensitivity the size and/or maturity of a scientific or
technological area to these methodologies thatelde explored.

The Quantitative Exploratory Horizon Scan developechapter four is by far the
most experimental methodology developed within ¢hésertation and would benefit
most by additional case studies as well as adduabidation and verification. There are

also several ways this methodology can be extetalpdrforming horizon scans for pre-
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emergence of an institution’s capabilities and spiass in broad subject areas such as
computer science, material science or neuroscience.

It is worth reiterating that the original scopetlns dissertation was in the
application of social complexity methodologies t@qgtitatively study national scientific
systems through their interaction with other nagiorhus the scope of this research was
to uncover trends without explaining the reasorthiese trends. Indeed, most of the
empirical work from chapters two through four ramere questions than they answer.
Did South Korea actively pursue a policy to tienthi® the United States? Did the UK
intentionally cede English-speaking Africa to theitdd States? What mechanisms did
the European Union use to increase collaboratiohinvthe EU in the 1990s? Are the
technologies found in the Quantitative Exploratbigrizon Scan going to give the
United States a lasting technological lead? Whaefare causing China to turn away
from Europe just when Europe is trying to incre#seollaboration with China?

It is beyond the scope of this dissertation to arssuch questions, even though
answering such questions would validate the metloges proposed within this
dissertation. Answering such questions will reqaim@ixed methodological approach
utilizing case studies, interviews and/or partngmnth subject matter experts and

statistics from a variety of other data sourcess Tésearch is left for future endeavors.

Policy Implication of this Research
This research was motivated by the desire to peoaidew set of tools that can be
used for understanding the effect of emergent nédsvof collaboration in today’s global

scientific community and how external factors chape them. This research has built
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upon a growing body of literature seeking to untérd the dynamics of international
scientific collaboration and its interaction oniaatl systems. It is my hope that these
findings and tools will be informative to policy-kexs for developing strategies to best
position their respective scientific enterprisesoday’s globalized world. There are three
policy areas worth noting that this research candsel to assist policy makers: policy
planning, policy evaluation, and science and teldgical intelligence gathering.

In the policy planning context, increasing interoaal cooperation is a goal of
policy makers. Understanding the current trendsolfaboration between two countries
allows policy makers to specifically target polgi® either increase or decrease relations
between two countries. Identifying trends as theyteppening, such as the decrease of
US-Russia collaboration in Energy or the withdrawfahe UK from Africa, would
enable planners to tune their policies to suppocbanteract the trends.

Utilizing this research for planning for developmamderstanding just how far
into a periphery of science helps determine thellef’effort needed to bring a country
up to the core. The trend identified in chaptef the periphery becoming increasingly
isolated from the core is troubling. Understandimg linkages between the developing
and developed world can show which countries hagéntghest probability of success
working with the developing country to help thendge this increasing divide. The case
studies of South Korea and Chile provide examplaesre/this has been successful.
Chile’s example shows how a country can exploieaggaphical advantage to catapult
their system in a selective discipline; while Sokitirea provides a more generalized

path of how strong collaborative ties with targetadions can help. Though the case
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study on Africa provides a counter-example of htnorg) ties to only a single country is
not enough to lift it out of the periphery. Undarsting these case studies can provide
invaluable assistance for policy planning.

These tools are also important for evaluating titea@mnes of policies that are
aimed at strengthening scientific relations betwemmtries. As shown in chapter three,
after the fall of the Soviet Union, the United $&tand Russia had a sharp increase in
collaboration that was not sustained in the 20@Dse can look at efforts launched to
increase ties between the two countries duringtiimeg period and see which of these, if
any, were responsible for this outcome. Additibndboking at long term policies
between the United States and South Korea maybalstudied to determine if the
results identified in chapters two and three wheedause of any particular policies to lift
South Korea from the periphery of science to the.co

Lastly, the importance of science and technologidalligence gathering should
not go unmentioned. Advanced countries cannot raairstdvantage across all areas of
science. Chapter four provides methods for undedstg the emerging capabilities of
countries that can decrease the chance of teclsugaidise and inform policy makers of
areas that they should be investing in within tle&mn borders. It may also inform policy
makers of technological areas within their bordieeat can have a high potential for
growth and thus could be targeted for action tergjthen these fields.

The common theme here is that these tools congritouthe understanding and

evaluation of the dynamics of international scientollaboration thus allowing policy
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makers and policy analysts to be better informetliacrease their ability to react in a

positive manner to the quickly changing global stfee landscape.

117



REFERENCES

Ahlgvist T, Valovirta V, and Loikkanen T (2012).rthovation policy roadmapping as a
systemic instrument for forward-looking policy dgsi, Science and Public Polic39:
178-190

Amanatidou, E., Butter, M., Carabias, V., Konndlg,Leis, M., Saritas, O., Schaper-
Rinkel, P. and van Rij, V. (2012) ‘On concepts amethods in horizon scanning:
Lessons from initiating policy dialogues on emeggissues’ Science and Public
Policy, 39: 208-21.

Amaral, L.A.N. & J.M. Ottino (2004). “Complex netws: Augmenting the framework
for the study of complex system<£ur. Phys. J. B8, 147-162

Ansoff, H. I. (1975) “Managing strategic surprisgresponse to weak signals”,
California Management Review8: 21-33.

Barabasi, A.L., Jeong, H.,N"eda, Z., Ravasz, EhuBert, A., & Vicsek, T. (2002).
Evolution of the social network of scientific cddlarationsPhysica A311, 590-614.

Beaver, D. deB., Rosen R. (1979), “Studies in difiercollaboration. Pt 2. Scientific co-
authorship, research productivity and visibilitytire French scientific elite, 1799-
1830, Scientometricd 133-149

Ben-David J. (1971)I'he Scientist’s Role in Sociefnglewood Cliffs, NJ: Prentice-
Hall.

Bettencourt, L.ML.A. , Kaiser, D.I. , Kaur, J., Castillo-Ch'vez, C. and Wojick, D.E. (2008).
“Population modeling of the emergence and develaprokscientific fields”,
Scientometrics75: 495-518.

Borgatti, S.P., and Everett, M.G. (1999). “Modelore/Periphery StructuresSocial
Networks21, 375-395

Botterhuis, L., van der Duin, P., de Ruijter, Pd asan Wijck, P. (2010) “Monitoring the

future. Building an early warning system for thet€uMinistry of Justice”Futures
42: 454-465.

118



Boyack, K. W., & Klavans, R. (2010). “Co-citationaysis, bibliographic coupling, and
direct citation: Which citation approach represehtsresearch front most
accurately?’Journal of the American Society for Informationeé®cie and Technology
61(12), 2389-2404.

Butter, M., Brandes, F., Keenan, M., Popper, Resétke, S., Rijkers-Defrasne, S.,
Braun, A. and Crehan, P. (2009) ‘Monitoring fordsigctivities in Europe and the rest
of the world’,Final Report of the European Foresight Monitoringtivork EFMN
EUR 24043 EN. Brussels: European Commission.

Callon, M., J. Law, A. Rip, (1986Mapping the Dynamics of science and technology:
Sociology of Science in the read woflMacmillam, Houndmills, U.K.)

Chen, C. (2006). “CiteSpace II: Detecting and Migirag emerging trends and transient
patterns in scientific literatureJournal of the American Society for Information
Science and Technology7(3), 359-377.

Chen,K. and Guan, J (2011). “A bibliometric invgation of research performance in
emerging nanobiopharmaceuticalddurnal of Informetrich: 233-247

Cioffi-Revilla, C. (eds.) (forthcomingPower Laws in the Social Sciences: Discovering
Complexity and Non-Equilibrium Dynamics in the @btiniverse Publication
forthcoming.

Cozzens, S., Gatchair, S., Kang, J., Kim, KS., k&k,Ordoiiez, G., and Porter, A.
(2010). “Emerging technologies: quantitative id&adiion and measurement.”
Technology Analysis & Strategic Managem2a(3): 361-376

Csajbok, E., Berhidi, A., Vasas, L., and Schub&ri;2007). “Hirsch-inex for countries
based on essential science indicators d&aiéntometrics73(1):91-117

De Solla, D.J. (1965) Networks of Scientific Pap&wsencel49 (3683), 510-515

Drori, G.S., Meyer, J.W., Ramirez, F.O., and Schdte, (2003)Science in the Modern
World Polity: Institutionalization and GlobalizatioStanford University Press,
Stanford CA)

Duerbeck, HW. “National and international astroncathiactivities in Chile 1849-2002”
in Interplay of Periodic, Cyclic and Stochastic Variilgl in Selected Areas of the H-R
Diagram Edited by C. Sterken, ASP Conf. Ser. 292. Sandtsao: Astronomical
Society of the Pacific, 2003, p. 3-18.

119



Gauffiau, M., P.O. Larsen, I. Maye, A. Roulin-Pard, & M. Von Ins (2007).
“Publication, cooperation and productivity measurescientific research.”
Scientometricsyol. 73(2), 175-214

Georghiou, L. (1998). Global cooperation in reskaResearch Policg7, 611-626.

Georghiou, L., and Harper, J.C., (2011). “From ptyesetting to articulation of demand:
Foresight for research and innovation policy amategy.”Futures43: 243-251

Glanzel W. (2000), “Science in Scandinavia: A lmblietric approach’Scientometrics
48 121-150. (Correction: Scientometrics, 49 (2(BH)).

Glanzel, W. (2001). “National characteristics iteimational scientific co-authorship
relations.”Scientometricsvol. 51(1), 69-115

Glanzel W., Schubert A., (2001) “Double effort =udbbe impact? A critical view at
international co-authorship in chemistry”, Sciengtrts, 50 199-214.

Glanzel, W., and Schubert A. (2004). “Analyzingestific networks through co-
authorship.” In: Moed, H.F., Glanzel, W., and ScleimdJ. (2004) (edsHandbook of
guantitative science and technology research. Beeaf publication and patent
statistis in studies of S&T syste(pp. 257-276). Dordrecht (the Netherlands): Kluwer
Academic Press

Glanzel, W., and Schubert A. (2005). “Domesticitg anternationality in co-authorship,
references and citationsStientometric§5(3), 323-342

Glanzel, W., Debackere, K., and Mayer, M. (2008)riad’ or ‘tetrad’? On Global
changes in a dynamic worldScientometricsyol. 74(1), 71-88

Glanzel, W. and Thijs, B. (2012). “Using ‘core dawents’ for detecting and labelling
new emerging topics’Scientometrics91(2): 399-416

Hill, C.T. (2007). “The Post-Scientific SocietyiSsues in Science & Technology(1)
Hiltunen, E. (2008) “The future sign and its thokmensions” Futures 40: 247-60.
Holland, J. (1998)Emergence: From Chaos To Ordé&rew York: Helix Books
Hwang, K. (2008) “International Collaboration in Mlayered Center-Periphery in the

Globalization of Science and Technolog®tience Technology Human Vals1);
101-133

120



Jeong, H., Neda,A., & Barabasi, A.L. (2001). “Mea@sg preferential attachment for
evolving networks.” arXiv:cond-mat/0104131 v1, 7rAR2001.

Karypis, G. (2006) CLUTO - a clustering toolkit. &lable at:
http://glaros.dtc.umn.edu/gkhome/cluto/cluto/ovew{accessed 30 May 2012).

Katz, J.S., & Hicks, D. (1997). “How much is a @dlbration worth? A calibrated
bibliometric model.”Scientometricg0 (3), 541-554.

Katz, J.S., & Martin, B. R. (1997). ,What is resgacollaboration?Research Poligy
26(1), 1-18.

King, DA. (2004). “The Scientific Impact of NatioridNatureV432, 311-316

Konnola, T., Salo, A., Cagnin, C., Carabias, V. &ildkumaa, E. (2012) “Facing the
future: Scanning, synthesizing and sense-makifgpiizon scanning’Science and
Public Policy 39: 222-231

Kostoff , R. N., Rio, J. A., Cortes, H. D., Smith,, Smith, A., Wagner, C., Leydesdorff,
L., Karypis, G., Malpohl, G., and Tshiteya, R. (Zp0‘Clustering methodologies for
identifying country core competencies, Journalnddimation Science’Journal of
Information Scienc83 (1) : 21-40.

Laudel, G. (2001). “Collaboration, creativity areards: why and how scientists
collaborate?’International Journal of Technology Managemet (7/8), 762-781.

Lall, S. (2001). “Competitiveness indices and depelg countries: an economic
evaluation of the Global Competitiveness Repaityrld Developmen®9(9), 1501-
1525.

Latour, B. and S. Woolgar, (198&)aboratory Life: The construction of social facksd
Edition (Princeton University Press, Princeton)

Leydesdorff, L., & C.S. Wagner (2008). “Internatb€ollaboration in Science and the
Formation of a Core GroupJournal of Informetric2(4), 317-325

Leydesdorff L, Wagner CS, “Is the United Statesngground in science? A global
perspective on the world science systeStientometricsvVol 78, No. 1 (2009) 23-36

Liu, Y, Navathe, S.B., Civera, J., Dasigi, V., Ral, Ciliax, B.J., and Dingledine, R.
(2005). “Text Mining Biomedical Literature for Diggering Gene-to-Gene
Relationships: A Comparative Study of AlgorithmEEEE/ACM Transactions on
Computational Biology and Bioinformatig1): 62-76

121



Lotka, A. J. (1926). The frequency distributionsefentific productivity.Journal of the
Washington Academy of Sciend@égq12), 317-324.

Luukkonen T., Persson O., Sivertsen G. (1992), ‘@sathnding Patterns of International
Scientific Collaboration”, Scien¢dechnology, & Human Valueg$7(1) 101-126

Merton, R.K. (1968). “The Matthew Effect in Sciertlee reward and communication
systems of science are considgtegtcience 159 (3810) 56

Merton, R.K., (1973)The Sociology of Science: Theoretical and Empirical
InvestigationsChicago: University of Chicago Press

Moed H. F. (2005). “Does International Collaborati®ay?” inCitation Analysis in
Research Evaluatiorspringer: The Netherlands

Moed H. F., De Bruin R. E. and Van Leeuwen T. N98) “New bibliometric tools for
the assessment of national research performantaatse description, overview of
indicators and first applicationsScientometrics33: 381-422

Monge, P. R., & Contractor, N. (2003)heories of Communication Networkiew
York: Oxford University Press

Newman, M.E.J. (2001). “The structure of scientdatlaboration networks.”
Proceedings of the National Academy of Scie88%04—-409.

Newman, M.E.J., (2004). “Coauthorship networks patlerns of scientific
collaboration.”Proceedings of the National Academy of Scied®as(Suppl. 1),
5200-5205.

Ohmae, K. (1985)Triad Power: The Coming Shape of Global Competithdew York:
Free Press

Oldham, G. (2005)olicy Brief: International scientific collaboratio a quick guide,
Science and Development Netwokkril 2005

Porter, A.L, Roessner, J.D, Jin, X-Y., and Newmug. (2002). “Measuring national
‘emerging technology' capabilities”, Science antdliedPolicy, 29(3):189-200

Schofer E., Ramirez F.O., Meyer J.W., (2008) “TtHieats of science on national
economic development, 1970 to 1998ferican Sociological Revie®b (6): 866-
887

Schott, T. (1993). “World science: globalizationimgtitutions and participation.”
Science, Technology and Human Vajues 196—208

122



Schott, T. (1998). “Ties between center and periphethe scientific world system.”
Journal of World-Systems Resear;H12-144

Schott T., “Global Webs of Knowledge: EducationieBce, and TechnologyAmerican
Behavioral Scientistvol 44, No. 10 (2001) 1740-1751

Schubert A. and Braun T, (1986)."Relative indicatand relational charts for
comparative-assessment of publication output aadi@n impact”. Scientometrics, 9:
281-291.

Schultz, W. L. (2006) “The cultural contradictioosmanaging change: Using horizon
scanning in an evidence-based policy contéxtiesight 8 (4): 3—12.

Serrano, M.A. (2008). Rich-club vs rich-multipoleation phenomena in weighted
networks.Physical Review E8, 026101

Shibata, N., Kajikawa, Y., Takeda, Y., & Matsushjria (2008). “Detecting emerging
research fronts based on topological measuresation networks of scientific
publications."Technovation28(11): 758—775.

Smith, M. (1958), “The trend toward multiple autsioip in psychology”American
Psychologisti3, 596-599.

StefaniakB. (2001). ‘International co-operation in science and in sastances as
reflected in multinational papers indexed in SG1 &8 CI”,Scientometric¥ol. 52(2)
193-210

Sutherland, W.J., and Woodroof, H.J. (2009). “Thedfor environmental horizon
scanning”,Trends in Ecology and Evolutiorol.24 (10): 523-527

Thomson, “The Thomson Scientific Journal SelecBoocess”, accessed on website
6/12/2010:
http://www.thomsonreuters.com/business units/sifieffitee/essays/journalselection/

Traweek, S. (1988Beamtimes and lifetimes: The world of high enettgysfrists
Cambridge, MA:Harvard University Press.

United Nations Standing Committee on Nutrition.(@P0/Nhy Nutrition is important.”
United Nations Standing Committee on Nutritigvieb. 18 Apr. 2012

Upham, S.P., and Small, H. (2010). “Emerging regeé&onts in science and technology:
patterns of new knowledge developme&tientometric83:15-38

123



Van Raan, AFJ (2006). “Comparison of the Hirschexaith standard bibliometric
indicators and with peer judgment for 147 chemistésearch groupsScientometrics
67(3):491-502

Van Rij, V. (2010) ‘Joint horizon scanning: idegtifg common strategic choices and
guestions for knowledgeScience and Public Polic37: 7-18.

Wagner, C.S. (1997hternational Cooperation in Research and Developman
Inventory of U.S. Government Spending and a Frame®o Measuring Benefifs
Santa Monica, CA: Rand.

Wagner C.S. (2005). “Six case studies of intermati@ollaboration in science.”
Scientometric62 (1), 3-26

Wagner, CS (2008 he New Invisible College: Science for Developm@fashington
DC: Brookings Institution Press

Wagner C.S., Leydesdorff L, (2005). “Network sturet, self-organization, and the
growth of international collaboration in sciencBRé&search Policg4 (10), p.1608-
1618

Wagner-Dobler, R., (2001). “Continuity and discomity of collaboration behaviour
since 1800 — from a bibliometric point of viewstientometrics2, 503-517.

Yang, Y., Wu, M., and Cui, L. (2012). “Integrationthree visualization methods based
on co-word analysis.Scientometric®0(2): 659-673

Zhao, Y and Karypis G. (2005). “Hierarchical clustg algorithms for document
datasets.Data Mining and Knowledge Discoveri0(2):141-168.

Zhao, Y and Karypis G. (2004). “Criterion functioims document clustering:
Experiments and analysisMachine Learning55(3):311-331

Zelnio, R. (2011), “Structure of International Sdiéic Collaboration.” In: E. Noyons, P.
Ngulube, J. Leta (Edsroceedings of ISSI 2011 - The 13th Internationahi€rence
on Scientometrics and Informetrjd3urban, South Africa, 4-7 July 2011, 898-913.

Zelnio, R.(2012), “Identifying the global core-pehiery structure of science.”
ScientometricsvVol.91, No. 2 (2012) 601-615

Zhou, S. and R. J. Mondragon (2004). “The Rich-Gdhignomenon in the Internet
Topology.”IEEE Communication Lette&3), 180-1

124



CURRICULUM VITAE

Ryan J. Zelnio graduated from Bettendorf High S¢hBettendorf, lowa, in 1992. He
received his Bachelor of Science in Computer S@emd Bachelor of Science in
Mathematics from Marycrest International Universityl998. He was employed as a
software engineer and a manager for a variety wipamies from 1995 to 2006 and
received his Master of Science in Space Studies fdaiversity of North Dakota in
2004. He currently is a Lead Scientist for the BaiStates Navy at the Naval Surface
Warfare Center — Dahlgren Division.

125



