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Chapterr VIII 

Conclusion n 

WeWe chose to work with him because we knew his name...It have been a very 

productiveproductive research relationship. We have published a lot of papers together and this 

benefitsbenefits each of us in our professional development. But, the real motivating factor 

thatthat kept us going was the policy of Denmark to send students abroad, and the 

supportsupport from the government of Japan to encourage joint research It's been a good 

wayway of sharing resources and brainpower in a way that makes people more 

productionproduction and do a better job.... There are things to be learned when you work with 

peoplepeople from different parts of the world. 

—D.E.. Rolston, a soil scientist interviewed for the project 





VIII.. Summary, Conclusions, and Policy 
Implications s 

Thiss chapter has three parts: Section 1 provides a formal summary; Section 2 

offerss concluding remarks and reflections about the project, describes llimitations of the 

research,, and compares the original expectations to findings. Areas of future research 

aree discussed. Section 3 discusses policy implications of the research presented in the 

thesis. . 

1.. Summary 

Internationall  collaboration in science has been growing as a share of all 

collaboration.. From a low base in the mid-20*  century, when collaboration was largely 

institutional,, local, or within national borders (Price 1963; Crawford 1992; Beaver 2000), 

internationall  collaboration now makes up a considerable share of scientific research. As 

shownn in this thesis, internationally co-authored articles accounted for 15.6 percent of all 

publishedd articles in 2000, up from less than 8.7 percent in the 1990. Persson et al, 

(forthcoming)) show that between 1980 and 1998, the number of internationally co-

authoredd articles grew as a rate faster than nationally co-authored articles. Narin (1991) 

andd Glanzel (2001b) have examined the phenomenon where internationally co-authored 

articless are more highly cited than otherr articles. 

Thee rapid shift in the organization of scientific research to include a significant 

amountt of international collaboration is a good reason to undertake a study. The question 

iss made more interesting by several other factors. These include changes in the global 

environmentt in which science is conducted, such as the break-up of the Soviet Union in 

19911 and the end of the bi-polar world, the rise of the Internet, the reunification of 

Germany,, the increasing influence on science of the European Union, and the 

globalizationn of industry. In addition, the rise in international collaboration is intriguing 

because,, as the term "international" implies, in the 20*  century, science was closely tied 

too nations and national prestige. (Zuckerman & Merton 1971; Crawford 1992; Crawford 

1 1 



etet al 1993) The increase in international collaboration would seem to challenge the 

sovereigntyy of national science and the ability of governments to influence its conduct. 

Addedd to these questions are several other factors within the scientific community 

thatt add to the puzzle of why international collaboration is increasing. Language and 

culturall  differences among scientists complicate efforts to collaborate. (Latour 1978) The 

transactionss costs involved in working at a distance can be assumed to be high. (Starr 

1995)) Scientists workingacross institutions work under different incentive structures and 

rewardss systems. (Merton 1968; Whitley 1984) Different national missions and 

accountabilityy structures are tied to research funds. Given the importance ascribed to 

recognitionn in science, collaboration might be considered as a less appealin$hoice for 

thee most eminent or most ambitious scientists. (Merton 1968; Price & Rosen 1978; 

Whitleyy 1984; Laudel 2001) 

AA review of the literature revealed theories, both internal and external to science, 

thatt have been proposed to explain the increase in international collaboration. These are 

summarizedd in Table 1. Each of these theories was explored in this thesis. Center-

peripheryy theory, and the precedence of historical relationships and geographic proximity 

ass influencing international collaborations are explored by examining the growth and 

changee of the network of interconnections between countries from 1990 and 2000. 

Internall  differentiation of science is explored in a case study examining the emergence 

outt of geophysics of the more specialized field of seismology to see if the network of 

collaborationn is more highly internationalized. The question of whether 'big science' is 

affectingg the growth of international collaboration is viewed within six case studies of 

sciencee that examine both the 'big science' field of astrophysics compared to other fields 

thatt do not require large-scale equipment. The increase in capacity to conduct science is 

alsoo explored as a contributing factor is examined by building an index of S&T for 76 

countries.. The influence of communications technologies on collaboration was discussed 

withh scientists actively participating in international collaborations. 
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Factors... Factors... 

RelatingRelating to the 
diffusiondiffusion of 
scientific scientific 
capacity capacity 

RelatingRelating to the 
intenconnectedn intenconnectedn 
essess of scientists 

InternalInternal to science 

Center-peripheryy theory of 
laggingg countries seeking to 
cooperatee with leading ones 
(Schottt 1998; Shils 1983; 
Ben-Davidd 1971) 

Internall disciplinary 
differentiationn of science 
(Stichwehh 1996); 
Field-specificc characteristics 
off 'big science' (Galison & 
Hevtyy 1992) 

ExternalExternal to science 

Risingg investments by 
nationss and donors 
increasingg S&T 
capacityy among 
developingg countries 
(Wagnerr ef a/. 2001) 

Historicall relationships 
relatedd to geographic 
proximityy or colonial 
tiess (Zitt et al. 2000) 

Growthh of information 
andd communications 
technologiess (Gibbons 
era/.. 1994) 

Tablee 1. Explanations offered for the rise of international collaboration in science 

Ass this thesis shows, none of these explanations can fully explain the rapid rise in 

internationall  collaboration. (Katz & Hicks 1987; Wagner-Döbler 2001) As a result, no 

reliablee account of the implications of these changes has been detailed in a way that can 

aidd the governance of international collaboration by national governments or non-

governmentall  agencies. This thesis has attempted to bridge this gap in the literature by 

reviewingg and recasting the questions facing the policy community, by creating and 

analysingg data about international collaboration, and by proposing and testing new 

possibilitiess regarding organization, rewards, and capacities at the international level, and 

finally,, by offering a theory of the dynamics of knowledge creation within international 

collaborationn in science. 

1.11 Communications (at the international level) as a serf-organising 
system m 

Inn an effort to investigate the dynamics of knowledge creation, this study 

hypothesizedd that international collaboration is a self-organizing network. This concept 
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followss Luhmann (1986), Krohn et al (1990) and Leydesdorff (2001a) who have 

suggestedd that science has self-organising features, and Price (1965), Hess (1974, 1980), 

andd Cowan & Jonard (2001) who have suggested that creation and diffusion of 

knowledgee in science may have a network structure. Crawford (1992) suggested that 

perhapss international collaborations in science can be characterised as networks. The 

conceptt of self-organisation seemed particularly useful to this study: a review of the 

literaturee suggested that no single factor can explain the rise of international collaboration 

inn science. Moreover, no centralized authority guides the organization of international 

science,, and no single driver can explain the phenomenon. Self-organisation appeared to 

bee a useful structuring theory because it explains the emergence of order in cases where 

externall  structures cannot explain the features of a system. (Krohn et al. 1990; Epstein & 

Axtelll  1996) Within self-organizing systems, the emergence of order cannot be 

attributedd to either top down or by bottom up rules. (Kauffman 1995; Cilliers 1998) 

Orderr appears to arise spontaneously from local interactions of actors. (Holland 1995, 

1998)) International collaboration appeared to share some of these features with self-

organisingg systems. 

Studiess of complex self-organising systems show that order and structure can 

emergee from local interactions based upon rules "embedded''' within the agents 

themselves.. (Epstein & Axtell 1996; Axelrod 1997) If international collaboration in 

sciencee is a self-organising system, if it is a communications system with network 

features,, then the focus of research needs to be on the interactions among scientists. 

Further,, it appeared to be useful to explore these interactions from a network perspective. 

Networkk theory is being rapidly transformed by recent research—coming mainly from the 

physicss community—where a number of studies reveal the structure of self-organising 

networks.. (Barbasi and Albert 1999; Jeong et al 2001; Newman 2001; Ebel et al 2002; 

Barbasii  2002; Dorogovtsev and Mendes 2003; Newman 2004) (In part because co-

authorshipss in science provide a very large dataset of connections, physicists have 

mappedd scientific co-authorships as networks. They have no interest in the underlying 

sociall  dynamic, however.) Much of this research has roots in complex adaptive systems 

studiess that examine the dynamics of self-organization and the emergence of order. 
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(Arthurr 1992, 1994; Waldrop 1992; Kauffiiian 1995; Holland 1995,1998; Cilliers 1998; 

Urryy 2003) 

Systemss and networks that contain knowledge are not immediately available for 

observationn or measurement. (Biggerio 2001; LeydesdorfF2001a) They can only be 

identifiedd by the "traces" they leave behind (Leydesdorff & Scharnhorst 2003), and then, 

onlyy the codified (not tacit or informal) communications can be quantified. In the case of 

internationall  collaboration, co-authored articles and citing relationships are the indicators 

availablee for examination. Thus, the focus in much of the research wass on co-authorships 

att the international level. 

1.22 Data and methods 

Thee data and methods were chosen for their ability to 1) reveal networks of 

collaboration,, 2) indiete the ability of nations to participate in collaboration, and 3) 

providee insight into the dynamics of network structure. Four types of data were created 

andd analysed for the project. Table 2 presents the different data sets and lists the sources 

off  the data. The principle data for the project were drawn from the Science Citation 

IndexIndex (SCI) produced by the Institute for Scientific Information (ISI); it is the most 

reliablee source for a comprehensive survey. The addresses provided in the SCI articles 

makee it possible to study co-authorships using nations as the unit of investigation. In the 

processs of counting co-authorships, integer counting was chosen to attribute articles to 

countries—aa count of one was given each time a country name appears in a co-authored 

article.. When collecting articles for analysis, no distinction was made among types of 

contributionss (reviews, letters, proceedings, and journal articles) because the goal was to 

vieww social connections regardless of the status of the output. 

Dataa Set 

Internationall  co-
authorshipss for all 
countriess of the world, 
19900 and 2000: 

Sourcee of Data 

ScienceScience Citation Index 
(SCI)) produced by the 
Institutee for Scientific 
Informationn (ISI) CD-Rom 
version n 

Comment t 

Thee choice of two years at 
aa 10-year interval was 
madee to provide points of 
comparisonn over time. 
Thee project began in 2001, 
andd the year 2000 was the 
mostt recent year in which 
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Clusterss of co-citing 
journals,, 1994,1996,1998 
andd 2000 

Internationall  co-authored 
articless for six case studies 
off  collaboration 

Indicatorss of capacity for 
1500 countries of the world 

JournalJournal Citation Report 
producedd by the Institute 
forr Scientific Information 

WebWeb of Science produced 
byy the Institute for 
Scientificc Information 
(ISI) ) 

UNN Human Development 
Reportt 2002; World Bank 
Indicatorss 2000; US Patent 
&&  Trademark Office; NSB 
Sciencee & Engineering 
Indicators;; CIA Factbook; 
Sciencee Citation Index 
(SCI) ) 

dataa was fully available. 

Tabless of relevant journals 
andd numbers of articles are 
availablee in an appendix 

Articless were drawn from 
thee Web of Science 
betweenn May 2002 and 
Julyy 2003 

Dataa represented different 
yearss as available; data set 
iss available in an appendix 

Tablee 2. Data sets created and sources used for this study 

Dataa analysis occurred as a cascading set or "nested" steps that examined the 

networkk of relationships among countries at the global level, networks of countries within 

discipliness or subfields of science, weighted or cosine relationships among countries for 

thee world and within subfields, co-authorship networks at the subfield level, and 

individuall  links among scientists in patterns of attachment Networks and degree 

distributionn of authors were produced using Ucinet social network analysis software. 

(Borgattii  et al. 2002) Networks were visualized usi ng Pajek software. Table 3 details 

thee goals of the analysis or information sought and the tools used to conduct the analysis. 

Goall  of the analysis 

Topologyy and visualization of co-authorship networks 
att the global level, within geographical regional and 
withinn subfields of science 

Analyzee bilateral and multilateral similarities in 
networkss global and subfield networks 

Factorr analyze relationships of countries in the global 

Toolss used 

Ucinett social network 
analysiss (Borgatti et al 
2002)) and Pajek 
visualizationn tool 
[vlado.fmf.uni~ ~ 
ijj  .si/pub/networks/pajek/] 

Cosinee analysis in 
Microsoftt Excel and SPSS 

SPSS;; visualization in 
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network k 

Developp journal-journal citation clusters at subfield 
level;; identify central tendency journal 

Analyzee frequency of publication of most active 
authors s 

Sortt journal articles into sets of authors, countries 
institutions s 

Determinee degree centrality of authors within subfield 

Determinee clustering coefficients in subfield author 
networks s 

Conductt power law analysis of degree centrality of 
authors s 

Microsoftt Excel 

Customm software written 
byy L. Leydesdorff 

Microsoftt Excel pivot table 

Customm software written 
byy L. Leydesdorff 

Ucinett (see above) 

Ucinett and Pajek (see 
above) ) 

Ucinett and Excel (see 
above) ) 

Tablee 3. Goals of the analysis and tools used 

1.33 Findings 

Usingg data from co-authorships in all fields of science in 1990 and 2000 this 

projectt was able to show that collaboration can be represented in a network structure at 

thee international level. During the 1990s, the global network expanded to include more 

nations,, particularly smaller, developing countries. During that time, at the observed 

level,, the network has become more interconnected (more links occur between players). 

AA core set of advanced industrial nations expanded from six in 1990 to eight in 2000. 

Thee global system is highly structured: The factor analysis reveaèd that some of 

thee leading countries compete for co-authorship relations with less developed countries. 

(Forr example, the U.S. became an increasing partner for Latin American authors, 

somewhatt to the detriment of the further development of regional relations.) As countries 

becomee more scientifically advanced, they become more able to compete for 

collaboratorss from smaller or more peripheral countries. As smaller or "peripheral" 

countriess gain scientific capacity, they appear to be able to join the global network 

throughh regional hubs. 

Thee six case studies of international collaboration at the subfield level also reveal 

aa network structure among authors. Between 1990 and 2000, international collaboration 

greww in all six fields at rates higher than the international average; networks show new 
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entrants.. The case studies explored whether factors related to the conduct of science 

couldd be motivating international collaborations. Data needs, access to resources, access 

too centralized facilities, or the need for creative links were considered as drivers. 

Nevertheless,, the possibility that certain drivers internal to the organization of scientific 

inquiryy are influencing the network structure at the international level could not be 

shown.. No patterns related to intellectual organization emerged from the data. 

AA case study was conducted to view the emergence of a specialized field from a 

largerr and older field. The question asked was whether a specialized and newer field of 

sciencee was more highly international than an older field. The analysis showed that 

althoughh seismology can be considered a more highly specialized field, it was not more 

highlyy internationalized than geophysics. Seismology was characterized by network 

clusterss that were tied to geographic regions; suggesting that perhaps local connections 

betweenn peripheral countries and regional hubs is a way that networks grow at the 

internationall  level. 

AA review of the science and technology capacities of countries of the world 

showedd that as many as 67 countries in the world can be considered to have some 

featuress of measurable science and technology capacity. This number is higher than the 

listt of 40 countries counted in the early 1990s as being within the world scientific 

communityy by the National Science Board. (NSB 2000) An increase in capacity may be 

influencingg the growth of international collaboration by widening the stock of partners in 

moree countries available to collaborate. 

Usingg the co-authorship dataset created at the subfield level, a further exploration 

wass undertaken at the level of co-authors. This was to test whether the mechanism of 

preferentiall  attachment was operating within the international network of collaborators. 

Severall  papers have shown that large interconnected networks have features in common, 

particularlyy that they display short length-scale clustering (Watts & Strogatz 1998) and 

thatt they obey scaling laws. (Albert et al 1999; Barabasi & Albert 1999; Jeong et al. 

2001;; Barabasi et al. 2001) Newman (2000; 2001; 2004) has shown that collaborative 

scientificc networks have a surprisingly short node-to-node distance and a large clustering 

coefficientt (2000), much larger than one would expect from a random network of similar 
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size.. In addition, the scientific co-authorship networks have a degree distribution that 

followss a power law (Newman 2001). These findings are particularly interesting for this 

studyy because they suggest that decisions of individuals to collaborate could be the 

driverss of self-organization within the collaboration networks. 

Evenn more important for this study is a finding by Jeong, Neda and Barabasi 

(2001)) that evolving network models grow through the mechanism of preferential 

attachment.. In a study of evolving networks, they show that highly connected nodes 

increasee their connectivity faster than their less connected peers: the phenomenon called 

preferentiall  attachment Merton (1968) referred to a similar phenomenon which he called 

thee "Matthew effect" where those already highly connected and rich in resources were 

ablee to disproportionately attract additional collaborators and resources. If international 

collaborationss also have features of preferential attachment, this could demonstrate that 

thee choices of the individual actor, seeking to connect with a more highly connected 

person,, could be an explanation for the dynamic resulting in a network structure at the 

internationall  level. 

Tablee 4 shows the results of the degree distribution and analysis of the power law 

relationshipss among the authors at the subfield level. In findings similar to others 

(Barabasii  & Albert 1999; Albert & Barabasi 2000; Barabasi et al 2002) the network of 

collaborationss have fat tailed degree distributions. This has been interpreted as a power-

laww form. (Barabasi & Albert 1999) However, the degree distribution of the international 

collaborationss cannot be fitted into a single power-law dependence. While the exponent 

fallss between 2.3 and 3.6, similar to Barabasi et al (2002) and Newman (2001), the power 

laww appears to operate only in the middle range of the distribution. 

Fieldd of Science 
Astrophysics Astrophysics 
Geophysics Geophysics 
MathMath logic 
PolymerPolymer Science 
SoilSoil Science 
Virology Virology 

Y Y 

-2.79 9 
-2.81 1 
-2.25 5 
-3.12 2 
-2.99 9 
-3.61 1 

RR2 2 

0.93 3 
0.91 1 
0.91 1 
0.94 4 
0.88 8 
0.95 5 

ClusterCluster Coefficients 
mean mean 

0.012528 8 
0.018750 0 
0.014727 7 
0.010356 6 
0.021444 4 
0.017871 1 

random random 
0.000928 8 
0.000825 5 
0.008109 9 
0.000451 1 
0.001098 8 
0.000622 2 

Tablee 4. Degree distribution and cluster coefficients for six case studies. 

9 9 



Thesee data suggest that the scale-free distribution of co-authorships that Barabasi 

etet ah (2002) and Newman (2001) found for fields of science in general also holds at the 

internationall  level. The data further suggest that these networks have "small world" 

properties.. (Watts 1999) Table 3 shows that (with the exception of 'mathematical 

logic'),, the mean coefficient is orders of magnitude higher than would be expected in a 

randomm network. Thus, the connections among authors within the network are not 

random:: the majority of authors in the network are making choices to collaborate based 

onn a mechanism of preferential attachment. As suggested by the data in Table 4, the 

mechanismm of preferential attachment appears to work within a cluster of well-connected 

colleagues,, but those who are most highly connected no longer compete with one another 

forr collaborators. 

Thiss project has demonstrated that international collaboration in science iss a self-

organisingg network emerging as a result of the local interactions of actors based on the 

mechanismm of preferential attachment. The findings support those who have explored the 

influencee of rewards and recognition within science, although none have tied these 

directlyy to the emergence of international collaboration. (Price 1964; Merton 1968; 

Beaverr & Rosen 1978; Zuckerman & Merton 1971; Whitley 1984; Laudel 2001; Melin 

2001)) It supports the work of Braun, Glanzel and Shubert (2001) following Price & 

Gürseyy (1976) who found that continuants within science have an important mediating 

rolee within their field. It also supports the work of Cowan & Jonard (2001) in their 

explorationn of knowledge diffusion through collaborative networks. 

Thee findings cannot support earlier theories, presented above, that have been 

offeredd for the rise of international collaboration. These include the interests of nations 

too gain efficiencies for 'big science' through collaboration. (Galison & Hevly 1992) Nor 

cann it support as a driver the centre-periphery theory of Ben-David (1971) and Schott 

(1998).. Historical linkages once influenced collaboration (Zitt etal. 2000) but this thesis 

suggestt that these relationships are not the cause of the rapid rise in collaboration seen in 

thee 1990s. Similarly, the increase in scientific capacity, particularly among developing 
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nations,, may be contributing to the growth of international collaboration, (Wagner et ah, 

2001)) but growth in capacity cannot explain the very rapid increase of collaboration 

evidencedd in the 1990s. The rise of the Internet is contributing to increased 

communications.. (Gibbons et al. 1994; Starr 1995) In interviews it was clear that 

scientistss begin collaborations by meeting face-to-face (Laudel 2001) rather than 

identifyingg each other over the Internet, suggesting that communications technologies are 

facilitatingg but not causing international collaborative links. 

Thee results of the study have implications for policy. Advanced nations have 

highlyy structured science systems designed to mediate knowledge production at the 

nationall  level and ensure its local application. Public funding is allocated with the 

expectationn of public goods that will benefit taxpayers. Large federal bureaucracies have 

beenn built up to manage this system. Where once, national governments could expect to 

managee knowledge creation for public good, the growth of a knowledge-creating network 

att the international level challenges this system. Knowledge creation and exploitation 

mayy be taking place in geographically dispersed locations that make it difficult for a 

nationall  system to fully appropriate the knowledge for local use. Conversely, developing 

countriess that have not built a large national system may find that creating a "national 

innovationn system'' designed on the model of advanced countries is unnecessary. The 

networkk of international collaborations offers opportunities for developing countries to 

joinn science in a way that was not available in the 20*  century: this may involve making 

locall  researchers "attractive" to potential collaborators and, in contrast the advanced 

countries,, in making flexible and strategic investments in institutions. 

2.. Concluding remarks, with a discussion of limitations of the 
research h 

Thiss section offers concluding remarks about the project. This project set out to 

exploree the dynamics of international collaboration in science. It began with the 

question,, "is international collaboration creating a new dynamic for knowledge creation 

inn science?" The question arose from the observation that knowledge creation in science 

iss increasingly the result of collaboration among scientists. Within the category of 

collaborativee research, and growing faster overall, are international co-authorships in 
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science.. It is clear from the data reviewed in this project that international collaboration 

iss growing as a percentage share of all collaboration, and that it is in some way more 

attractivee than national co-authorships. 

Thee shift in the conduct of science towards increasing collaboration at the 

internationall  level presents challenges around issues of allocation of research funds and 

governancee of science at the international level. Science policy tools used at the national 

levell  do not work as well or in the same way at the international level. Efforts to use 

foreignn policy as a method of structuring responses or governance mechanisms have also 

beenn disappointing, as was discussed in Chapter Ü. It may be that international 

collaborationn in science requires new governance methods, as has been discussed in 

severall  chapters. I wil l return to this question in the next section. 

Sciencee has always been "cooperative''' in the sense that, with the development of 

modernn scientific methods and the scientific journal system, practitioners have 

communicatedd their findings to each other, both formally and informally. The circulation 

off  knowledge within the scientific community—where practitioners share on-going 

researchh and completed results—is part of the scientific tradition. The concept of an 

openn exchange of information as essential to science is a widely accepted premise. 

Sciencee has often been viewed as a national asset and an extension of national policies. 

Nevertheless,, neither cooperative practices within the scientific community nor 

nationall  policy can explain why scientists are increasingly willing to conduct 

collaborativee projects across geographic distances. Two very different dynamics are 

involvedd in sharing information freely and creating knowledge collaboratively. 

Collaborationn inherently has more transaction costs and obstacles to success than simply 

sharingg information. International collaboration is an even more complicated set of 

interactionss than geographically close collaboration, or of simply working alone. Given 

thee immense importance ascribed to recognition in science, collaboration might be 

consideredd as a less appealing choice for the most eminent or most ambitious scientists. 

Thee fact that international collaboration is growing even amidst factors that would appear 

too militate against its development suggests that the growth of collaboration cannot easily 
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bee explained by phenomena such as the growth of the Internet or the need to share costs. 

Somee other explanations must be sought, and that is what this project set out to do. 

2.11 Expectations of the Research Project 

Att the initiation of this research project, I laid out specific expectations to explain 

thee rise of international collaboration in science and explore its dynamics. They are 

detailedd in Chapter I. These expectations can be grouped into three concepts: 1) the 

factorss related to the intellectual organization of science at the international level; 2) the 

factorss affecting the motivations of individual researchers to participate at the 

internationall  level; and 3) the state of national capabilities and interests in sponsoring or 

supportingg international collaboration. The expectations within each of these groups are 

discussedd below. 

1.. Factors related to the intellectual organization of science at the international 

level. . 

Thiss was an important part of the overall research project. Factors related to the 

intellectuall  organization of science were explored from the point of view of access to 

resources,, centralized organization of research, the need to share data, and other factors. 

Inn addition, specialization was considered as a possible influencing factor. Each of these 

iss discussed here. 

Onee possibility explored in the project is that different motivating factors or 

driverss of collaboration may be influencing its structure and organization. Drivers such 

ass the centralized nature of the resource being researched, or the highly organized nature 

off  the research activity were explored as possibilities for an influence on international 

collaboration.. These ideas were explored in Chapters HI and IV. By looking at 

seismologyy as a case study of a highly specialized sub-field, described in Chapter HI, I 

wass unable to show that the level of specialization was a driving factor for 

internationalizationn of the field of seismology. In Chapter IV, across six sub-fields of 

science,, I explored the possibility that intellectual drivers such as the reliance on 

equipment,, the need to access resources or data could be driving forces for organization 
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att the international level. Although access to resources appeared to influence some of the 

organizationn at the global level, no systematic explanation could be drawn from the way 

thee sciences organized and the intellectual drivers proposed in Chapter IV. 

Att the start of the project, my expectations included the possibilitythat projects in 

fieldss that can be characterized as "bottom up" and geographically dispersed are growing 

moree quickly than centralized or 'top down" projects, as discussed in Chapter VII . The 

expectationn grew out of my earlier RAND research showing that an increasing number of 

researchh projects being funded by the U.S. government are investigator-driven linkages 

ratherr than 'big science' projects. Although 'big science' projects are still being funded, 

thee growth in funding for international projects appears to be in distributed, scientist-

initiatedd research. Moreover, a review of existing literature shows that the fields in which 

internationall  collaborations are growing are fields where the subject of research is not 

dependentt upon large-scale equipment, but where collaborative links are motivated by 

otherr factors. In addition, this expectation grew out of my previous research into 

measuress of S&T capacity that found that as many as 60 countries can be considered at 

leastt "scientificallydeveloping." This suggested that research talent is distributed widely 

aroundd the world, perhaps facilitating the trend towards distributed research. 

Amongg the expectations drawn from literature (as opposed to those drawn from 

myy own research observations) that I held at the beginning of the research is one stating 

thatt practitioners may be operating at the international level due to specialization or to 

multidisciplinaryy or transdisciplinary. Michael Gibbons and colleagues (1994) suggested 

thatt the collectivised, team-based approach to R&D is a new method of knowledge 

production,, called Mode 2, resulting from the expansion in the supply of knowledge 

producerss and the demand for specialised knowledge. I expeced that some features of 

thee Mode 2 theory of knowledge creation would be upheld by a closer examination of 

internationall  collaboration. 

Althoughh Mode 2 is a very commonly held vieww of drivers of research 

organization,, my research cannot completely support this expectation of Mode 2 

operatingg at the international level. Certainly, the people with whom I spoke are working 
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onn teams; otherwise they would not be identified as co-authors at the global level. 

Amongg the researchers whom I interviewed, however, none reported that they were 

workingg with people from other disciplines. All of the people whom I interviewed said 

thatt their collaborators were from the same discipline of science. They reported that the 

peoplee with whom they worked had complementary capabilities, but none saw their 

collaboratorss as corning from another field of science. While the group of people with 

whomm I spoke cannot constitute a statistically significant sample, the lack of finding of 

multidisciplinarityy means that this expectation cannot be supported by my research. In 

fact,, my research suggests another dynamic operating at the international level, and this 

wil ll  be discussed further below. 

II  further expected at the beginning of the project to find that growing areas of 

internationall  collaboration are self-organizing ("bottom-up") and scientist-initiated, not 

initiatedd by governments or large international organizations. The projects that attracted 

governmentt funding in the 1950s through the 1980s, in the majority, were large-scale, 

equipment-basedd research. These projects served national political goals and were 

hierarchicall  ('top-down") in their organization. Since the 1980s, it appeared through 

observationn that international collaboration is more often initiated by the individual 

scientist—nott necessarily tied to a megascience projects—and that, in some cases, 

governmentss have been persuaded by the scientific community to fund distributed 

researchh projects. 

Thee research conducted for this project again only partly supports this 

expectation.. It appears that international collaboration is growing due to self-organizing 

factors,, as discussed in Chapters V and VII on network structure and self-organization. 

However,, the growth is not in opposition to top down research funding. Moreover, as 

shownn in Chapter IV, all types of funded projects continue to grow at the international 

level,, top-down as well as bottom-up research. 

2.. Factors related to the interests of individual scientists to participate in 

internationall  science 
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Questionss of how scientists operate within the system, with a focus on factors 

suchh as information technology and funding sources, were explored in a series of 

interviews.. During the interview process, I interviewed 25 researchers who are among 

thee most active publishers of papers as a co-author at the international level. In 

interviews,, it became clear that information technology is not a determining factor in 

initiatingg research, since nearly all the projects discussed with scientists began face-to-

face.. Information technology became instrumental in sharing information once a project 

wass started, but it did not aid in initiation of research. 

Similarly,, funding sources were not reported by the researchers as an important 

motivatingg factor for collaboration. In all the projects that I discussed with researchers, 

nonee of them reported thatt they were operating in response to an external offer of 

funding.. While some of the projects operated with the goal of sharing resources, and this 

ledd to a pooling of funds, it did not emerge from interviews that the search for common 

fundingg was a driving factor. In fact, as one researcher told me, having an international 

collaboratorr increased his ability to seek funds. Since they were not competing with each 

other,, each collaborator could share findings and results with the other, augment their 

researchh proposals, and demonstrate greater capacity to continue high quality research. 

AA further expectation driving the research is one that viewed dynamic research 

projectss are more often initiated through face-to-face communication than through the 

Internet.. Research by Starr (1995) in interpersonal dynamics, and the results of RAND 

surveyss of how scientists initiated collaboration (Wagner et al. 2001) suggest that face-

to-facee communication is more important to identifying potential collaborators than other 

formss of communication tools. Indeed, this appeared to be upheld by the interview 

process,, where none of the projects being discussed with researchers started as a result of 

contactss over the Internet. The implications of this finding for the final results of the 

projectt were not necessarily clear from the interviews, however, and this will be 

discussedd further, below. 

II  also expected to find that, once a project is initiated, a number of 

communicationss tools are used to exchange information. Distributed communications 
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requiree that researchers actively communicate in real time. As a result, I expected that 

thee enabling features of the Internet, facsimile machines, telephony, and HTML would be 

factorss contributing to the dynamism of distributed communication. This type of real-

time,, remote communication requires new ways of conducting research—methods that 

aree changing the way science projects are managed. However, this expectation is only 

partiallyy confirmed by my research. Although it is emerged that, among the researchers I 

interviewed,, many used the Internet to exchange information, they did not use electronic 

toolss to the extent that I expected None of the researchers interviewed used web pages 

too build databases, for example. Neither did they use real-time Internet connection to 

conferencee in real time. The Internet mainly was used as a quicker form of postal mail to 

exchangee documents and data in sequence. In that sense, I did not find that the Internet 

orr information technology is transforming the dynamics of communication among 

researcherss themselves. 

3.. The state of national capabilities and political interest in participating in 

internationall  collaboration 

Sciencee and technology capacity is tied in some way to the ability of a country's 

nationallyy based researchers to participate in international collaboration. As shown in 

Chapterr V, over the ten years between 1990 and 2000, researchers from more countries 

joinedd the global network of science, increasing by 46 percent from a core of 37 to 54 

activelyy participating countries. Smaller and more peripheral countries have joined the 

globall  network. It is possible that as countries have built research and development 

capabilitiess through investment in institutions, education, and mission-oriented projects, 

theyy have laid the groundwork for their researchers to link to world-class science. As 

shownn in Chapter VI, science and technology capacity is fairly broadly represented 

amongg 47 countries showing some positive relationship with the international mean. 

Althoughh this measure did not compare data over ten years as was done in Chapter V, the 

inquiryy suggests that capacity is positively correlated to international collaboration. The 

findingss shown in Chapter VH suggest that capacity alone cannot explain the growth of 

internationall  collaboration, but neither can it be ruled out as a contributing factor. 
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Whilee it is clear that countries have a political interest in international 

collaboration,, a mix of motivating factors has complicated their participation, as 

discussedd in Chapter 2. While I expected to find that international collaboration is 

growingg independently of national interests to support it, the project revealed dynamics 

thatt are more nuanced and more difficult to assess from a political perspective than I 

expected.. While political interests still operate, the project findings suggest that they 

mayy be orthogonal to the actual structure and dynamics emerging at the global level. 

Certainly,, policy is still influencing the incentive structures for science, as can be shown 

byy the rapid increase in funding within the European Research Area. But the project can 

onlyy partly support the expectation that policy is a driving factor. The case studies 

indicatee that international collaboration is growing in all fields of science, with little 

recoursee to the underlying structure of the type of research being pursued. In the case 

studies,, the data suggested that international collaboration is increasing in astrophysics -

whichh has "big science" components, as well as in Soil Science which has tended to be a 

"smalll  science." 

Inn the research on the science and technology capacities presented in Chapter VI, 

conductedd with Edwin Horlings and Arindam Dutta of RAND, shows that for different 

countriess there is evidence capacity among a number of countries to conduct scientific 

researchh at world-class levels. Updating earlier RAND work, the S&T Capacity Index, 

showss that many countries have science and technology capacity as measured by eight 

indicators.. This S&T capacity can explain, at least in part, the fact that there are people 

locatedd in different countries who offer the possibility for collaboration that was not 

availablee 20 years ago. Nevertheless, this expectation of distribution of capacity, and 

distributionn of the location of researchers, as drivers for the growth of international 

collaborationn in science were not upheld by the research. 

Withinn the research project, I sought in several cases to understand the role of 

developingg countries in knowledge creation at the international level. Although I did not 

sett this as a separate inquiry, I stated the expectation of finding fewer than 10 percent of 

thee projects having participants from developing countries. Developing countries 

generallyy do not have a great deal of public funds available for research and 
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development.. As noted above, international collaborations often require that each 

researcherr fund their own participation. As a result, I expected to find that very few 

internationall  collaborations include researchers from developing countries. This is not to 

sayy that researchers in these countries are not "world-class," rather that they will find it 

difficultt to participate in distributed research because of some of the features I have 

discussedd above. 

Thee research project was not structured in a way to directly address this 

expectation,, thus it is difficult to directly say how to address this expectation now that I 

amm at the end of the project. The case studies presented in Chapter IV showed that, over 

time,, the number of countries participating in the international network grew in the 10 

yearss between 1990 and 2000. The visualizations suggest that many of the new countries 

wouldd be considered developing or proficient in terms of the capacity index presented in 

Chapterr VL This was not considered in terms of percentages of participation, however, 

andd perhaps the mistake I made was in laying out an expectation in terms of percentage 

off  participation rather than an increase in participation over time. Nevertheless, in the 

periodd from 1990 to 2000, when examining the research networks at the global level, it is 

clearr that developing countries increased their participation in international science at a 

veryy high rate. In each of the networks shown in Chapters IV and V it is clear that the 

rolee of smaller and "peripheral" countries had increased in every region of the world. 

Iff  political factors (such as interests of governments) fail to explain the rise of 

internationall  collaboration in science, and internal and external factors previously 

describedd in the literature are not fully explanatory of the phenomenon of international 

collaborationn shown to emerge within the 1990s, as described in Chapter V, then other 

factorss had to be considered. One way to examine the question is to see international 

collaborationn as a complex, self-organizing system. Taking this approach to the research 

questionn opened up the possibility of using new tools to explore the dynamics of 

collaborativee structure. Complex systems research is characterized by a focus on the 

agent,, interaction within dynamic systems, and evolution of the systems over time. It is 

att the level of the agent that the dynamics of complex systems are understood. 
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Thee complex system of international collaboration in science can be characterized 

ass a communications system, as has been discussed in Chapters V and VH. While the 

communicationss system has interactions with other sub-systems political, epistemic), it 

operatess according to its own internal rules. By focusing on co-authorships, the 

communicationss system of collaboration at the global level can be studied independently 

off  the political motivations or the structure of epistemic communities hypothesized at the 

startt of the project as having determining features related to the international system. 

Measuringg communications systems is challenging because they cannot be 

directlyy observed. Instead, communications leave traces that can be studied. At the 

globall  science level, communications can be traced by measuring co-authorships of 

articles.. Because I expected that the actions of actors within the communications system 

mayy be determining the dynamics of knowledge creation within the communications 

systemm at the global level, it appeared that studying co-authorship relationships would 

providee insight. The relationship among authors was considered as a way to view the 

dynamicss of inter-relationships among authors themselves. I developed the expectation 

that,, within the sub-field level, it may be possible to view the dynamics of 

interconnectionn among co-authors at the international level. 

Usingg a communications systems approach and taking the view of co-authorships 

att the sub-field level proved to be a fruitful approach to addressing the initial research 

question.. Beginning from the point of view of the network of co-authors as a 

communicationss system, and applying tools from network science, described in Chapter 

VII ,, drawing on co-authorship data, allowed the demonstration of the dynamic of 

preferentiall  attachment operating within all the case studied conducted for the project. 

Ass described in detail in Chapter VII , preferential attachment is the phenomenon found 

thatt within networks, where when choosing between two possible links, agents seek to 

connectt to the more connected node.1 In other words, when someone is seeking a 

collaborator,, they will seek someone within their field who is already highly connected 

Usingg a measure of preferential attachment across data developed within the six case 

studies,, I found that preferential attachment explains the connectedness within the 

communicationss networks across all the cases. In contrast to other reasons provided in 
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thee literature and considered within the original project proposal, preferential attachment 

ass a dynamic within the sub-fields of science can explain the rise of international 

collaborationn in science. 

Thee interviews conducted to support the research for the project provided useful 

backgroundd to understanding the communications dynamic within the sub-fields. The 

interviewss were conducted with the most highly connected scientists in their sub-field, 

chosenn based upon a frequency analysis of co-publication in the year 2000. A common 

themee emerging from the interview related to the communications dynamic is that 

internationall  collaboration encourages creativity. The scientists interviewed for the 

projectt also report that collaborations are attractive because of the complementary 

capabilitiess of the potential collaborator. Complementarities are mentioned by most of 

thee researchers contacted. In contrast, none of the researchers mentioned 

interdisciplinarityy as an attraction of collaboration at the international level. Thus, Mode 

22 cannot be shown by this research to operate at the international level. It may be that, 

indeed,, as suggested byy the question driving the initial research, international 

collaborationn is creating a new dynamic for knowledge creation. 

2.22 Limitations of this research 

Thee research project had several limitations and disappointments, some of which 

weree built into the research plan and some came about because of problems in data 

collection. . 

Onn the side of the limitations built into the process is the lack of focus on the 

influencee of institutional and policy factors as they may be affecting the willingness of 

researcherss to collaborate at the international level. This project focused on the activities 

off  individual scientists within subfields of science. This was done in order to gain an 

appreciationn for the dynamics of the individual operating within the complex 

communicationss system at the international level. However, it does not provide a view of 

thee role of institutions in this system and the affect they may be having on the growth of 

internationall  collaboration. It is difficult to bring this dimension into the research since 
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dataa was not collected about this aspect of research.. Whitely (1984) and others have 

suggestedd that institutions are important mediators of rewards at the national level While 

theree is no global 'ministry of science' of global research institute, researchers still 

operatee mainly in institutions, and it is not clear how they are affecting the growth of the 

internationall  system. As a result, it may be that they are having an influence on 

organizationn at the international level, but this was not tested here. This is an area for 

furtherr research. 

Thee second consideration of limitations imposed by the research plan is one that 

countss the co-authorship links without accounting for the counterfactual of research 

collaborationss that did not occur or that failed. By counting and mapping published 

work,, the bibliometric approach has no way of assessing the extent to which international 

linkageslinkages failed to result in publishable results. International collaborations can be 

assumedd to have transaction costs that exceed those of local collaborations or intra-

laboratoryy collaborations. It may be that international collaborations fail at a rate higher 

thann other types of collaboration, but this is difficult to assess from bibliometric analysis 

orr surveys. This is also an area where further research could help shed light on the extent 

too which international collaboration is "costly" to researchers - the extent to which they 

succeedd in producing recognizable results as opposed to incomplete projects. 

Inn addition, using addresses as the primary way to count international 

collaborationn has limitations. The way in which a scientist lists his or her address is not 

subjectt to guidelines. A scientist who is visiting a country for a year or more may list 

theirr temporary address rather than the address of their home institution. It is impossible 

too know when this has taken place. Sometimes a researcher will list two addresses in 

differentt countries because of a joint appointment. This can lead to come over-counting 

off  research collaborations. In addition, at times, people have the same name, and it is 

difficultt to sort out who is who. These problems created some counting questions in 

Chapterss III , TV, and V. An effort was made to calculate the range of error and this is 

representedd in footnotes in the texts. The issue of which address a researcher places in an 

articlee can have significant implications, even beyond science. For example, the question 

off  whether there is a scientific "brain drain" that is hurting developing countries is much 
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discussed.. To what extent do researchers from developing countries collaborate from 

theirr home institutions, and to what extent do they work in and contribute to the scientific 

outputt of advanced countries? This is an area that needs more research. 

Thee biggest disappointment in the project camefrom the lack of response to the 

intervieww requests. Despite sending out more than 300 email requests for interviews, and 

mailingg out 30 letters, there was a very low response rate to the request for an interview. 

Evenn the letters only elicited one response and a completed interview. The 25 interviews 

thatt were conducted each represented an in-depth set of discussion, lasting between 20 

minutess to more than an hour, based on the interest of the subject to discuss and expound 

uponn his or her views and experiences. These were very helpful interviews, and I gained 

aa great deal of insight from them, but the results cannot be relied upon heavily to indicate 

individuall  dynamics since the number is small relative to the huge number of people who 

takee part in these types of international collaborative projects. 

Thee interviews were planned to fill  in the gaps created by using quantitative data 

ass a primary source of information. The original plan was to conduct 100 interviews to 

putt the data in context, as well as to find out the meaning of the collaboration of the 

scientist.. However, surveys contain their own kinds of bias, described in extensive 

literaturee on the problems with surveys. Moreover, scientists are unlikely to report a 

collaborativee venture as less than successful, and they cannot be expected to say that they 

benefitedd by the collaboration while their partner did not. This assumption held up, as all 

thee scientists contacted reported that the collaboration was highly successful. However, 

thiss could be anticipated by the fact that the collaboration was identified on the basis of a 

publishedd paper, indicating some level of completion of the work. 

3.. Policy Implications of this Research 

Ass discussed in the Preface, the research question for this project was motivated 

inn part by an observation mat policymakers were struggling to place international 

collaborationn into a national or development policy perspective. Science studies and 

experiencess with science policy show that insights into the dynamics of the science 

systemm can make a difference in the creation of policy and its eventual success. Indeed, 
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conceptss such as Mode 2 and the Triple Helix have had a significant influence on science 

policy.. This project creates insights into the dynamics of international collaboration in 

sciencee that may be helpful to the policy process. Insights derived from research can 

takee time to filter into the policymaking process. Nevertheless, the following ideas can 

helpp to place these findings into a policy context. 

1.. Creating a local-global interface: Restructure the nationally-focused policy 

systemm within the scientifically-advanced countries. At the national level within the 

scientificallyy advanced countries, political support is needed to create and maintain 

researchh institutions and to fund scientific research and development. Science funding is 

alignedd with political boundaries at the level of the nation where support can be garnered 

andd where budgets are large enough to allow for such investments. Funds are allocated 

outt of public budgets in part based on the expectation of non-scientific benefits for 

taxpayerss such as prestige (Nobel prizes) and economic spillovers such as technological 

innovation. . 

AA virtuous circle between political and scientificc communities has been reinforced 

overr the past 50 years in scientifically advanced countries as science has catalyzed 

innovationn systems. Large federal bureaucracies within the advanced countries have 

developedd to manage the relationship between the political and scientific communities. 

AA secondary set of publicly-funded programs has grown up to disseminate the results of 

sciencee for economic application, often at the regional and local levels. 

Thee rapid rise of international collaboration networks has significant implications 

forr this system. First it challenges the capacity of nationall  bureaucracies to manage the 

fundingg of science in a way that ensures that benefits accrue to taxpayers. (If science 

takess place on a geographically distributed basis, ensuring spillovers will become 

increasinglyy difficult) Second, it challenges the planning and allocation system within 

thesee bureaucracies, ones that have built up intricate evaluation and accountability 

measuress to assure the political system that value is being created. Third, it challenges 

thee identity of the practitioner within the political-scientific system to find a balance 
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betweenn the unwritten social contract (public funds to create appropriable goods) and the 

changingg nature of knowledge creation demonstrated in this project. 

Nationall  systems that are structured to appropriate the results of science, with 

somee structural changes, may be adapted to benefit from the increased output of 

knowledgee at the global level. This may require a restructuring of missions and 

rethinkingg the use of knowledge. To the extent that spillovers occur locally (due to the 

scalee and scope of research or the tacit knowledge involved), a region may be poorly 

servedd by research that takes place at a distance. Thus, government missions may be 

shiftedd to include global scanning for relevant knowledge and the creation of an explicit 

systemm of knowledge dissemination - a function only implicit within the policy structures 

now.. The challenge to policymakers and managers of science will be finding ways to 

linkk between local needs and the knowledge created within the global network. 

Evenn scientifically advanced countries cannot hope to maintain research 

capacitiess in the many fields of science proliferating in the knowledge system. The 

challengee is how to position knowledge creation and exploitation to enable a local-global 

interface.. In some fields of science, knowledge is experiential and the tacit nature of 

learningg requires a particular scale or scope of research on-the-ground. In other cases, 

wheree knowledge is explicit or does not require a significant capital expenditure in terms 

off  laboratories or training, it may only be necessary to maintain connectivity with the 

globall  network in order to stay at the leading edge. Finding these balance points will 

requiree further research and policy experimentation. 

Inn order to stay at the leading edge, the research presented here suggests that it is 

thee attractiveness of researchers as a partner that will enable them to join the global 

network.. This means maintaining databases, funding excellent research, helping 

researcherss to attend conferences, and bringing foreign students and researchers to work 

temporarilyy in national laboratories. These kinds of links create the ties that lead to 

creativee collaborations. 
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2.. Link Regionally: Structuring Developing Country Policies and Institutions. 

Nationss that have not developed a national science system or that currently have a 

weakk national science system face a different challenge: does participation in global 

sciencee require first building a national system? Or, can there be multi-tiered system 

withinn which regions or nations pick and choose when and where to develop capacities in 

orderr to take advantage of the global system in some places, and to selectively build local 

capacitiess when spillovers are particularly desirable? It would appear that, for 

developingg countries, the emerging dynamic is one operating at the local-regjonal-global 

interchangee rather than at the national level, perhaps making national entities a 

burdensomee obstacle rather than a facilitator of participation in global science. These 

questionss need further research but it is suggestive of possible approaches that can be 

consideredd by governments and development agencies looking to encourage science 

capacity. . 

Thee findings of this project suggest that global science is taking on the 

characteristicss of a knowledge system with its own internal dynamics. Where previously, 

cross-borderr links in science were considered to be the extension of national systems 

findingg opportunities to complement each others' capabilities, the emerging global 

networkk appears to be operating independently of and orthogonally to national systems of 

science.. The national systems continue to operate, but perhaps at a lower level of 

efficiency,, with resources being diffused in international networks. In that case, both the 

politicall  and the scientific management of science will need to better adapt to the network 

off  global science as they consider allocation of resources and appropriation of results. 

11 In network terms, this could be defined by saying that a vertex (or hub) acquires new edges 
(linkss with other nodes) with a rate proportional to its degree. (Holmes 2003) 
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Internationalee samenwerking in de wetenschap: 

Eenn nieuwe dynamiek in het kennisontwikkeling 

Proefschriftt van Caroline S. Wagner, Universiteit van Amsterdam 

Samenvatting g 

Dee laatste decennia heeft er een snelle verschuiving plaatsgevonden in de organisatie van 

wetenschappelijkk onderzoek. De internationale samenwerking is significant toegenomen. Er 

zijnn verschillende theorieën die proberen deze toename in internationale samenwerking te 

verklaren.. Toch verklaren bijvoorbeeld de center-periphery theorie, de interne differentiatie 

vann wetenschap, de vraag of wetenschap invloed heeft op de groei van internationale 

samenwerkingg en de toenemende capaciteit om wetenschap te bedrijven onderzocht deze 

snellee toename met. Er is dan ook geen betrouwbare uitleg die de overheid en 

maatschappelijkee organisaties helpt internationale samenwerking aan te sturen. 

Ditt proefschrift evalueert en bekijkt de vraagstukken waar de beleidswereld voor staat Het 

bekijktt deze internationale samenwerking, door relevante data te ontwikkelen en te 

analyseren,, nieuwe mogelijkheden met betrekking tot organisatie, beloning en capaciteiten op 

internationaall  niveau voor te stellen en te toetsen en ten slotte ook een nieuwe theorie voor te 

stellenn voor de dynamiek van kennisontwikkeling in internationale wetenschappelijke 

samenwerking. . 

Dee hypothese in deze studie is dat internationale samenwerking een zelforganiserend netwerk 

is.. Dit betekent dat er sprake is van een communicatiesysteem met netwerk-karakteristieken. 

Err is geen gecentraliseerde autoriteit die internationale wetenschap organiseert en geen enkele 

individuelee kracht kan het fenomeen rond spontane ordening op het niveau van netwerken 

drijven.. Veel van dit onderzoek vindt zijn oorsprong in de complexe adaptieve 

systeemstudies,, die de dynamiek van zelforganisatie en ordening bestudeert (Arthur 1992, 

1994;; Waldrop 1992: Kauffman 1995: Holland 1995,1998; Cilliers 1998; Urry 2003). Maar 

systemenn en netwerken die kennis bevatten zijn niet beschikbaar voor monitoring of meting 

(Biggerioo 2001; Leydesdorff 2001a). Zij laten slechts sporen achter (Leydesdorff & 

Scharnhorstt 2003) en gecodificeerde (geen expliciete, of informele) communicatie kan 

wordenn gekwantificeerd. De artikelen met medeauteur en geciteerde relaties zijn beschikbare 
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indicatorss voor het onderzoek. Dit houdt in dat medeauteurs op internationaal niveau centraal 

kunnenn worden gesteld in deze studie. Door het gebruik van medeauteurs op alle 

wetenschapsgebiedenwetenschapsgebieden in 1990 en 2000 laat deze studie zien dat samenwerking kan worden 

uitgedruktt in een netwerkstructuur op internationaal niveau. Ook laat het zien dat dit mondiale 

systeemm sterk gestructureerd is rond de concurrentie om relaties tussen toonaangevende 

landenn met medeauteurs uit minder ontwikkelde landen. 

Dee studie richt zich op zes casestudies waarin internationale samenwerking op subniveau 

centraall  staat, met een netwerk tussen de verschillende auteurs. In alle case studies was er 

tussenn 1990 en 2000 een snellere groei van de internationale samenwerking dan het 

internationalee gemiddelde. De behoefte aan data, toegang tot bronnen en centrale faciliteiten, 

off  de behoefte naar creatieve verbanden bleken de drijvende krachten te zijn. Internationale 

samenwerkingg motiveerde wetenschappelijk onderzoek. Maar dit bewees niet dat interne 

organisatiee van wetenschappelijke onderzoek een drijvende kracht is van de internationale 

netwerkstructuur.. Een mondiale evaluatie van wetenschappelijke en technologische 

capaciteitenn liet zien dat 67 landen karakteristieken vertonen van organisatie van capaciteit in 

wetenschapp en technologie, waar in de vroege negentiger jaren dit er 40 waren. Een toename 

inn deze capaciteit kan de groei van internationale samenwerking beïnvloeden door een 

verbredingg van het aantal partners in meer potentiële samenwerkende landen. 

Diversee artikelen laten zien dat grote verweven netwerken gemeenschappelijke kenmerken 

hebben,, zoals bijvoorbeeld beperkte schaal clustering (Watts & Strogatz 1998). Ook volgen 

zijj  schalingswetten (Albert et al 1999; Barabési & Albert 1999; Jeong et al. 2001; Barabasi et 

al.. 2001). Newman (2000; 2001; 2004) liet zien dat samenwerkende wetenschappelijke 

netwerkenn verassende korte kern-kern afstanden hebben en veel grotere 

clusteringcoëfficiëntenn (2000) dan die van willekeurige netwerken van gelijke grote. Hierbij 

komtt dat wetenschappelijk medeauteurschap netwerken genereert met een "exponentiële" 

distributiegraadd (Newman 2001). Dit suggereert dat besluitvorming van individuen om samen 

tee werken de drijvende kracht is achter de zelforganisatie van samenwerkende netwerken. 

Err is een verkenning uitgevoerd om te toetsen of het principe van "preferential attachment" 

werdd toegepast in internationale samenwerkingsnetwerken. Hierbij werd gebruik maakt van 

dee medeauteurs dataset op subniveau. Jeong, Neda and Barabési (2001) laten zien dat 

evoluerendee netwerk modellen door dit principe groeien en dat sterk verbonden kernen hun 

verbindingg sneller versterken dan minder sterk verbonden kernen. Merton (1968) citeerde het 

"Mattheww effect", volgens welk principe reeds sterk verbonden, van overvloedig aanwezige 
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bronnenn voorziene auteurs disproportionele aantrekkingskracht vertonen ten aanzien van extra 

samenwerkerss en bronnen. 

Barabasii  et al. (2002) and Newman (2001) concluderen voor schalingsvrije distributie van 

medeauteurschapp en dat deze netwerken 'kleine wereld' kenmerken hebben (Watts 1999). De 

resultatenn onderschrijven deze conclusies voor algemene wetenschapsgebieden op 

internationaall  niveau. De Tabel 3 laat zien dat (met uitzondering van 'wiskundige logica') de 

gemiddeldee coëfficiënt orden groter is dan dat te venvachten is voor een willekeurig netwerk. 

Concluderendd kan gezegd worden dat de verbanden tussen auteurs binnen het netwerk niet 

willekeurigg zijn: De overmaat van auteurs in het netwerk baseren hun keuzen voor 

samenwerkingg op basis van het principe van voorkeursverbanden. Het principe van 

voorkeursverbandenn lijk t aanwezig te zijn in clusters van auteurs met goede netwerken, maar 

diee de beste netwerken hebben, concurreren niet langer met anderen voor samenwerking. 

Dezee studie heeft laten zien dat internationale samenwerking in wetenschap kan worden 

beschrevenn als zelf-organiserende netwerken, die naar boven komen al resultaat van locale 

interactiess van actoren gebaseerd op het principe van voorkeursverbanden. De bevindingen 

ondersteunenn diegene die de invloed van beloning en waardering binnen de wetenschap 

hebbenn onderzocht, hoewel geen van deze hebben getracht deze direct te verbinden aan het 

bovenkomenn van internationale samenwerking (Price 1964; Merton 1968; Beaver & Rosen 

1978;; Zuckerman & Merton 1971; Whitley 1984; Laudel 2001; Melin 2001). Het ondersteunt 

hett werk van Braun, Glanzel and Shubert (2001) die concludeerde dat gebruikers van 

publicatiess in de wetenschap een belangrijke bemiddelende rol hebben in hun gebied. Het 

ondersteuntt ook het werk van Braun, Glanzel & Shubert (2001) in hun verkenning van de 

diffusiee van kennis door samenwerkingsnetwerken. De bevindingen ondersteunen niet 

vroegeree gepresenteerde theorieën met betrekking tot de opkomst van internationale 

samenwerkingg Deze gingen uit van de bevinding dat internationale samenwerking de 

belangenn van landen dienen ten behoeve van efficiëntie van 'wetenschap' (Galison & Hevly 

1992).. Ook ondersteunt het niet de 'centre-periphery1 theorie van Ben-David (1971) en Schort 

(1998).. Eens beïnvloedden historische verbanden samenwerking (Zitt et al. 2000), maar dit 

proefschriftt suggereert dat deze verbanden geen verklaring geven voor de snelle versterking 

vann samenwerking in de negentiger jaren. Ook kan de toename van wetenschappelijke 

capaciteitt (met name in ontwikkelde landen) bijdragen aan de groei van internationale 

samenwerkingg Maar dit verklaart niet de zeer snelle toename in samenwerking die gezien 

wordtt in de negentiger jaren. De opkomst van het Internet draagt bij aan verbeterde 
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communicatiee (Gibbons et al. 1994; Starr 1995). Duidelijk is dat wetenschappers eerder 

samenwerkingg aangaan door persoonlijke contacten (Laudel 2001), dan door het vinden van 

elkaarr door middel van het Internet Dit suggereert dat communicatiemiddelen faciliterend 

zijn,, maar niet initiërend voor internationale samenwerkingsverbanden. 

Dee studie leidt tot beleidsaanbevelingen. Om toepassing te garanderen hebben ontwikkelde 

landenn sterk ontwikkelde wetenschapssystemen ontworpen om te bemiddelen bij de 

kennisproductiee op nationaal niveau. Publieke financiering is ontwikkeld om die publieke 

goederenn te produceren die een voordeel hebben voor de belastingbetaler. Uitgebreide 

nationalee instituties zijn ontwikkeld om dit te managen. Waarr eens van de nationale 

overhedenoverheden werd verwacht dat zij de publieke kennisproductie manageden, daagt de groei van 

hett kennisproducerende netwerk op internationaal niveau dit systeem uit Kennisproductie en 

toepassingg zouden plaats kunnen vinden in geografische gefragmenteerde locaties, wat ertoe 

leidtt dat nationale systemen moeilijk de kennis voor het lokale gebruik kunnen verzilveren. 

UitUit  de studie blijkt het tegendeel. Het kan blijken dat voor de ontwikkelde landen de 

ontwikkelingg van een dergelijk nationaal systeem onnodig is. Het internationale 

samenwerkingsnetwerkk biedt de mogelijkheid voor ontwikkelde landen om wetenschap te 

verbindenn op een manier die niet beschikbaar was in de 20e eeuw: lokale onderzoekers 

kunnenn aantrekkelijk worden gemaakt voor potentiële samenwerkers en, in tegenstelling tot 

geavanceerdee landen, door het flexibel maken van strategische investeringen in instituties. 

Septemberr 2004 

4 4 


