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Introduction and context 

The background to this study is the need for the European Commission, in the 

framework of the discussions on the European Research Area (ERA) to better un-

derstand knowledge flows within the ERA and between the ERA and third countries. 

In particular, progress on knowledge sharing was one of the most important areas 

for progress identified in the ERA Green Paper consultation.  

The ERA Green Paper (2007) pointed out that the European Research Area should 

be open to the world to address global challenges, such as health, climate change 

and energy. A balance between competition and cooperation, increased researcher 

mobility and knowledge sharing and the development of informal networks and 

communities are pointed out as important pathways to achieve this goal. 

Knowledge sharing can be analysed on the basis of bibliometrics (co-publications) 

and patents (co-patenting). So far, techniques based on these two ‘streams’ have 

been widely used in this respect. However, these indicators do not provide any in-

formation on informal collaboration of scientific communities, other organisations 

and networks, which may or may not lead to co-publications and/or co-patenting. 

For this purpose the analysis of links and other web information (‘webometrics’) is 

particularly promising and was used as the basic source of information for this 

study. 

The aims of the study were the following: 

1. To explore the feasibility of elaborating indicators of relevance for an ERA moni-

toring on the basis of webometrics data. The study is to provide an overview of 

the state of the art of the data production and indicators analysis based on we-

bometrics. 

2. To provide a feasibility test through a pilot exercise using the multi-disciplinary 

field of environmental technologies (as defined in the EC FP7 programme and 

the recent Energy Technologies Initiative), for which the study will perform a 

cross-national network analysis on flows of embodied and informal knowledge in 

the science production.  

3. Expand the pilot exercise to four case studies in different science and technol-

ogy fields: 2nd generation biofuels, Food safety, Nanomaterials and Biotech 

pharmaceuticals. The selection of the fields had been made jointly by the Com-

mission and the contractor. The main responsibility is given in parentheses, but 

of course this is a collaborative effort since the webometric analysis has been 

done by our webometric experts David Stuart and Mike Thelwall in Wolverhamp-

ton: 2nd generation biofuels (Antje Klitkou, NIFU STEP), Food safety (Arnold 
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Verbeek and Celine Vincent, IDEA Consult), Biotech pharmaceuticals (Mark Knell, 

NIFU STEP) and Nanomaterials (Ismael Rafols, SPRU). 

4. To explore how webometrics data can be used for the creation of indicators 

measuring the dynamics of knowledge flows to complement bibliometrics, pat-

ent data and researcher mobility data. 

5. Give methodological advice to the Commission on the cost and availability of 

webometric data as well as the possibility of making comparisons between world 

regions (for example the EU with the US), comparisons of the data over time, 

and statistical comparisons with other data such as bibliometrics, patents and 

industry classifications. 

The final report for this project is structured accordingly: 

1. Introduction 
2. Webometrics – a literature review 
3. Feasibility study 
4. Pilot study 
5. Webometric results of the case studies 
6. Webometric indicators and other approaches to study knowledge flows 
7. Policy recommendations 

Each chapter summarises the main findings of the respective phase; the results 

from the case studies are used/discussed in chapter 5 and 6 and can be found in 

full in the Annex.  

We would like to thank the European Commission for funding this innovative project.  

The excellent contributions of our webometric experts David Stuart and Mike Thel-

wall from Wolverhampton University are also strongly acknowledged. We are also 

grateful for the substantial comments on the work done by our colleague from 

SPRU, Sylvan Katz. The discussions with our project officer and the other experts 

from the European Commission helped us to focus our efforts in the right direction. 

Finally, we would like to thank all interviewees who participated in our field-specific 

analyses (see annex for an overview of the interviewees). 
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1 Webometrics – a brief literature review 

This is a condensed version of the literature review presented in previous reports. 

1.1 Webometrics: an introduction 

The structural similarities between a directed network of web pages linked by hy-

perlinks and a directed network of science papers linked by citations was recog-

nised by a number of papers in the mid-nineties (e.g., Bossy, 1995; Larson, 1996), 

and various terms were suggested for the application of informetric methodologies 

to the internet and the web: netometrics (Bossy, 1995), internetometrics (Almind & 

Ingwersen, 1996), cybermetrics (Aguillo, 1997), and webometrics (Almind & Ing-

wersen, 1997). The similarities between the networks were further emphasised by 

the term ‘sitation’ being proposed for one web page being linked to by another, 

analogous to the traditional citation (Rousseau, 1997). Since then many of the cita-

tion analysis techniques originally applied to science papers have been adapted and 

been applied to the web: the web impact factor is analogous to the journal impact 

factor (Ingwersen, 1998), co-linked analysis with co-citation analysis (Larson, 

1996), and co-link analysis with bibliographic coupling (Thelwall & Wilkinson, 2004). 

Of the suggested terms for this new area of investigation, webometrics and cyber-

metrics have become established within the informetric community, whilst there 

has been growth in the usage of the term ‘webmetrics’ within the wider online 

community (Ingwersen, 2006). Almind and Ingwersen (1997) coined the term we-

bometrics to refer to “research of all network-based communications using infor-

metric or other quantitative measures”, although Björneborn (2004) has since rede-

fined it to mean the: 
...study of the quantitative aspects of the construction and use of information re-

sources, structures and technologies on the Web drawing on bibliometric and in-

formetric approaches (p. 12). 

Björneborn’s inclusion of ‘bibliometric’ within the definition emphasises the place of 

webometrics within the larger field of library and information science. More impor-

tantly, by applying the term to the web specifically rather than the larger area of 

the internet, for which he utilises the term cybermetrics, the term resists the ten-

dency for the internet and web to be used interchangeably1.  

                                                

1  Whilst ‘internet’ and ‘web’ are treated as synonyms, the ‘internet’ is the global 
network of computers that can share information, whereas the ‘web’ specifically 
refers to the interconnected set of documents accessed though the HTTP proto-
col 
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The intuitive connection between webometrics and the web, rather than the inter-

net, has led to the popularity of Björneborn’s definition and it is in this sense that 

the term is used throughout this literature review. 

At the start of the twenty-first century the web seems a natural place for investiga-

tions into the interactions between organisations, at least within the developed 

countries of the world where organisational use of the web seems near ubiquitous. 

Initially the preserve of academics, it is now an essential part of business and gov-

ernment for the provision of information and the promotion of services. 

Whilst there are differences in the way the web is utilised within different fields 

(Kling & McKim, 2000), as well as by different sectors of society (e.g., Middleton, 

McConnell, & Davidson, 1999; Shaw, 2001; Musgrave, 2004), the web collocates 

information that was previously separate (Cronin & McKim, 1996) allowing connec-

tions to be made to works of varying publishable merit, from various sections of 

society, from anywhere in the world. The web is reshaping the way scholars com-

municate (Cronin & McKim, 1996) as the differences between formal and informal 

communication become increasingly blurred (Barjak, 2006) and it is increasingly 

used as a conversational medium as well as a publishing medium (Cronin, Snyder, 

Rosenbaum, Martinson & Callahan, 1998). The transformation of the traditional 

invisible college to a ‘cyberspace college’ was identified as early as 1994 (Gresham, 

1994). It has been suggested that such shifting norms in the way organisations 

communicate may provide new indicators about the impact and significance of dif-

ferent actors (Cronin, 1999), something that is increasingly applicable as the web is 

increasingly seen as a respectable source of information (Brown, 2004). Its “dy-

namic real-time nature” (Ingwersen, 1998) means that it can provide more up-to-

date information than traditional bibliometric indicators. 

Link analysis is one of the main areas of investigation within webometrics, as well 

as being the focus of investigations within a wide range of other fields, including 

mathematics, theoretical physics, communication studies, and sociology (Thelwall, 

2004a). Thelwall (2004c) defines the information science approach to link analysis 

as the adoption and adaptation of “information science techniques for the meta-

analysis of documents through investigating inter-document connections” (Thelwall, 

2004a, p. 3) with the primary objective being the delivery of useful information 

(Thelwall, 2004a).  

The information science techniques were originally designed for the meta-analysis 

of the inter-document connections of scientific papers: citation-analysis was pro-

posed as a method of mapping the history and structure of science, and identifying 

core journals, articles and authors within a field (Garfield, 1979); co-citation analy-

sis, bibliographic coupling, and co-word analysis were proposed as methods for the 
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mapping of science (Moed, 2005); whilst co-author analysis enables investigations 

into the amount of collaboration within a field, which in turn provides an indicator of 

the maturity of the field (Patel, 1973). These techniques have since been adapted 

to investigations of the history and structure of technology as well as science, with 

patents taking the place of scientific papers as, like science papers, they include 

citations to earlier literature and details of the inventor and their institutional affilia-

tion (Oppenheim, 2000). 

Inter-document connections may be made in a number of ways on the web: 

through web pages sharing terminology; being linked to by the same document; 

linking to the same document; or through one document linking to another. Whilst 

link analysis may be used to refer to any of these inter-document connections 

(Thelwall, 2004a), or in a broader sense to refer to any of the inter-document con-

nections both on and off the web (Borgman & Furner, 2002), within this document, 

for simplicity, it is used to refer to the analysis of web pages directly connected 

either by hyperlinks or the closely related URL citation (defined below), unless oth-

erwise indicated. Whereas the sharing of terminology, being linked to by the same 

document, or linking to the same document are not necessarily a deliberate con-

nection between the two documents on the part of one of the authors, but rather 

are the construct of the analyst (Leydesdorff, 1998), the placement of a web link or 

URL citation is a deliberate connection, albeit one that could be generated auto-

matically. URL citations have been defined as the “mentions of a URL in a Web page, 

whether hyperlinked or not” (Kousha & Thelwall, 2005, p.67), and may appear in 

the results of a link analysis investigation according to the data collection technique. 

Caution is advised against taking the analogy between citations and web links too 

far. Hyperlinks are placed for a far wider range of reasons than citations, many of 

which may be considered superficial (van Raan, 2001), they are ephemeral in na-

ture, and unlike citations they have the potential of being bi-directional (although 

citations may be bi-directional where works-in-progress have been circulated before 

publication, this is not the norm). The superficial and ephemeral nature of the web 

means that conclusions drawn from it need to be used with caution; web indicators 

should be considered ‘weak benchmarking indicators’ (Thelwall, 2004c), that whilst 

non-robust can provide formative and semi-evaluative assessment.  

At the same time it is the superficial and ephemeral nature of the web that provides 

its richness as an information source, providing the opportunity to view a far wider 

range of informal as well as formal relationships. 

Most of the investigations up to now have focused on the interlinking within the 

academic community, which is unsurprising due to the similarities between we-

bometrics and scientometrics (Thelwall, 2004a), the relative maturity of the aca-

demic web (Thelwall, 2001d), the personal interest of academics in the academic 



Rindicate SPA6: The use of webometrics for the analysis of knowledge flows within the European Research Area 

October 2009 10 

community, and the additional insights they can bring to such investigations. Whilst 

there have been a limited number of investigations into the commercial sector (e.g., 

Shaw, 2001; Thelwall, 2001b; Vaughan, 2004a; Vaughan & Wu, 2004) and the 

government sector (e.g., Petricek, Escher, Cox & Margetts, 2006), there has not 

been a large scale link analysis of the interlinking between the different sectors on 

the same scale as those that have looked at the academic community (e.g., Li, 

2005). Those studies that have investigated inter-sector interlinking in an attempt 

to provide more information about knowledge-based innovation systems have ei-

ther looked at the macro scale with little or no investigation into what an individual 

connection may represent (e.g., Boudourides et al., 1999; Leydesdorff & Curran, 

2000; Heimeriks, Hörlesberger & Van den Besselaar, 2003) or have focused on a 

very limited study (e.g., Vasileiadou & Van den Besselaar, 2006). 

Despite the lack of a large detailed investigation into the interlinkages between or-

ganisations from the different sections of society using the link analysis approach 

discussed by Thelwall (2004a), there have been a number of other related investi-

gations: macro studies of knowledge-based innovation systems; investigations into 

the appearance of co-authored papers on the web; and extensive link analysis of 

the academic sector.  

Within this document the term macro studies of knowledge-based innovation sys-

tems is applied to those studies that have investigated the ability of the web to 

provide indicators of the interconnectedness of organisations, but have failed to 

investigate the reasons why links have been placed between web sites at the micro 

level. Instead they may have looked at the linking structure either on its own (e.g., 

Boudourides et al., 1999; Leydesdorff & Curran, 2000) or as one layer of a multi-

layered communication system (e.g., Leydesdorff, 2001; 2003; Heimeriks et al., 

2003) without a detailed investigation. 

The linking structure of the web is not the only potential source of information 

about the different interlinkages between actors available, although the unique 

identification provided by URLs make them a popular target for webometric investi-

gations.  

Citations also provide a unique identifier for specific documents, and their formal 

structure with identifiable elements has also made them an area of webometric in-

vestigation (e.g., Kretschmer & Aguillo, 2004). 

The last section of this literature review, and the bulk of the review, provides a re-

view of the additional literature relevant to a link analysis approach to investigating 

the manifestations of knowledge-based innovation systems. In Thelwall’s (2004a) 

proposed link analysis methodology there are a number of distinct stages after se-

lecting the research question and carrying out a pilot investigation: identifying ap-
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propriate web pages to answer the research question; collecting the link data; 

cleaning the data; partially validating the data through correlation; and partially 

validating the data through a classification of links.  

After a brief discussion on the key linking terminology used throughout this litera-

ture review, each of the above areas are reviewed, where appropriate discussing 

the ideas and concepts with the broader field of bibliometrics and the traditional 

bibliographic surrogates.  

1.2 Key link terminology 

Terminology plays an important role in the communication of research if we are to 

be understood by other researchers and science policy makers (Lazarev, 1996). It 

is therefore important in such a relatively new field to define the terminology that is 

used so that it can be used with consistency, and without the confusion that may 

accompany preconceived notions. 

As well as multiple terms being proposed for the application of informetric methods 

to the web there has also been a variety of terminology used to describe the links 

between different web pages. For example, inlink (Björneborn, 2004), backlink 

(Harter & Ford, 2000), hypertext citation (Chen, Newman, Newman & Rada, 1998) 

and sitation (Rousseau, 1997) have all been used to describe the link one web page 

has pointing to it from another within webometric investigations. This literature 

review employs the inlink and outlink terminology that Björneborn (2004) utilised in 

his attempt to create a consistent terminology and is now widely used within the 

webometric community, although this is by no means the only terminology cur-

rently being used (e.g., Chau, Shiu, Chan & Chen, 2007). 

Before discussing the terminology of the links between web documents any further 

it is necessary to briefly discuss what is meant by a web document. Prior to the 

introduction of the concept of Alternative Document Models (ADMs) by Thelwall 

(2002d), the web page formed the basis of link analysis investigations, with the 

links to and from individual web pages being analysed.  

Thelwall argued that the web page was not necessarily the most appropriate unit 

for link analysis, but rather it may be more appropriate to aggregate a number of 

web pages into a single document, suggesting the directory, the domain, and mul-

tiple domains as ADMs within the academic arena. Whilst Thelwall has focused pri-

marily on aggregating through lexical components of URLs (Thelwall & Price, forth-

coming), this is not the only possibility; web pages may also be clustered into web 

documents, or ‘web sites’, semantically, i.e., according to the similarity of their con-

tent; or topologically, i.e., according to how the web pages are interlinked (Cothey, 
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Aguillo & Arroyo, 2006). Lexical aggregation of web pages may be considered the 

most popular due to the relative simplicity. 

The choice of web document provides context to the link terminology: inlink, outlink, 

reciprocal-link, and self-link: 

• Inlink: A link to a web document from a web page not included within the web 

document. 

• Outlink: A link from a web document to a web page outside the web document. 

• Reciprocal-link: A link from one web document to another web document which, 

in turn, has a web link back to the original web document. 

• Self-link: A link from a web page in a web document to the same or another 

web page in the same web document. 

These definitions differ slightly from those of Thelwall (2004a), who makes the pre-

sumption of the web page as the web document unless otherwise stated. As alter-

native models exist, and have been found to be more appropriate in certain situa-

tions (Thelwall, 2002d), the notion of a default web document seems passé, and 

the application of the web document as a qualifier is a necessity. 

It is also useful to briefly discuss the terminology that is applied to the components 

of URLs. URLs can consist of a number of different parts: a protocol, a user, a 

password, a domain name, a port, a path, a query, and an anchor. From a link 

analysis perspective it is necessary to clearly define the terminology that is utilised 

for discussing the domain and the path sections of the URL, as these are the parts 

that are used most often within the lexical aggregation, and are further subdivided. 

They are also the parts for which there is conflicting terminology. 

The terminology used throughout this literature review to refer to parts of a URL is 

illustrated in Figure 1 with the example of a typical static URL.  

The top-level domain name (TLD) may consist of either a country-code top-level 

domain (ccTLD), e.g., .uk or .fr, or a general top-level domain (gTLD), e.g., .com 

or .org. Many of the ccTLDs have been further sub-divided with the use of second-

level domain names (SLDs) for different types of organisations. For example the .uk 

ccTLD has been further divided through the use of 13 SLDs some of which have 

restricted use, e.g., .nhs.uk, and others which, whilst aimed at a particular type of 

organisation, are openly available to all, e.g., .org.uk. Not all ccTLDs are further 

divided, e.g., .fr and .dk do not incorporate SLDs, and even where there are SLDs 

there may be some sites which fall outside the regular domain structure. For exam-

ple, the British Library’s web site, www.bl.uk, predates the current domain name 

system. 
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Figure 1: An example of a static URL labelled with the link analysis terminology 

 

1.3 Macro studies of knowledge-based innovation  

systems  

Ingwersen and Björneborn (2004) distinguish between three levels of link analysis 

investigation: the macro level, the meso level, and the micro level. They define 

macro analyses as those investigations that study the clusters of many web sites or 

TLDs, meso analyses as those that study larger sub-sites and sites, and micro 

analyses as those that investigate the web pages, web directories, and small ‘sub-

sub-sites’. The terms are not used to describe different methodological approaches, 

but rather to refer to different aggregates of web pages to form web documents; 

the terms could equally be applied to the aggregating of web links in ADMs. Here 

the terms macro and micro analyses are applied to distinguish between studies that 

have looked at the linking between web documents without any analysis of the in-

dividual links (macro analyses), and those that focus on what individual links repre-

sent (micro analyses), following Bar-Ilan’s (2004a) use of the term microscopic link 

analysis. 

There have been a number of studies that have investigated the potential of the 

web to provide indicators of knowledge-based innovation systems, either on its own 

(e.g., Boudourides et al., 1999; Leydesdorff & Curran, 2000) or in association with 

other layers of the communication network (e.g., Leydesdorff, 2001; 2003; 

Heimeriks et al., 2003). These studies have primarily focused on the Triple Helix 

vision of the knowledge-based innovation system first put forward by Etzkowitz and 

Leydesdorff (1995), which sees the Triple Helix interactions of academia, industry 

and government as the key component to any innovation strategy, with academia 

having an increasingly important role in the knowledge economy (Etzkowitz & Ley-

desdorff, 2000). One criticism of the Triple Helix model has been that it is a highly 

abstract and un-testable systems theory (O’Malley, McOuat & Doolittle, 2002). 

Whilst this may be the case, it is the Triple Helix’s abstract nature with a lack of 

reified system boundaries (Etzkowitz & Leydesdorff, 2000) that makes it a popular 
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model for investigation. The system may be defined for each project in turn, pro-

viding a useful empirical tool for examining the different interactions (Leydesdorff & 

Etzkowitz, 2003). Whilst the original Triple-Helix focused on the interactions be-

tween academia, industry, and government, not even this should be reified, rather 

alternative sectors may be substituted depending on what is under investigation. 

For example, the triple helix of the public, academia and government has been 

suggested to represent the dynamic of scientific controversies (Etzkowitz & Zhou, 

2006). 

The first reported investigation of the manifestations of knowledge-based innova-

tion systems on the web was Boudourides et al.’s (1999) draft report into what 

they referred to as the ‘triple-helix-ness’ of the web space within Europe and the US, 

defining ‘triple-helix-ness’ as the interrelationship and connectivity between univer-

sities, governments and industry. Using link data collected with the then popular 

AltaVista search engine they studied the triple-helix-ness of 112 web sites by ana-

lysing certain of the web sites’ characteristics:  

• Whether they linked to the government sector. 

• Whether they linked to the university sector. 

• Whether they linked to the industry sector. 

• The number of incoming links. 

• The type of institution to which the web site belonged. 

Using multiple correspondence analysis it was concluded that within the US the 

government sector is by far the most triple-helixed, whilst within Europe the uni-

versity sector was the most triple-helixed. 

Whilst the study is important for its recognition of the potential of the web to pro-

vide information about an organisation’s relationship with organisations from other 

sections of the Triple Helix, as a draft study there are many limitations. There are 

no reasons given for the selection of the web sites included in the study, and no 

attempts are made to either define the university, industry and government spaces 

it is looking for outlinks to, or whether such web spaces should be considered to be 

different for Europe and the US. The investigation also fails to take into considera-

tion differences in the nature of the links or indeed the number of links from a web 

site; an organisation that has many links reflecting collaborative relationships with 

numerous organisations from each of the sectors is only considered as triple-

helixed in their investigation as an organisation with a single link for information 

purposes to each of the sectors. 



Rindicate SPA6: The use of webometrics for the analysis of knowledge flows within the European Research Area 

October 2009 15 

Following the lead of Boudourides et al. (1999), Leydesdorff and Curran (2000) also 

used the advanced search technology of AltaVista to investigate the similarities and 

differences between national systems of innovation by utilising the ccTLDs. Their 

investigation compared the Triple Helix of university, industry and government rela-

tions that appeared within the Dutch domain (.nl), the Brazilian domain (.br) and 

the gTLDs (e.g., .com, .org, .net). The investigation analysed the appearance of the 

terms ‘university’, ‘industry’ and ‘government’, and combinations thereof, within the 

different domains. It also investigated the appearance of those terms within the 

anchor text of the links from web sites within the different domains. Leydesdorff 

and Curran (2000) concluded that the web was suitable for investigations into Tri-

ple Helix relationships, although this assessment was made primarily on the key 

word searches as they found the appearance of the key words in links to provide 

very few items. As with Boudourides et al.’s (1999) earlier investigation, the study 

made no attempts to validate the data they retrieved as providing information 

about any particular type of relationship, or whether the appearance of a term 

within a link meant that the web site being linked to was part of that sector. 

Priego (2003) attempted to determine the Triple Helix nature of two research cen-

tres through an analysis of the research centres’ outlinks using a vector space 

model for similarity assessment. Unlike the previous investigations of Boudourides 

et al. (1999) and Leydesdorff and Curran (2000), the outlinks were collected 

through a web crawler rather than a search engine, and the sectors that the linked-

to web sites were part of were determined by a classification exercise rather than 

only looking for those that were within a certain TLD or which had a keyword within 

the outlink text. However, once again, there was no attempt to determine the types 

of relationship that were reflected by the web links. 

The lack of any type of link classification may be justified within each of the studies 

on the basis that although the exact nature of these connections is unknown there 

is nonetheless an identifiable connection between the different sectors. It is impor-

tant, however, to be able to understand the nature of these relationships, especially 

when comparing heterogeneous sections of the web. Recognition of the need for 

greater understanding of what is being shown by the web links has been reflected 

in those studies that have looked at the web manifestations in conjunction with 

other ‘layers’ of the communication network: bibliographic and patent databases 

(Leydesdorff, 2001; 2003); academic journals and project collaborations (Heimeriks 

et al., 2003). 

Leydesdorff (2001) investigated the appearance of the trade names and the generic 

names for different drugs on the web and within traditional bibliographic databases: 

the European patent office, the Medline database, the Science Citation Index, and 

the Derwent Patent Citation Index. The gTLDs on the web were investigated 
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through the use of the advanced search operators of the AltaVista search engine. 

As with his earlier investigation (Leydesdorff & Curran, 2000), rather than under-

standing the relationships between any particular actors, the investigation focuses 

on the creation of indicators for attributes that are found within the knowledge-

based innovation systems, in this case the appearance of the trade names and ge-

neric names of drugs. Whilst Leydesdorff concludes in this study that the internet is 

“so overwhelmingly commercial that it is no longer useful as an indicator of ‘user’ 

interests”, it would probably be more accurate to say that there is a need for 

greater control of the selection of web sites under investigation and improved data 

cleaning techniques if useful indicators of user interests are to be established. 

In Leydesdorff’s (2003) later paper he focuses more on the changing nature of the 

Triple Helix over time, as manifested by changes in the appearance of the terms 

university, industry, and government, and combinations thereof, within the web 

generally, specific domains on the web, the Science Citation Index, and U.S. patent 

data. Drawing conclusions about the nature of the institutional relationships be-

tween industry, government and academia, based on the appearance of the three 

terms is tentative at best; however, inclusion of the time variable and the applica-

tion of the theory to the web are beyond the capabilities of the AltaVista search 

engine. That a search engine allows the incorporation of a time restrictive operator 

is not the same as the operator providing robust results. The nineties saw huge 

changes in the types of organisation that utilised the web, old web pages have dis-

appeared, or been written over, and the search engine is likely to have changed its 

searching policy numerous times as the web has grown and their computing power 

has grown.  

Heimeriks et al.’s (2003) investigation compared formal scholarly communication in 

academic journals, the communication network exhibited in project collaborations, 

and the communication network shown on the web, in an attempt to clarify the dif-

ferent functions of the different networks. Unfortunately the networks were biased 

towards the academic community and formal collaborations, and as such the full 

potential of the web as an information source on less formal collaborations between 

wide ranges of organisations was not utilised. The organisations that were selected 

as nodes for the journal network were those within the European Union that had 

published in a journal indexed by the Science Citation Index (SCI), which are pre-

dominantly academic institutions; this academic bias continued into the collabora-

tion network, as the institutions identified in SCI formed the basis of the collabora-

tion network; and the academic and formal collaboration bias continued into the 

web network as it was between these organisations that web links were looked for. 

The investigation did not allow for organisations to appear in the web network 

unless they had already appeared in one of the earlier networks. The web network 

was a very weak network, but this may be attributable to the data collection tech-
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nique; whilst a web crawler was used, it only crawled two levels deep. Although 

Heimeriks et al. draw the conclusion that the web is used merely for communica-

tions with users of the knowledge resources, rather than being related to the co-

production of knowledge and collaboration, a larger, more detailed, investigation is 

necessary before such a statement can be made with any strength. 

The Triple Helix and the other knowledge-based innovation systems provide useful 

frameworks for analysing the relationships between the different sectors of society, 

however it is important that Leydesdorff’s (1987) cautionary note regarding the 

measurement of science through bibliographic surrogates is given heed to by we-

bometricians as well: “scientometricians…have often been too eager to produce 

meaningful results based on what they happen to be able to measure in science” 

(p.305). It is necessary that we continue to look at the micro level in conjunction 

with the macro level if meaningful conclusions are to be drawn from the data. 

1.4 Conclusions 

The field of webometrics has introduced and tested a range of methods for collect-

ing and analysing web data related to scientific activities. There is a recognised 

standard terminology for discussing results and data but not a standard set of 

methods, with many different approaches having been tried. As a result, each new 

study can select from a range of methods with reasonably well-known limitations. 

From the above discussion it can be concluded that it is possible to investigate re-

search fields on the web, including connections between universities, government 

and industry, but that the results always need to be interpreted cautiously. The 

need for caution is due to the wide variety of reasons for which the web is used and 

means that web indicators are likely to be less reliable and less easy to interpret 

than bibliometric indicators. Nevertheless, the same wide variety of reasons why 

the web is used together with the diversity of organisation using the web mean that 

webometric analysis can potentially identify types of information and patterns that 

are not accessible to bibliometric methods. 
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2 Webometrics Feasibility 

2.1 Summary 

The feasibility study investigated how best to analyse the link structure of a multid-

isciplinary topic on the web, using the case of waste technology. Starting with a 

collection of expert-identified Waste Management web sites, co-inlink and co-

outlink analysis were used to identify additional important sites in waste manage-

ment research, whilst direct links between web sites were used to investigate inter-

country knowledge flows. 

In terms of data collection, it was determined that there was no source of informa-

tion that could provide historical information on link structure: the Internet Archive 

did not provide any link search capability and did not allow researcher access to the 

raw data at the time of the study; crawls of research groups that monitor and ar-

chive sections of the web were rejected as delivering data that was too sparse to 

give useful conclusions; the use of AltaVista search engine’s link search capability 

combined with its date search capability was dismissed as AltaVista does not give 

permission to automate such searches and the data is in any case only partially 

accurate in terms of indentifying the creation date of web pages. Only current link 

information is practical to gather, and this is from Yahoo link searches via its auto-

matic query submission service.  

Direct links rather than indirect links were chosen in order to give a clearer picture 

of the connections between sites. Colinks were used to identify additional relevant 

sites missed by the experts.  

The case study started by generating an expert list of 107 waste management web 

sites, from different sectors, and complementing the list with 4 additional relevant 

co-linked sites. For the longitudinal dimension, the study assessed whether it was 

possible to identify changes in structure by investigating the impact of conference 

web sites (which are fixed to a particular year) on the overall link structure.  

A comparison of the EU and US networks was able to show a clear difference in 

structure, indicating that this is a useful type of analysis. 

The international structure of the field showed a significant degree of interlinking, 

without clear geopolitical biases. This seems to be a useful analysis, especially if in 

the full study other fields display different patterns. 

The study of connections or knowledge flows by sector found clusters of companies 

and research organisations but did not find a segmented network, giving evidence 

that the different sectors are aware of each other and suggesting that knowledge 
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flows may occur between all sectors. The international organisations and research 

organisations seem most important in terms of keeping the (web) network together. 

The link analysis was able to produce diagrams which illustrate the connectivity 

between web sites. As a single case study, this seems useful to give an introduction 

to a field and as a way to quickly help evaluators to understand the structure of, 

and knowledge flows within, a field from an organisational perspective. Additional 

information is expected to be evident from comparisons of multiple fields since this 

will enable “normal” behaviour to be identified and hence make it possible to iden-

tify any unusual field structures or knowledge flows. 

Whilst it is not practical to retrospectively monitor link structure evolution over time, 

it would be possible to start observing the situation by collecting information at 

regular periods of time in the future. 

2.2 Data collection 

2.2.1 Data source 

Understanding cross-national connections or knowledge flows requires the inclusion 

of as many organisations as possible from the countries under investigation. As 

such a search engine is a more suitable data source than a web crawler, which runs 

the risk of causing disruption when trying to collecting data from a large number of 

web sites over a short period of time. However, whilst many previous studies have 

shown search engines to be a useful data source for link analysis investigations, 

changes to search engine functionality over time mean it is necessary to show that 

the Search API currently available can be used to discover links between a variety 

of organisations. 

The investigation into the interlinking of waste management web sites shows that 

working within the limitations of Yahoo Search API it is possible to draw conclusions 

about knowledge flows at both the organisational and country level.  

2.2.2 Historical data 

The tools currently available do not provide the means for a retrospective analysis 

of changes in a field over time. Whilst conference and exhibition web sites were 

included in the investigation of waste management web sites to try and provide a 

longitudinal element, there was insufficient interlinking with other organisations in 

the study for conclusions to be drawn about the changes in waste management 

over time. 
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Whilst webometrics provides the methods for understanding changes in knowledge 

flows over time, it requires the collection of data at regular intervals over the period 

of analysis.   

2.2.3 Units of investigation 

The literature review shows the importance of including as many web sites as pos-

sible. Therefore data collection for following cases will also be based on the use of 

several resources, such as Google, Google Scholar, specialized directories, the FP6 

database IDEA Consult received from the Commission in the framework of previous 

projects, Web of Science, etc. For the collection of the data, representativeness of 

the country distribution and the different communities (research, industry, policy 

makers) is kept in mind. It is necessary to include as many websites as possible 

due to the lack of interlinking between a small selection of web sites, especially if 

the selection includes commercial organisations. This was reiterated in the investi-

gation of waste management, where the importance of international associations 

and research organisations was shown. As such conference and exhibition web sites 

can provide useful insights into knowledge flows between organisations, even 

though they cannot provide historical insights. The investigation of waste manage-

ment web sites also shows that expanding an expert-identified list of web sites 

through analysis of co-inlinking and co-outlinked sites can be used to find additional 

relevant web sites.  

However, even when collecting data through a search engine, there is an upper 

limit on the number of web sites that can be included in a study. For example, in-

vestigating whether there are links between each pair of 200 web sites requires the 

sending of almost 40,000 queries to Yahoo Search. As Yahoo only allow 5,000 que-

ries per IP address to be sent each day, it may not be possible to include all identi-

fied web sites in a study. In addition to selecting organisations according to type 

(i.e., focusing on non-commercial organisations will provide a more detailed picture 

of knowledge flows), web site design may also serve as a selection criteria. The 

problem of a lack of links between web sites is compounded when collecting data 

with Yahoo Search API due to decisions on web site design, as well as linking policy. 

As Yahoo Search cannot determine the number of links to a directory, only to pages 

and domains, if a research group’s web presence is hosted within a directory, only 

links to the group’s home page are counted. Selecting those units of investigation 

that make use of their own domain name, rather than sharing a domain name, will 

provide a more detailed picture of knowledge flows. 
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2.3 Data interpretation 

The investigation into the interlinking between waste management web sites dem-

onstrated the potential of webometrics to compare the European Economic Area 

with the US, and to investigate the linking between different types of organisation 

and the interlinking between organisations at a country level. With an increase in 

the number of organisations included in any future investigations, it will also be 

possible to investigate intra-sector interlinking. An increase in the number of web 

sites will also increase the variation in the degree centrality of the different web 

sites, making degree centrality, a social network analysis indicator of connected-

ness, an appropriate indicator to rank different web sites’ connectedness.  

2.4 Conclusion of the Feasibility study 

The literature review and the investigation of waste management web sites both 

show that the application of webometric methodologies to publicly available data 

accessed through the Yahoo Search API can provide information about the knowl-

edge flows across a wide range of organisations. Whilst such information is re-

stricted, according to the limitations of the API and the web policy of different web 

sites, information can be retrieved that can provide formative and semi-evaluative 
assessment.  
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3 Pilot study 

The purpose of the Pilot study was to focus on the collection of data for the scien-

tific field of environmental sciences as a pilot. Based on surveys of researchers, 

policy makers and industrialists the main nodes and channels for knowledge flows 

in environmental science and technology were to be identified, link statistics to be 

gathered and webometric indicators to be calculated.  

3.1 Data collection  

3.1.1 Survey 

For the Pilot study an online survey was conducted for collecting the sample of 

URLs. An online survey allowed the collection of a large number of URLs, by ap-

proaching a wide group of researchers and experts in the different science and 

technology fields.  

The respondents were asked to provide names and URLs from important events 

(conferences, workshops, etc.), journals, industry organisations, intermediary or 

interest organisations, societal organisations, governmental organisations and other.  

In addition to the online survey, seven telephone interviews were conducted to go 

deeper into knowledge exchange patterns and channels in specific fields.  

As a result of the feasibility study it was decided to identify around 150-300 possi-

ble survey respondents within each scientific subfield. Email addresses of research-

ers, companies, international associations and national authorities were collected. 

Relevant information was extracted from different sources, such as Google, Google 

Scholar, CORDIS, different specialised directories (e.g. Global Directory for Envi-

ronmental Technology, the water pollution guide, the National Environmental direc-

tory), national and international agencies and different databases (e.g. CORDIS, 

ETDE's Energy Database, Scirus, ScienceDirect, FP6 database).  

Relevant researchers were identified by looking at the relevant authors of scientific 

publications or research projects. For the policy makers, the focus was on websites 

of government agencies.  

A somewhat balanced sample of email addresses was gathered, covering the ERA 

countries with 1,737 addresses, including also ERA countries which are not EU 

member states, the sample of third countries (U.S., China, India, Brazil, Japan, 

South Korea and Russia) covered by 1,132 addresses, and international domains, 

including commercial addresses, covered with 532 email addresses. The lists of 

email addresses were used as an input to the survey.  
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Altogether 2,156 email addresses were collected. However since many people were 

active not just in one technology field, but several fields, there was a lot of overlap 

between the technology fields and therefore duplicates. Altogether there were 

1,246 duplicates. Therefore, the total number is much higher than 2,156 – 3,401.  

The highest coverage was achieved by waste technologies with 1,115 addresses, 

followed by water technologies (971), clean tech (331), air technologies (323), soil 

technologies (308) and safe building technologies (276). One technology was cov-

ered by fewer than 100 email addresses: marine technologies (coastal defence) 

(77).  

The distribution of the email addresses had an impact on the results provided by 

the survey.  

The online survey was responded to by 130 experts. A full response was given by 

87 respondents. 40% of the respondents were active in one specific subfield of the 

environmental sciences (strong specialisation). The other 60% were active in 2 or 

more subfields which points towards the strong interrelation between the various 

subfields of environmental sciences. Most of the respondents were active in Water 

and waste technologies, followed by Environmental technologies and Clean tech-

nologies. The category ‘Other’ mainly consists of specifications within the different 

subfields and is often indicated in addition to one of the subfields. The majority of 

the respondents are researchers in academia. In terms of country distribution, the 

following countries were best represented with 5 or more respondents to the ques-

tionnaire: Spain (11%), the Netherlands (10%), Italy (9%), India (8%), Greece 

(6%), and the U.S. (6%). 

It should be kept in mind that the primary objective of the survey was to generate 

sufficient URLs in order to proceed with the analysis. This collection process cannot 

be associated with representativeness as the population of URLs in the specific 

fields of interest is unknown. Moreover, geographical representation is of course 

biased by the intrinsic strengths of countries in specific subfields (e.g. a country 

with an outspoken strength in environmental sciences, will probably have a larger 

population of active researchers in that field, and thus also a larger population of 

active websites – URLs). Nevertheless, through manual searchers and corrections, 

we have made sure that the most important organisations and their URLs were in-

cluded in the analysis, regardless of their geographical location.  

In total we collected about 800 single (and unique) URLs through the survey.  

In general, the dataset created through the survey required a lot of ‘cleaning’ be-

fore it was ready to be analysed in the next phase. Besides removing all the dupli-

cates, the URL fields often needed to be harmonised (deleting unnecessary text and 

standardising the format).  
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Furthermore, many URLs also needed to be reclassified as the respondents some-

times provided the website of an organisation, whereas they should have provided 

the website of an event. The respondents did not give accurate information and it 

was necessary to clean the data which took a lot of unexpected time and effort.  

3.1.2 Interviews 

The interview partners were selected after the survey. The survey respondents had 

been asked to confirm if they would agree to be contacted for a short follow-up 

interview. In total, 33 respondents were prepared to collaborate in a follow-up in-

terview. Ten experts were contacted, which led to seven concrete interviews. A cer-

tain geographical spread (inside and outside the ERA) was sought. Another selec-

tion criterion was the balance between policy makers, academic researchers and 

industry representatives. Here politicians and academic researchers had the highest 

priority. The guidelines for the interviews are published in the Annex. The inter-

views provided relevant insights on the knowledge exchange patterns and flows and 

networks in environmental technologies. The organisational affiliation of the inter-

viewees is given in the Appendix. 

3.2 Collection and analysis of webometric statistics 

3.2.1 Collection of link data 

The study started with an expert-identified list of 1,330 web sites in the field of en-

vironmental technology. To prevent the omission of web sites that play an impor-

tant role in the online network of environmental technology web sites, steps were 

taken to identify additional web sites through co-inlink and co-outlink analysis of 

the expert-identified web sites. This is based on the theory that the more expert-

identified web sites that either link to an unidentified site, or are linked to from an 

unidentified site, the greater the likelihood that the unidentified site is going to be 

related to the original set of web sites. 

Whereas the feasibility study collected data by submitting pairs of links through 

search engine APIs, the large number of web sites included in this study meant that 

such an approach was impossible. For example, 560 web sites were classified as 

being part of the subfield of ‘water technologies’ and investigating whether there 

was a link between each pair of web sites would require the running of 313,040 

queries. As such, data was collected about each individual site’s inlinks and outlinks, 

with co-inlink and co-outlink analysis being part of the post collection analysis.  
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Inlinks were collected through the Yahoo Application Programming Interface (API) 

by submitting queries in the form: 

link:AAA.com -site:AAA.com  

Where a domain rather than a web site was provided as the relevant URL, the ‘link’ 

parameter was replaced with the 'linkdomain' parameter. Outlinks were collected by 

using the Live Search API, which allows the linkfromdomain command: 

linkfromdomain:AAA.com 

Two lists were then compiled for each subfield: the sites that linked to the most 

expert-identified web sites, and the sites that were linked to by the most expert-

identified web sites. Those sites that were not in the original list of URLs, but were 

found to be linked with a significant number of expert-identified sites, were then 

investigated to see if they were related to the field of environmental technology. 7 

additional sites were identified through analysis of the eight subfields, and the inlink 

data was then collected for each of these sites. That means that 1,337 web sites 

were included in the investigation. 

As Yahoo restricts the number of results that can be extracted to the top one thou-

sand for any query, it is possible that if a web site has more than a thousand inlinks, 

links between some web sites will not be recognised. 

3.2.2 Analysis of data 

This study investigates the connections or knowledge flows between all the envi-

ronmental technology web sites, as well as within each of the subfields individually.  

Many of the web sites cover more than one subfield, and when investigating the 

interlinking of a subfield any web site that has been identified as covering that par-

ticular topic is included. However, when investigating the linking between all envi-

ronmental technologies, it is more meaningful to treat a web site as reflecting a 

single subfield. With many of the expert-identified web sites being categorised as 

covering four or five subfields interconnections between the different subfields 

would quickly become blurred. When investigating the interlinking between all the 

environmental technology web sites the first subfield provided is taken as repre-

senting the web site, and is referred to as a web site’s primary subfield.  

The large number of web sites included in the study means that it is necessary to 

include additional methods of analysis as well as network diagrams.  

Whilst network diagrams are useful for showing the relationships between aggre-

gates of web sites, and the interlinking between subsets of web sites, the complex-
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ity of a graph of all the environmental technology web sites, or even some of the 

larger subfields, means that it is necessary to include additional means of analysis. 

As such the density of the graphs, the average number of connections per web site, 

and the centrality of the individual web sites are also calculated to provide addi-

tional insights. 

Graph density refers to the number of connections in a network out of all possible 

connections. Calculating the graph density for each of the subfields allows conclu-

sions to be drawn about how connected the subfield is as a whole. It is important to 

recognise, however, that the size of a network is likely to have an impact on the 

density of the network. The more actors in a network, the more connections each 

actor needs to make for the network to have the same density. Therefore the aver-

age number of connections per web site is also used to give insights into the con-

nectedness of the subfields.  

In addition to understanding properties of the subfields’ networks, it is also impor-

tant to understand the roles of individual organisations. Within link analysis the 

impact of a web site is measured according to the site’s number of inlinks and out-

links, referred to in social network analysis as degree centrality (Wasserman & 

Faust, 1994). 

3.3 Results of the webometrics study on environmental -

technologies – calculation of indicators 

3.3.1 Environmental technologies in general 

Of the 1,337 sites included in the investigation, 755 were found to link to at least 

one other web site. Table 1 shows a breakdown of the number of web sites included 

within each subfield and the number that are found to link to at least one of the 

other 1,336 URLs.  

Viewed as a whole, the eight subfields combine to create a single network with 751 

nodes, and two 2-node networks. As has been mentioned above (see section 4.2.2), 

and demonstrated in Figure 2, the interlinking of 751 web sites is too complex for 

meaningful information to be drawn from a network diagram.  
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Table 1: Number of URLs in each subfield and proportion that link to at least one 
other web site. 

Figure 2: Network of 751 interlinking environmental technology web sites 

 

Technology 
field 

Number of URLs Linked to by at least one of the 
other 1,336 URLs 

Primary  
sub-field 

Primary or 
secondary 
subfield 

Primary sub-
field 

Primary or 
secondary 
subfield 

Air  
technologies 

77 134 48 (62%) 82 (61%) 

Clean  
technologies 

78 186 40 (51%) 134 (72%) 

Environmental 
technologies 
in general 

147 375 92 (63%) 231 (62%) 

Marine  
environment 

49 73 30 (61%) 46 (63%) 

Soil  
technologies 

149 195 78 (52%) 106 (62%) 

Sustainable 
and safe 
building  
technologies 

70 134 35 (50%) 83 (62%) 

Waste  
technologies 

218 462 109 (50%) 265 (57%) 

Water  
technologies 

549 560 323 (59%) 323 (58%) 
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To give an indication of the interlinking between the different subfields and the 

network as a whole, Table 2 shows the average number of connections each web 

site has with the whole of the network. 

Table 2: Average connections per web site. 

Subfield 
Number of 
web sites in 
subfield 

Number of 
connections 

Average number of connections 
per site 

Air technologies 134 1,181 8.81 
Clean technolo-
gies 

186 1,123 6.04 

Environmental 
technologies in 
general 

375 3,023 8.06 

Marine  
environment 

73 693 9.49 

Soil technologies 195 1,486 7.62 
Sustainable and 
safe building  
technologies 

134 1,006 7.51 

Waste technolo-
gies 

462 2,502 5.41 

Water technolo-
gies 

560 3,611 6.45 

Whilst the subfield of marine environment has a far higher average number of con-

nections with other sites than many of the other subfields, it by no means domi-

nates the list of web sites with the highest impact. Table 3 shows the top ten web 

sites according to combined inlinks and outlinks. The subfield of marine environ-

ment only appears once, only clean technologies does not appear as a subfield 

within the list. 

Table 3: Top ten web sites with the greatest overall impact. 

Organisation Combined 
inlinks and 
outlinks 

Subfields covered 

European Union DG En-
vironment (europa.eu) 

321 Waste technology, Air technology, Envi-
ronmental technologies in general 

EPA (www.epa.gov) 161 Soil technology, Waste technology, 
Sustainable and safe building technologies, 
Environmental technologies in general 

FAO (www.fao.org) 152 Soil technologies 
Massachusetts Institute 
of Technology 
(web.mit.edu) 

121 Water technologies 

UNESCO 
(www.unesco.org) 

108 Soil technology, Sustainable and safe 
building technologies, Environmental tech-
nologies in general, Marine environment  

Columbia University 
(www.columbia.edu) 

103 Water technologies 
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Organisation Combined 
inlinks and 
outlinks 

Subfields covered 

Oregon State University 
(oregonstate.edu) 

90 Water technologies 

UNEP (www.unep.org) 88 Environmental technologies in general 
Stanford University 
(www.stanford.edu) 

82 Air technology 

United Nations Frame-
work Convention on 
Climate Change 
(unfcc.int) 

77 Air technology  

The web sites included on this list are by no means limited to the environmental 

technologies covered in the subfield, and with many large organisations included in 

the study there are likely to be many links that are not based on environmental 

technology knowledge flows.  

In addition to classifying the web sites according to their subfields, they were also 

categorised according to the type of organisation they represented and where they 

were based. This enables us to draw more general conclusions about the interlink-

ing between the fields of environmental technology.  

3.3.2 Network patterns of connections or knowledge flows between dif-
ferent countries 

In addition to a number of web sites that may be considered global or EU-wide, 49 

different countries were represented by the 755 interlinking web sites. As some of 

these countries consist of only one or two web sites, with few international links, 

they can complicate a network diagram without providing much useful information 

about cross-national knowledge flows or the importance of individual countries.  

The network graph in Figure 3 focuses on the most important of the interlinking 

countries by restricting inclusion in the graph to those sites that have at least ten 

links to other countries. The size of the arrow and the line are in direct proportion 

to the number of links between web sites in different countries. The diagram clearly 

shows the dominance of international, EU, and US web sites, especially with regard 

to the linking of US sites to international web sites.  
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Figure 3: Interlinking between different countries within the field of environmental 

technology. 

 

3.3.3 Network patterns of knowledge flows between different types of 
organisation 

Web sites included in the study were classified as representing nine different types 

of organisation.  

Figure 4 shows the interlinking between the types of organisation by aggregating 

the web sites according to organisational type.  

With the 755 interlinking sites being classified into nine categories it is not surpris-

ing that there is a high level of interconnectedness; every type of organisation links 

to every other type of organisation at least once. There are, however, large differ-

ences in the number of connections between the different organisations, with the 

most connections between public science and government.   
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Figure 4: Interlinking between different types of organisation within Environmental 
Technologies. 

 

Whilst there are differences between the numbers of sites included within each sec-

tion (see Table 4), this is not the only cause of difference between the strengths of 

connections. For example, there are far more links between government web sites 

and EU web sites than from government to a number of other types of organisation 

with far more web sites included.  

Table 4: Number of connected web sites according to organisation types. 

Organisation Type Number of connected web sites 
Event 81 
EU institution 17 
Industry 105 
Intermediary 27 
International Association 48 
Journal 69 
NGO 39 
Public Science 241 
Government 136 

3.3.4 Network patterns of knowledge flows between different subfields 

Figure 5 shows the interlinking between the different subfields of environmental 

technology.  
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Figure 5: Interlinking between the different subfields within Environmental Tech-
nologies 

 

As with the interlinking between different types of organisation, each of the catego-

ries link to each other category at least once. The network is dominated by the sub-

fields of water technology, waste technology, environmental technology, and soil 

technology. This is not unexpected as these are the subfields with the most web 

sites in the study. Of the 1,337 sites included in the investigation, 755 were found 

to link to at least one other web site.  

3.3.5 Network patterns of knowledge flows inside public science 

Of the 755 connected web sites, 241 are classified as public science. These form a 

large network of 210 nodes (see Figure 6), a network with three nodes, and a net-

work of two nodes. 26 of the public science web sites are not connected to any 

other public science web site.  
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Figure 6: Interlinking between public science web sites 

 

Table 5: Web sites with the highest impact within public science. 

Organisation Combined inlinks and outlinks 
web.mit.edu 57 
www.columbia.edu 52 
www.stanford.edu 45 
www.princeton.edu 35 
oregonstate.edu 34 
www.uwm.edu 31 
www.hku.hk 28 
www.rfbr.ru 26 
www.tpu.ru 23 
www.ict.nsc.ru 21 

Table 5 shows the ten web sites with the highest impact within the public science 

set of environmental technology web sites. Whilst it includes many world famous 

institutions, it is noticeable that the web sites refer to the whole of the institution 

and not just the field of environmental technology, let alone any particular subfield. 

This may also be seen as a contributory factor to the lack of clustering Figure 6.  

3.3.6 Network patterns of knowledge flows in industry 

Of the 755 connected web sites, 105 are classified as industry. These form a large 

network of 39 nodes (see Figure 7), one three-node network, and eight two-node 
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networks. 47 of the industry sites are not connected to any other public science 

web site. 

Figure 7: Network of interlinking of organisations in the industry sector. 

 

The relatively unconnected nature of the network is not unexpected as commercial 

organisations are generally found to link less to external organisations than aca-

demic or government organisations. The disconnected nature of the industry graph 

is also expressed in the list of web sites with the highest number of inlinks and out-

links, where the most influential web sites in the network only had a combined 

inlink and outlink total of eight. 

Table 6: Web sites with the highest impact within the industry sector.  

Organisation Combined inlinks and outlinks 
portal.acs.org 8 
www.aiche.org 8 
www.asce.org 8 
www.asme.org 7 
www.ciwem.org 5 
www.wef.org 5 
www.werf.org 5 
asabe.org 4 
www.aidic.it 4 
www.suschem.org 4 
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3.3.7 Network patterns of knowledge flows in government 

Of the 755 connected web sites, 136 web sites were classified as being government 

agencies. These formed a large network of 119 web sites (see Figure 8), two 2-

node networks. Thirteen web sites were unconnected to any other government 

agency. 

Figure 8: Interlinking between government agency web sites in environmental 
technology. 

 

Table 7: Web sites with the highest impact in the government sector.  

Organisation Combined inlinks and outlinks 

europa.eu 118 
www.epa.gov 41 
www.unep.org 31 
www.evd.nl 28 
www.bmu.de 26 
www.mos.gov.pl 22 
www.env.cz 19 
www.defra.gov.uk 16 
www.minambiente.it 16 
www.environ.ie 15 

Of the three organisational types that have been investigated separately, the gov-

ernment agency network is the only network which is not dominated by water tech-

nology web sites. Although the set of 136 web sites includes 56 from the subfield of 

water management, the environmental technology in general web sites dominate 
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the network. However, the most central web sites in the network continue to be 

web sites that represent far more than just environmental technology. 

3.4 Knowledge flows or connections within the subfields 

This section looks at the knowledge flows or connection within each of the eight 

environmental technology subfields in turn. A network diagram is used to provide 

an overview of the linking between different types of organisation within the sub-

field, whilst a table gives the organisations with the highest impact. It is more use-

ful, however, to bring the graph densities of the different subfields together in a 

single table so that comparisons can be made between the subfields.  

Table 8: Average links per site and link density for each of the subfields.  

Technology 
Field 

Number of 
URLs 

Number of 
connections 

Links per site 
(to 2 d. p.) Link density 

Air technolo-
gies 134 294 2.19 0.016 

Clean tech-
nologies 

186 284 1.53 0.008 

Environmental 
technologies 
in general 

375 1,485 3.96 0.011 

Marine envi-
ronment 

73 119 1.63 0.023 

Soil technolo-
gies 195 449 2.30 0.012 

Sustainable 
and safe 
building 
technologies 

134 245 1.83 0.014 

Waste tech-
nologies 462 985 2.13 0.005 

Water tech-
nologies 

560 1,935 3.46 0.006 

3.4.1 Air technologies 

When analysing the connections between all the identified environmental technol-

ogy web sites 82 of the 134 web sites classified as air technologies were linked to 

by at least one other organisation. In isolation the air technology web sites form 

one large 63-node (Figure 9), a 2-node network, and 17 additional unattached web 

sites. 
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Figure 9: Connections within the subfield of air technology. 

 

Table 9: Web sites with the highest impact in the field of air technology.  

Organisation Combined inlinks and outlinks 
europa.eu 45 
www.nilu.no 13 
www.am.lt 12 
www.unece.org/env/lrtap 12 
www.msceast.org 10 
www.stanford.edu 10 
www.bef.lt 9 
www.apini.lt 8 
www.lpk.lt 8 
www.wmo.ch 8 

The air technology network is heavily dominated by the European Union web site 

(europa.eu), of which environmental technology is only a small part (and air tech-

nology an even smaller one).  

Of the top ten web sites, three are web sites that are broader in scope than envi-

ronmental technology (i.e., europa.eu, www.stanford.edu, www.lpk.lt), four deal 

with environmental technology generally rather than air technology specifically (i.e., 

www.am.lt, www.bef.lt, www.apini.lt, www.wmo.ch), and three focus on air rather 

than other areas of environmental technology (i.e., www.nilu.no, 

www.unece.org/env/lrtap, www.msceast.org). 
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3.4.2 Clean technology 

Of the 186 web sites that were categorised as clean technologies, 134 were found 

to link to at least one other organisation when investigating knowledge flows across 

all the environmental technology subfields. Taking the subfield of clean technologies 

in isolation there is a large 74-node network (see Figure 10), a single five-node 

network, nine 2-node networks, and 37 additional unattached web sites. 

Figure 10: Connections within the subfield of clean technology. 

 

Figure 10 is not heavily dominated by a single web site, however, clean technology 

is by no means the primary focus of all the web sites.  

Of the top ten web sites, five are web sites that are broader in scope than environ-

mental technology (i.e., www.madrimasd.org, www.asme.org, www.ecn.nl, 

www.acea.be, www.ertrac.org), four deal with environmental technology generally 

rather than clean technology specifically (i.e., www.am.lt, www.apini.lt, www.bef.lt, 

www.greenpeace.org), and three focus on clean technology rather than other areas 

of environmental technology (i.e., www.biofuelstp.eu). 

Table 10: Web sites with the highest impact in the subfield of clean technology. 

Organisation Combined inlinks and outlinks 
www.madrimasd.org 12 
www.am.lt 9 
www.asme.org 9 
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Organisation Combined inlinks and outlinks 
www.biofuelstp.eu 9 
www.ecn.nl 9 
www.acea.be 8 
www.apini.lt 7 
www.bef.lt 7 
www.ertrac.org 7 
www.greenpeace.org 7 

3.4.3 Environmental technologies in general 

Of 375 web sites categorised as part of the subfield environmental technologies in 

general, 231 were linked to at least one other web site when investigating knowl-

edge flows between all identified environmental technology webs sites. In isolation 

the subfield of environmental technologies in general consists of a large network of 

200 nodes, a 2-node network, and 29 additional unattached web sites. 

Figure 11: Connections within the subfield of environmental technologies in general. 

 

Table 11: Web sites with the highest impact in the subfield of environmental tech-
nology in general. 

Organisation Combined inlinks and outlinks 
europa.eu 153 
www.epa.gov 60 
www.unep.org 38 
www.bmu.de 30 
www.endseurope.com 28 
www.environnement.public.lu 25 
www.evd.nl 25 
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Organisation Combined inlinks and outlinks 
www.mos.gov.pl 24 
www.env.cz 23 
www.am.lt 22 

Whilst environmental technology in general doesn’t have the highest graph density, 

it does have the largest number of connections per web site (see Table 8). Although 

two of the top ten web sites are web sites broader than environmental technology 

(i.e., europa.eu, www.evd.nl), the other eight (i.e., www.epa.gov, www.unep.org, 

www.bmu.de, www.endseurope.com, www.environnement.public.lu, 

www.mos.gov.pl, www.env.cz, www.am.lt) deal with environmental issues in gen-

eral. These are primarily government departments on the environment. 

3.4.4 Marine technology 

Of 73 web sites categorised as marine technology, 46 were found to link to at least 

one other organisation when looking at knowledge flows across all the identified 

environmental technology web sites. In isolation the subfield of marine technology 

consists of a network of 34 nodes, and 12 additional unattached web sites. 

Figure 12: Connections within the subfield of marine technology. 

 

Table 12: Web sites with the highest impact in the subfield of marine technology. 

Organisation Combined inlinks and outlinks 
www.asce.org 10 
www.bodc.ac.uk 7 
www.dfi.org 7 
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Organisation Combined inlinks and outlinks 
www.unesco.org 7 
www.uwm.edu 7 
www.eeri.org 6 
www.ices.dk 5 
www.campus-oei.org 4 
www.easonline.org 4 
www.furg.br 4 

Whilst the network of marine technology web sites has the highest graph density 

Table 8), as can be seen from both the network and the table of the web sites with 

the highest impact, this is more to do with the fact that marine technology is the 

subfield with the fewest web sites.  

Of the top ten web sites, six are web sites that are broader in scope than environ-

mental technology (i.e., www.asce.org, www.dfi.org, www.unesco.org, 

www.uwm.edu, www.campus-oei.org, www.furg.br), three deal with environmental 

technology generally rather than marine technology specifically (i.e., www.eeri.org), 

and three focus on marine rather than other areas of environmental technology 

(i.e., www.bodc.ac.uk, www.ices.dk, www.easonline.org ). 

3.4.5 Soil technology 

Of 195 web sites that were categorised as soil technology, 106 were found to link to 

at least one other web site when investigating the knowledge flows between all the 

identified environmental technology web sites. Taking the subfield of soil technol-

ogy in isolation, there is an 81-node network (see Figure 13), two 2-node networks, 

and 21 additional unattached web sites. 
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Figure 13: Connections within the subfield of soil technology. 

 

Of the top ten web sites, five are web sites that are broader in scope than environ-

mental technology (i.e., www.epa.gov, www.fao.org, www.redorbit.com, 

www.unesco.org, www.asce.org), two deal with environmental technology generally 

rather than soil technology specifically (i.e., jeq.scijournals.org, www.ufz.de ), and 

three focus on soil technology rather than other areas of environmental technology 

(i.e., www.ars.usda.gov, www.swedgeo.se, asabe.org).  

Table 13: Web sites with the highest impact in the subfield of soil technology. 

Organisation Combined inlinks and outlinks 
www.epa.gov 33 
www.fao.org 26 
www.ars.usda.gov 23 
www.redorbit.com 18 
www.unesco.org 17 
www.swedgeo.se 15 
jeq.scijournals.org 14 
www.ufz.de 14 
asabe.org 13 
www.asce.org 13 

Of the top ten web sites, five are web sites that are broader in scope than environ-

mental technology (i.e., www.epa.gov, www.fao.org, www.redorbit.com, 

www.unesco.org, www.asce.org), two deal with environmental technology generally 

rather than soil technology specifically (i.e., jeq.scijournals.org, www.ufz.de ), and 
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three focus on soil technology rather than other areas of environmental technology 

(i.e., www.ars.usda.gov, www.swedgeo.se, asabe.org). 

3.4.6 Sustainable and safe building technology 

Of the 134 web sites categorised as sustainable and safe building technology, 83 

were linked with at least one other web site when looking at knowledge flows 

across all the identified environmental technology web sites. With the subfield of 

sustainable and safe building technologies, there is a 59-node network, a three-

node network, a 2-node network, and 19 additional unattached web sites. 

Figure 14: Connections within the subfield of sustainable and safe building technol-
ogy. 

 

Table 14: Web sites with the highest impact in the subfield of sustainable and safe 
building technology. 

Organisation Combined inlinks and outlinks 
www.epa.gov 27 
www.swedgeo.se 13 
www.evd.nl 11 
www.asce.org 9 
www.dfi.org 9 
www.senternovem.nl 9 
isiaq.org 8 
www.ecn.nl 8 
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Organisation Combined inlinks and outlinks 
www.ashrae.org 6 
www.vdi.de 6 

Of the top ten web sites, five are web sites that are broader in scope than environ-

mental technology (i.e., www.epa.gov, www.evd.nl, www.asce.org, www.dfi.org, 

www.vdi.de), and five deal with environmental technology generally rather than 

sustainable and safe building technology specifically (i.e., www.swedgeo.se, 

www.senternovem.nl, isiaq.org, www.ecn.nl, www.ashrae.org). None of the ten 

web sites with the highest impact focused exclusively on sustainable and safe build-

ing technology. 

3.4.7 Waste technology 

Of the 462 web sites that were categorised as waste technology, 265 were found to 

link to at least one identified web site in the field of environmental technology. Tak-

ing the subfield of waste technology in isolation there is a 219-node network, two 

2-node networks, and 36 additional unattached web sites. 

Figure 15: Connections within the subfield of waste technology. 

 

Table 15: Web sites with the highest impact in the subfield of waste technology. 

Organisation Combined inlinks and outlinks 
europa.eu 98 
www.epa.gov 65 
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Organisation Combined inlinks and outlinks 
www.aiche.org 17 
www.iswa.org 17 
www.psiru.org 15 
www.efce.info 13 
www.am.lt 12 
www.elsevier.com 12 
www.ktu.lt 12 
www.swedgeo.se 12 

Of the top ten web sites, five are web sites that are broader in scope than environ-

mental technology (i.e., europa.eu, www.aiche.org, www.efce.info, 

www.elsevier.com, www.ktu.lt), three deal with environmental technology generally 

rather than waste technology specifically (i.e., www.epa.gov, www.am.lt, 

www.swedgeo.se), whilst two focus on waste management rather than other areas 

of environmental technology (i.e., www.iswa.org, www.psiru.org). 

3.4.8 Water technology 

Of the 560 web sites that were classified as dealing with water technology, 323 

were linked with at least one other web site when investigating knowledge flows 

between all the identified environmental technology web sites. Taking the subfield 

of water technology in isolation there is a 310-node network, a single 3-node net-

work, four 2-node networks, and 2 additional unattached web sites. 

Figure 16: Connections within the subfield of water technology. 

 



Rindicate SPA6: The use of webometrics for the analysis of knowledge flows within the European Research Area 

October 2009 46 

Of the top ten web sites, seven are web sites that are broader in scope than envi-

ronmental technology (i.e., web.mit.edu, www.columbia.edu, oregonstate.edu, 

www.princeton.edu, www.mii.lt, www.ukmin.lt, www.mruni.lt), one deals with envi-

ronmental technology generally rather than water technology specifically (i.e., 

www.ars.usda.gov), and two focus specifically on water technology rather than 

other areas of environmental technology (i.e.,  www.iwahq.org, www.eawag.ch ). 

Table 16: Web sites with the highest impact in the subfield of water technology. 

Organisation Combined inlinks and outlinks 
web.mit.edu 56 
www.columbia.edu 50 
www.iwahq.org 44 
oregonstate.edu 43 
www.princeton.edu 37 
www.mii.lt 31 
www.eawag.ch 27 
www.ukmin.lt 26 
www.ars.usda.gov 25 
www.mruni.lt 23 

3.5 Discussion of webometrics results 

Within the pilot study the data collection and analysis methods, previously applied 

to the subfield of waste management in the feasibility study, were successfully 

adapted for the collection of data in eight subfields within environmental technology. 

However the findings highlight a number of issues that need to be addressed if fu-

ture studies are to provide the most useful information possible about the knowl-

edge flows manifested on the web.  

This section discusses: the number of web sites, the inclusion of web sites at vary-

ing levels of specialisation and in multiple subfields, and the use of metrics to com-

pare different subfields.  

3.5.1 The increase in the number of web sites 

The increase in the number of web sites within each subfield necessitated the adop-

tion of a less reliable data collection method, i.e., collecting as many of a web site’s 

inlinks as possible rather than determining whether there are links between each 

pair of web sites in turn. However, the large number of links found between web 

sites, and the inclusion of large web sites in tables of sites with high impact, con-

firms the new method’s suitability for data collection. The recognition of large web 

sites is important as these are the sites that could be adversely affected by the new 

data collection method: potentially having more than a thousand inlinks. Webomet-

ric investigations always necessitate a trade-off between the number of sites that 
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can be included within an investigation, and the dependability of the information 

that is collected; the more web sites the less reliable the information. If, however, 

the advantages from an increase in the number of web sites outweigh the loss of 

knowledge, the trade-off is worthwhile.  As the new approach to data collection al-

lows the field of environmental technology to be investigated as a whole, as well as 

in terms of its subfields, the potential loss of a little data should be seen as prefer-

able to the exclusion of numerous web sites.  

It is also possible to reduce the potential loss of data by not including very large 

sites of which the field under investigation is only a small part. This is discussed 

more fully in the next section.  

3.5.2 The inclusion of web sites at varying levels of specialisation and in 
multiple subfields 

An increase in the number of web sites requires either more time spent determining 

the appropriateness of the web sites, or greater reliance on those suggesting the 

web sites. Within each of the subfields in this pilot study the ten web sites with the 

highest combined inlinks and outlinks were listed, and in each list a significant 

number of web sites were found that were not necessarily primarily about environ-

mental technology, let alone the specific subfield under investigation. For example, 

there was a large number of university web sites, for which environmental technol-

ogy is only one of many fields encompassed within the web site. 

When the web sites of large multi-disciplinary organisations are included in the 

study of a specific field, the chance of the sites being found to link increases, but 

the chance of the link being based in a specific field is reduced. This may be seen 

as partially explaining the lack of subfield clustering when looking at the linking 

between all the identified environmental technology web sites.  

Whilst there is a level of noise introduced to the networks by including the large 

web sites of multidisciplinary organisations, noise can also be introduced to the 

networks by including the same web site in multiple subfields. The greater the 

overlap in the web sites included within each subfield, the more difficult it will be to 

understand the differences between the subfields. This can be seen in the same 

web sites being listed as having a high impact in multiple subfields, despite not 

specifically focusing on a particular technology. 

3.5.3 The use of metrics to compare different subfields 

The pilot study has made use of two metrics for making comparisons between the 

different subfields: graph density, and average number of links per web site. As 

mentioned above, graph density is not a good measure for comparing subfields of 
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different sizes. Whilst water technologies has one of the highest ratios of links per 

site, the large number of web sites that it could potentially link to means that it has 

one of the lowest graph densities. On the other hand, marine environment has one 

of the lowest ratios of links per site, but the highest link density.  

Whilst more pronounced differences in the graph density and the number of links 

per web site may be discernable after taking steps to reduce some of the noise dis-

cussed above, it seem likely that neither metric provides simple answers to how 

well knowledge flows within a particular subfield, or in comparison to another sub-

field. Together, however, they can provide a starting point for a discussion on the 

differences between two fields.  

3.6 Reflections of the interviewees on knowledge flows in  

environmental technologies 

The webometric analysis has shown that the subfields in environmental technolo-

gies are highly interlinked. Especially sub-fields like waste, water and soil technolo-

gies have a common issue – pollution. Pollution is also an important issue for air 

technologies and even for marine environment (Innovative coastal defence) tech-

nologies. That means that for five out of six of the selected technologies there is a 

common science base besides the specificity of the technology.  

This had practical consequences for this pilot study. Most of the identified experts 

who responded to our survey had expertise in several sub-fields. They selected 

URLs which covered several of the sub-fields. Therefore it was quite difficult to 

identify distinguishable clusters of sub-fields and knowledge flows. All sub-fields 

were dominated by web sites that are broader in scope than environmental tech-

nology amongst other topics or web sites dealing with environmental technology 

generally rather than a specific sub-field. As mentioned earlier, this also highlights 

the horizontal character of this field. 

Besides the common knowledge base for most of the sub-fields, the generality of 

the URLs is an important reason for the overlapping of the sub-fields. More specific 

URLs for university departments or research groups and branches of the important 

international organisations would provide a greater accuracy of data input.  

What can be said about the knowledge flows based on the interviews with selected 

experts? Because of the limited number of interviews, it is important not to gener-

alize the information extracted. However, the interviews did provide some interest-

ing insights. All three interviewees at policy level apparently use the same methods 

of staying up to date and sharing knowledge; the internet as their main source, 

followed by conferences. However, there were some differences. We can distinguish 

between a more open/public and wider approach and a more scientific and focused 
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approach in information gathering. The open/public approach is mainly based on 

screening the internet and looking for publicly available information in newspapers, 

magazines and other news channels.  

The preferred events are trade fairs. The moderate science-based approach also 

uses the internet, but is also based on academic sources, such as scientific data-

bases, journals. The preferred events are national and international conferences 

and workshops. 

 

The public approach has been shown in the interview with the expert from DG Environment at the 
European Commission. Here the internet is a very important source of knowledge:  

“I prefer an internet search and information published in credible newspapers and magazines. This is 
for me the first quality check. I use less academic journals.”  

“I surf the Net to ‘learn’ and visit different sites: green technology section on BBC website, CNN web-
site, Scandinavian and websites from UK, etc. I’m interested in reading opinions in newsmagazines, 
opinion making sites, etc. I also check the main business newspapers (the Economist, Financial 
Times), reports of the OECD, World Bank, United Nations of environmental panel. On firm level I 
check websites and reports from big consultancy firms who often have quite good material such as 
McKinsey. Furthermore, the business council of sustainable development provides good insights. 
Finally, I check also the reports from within DG research and DG enterprise.”  

Regarding participation in conferences or other events he mentions trade fairs: “Trade fairs give a 
good overview of what is happening in the business sector. Being member of the EC, the organizers 
often guide me and show me the most important/interesting topics presented”.  
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The interviewees from public science have a distinct science-based approach. They 

combine scientific journals, own scientific papers, conference participation and insti-

tutional web sites as the most important channels of knowledge exchange. Journals 

are often regarded as being of very important but often too slow to be up to date. 

Conferences are more up to date, but the quality may be different from conference 

to conference. 

The moderate science-based approach has been shown in two examples, the Belgian and the U.S. 
policy maker.  

The U.S. expert explains: "I am combining journals and conferences. I attend both general confer-
ences, local conferences, and more specific workshops”.  

About conference participation he says that “the most important conferences are the Pelleston con-
ferences – they are highly focussed, by invitation only, with only 40-50 experts discussing a specific 
topic. The conferences result in a report which is reasonable up to date and can be purchased on the 
internet. To attend good conferences is a way to keep up to date in the field, while journals are at 
least 6-8 months old.  

I have participated in Pelleston conferences some years ago, now I attend more general conferences, 
such as the SETAC-conferences, but also specific workshops or local workshops.  

An important channel for knowledge flows is a webinar, that’s a seminar on the web. I have attended 
8 webinars in the last 18 months. Recently I have been involved in several conference papers to-
gether with colleagues from outside my organisation”.  

The Belgian expert points out that “the internet is the most important source to find papers etc.” “The 
internet is a very important source of knowledge. Often we ‘Google’ to look for research projects or 
papers on a topic they want to know more about or we are dealing with at the moment. International 
databases such as those of EVRI (Environmental Valuation Reference Inventory) are also a potential 
source of information we are more looking into now.” They use also personal network and contact 
scientific experts if necessary.  

“In terms of conferences and workshops the most important ones are: BEED (Belgian Environmental 
Economics Day), conference from AERE (Association of Environmental and Resource Economists) 
which is held every year in a different country. Also the OECD workshops are very useful and events 
organized by the EC. It is also interesting that different countries attend these conferences.  

The conferences are important to see what other countries are doing in their field of expertise and to 
share experiences. Which countries are important in environmental technologies, are there countries 
from which a lot of knowledge is coming? Other countries represented at those events and interesting 
in their business are e.g. Sweden, the Netherlands and of course the US where there is in general 
more research done.  

We also subscribe to different newsletters from different organizations or institutions...” 
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What can be concluded from the one interview with an industry expert? Here of 

course it is especially important not to over-interpret the results. In general it can 

be said that industry experts’ knowledge flows tend to be more focused and confi-

The industry expert from Italy points out that “we try to keep our knowledge partly confidential. But 
the main channel for communication is through publications. We are participating in some EU R&D 
projects and there we have of course to release part of the knowledge, and the knowledge flow is 
mainly through reports and publication of articles. Seminars are less important.  

I am working with a narrow window of technology so the information we need is very specific and we 
know the people that are experts in the field. We therefore contact them directly and set up meetings 
when needed. 

Occasionally we work with universities and collaborate on conference papers.” 

The distinct science-based approach has been shown in all three interviews with academic scientists.  

The Irish expert highlights that "for researchers, journals keep playing a major role. Journals are well 
accessible, especially if they make it possible to download papers for a small amount of money. Jour-
nals are very important but unfortunately, often too slow as channel of knowledge flow. The journal 
cycle is often too slow to be up to date.” 

“The conferences are often acknowledged as less qualitative. This however depends on the type of 
conferences; the field specific ones are often of better quality.”  

“Conferences where committees are being held are the most important ones. Top people in research 
meet in these committees with top people in industry and policy. It is at those conferences that top 
researchers present their papers.  

Conferences in general are very good networking events. In terms of actual information exchange, 
she sees it as very low added value. Sometimes when saying what you are doing in your field at the 
moment, opportunities come up to collaborate, or a post doc who is interested proposes to come and 
work for you.  

However, people are very careful what they want to say in conference publication, because of IPR 
issues. It is a great pressure to keep trying to publish in these important journals and not to just ‘give 
away’ your knowledge on conferences. 

The Indian expert points out that he “uses all possible channels of knowledge exchange, such as 
writing journal articles, attending conferences, working on joint projects and inviting foreign stu-
dents.”  

“For journals is the quality of journals most important, based on a though review process of the arti-
cles. Journal articles I publish together with my students, my colleagues or with foreign colleagues. 

Conferences are important if they cover a wide spectre of people, having different background, ex-
perience and nationality. I prefer to attend conferences together with colleagues, at least with col-
leagues from a partner institute. Then I can discuss the topics with my colleagues. That is quite nor-
mal at national conferences, but more complicated at international conferences because of financial 
restrictions. I produce conference papers together with my colleagues or with researchers from other 
organisations.” 

The expert from Portugal explains that knowledge exchange for her is a combination of journals, 
papers, conferences. But in her field, journals and institutional websites are the most important. 

Conferences are interesting to know what is going on besides your own specific field. For her it is 
interesting to know what is going on in air and water (because environmental is very broad). Confer-
ences are places where researchers, meet industrials and people form policy level. Collaboration on a 
project has been a follow up from a conference for her for instance.  

Although conferences are interesting, internal seminars are more useful – depending on how big the 
departments are off course. So colleagues (not specifically direct ones) are also an important source 
of knowledge flow, but difficult to quantify of course. 
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dential. We call it here the industrious approach. The industrious approach has to 

take into account intellectual property rights and other strategic information. Dis-

semination of knowledge is less prioritised as long it is not secured by IPR. However, 

industry experts tend to be well updated on the state of the art in their specific field 

of expertise. They use all public available knowledge and participate also in collabo-

rative projects. 

We can conclude that for most of the interviewed experts conferences have a cer-

tain value, but in different ways and different kind of conferences. For some experts 

general conferences on environmental technologies are a valuable arena for keep-

ing in touch with a broader spectrum of knowledge than their own specialisation, 

while others prefer highly specialised seminars or workshops that allow a higher 

level of quality. However, all the experts who pointed out conferences as one 

knowledge channel they have used, have also highlighted the collaborative charac-

ter of conferences – they collaborate on papers, they exchange ideas and they 

come into contact with other experts for future collaborative projects. That means 

that conferences function as a kind of fertilizer of knowledge exchange. 

Personal contacts and networks have been highlighted as well by several interview-

ees. They are of course much more difficult to trace than conferences and co-

authored journal articles. Several interviewees highlighted the high quality of jour-

nals, but also that journals tend to be too slow compared to the state of the art. 

The use of the internet – exemplified in “Google” and online publication databases – 

has proven to be one of the main channels of knowledge gathering. All of the inter-

viewees could report that their organisations have web sites, and most of them are 

regularly updated. The web sites of the academics include links to publications or 

reports produced by the organisation, while the political organisations include gov-

ernmental agencies, regulatory agencies and some private institutions and trade 

organisations.  One of the academic researchers highlighted that they do not in-

clude links to conferences, since conferences are just temporary events. The indus-

try web site included no international links. 

Regarding the measurement of knowledge flows by webometric approaches, the 

interviewees had no knowledge of webometrics as such, but were interested in the 

potential insights it might deliver in the future. Bibliometrics appeared to be a more 

familiar term. 

3.7 Lessons learned from the pilot study 

There are several lessons from the survey, which have to be highlighted. First of all, 

it proved to be impossible to get really balanced coverage over all countries, or-
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ganisation types and technology sub-fields, within the given time-frame and in view 

of the large uncertainty concerning the ‘baseline’. 

The most important issue is the quality of the data output. In the pilot study this 

started with the collection of email addresses. For the case studies in the next 

phase, the experts in the project team will be responsible for the gathering of web 

sites, but the case studies will not be based on a web survey, as has been tried in 

the pilot study. As has been explained in section 2.1 the online survey resulted in a 

great work load for all involved – collecting large number of email addresses, man-

aging the survey, controlling the responses. However, the low quality of the output 

has been the main reason for abandoning the online survey for the case studies. In 

place of the online survey we will apply the approach originally described in the 

contract: we select the web sites based on expert knowledge and interviews with 

external experts. Therefore it will not be necessary to collect large numbers of 

emails, just a minor sample for potential interviewees.  

Important tasks for the experts involved in the case studies are: 

• Interviews (ca. 6-9) with key experts from public science, industry and politics 

in the respective field.  

• Selection of 150 URLs – a selection of the most important web sites from public 

science, industry, government and non-for-profit organizations.  

Some of the interviewees will be contacted twice, first to provide the web sites and 

later to comment on the results of the webometric analysis.  

The web sites have to be checked manually and classified (what kind of website, 

which country or domain). The main emphasis here is on important web sites, the 

coverage of all four sectors and the coverage of ERA and the selected third coun-

tries.  

However, this is not a mapping exercise, but a selection process. The quality of the 

selection is important. The web sites have to be as specific as possible – it is not 

appropriate to include general domains if the domain is not specialised in this field, 

but covers many other fields, such as universities or even university faculties. It is 

preferable to use the web sites of research groups, larger projects or specialised 

firms. In the case of government agencies, the web sites of the specific department 

of the agency dealing with politics related to the relevant field have to be identified. 

A website can have just one classification, not several. The web sites will be 

checked manually by the field experts related to each of the case studies.  
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The output of the website selection will be given in a standardised table, including 

five columns with the information given by the respondents:  

• Organisation (department) name;  

• Home country (or international domain);  

• Website;  

• Type of sector; 

• Type of organisation. 

This process will be followed for all four case studies. Field specific experts will be 

provided by the consortium:  

• SPRU for Nanotechnology – materials 

• NIFU STEP for Biotechnology/pharmaceuticals 

• IDEA for Food science and nutrition – food safety  

• NIFU STEP for Renewable energy, subfield Second generation biofuels.  

The pilot study shows that whilst on the one hand the data collection methods can 

be adapted to a larger number of web sites, it also shows the importance of having 

high quality web sites in the investigation, creating a human limitation on the num-

ber of web sites that can be included. As it is necessary that each website be 

manually checked, it is recommended that 150 web sites are included within each 

technology field. Fewer than 150 web sites would create problems in drawing con-

clusions about the knowledge flows within a subfield, whilst more web sites would 

be unduly labour-intensive, with relatively little extra return for the extra time in-

vested. To allow comparison of the webometric indicators in the case studies the 

number of collected web sites should be at the same level for all four case studies. 

The aim is to reach as balanced as possible a spread of web sites over countries 

and types of organisation. The webometric analysis can only identify clusters if the 

data input is clearly defined and knowledge flows can only be pointed out if differ-

ent clusters are visible in the data. However, the importance of the selected web 

sites has to be the first criterion for selection. 

The categorisation of organisations, and their web sites, is never simple, whether 

categorising the type of organisation or the subfield the web site covers. Nonethe-

less categorization is necessary if conclusions are to be drawn about the knowledge 

flows between different types of organization. Whilst there is a temptation to in-

crease the number of organization types included in the study to reflect the com-

plexity of the organizations, the natural result of such an approach is to have as 

many categories as there are web sites as they all will have slightly different roles. 

It is therefore more important that the categories reflect the main focus of the in-
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vestigation. If the study wants to draw conclusions about the differences in linking 

between the public sciences, industry, and government, then the web sites should 

be classified under these categories. Whilst web sites rarely fall neatly into one 

category, classification of web sites is about selecting the most appropriate of the 

available categories. The same is equally true when categorizing web sites within 

different subfields. It is important, however, that web sites are only categorized 

under one heading to keep the different sub-sets under investigation as distinct as 

possible.  

As a lesson from the pilot study it is suggested to conduct some of the interviews in 

the case studies at the start of the case studies and not all at the end. The experts 

will then be able to identify the most relevant information, which could improve 

efficiency and save time by working in parallel. 

The rather poor results of the pilot study did not offer any detailed suggestions for 

the best deployment for future ERA webometrics, but this will be an important issue 

for the case studies.  
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4 Case Studies 

4.1 Data collection 

4.1.1 Collection of relevant URLs  

In order to compare the four case studies it was decided to select 150 websites 

within each scientific subfield. URLs of research organisations and research groups, 

companies, international associations and national authorities were collected. Rele-

vant URLs were gathered from different sources, such as Google, Google Scholar, 

CORDIS, different specialised directories, national and international agencies and 

different databases (e.g. CORDIS, Scirus, ScienceDirect, FP6 database).  

Research groups were identified by looking at relevant scientific publications or re-

search projects. For the URLs pointing to governmental institutions, the focus was 

on websites of government agencies and of associations. The majority of the URLs 

point to public research organisations and firms. We distinguished public research 

organisations (PRO), such as universities, academies of science and government 

research institutes or laboratories, and non-profit research and technology organi-

sations (RTO) which play a clear role in some of the ERA countries despite almost 

no funding by the government.  

Table 17: Classification scheme for the URL samples. 

Type of sector Type of organisation 

Industry 
Firm 
Fair 
Industry association 

Public science 
Public research organisation (university or academy of sci-
ence) 
Scientific journal 
Scientific conference 
Scientific association 

Government 
National body 
International body (organisation under the UN or EU) 

Non-profit 
NGOs 
Think tank 
Other associations or intermediaries 
Other events 
Research and technology organisation (research institutes 
outside universities and academies, research foundations) 
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Table 17 gives the classification scheme for the different types of organisations 

covered by the URL samples. Included in the public science sector were both public 

research organisations (universities and academy of sciences) and scientific asso-

ciations, as well as scientific journals and conferences. Publications published in 

scientific journals and papers presented at scientific conferences address especially 

the scientific community, but also technology experts in industry and governmental 

bodies. A sample of 150 URLs was gathered for each technology field, covering the 

ERA countries (see Table 19), including also ERA countries which are not EU mem-

ber states, a sample of non-ERA countries (U.S., China, India, Brazil, Japan, South 

Korea and Russia) (Table 20), and international domains, including commercial ad-

dresses (Table 21). In terms of country distribution, the following countries were 

best represented: USA (22%), United Kingdom (7%), Germany and the European 

Union (each 5%), Sweden, France and Denmark (each 4%), the Netherlands, Italy, 

Japan and China (each 3%).  

Table 18: Distribution of URLs in the European Research Area (N=314). 

  2nd genera-
tion biofuels 

Food safety Nano mate-
rials 

Biotech 
pharmaceu-
ticals 

Total 

Austria 2 2 2  6 

Belgium  6 2 1 9 

Bulgaria  2   2 

Cyprus  1   1 

Czech Republic  2 3  5 

Denmark 12 4 4 1 21 

Estonia  2   2 

European Union  14 10 7  31 

Finland 6 3 1  10 

France 5 5 6 6 22 

Germany 10 3 11 7 31 

Greece 1 3   4 

Hungary  2 2  4 

Iceland 1    1 

Ireland  5 3  8 

Israel  2  2 4 

Italy 3 7 5  15 

Latvia 1 1   2 

Lithuania  1   1 

Luxembourg  1   1 

Malta  1   1 

Netherlands 3 9 4 4 20 

Norway 10 3 1  14 

Poland 2 1 1 1 5 
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Romania  1   1 

Slovakia   1  1 

Slovenia  2   2 

Spain 4 5 2  11 

Sweden 12 5 3 5 25 

Switzerland  1 3 6 9 

Turkey   1  1 

United Kingdom 6 13 11 14 44 

Total 92 103 73 47 314 

% Total 61.3 68.7 48.7 31.3 52.3 

Table 19: Distribution of collected URLs in selected countries outside ERA (N=207). 

  2nd genera-
tion biofuels 

Food safety Nano mate-
rials 

Biotech 
pharmaceu-
ticals 

Total 

Argentina    1 1 

Australia    3 3 

Brazil   3  3 

Canada 5 1  6 12 

China 1 3 10 2 16 

India 2 1 4 7 14 

Japan 3  9 5 17 

Korea 1    1 

Russia 1  4 1 6 

Singapore    1 1 

South Africa    1 1 

South Korea   3  3 

USA 24 17 12 76 129 

Total 37 22 45 103 207 

% Total 24.7 14.7 30.0 68.7 34.5 

Table 20: Distribution of collected URLs in international domains (N=78). 

  
2nd genera-
tion biofuels Food safety 

Nano mate-
rials 

Biotech 
pharmaceu-
ticals 

To-

tal 

Commercial/ Com-
pany  

  4  4 

Information    3  3 

International Or-
ganisation  

21 25 25  71 

Total 21 25 32 0 78 

% Total 14.0 16.7 21.3 0 
13.

0 
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The primary objective of this selection process was to generate sufficient relevant 

URLs in order to proceed with the analysis. This collection process can hardly be 

representative as the total population of URLs in the specific fields of interest is 

much broader. Moreover, geographical representation is of course biased by the 

intrinsic strengths of countries in specific subfields (e.g. a country with a recognised 

strength in a field will probably have a larger population of active firms and re-

search organisations in that field, and thus also a larger population of active web-

sites – URLs). Nevertheless, through manual searches and corrections and advice 

from the interviewees, we have attempted to establish a sample that included the 

most important organisations and their URLs. The main focus was on the European 

Research Area and the linkages of ERA to other countries. 

A challenge was the coverage of the BRIC countries, which was mainly caused by 

language problems. The names of some of the identified organisations and firms 

varied and in some cases this prevented us to include them. Examples for this are 

the China National Cereals Oils & Foodstuffs Corporation (COFCO) and the China 

Resources Alcohol Corporation (CRAC) for the 2nd Generation Biofuels case study. 

Besides this geographical bias, there will also be a ‘human’ bias in every sample 

selection. Even though the selection is done by an expert in the field, the personal 

position of the expert in this field will influence the URLs included in the sample. Of 

course the main web sites should be included but the number of web sites from 

some countries might be influenced by the expert himself. Two experts in the field 

will hardly ever select the same 150 URLs. However, when including the main or-

ganisations in the field, the overall outcome and main conclusions of networks 

should be the same. 

4.1.2 Interviews 

The interview partners were selected and contacted while we selected the URLs. A 

proportion of them were contacted to provide additional URLs and to screen the 

collected samples of URLs. They also gave insights into the technology field and 

into their experience with knowledge flows, such as participation in conferences and 

seminars, collaboration in joint papers, use of scientific journals and use of web 

sites.  

A diverse geographic spread was sought. That means we included both larger and 

smaller European countries, international organisations and organisations in coun-

tries outside the European Research Area. Another selection criterion was the bal-

ance between policy makers, academic researchers and industry representatives. 

Table 22 and Table 23 give an overview of the distribution of interviewees. The list 

of the interviewees’ organisational affiliation is given in the Appendix. Most of the 

case studies, with the exception of the nanomaterial case, had difficulties with the 
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interviews. The main reason was the timing. Most of the interviews had to be done 

just before the summer holidays season started, and potential interviewees were 

occupied with other tasks. This was certainly the case for the biotech pharmaceuti-

cal case study. However, 3 out of 4 case studies conducted at least 9 interviews. 

And the expert for the biotech pharmaceutical case study confirmed that he has a 

very good knowledge of the field from former work and has collaborated with sev-

eral of the experts in the field. He ensured that the URL sample for the biotech 

pharmaceutical case study gives an appropriate picture of the field, which has been 

confirmed by several interviewees.  

The guidelines for the interviews are published in the Annex. However, the guide-

lines were adapted further to the individual interviewee. The interviews provided us 

with relevant insights on the knowledge exchange patterns and flows and networks 

in the different fields of technologies. And finally they gave feedback on the case 

studies (see further on in the report).  

Table 21: Distribution of interviewees (N=38) by case studies and countries. 

Country 2nd Genera-
tion biofuels 

Biotech 
Pharmaceu-
ticals 

Food safety Nanomateri-
als 

Total 

Belgium  1 3 1 5 

Denmark 1   1 2 

EU 2  2  4 

Finland 1  1  2 

France    1 1 

Germany 1 1  1 3 

International 1 1 1  3 

Italy    2 2 

Netherlands  2  1 3 

Norway 3 1   4 

Spain    1 1 

Sweden    1 1 

Switzerland    1 1 

UK   1 3 4 

US  1 1  2 

Total 9 7 9 13 38 

Table 22: Distribution of interviewees (N=37) by sectors and countries. 

 Policy, NGOs 
Public sci-
ence 

Non-profit  
intermediar-
ies & RTOs 

Industry Total 

Belgium 1 3 0 1 5 

Denmark 0 1 0 1 2 
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 Policy, NGOs 
Public sci-
ence 

Non-profit  
intermediar-
ies & RTOs 

Industry Total 

EU 1 0 1 2 4 

Finland 1 0 0 1 2 

France 0 1 0 0 1 

Germany 0 2 1 0 3 

International 2 0 0 1 3 

Italy 0 1 0 1 2 

Netherlands 0 1 1 1 3 

Norway 1 1 2 0 4 

Spain 0 1 0 0 1 

Sweden 1 0 0 0 1 

Switzerland 0 0 0 1 1 

UK 2 1 0 1 4 

US 0 2 0 0 2 

Total 9 12 5 11 37 

Share 24 % 37 % 13 % 26 %  

4.2 Collection and analysis of webometric statistics 

4.2.1 Collection of link data 

The webometric stage of the study started with the list of 150 URLs of expert-

identified web sites of organisations in each of the four subfields: second generation 

bio-fuels, biotech pharmaceuticals, food safety, and nanomaterials. Unlike previous 

investigations steps were not taken to identify additional web sites through co-

inlink and co-outlink analysis of the expert identified web sites as improved meth-
ods in the identification of seed URLs led to diminishing returns in the pilot study. 

The pilot studies also demonstrated the importance of having URL samples of simi-

lar sizes so that comparisons could be made between the different fields; if there 

are significant differences in the sample sizes of the different subfields, metrics 

such as graph density are likely to be reflecting the number of URLs in the study 

rather than the linking behaviour and knowledge transfer in the field. 

With a wide variety of organisations included in the investigation it is not surprising 

that the URLs representing their relevant web presence varied considerably. 

Whereas some organisations had a domain or a sub-domain (see Figure 1) that 

focused primarily on a single subfield, for other organisations only a part of the 

domain focused on the subfield in question. 

Link data was collected in the same way as in the pilot study.  
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Inlinks were collected through the Yahoo Application Programming Interface (API) 

by submitting queries in the form: 

link:AAA.com/page.html -site:AAA.com  

Or in the form: 

linkdomain:AAA.com -site:AAA.com  

The ‘linkdomain’ operator was used to identify the inlinks if a whole domain or sub-

domain was identified as the most appropriate unit of assessment, whereas the 

‘link’ operator was used if a directory or page was identified as the most appropri-

ate unit of assessment. 

As Yahoo restricts the number of results that can be extracted to the top one thou-

sand for any query, it is possible that if a web site has more than a thousand inlinks 

links between some web sites will not be recognised. This was not found to be a 

problem in the pilot study, and any effect applies equally to all subfields in the in-

vestigation.  

Whilst the search engine may return results showing more than one link between 

two web sites, it is more appropriate to treat the network as dichotomous net-

works. This is due to the fact that Yahoo Search only provides one or two links per 

web site. A dichotomous approach is appropriate due to differences in the linking 

behaviour of organisations within the different sectors. A larger number of links 

from a university web site than a commercial web site is as likely to be a reflection 

of the linking practices in the different sectors as an increased knowledge flow. We-

bometric indicators can only ever be considered weak benchmarking indicators 

(Thelwall, 2004), and whilst a single link may seem to be a tentative connection, it 

is equally impossible to say with any certainty that multiple links or reciprocated 

links are a better indicator of knowledge flows. 

4.2.2 Analysis of data 

This study investigates the knowledge flows of four subfields: second generation 

bio-fuels, biotech pharmaceuticals, food safety, and nanomaterials. Each of the 150 

URLs within each subfield were classified according to the country where the or-

ganisation is based, the sector in which the organisation is based, and the type of 

organisation. As there are many Europe-wide agencies and international associa-

tions, there was also the option of classifying a URL’s country of origin as ‘Europe’ 

and ‘International’. Network diagrams are used to show the connections or knowl-

edge flows between different organisations, whilst social network analysis method-

ologies are used for drawing conclusions about the importance of different organi-

sations within each of the subfields. 
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4.2.2.1 Network Visualisation 

Network visualisation enables researchers to spot patterns in complex networks, 

something people are very good at (Rossi, 2006). There are, however, a number of 

different heuristics for determining the positioning of nodes in a network diagram of 

which Kamada-Kawai (1989) and Fruchterman-Reingold (1991) are two of the most 

popular. The Kamada-Kawai algorithm , which has been used in numerous we-

bometric studies (e.g., Holmberg & Thelwall, 2009), positions the network’s nodes 

by positioning connected sites close together whilst ignoring the strength of inter-

connection between a pair of organisations (Leydesdorff & Vaughan, 2006). It also 

fails to take into consideration the direction of the connections. The failure to take 

into consideration the strength of the connections between the web sites is irrele-

vant in this investigation as the network created from the Yahoo Search API must 

necessarily be treated as dichotomous. The Fruchterman-Reingold algorithm also 

tries to place connected sites close together, however it does take into considera-

tion the direction of the connections. Bidirectional binary connections would be 

treated as stronger in Fruchterman-Reingold since this would represent more direc-

tions, i.e., double the strength. 

Whilst the Kamada-Kawai (1989) algorithm was used in both the feasibility study 

and the pilot study, the Fruchterman-Reingold (1991) was deemed to be most ap-

propriate for this investigation. Whilst there were a number of reasons identified in 

the pilot study for the lack of certain expected patterns, taking into consideration 

the direction of the links is more likely to enable patterns to emerge. The Fruchter-

man-Reingold algorithm is available in the Pajek network visualisation software. 

4.2.2.2 Quantitative analysis of subfields 

Whilst network diagrams provide an overview of the relationships between a net-

work of actors, the field of social network analysis provides a number of methods 

for calculating the centrality of individual actors within a network. There are various 

measures of centrality, each emphasising different aspects of the network. Three 

centrality measures are used in this analysis: degree centrality, closeness centrality, 

and betweenness centrality (defined below). These are the most established, and 

most important (Otte & Rousseau, 2002), measures of centrality, and may be sim-

ply calculated with Pajek network visualisation software. Whilst there are additional 

measures of centrality such as the eigenvector centrality and Kretschmer and Kret-

schmer’s measure of weighted centrality (2006), these measures require non-

binary networks (Park & Thelwall, 2003), whilst the search engine results are more 

appropriately treated as dichotomous networks.  

Degree centrality is the sum of the direct links that an actor has with other actors, 

and may be calculated for both directed and non-directed graphs (Wasserman & 
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Faust, 1994). Degree centrality is the SNA equivalent of the crude counting of 

inlinks and outlinks within link analysis, and whilst it can provide useful information, 

it fails to take into consideration the position of the nodes within the network. 

Whilst an actor may have limited numbers of ties with other actors, those ties may 

be essential to the overall network. This issue is addressed in the calculation of be-

tweenness centrality, for which an actor is considered central if it tends to lie on the 

geodesics of other actors, i.e., the shortest paths between any two actors 

(Wasserman & Faust, 1994). Specifically, the betweenness-centrality of a node is 

the probability that it lies on a geodesic between two random nodes in the network. 

Closeness centrality is based on the idea that an actor is central to a network if it 

close to all the other actors (Wasserman & Faust, 1994). The closeness centrality of 

a node is defined to be the reciprocal of the sum of the shortest paths (geodesics) 

of the node with all other nodes (Wasserman & Faust, 1994). Hence, a high close-

ness centrality for a node indicates that it can reach most other nodes through rela-

tively short paths of links. Investigation of the closeness centrality means that the 

network is not overly influenced by the clusters of links in one area of the network. 

These measures of centrality are calculated automatically with network analysis 

software such as Pajek.  

4.2.2.3 Quantitative comparison of subfields 

Network analysis metrics also enable comparisons to be made between different 

networks. Graph density refers to the number of connections in a network out of all 

possible connections. Whilst the graph density may be calculated for a single graph, 

the graph density metric only becomes meaningful when comparisons are made 

between subfields, e.g., knowing that a network has a graph density of 0.04 is only 

meaningful when it is known that other subfield networks have an average graph 

density of 0.02. The size of a network is likely to have an impact on the graph den-

sity: the more actors in a network, the more connections each actor needs to make 

for the network to have the same density. Therefore 150 URLs were selected for 

each of the subfields in this investigation (see section 4.3.3). 

A version of graph density is also used to report the strength of inter-sector links. 

This is the percentage of total possible inter-sector links. This is the total number of 

links from web sites in sector A to web sites in sector B (e.g., Government to In-

dustry links) as a percentage of the theoretical maximum number of links. For in-

stance if there were 10 Government web sites and 20 Industry web sites and 5 

links from Government to Industry web sites then the calculation would be 

5/(10*20) * 100%. The maximum number of links is 10*20, i.e. every Government 

web site links to every Industry Web site. A relatively arbitrary cut-off point of 5% 

was selected to identify the strongest inter-sector links. 
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4.3 Discussion of the webometrics results 

4.3.1 Introduction 

Within this study the data collection and analysis methods, previously applied to the 

subfield of waste management in the feasibility study and to eight subfields in the 

field of environmental technology, were successfully adapted for an investigation 

into the knowledge flows in the four different subfields: second generation biofuels, 

biotech pharmaceuticals, nanomaterials, and food safety. Whilst the results high-

light differences between the subfields, findings derived from hyperlinks can only 

ever be weak indicators because hyperlinks are rarely the primary channel for 

knowledge flows and hence counting links cannot directly measure knowledge flows, 

although link counts can indicate likely knowledge flow relative strengths and direc-

tions. Hence the webometrics would be enhanced through triangulation/comparison 

with more traditional indicators of knowledge flows (e.g., bibliometric citations and 

patent references), as well as investigating the changes in the web networks over 

time. The use and relevance of the results and webometric indicators are com-

mented upon below. 

4.3.2 The use of metrics to highlight important organisations and types 
of organisation 

The various measures of centrality and the network diagrams enable important ac-

tors in the network to be identified. Webometrics show in this respect potential to 

indicate important intermediary or governmental organisations, often dedicated to 

spreading knowledge and enhancing knowledge transfer, which could be less easily 

identified through other more traditional methodologies. However more value is 

added through the reflections of those with specialised knowledge in the field. In 

each of the subfields in this study the experts in the field were able to help explain 

the reasons for the phenomena shown. This highlights the importance of using ex-

perts in conjunction with webometric analysis. Using experts alone, however, would 

be much less effective as the webometrics delivers a pre-formed partial structuring 

of a field that experts can correct or comment upon, whereas the task of creating a 

structure from nothing would probably be challenging and error-prone for most ex-

perts. 

As with comparisons of different science and technology fields (see section 4.3.3 

below), our understanding of the role of different organisations would be enhanced 

by being able to put the current network into a historical context. Comparing 

changes in the most central actors over time, and investigating the reasons for 

those changes, would help to identify the possible changes in behaviour that can 

increase knowledge flows. This would require systematic comparable periodic we-
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bometrics reports because the web largely overwrites its history except for the 

Internet Archive and the Internet Archive does not currently have tools to support 

historical link analyses. 

4.3.3 The use of metrics to compare different science and technology 
fields 

The pilot study made use of two metrics for making comparisons between the dif-

ferent subfields: graph density, and average number of links per web site. Two 

metrics were necessary in the pilot study due to the differences in the sample sizes 

of the subfields, as the more actors in a network, the more connections each actor 

needs to make for the network to have the same density.  

In the same way that the link behaviour of one organisation is meaningful in com-

parison to the link behaviour of other organisations, the link network structure of 

one subfield becomes meaningful in comparison to other subfields. Table 23 com-

pares the graph density of the four subfields as well as the number of websites 

connected to at least one other site. 

Table 23: Network statistics of the different subfields (total: 150 URLs in each case) 

Subfield 
Number of web sites 
connected to at least 
one other site 

Graph Density 

Second generation Biofuels 57 0.003 

Food Safety 43 0.004 

Nanomaterials 103 0.024 

Biotech pharmaceuticals 69 0.007 

The technology field with the largest number of websites connected to at least one 

other site is the field of nanomaterials, followed by biotech pharmaceuticals, second 

generation biofuels and finally food safety. The density of connections within nano-

materials is high in comparison to other fields. Food safety is slightly denser than 

second generation biofuels in spite of the lower number of websites connected to at 

least one other (43 instead of 57). Graph density is therefore lowest in the field of 

second generation biofuels, followed closely by the field of food safety. Nanomateri-

als is well ahead of the other three with a graph density of 0.024. The connected-

ness of nanotechnology is also shown in the degree centrality; 13 of the nanotech 

materials web sites had a centrality degree higher than any web site in any other 

sub-field. 

Whilst the density of the nanotechnology network has been highlighted in this study 

through comparison with other subfields, the origins of these differences could be 

gleaned through comparison with historical data. Although we can say that the 



Rindicate SPA6: The use of webometrics for the analysis of knowledge flows within the European Research Area 

October 2009 67 

nanotechnology subfield is the densest of the four subfields, the current data set 

does not allow us to draw conclusions about whether the density is increasing or 

decreasing and hence whether the density reflects the maturity of the network or 

the nature of the field. Understanding the changes in the graph density of a field 

could potentially provide insights not only into the growth of a field, but also the 

emergence of new sub-fields, which would decrease the density of the overall field. 

Whilst there is no way of collecting such data retrospectively, the annual or bi-

annual collection of such data in the future would allow for increasingly meaningful 

conclusions to be drawn as the available historical data increases. 

The fields can also be compared using the additional statistics added to the meth-

ods since the pilot study. These compare the degree of interlinking between the 

four sectors for each field and can be used to identify apparent differences in inter-

sector connections and knowledge flows.  

The tables highlighting inter-sector links at a rate of over 5% of the theoretical 

maximum conveyed this information (e.g., Table 25). This statistic is essentially 

graph density (as used above) but restricted to all links between two specific sec-

tors. All four case studies gave different results for this calculation in terms of the 

set of sectors that interlinked at a rate of over 5%. As a consequence, this calcula-

tion seems to reveal differences between fields rather than a generic inter-sector 

interlinking pattern. The table below confirms this but also indicates the relative 

scarcity of links from Public Science websites to the other sectors. Interesting to 

note is the weak industry-to-industry interlinkage, which could be explained by the 

fact that industry is more reserved in referring externally to competitors/partners. 

Table 24: Number of fields for which inter-sector links were above 5%. 

From \ To Government Industry Public Sci-
ence 

Non-profit 

Government - 1 1 2 

Industry 2 - 0 1 

Public Sci-
ence 

1 0 
- 0 

Non-profit 2 1 1 - 

4.4 Case findings compared 

The point we have made before is that webometric analysis can work in a comple-

mentary manner to bibliometric and technometric analysis. In this respect it is in-

teresting to compare the findings of a recent Rindicate study on S&T collaboration 

(based on co-authorship) to the interrelation patterns identified here. In the figure 
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below we present the share of EU-single, intra and extra EU publications in the 

EU27 by scientific field. 

Figure 17: Shares of EU-single, Intra- and Extra-EU publications in EU-27 countries 
by scientific fields, 2004-2006. 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Chem
ica

l e
ngin

ee
rin

g

Food, n
utri

tio
n

Ther
m

al 
pro

ce
ss

es

Org
an

ic 
ch

em
ist

ry

Civi
l e

ngin
ee

rin
g

Med
ici

ne

Med
ica

l e
ngin

ee
rin

g

Com
pute

rs

Mec
han

ic
al 

en
gin

ee
rin

g

Phar
m

ac
y

Envir
on en

gin
ee

rin
g
Oth

er

Polym
er

s

Bas
ic

 ch
em

ist
ry

Tota
l f

iel
ds

Elec
tri

ca
l e

ngin
ee

rin
g

Mat
er

ial
s 

re
se

ar
ch

Mat
hem

at
ics

Mea
su

rin
g, c

ontro
l

Bio
lo

gy

Eco
lo

gy,
 cl

im
at

e

Optic
s

Bio
te

ch

Nucl
ea

r t
ec

hnolo
gy

Geo
sc

ien
ce

s

Phys
ic

s

Multi
dis

cip
lin

ar
y

EU-27 single country Extra EU-27 Intra EU-27
 

Source: EC (2009), The Impact of Collaboration on Europe's Scientific and Techno-

logical Performance, produced by the RINDICATE consortium 

Based on the analysis of the co-authored papers, we can see that in Food and Nu-

trition the majority of publications are made by EU-countries only. About 20% of 

the publications are developed in collaboration with extra-EU organisations and 

countries. Considering the findings of the webometric analysis, the food safety net-

work (indeed, only a part of the science field Food and Nutrition) largely confirms 

this. Europe plays a central role in the diagram interlinking to web sites of Member 

States and international sites, but not to third countries (Extra-EU). Interlinking 

with third countries seems to be absent or only connected through international 

players. The results of the webometric analysis are richer and provide an overview 

of the underlying patterns and networks not necessarily involving collaboration.  

Let us review the biotechnology/pharmaceuticals case. Based on the co-authorship 

analysis, we see that the share of extra-EU collaborative publications is significantly 

higher than, for example, in the case of food safety. The webometrics analysis in-

deed confirms this as well. Figure 45 in the Appendix shows strong interrelations 
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with the US, Canada and Japan, as far as countries outside the EU are concerned. 

Here again we find the general picture to be confirmed by the webometric analysis.  

An interesting combination would be to use the top-publishing organisations in the 

field of food and nutrition as input to the webometrics analysis. An ex-post com-

parison of the both results would lead to a better understanding of the comparabil-

ity between the two (as argued also below). 
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5 Webometric indicators and other approaches 

to study connections and knowledge flows 

The use of scientific journals and technical reports and the participation in scientific 

conferences and specialised seminars is visible in the webometric analysis, but less 

prominently than in bibliometric studies. Conferences and meetings are different 

knowledge channels than scientific articles. They can react much faster to new di-

rections of knowledge development than normal scientific articles or even books, 

but they age faster than scientific articles in general because their scientific impact 

measured in number of citations shrinks faster (Lisée, C., Larivière, V., & Archam-

bault, 2008). The importance of conferences is different in different fields of re-

search; e.g. they play an important role in ICT and engineering.  

In bibliometric studies based on data provided by Thomson Reuters, it is possible to 

distinguish between different document types, e.g. articles, review articles, editorial 

material, proceedings papers and meeting abstracts among others. The ISI Web of 

Science and the ISI Proceedings database complement each other and allow an 

analysis of conferences (Glänzel, Schlemmer, Schubert & Thijs, 2006). By analysing 

the development of proceedings papers and meeting abstracts the following are 

possible:  

• To compare the development of articles with proceedings papers and meeting 

abstracts. 

• To reveal if the same organisations or countries are central in the scientific con-

ferences and meetings as in scientific articles in general. 

• To see if the same co-authorship relations are dominating article production and 

meetings and conferences.   

• To see if firms are equally active in both types of knowledge channel.  

Whilst there may be differences in the way organisations use their web sites, there 

may also be differences in sample sizes, with bibliometric and patent databases 

including many more organisations. However, the interviewees highlighted that 

there are great differences between general conferences and specialised seminars 

or workshops. Most of the interviewees prefer the specialised events as a knowl-

edge exchange channel, while the general conferences have been highlighted as 

good for networking. The importance of conferences for knowledge exchange could 

be better measured by bibliometric measures, since then historical data would also 

be available and conferences which were organised by specific organisations could 

be addressed separately. In the webometric study they often became invisible be-

cause websites of older conferences are not maintained, links to them may be de-

leted or updated to the next conference once they have finished, and websites of 

conferences were often a sub-domain of organisations covered by the study. Al-

though the ongoing collection of web data will partly overcome the problem of the 
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non-maintenance of older web sites, we nonetheless recommend combining we-

bometric studies with bibliometric and patent studies. Several possible methodo-

logical approaches for a combination of webometric and bibliometric studies are 

summarised below:  

1. Co-authorship analysis 

• Use the sample of the identified 150 URLs (and the underlying organisations) as 

a starting point to identify all related ISI-indexed papers in the sample of scien-

tific journals for a given time period (last 5-8 years); based on the institutional 

affiliations on these papers, a co-authorship analysis on the organisational level 

could be performed as has been shown in several papers (e.g. Noyons & Calero-

Medina, 2009; Klitkou, Nygaard & Meyer, 2007).   

• The result will be a much larger network than the webometric network (meas-

ured in number of nodes) as other organisations than the 150 listed also publish 

in the selected journals. As a result following two types of maps can be drawn:  

• the selected organisations and the selected scientific journals,  

• the selected scientific journals, the selected organisations and also the non-

selected organisations. 

• The analysis results in indicators for the intensity of publishing in the selected 

scientific journals for the selected organisations and the non-selected organisa-

tions and for co-authorship intensity between the selected organisations and be-

tween the non-selected organisations. However, this analysis cannot address 

the direction of linkages, but the strength of linkages and the three centrality 

indicators.  

• The following questions could be addressed: 

• How central are the selected organisations when applying the two different 

methodologies? 

• Does the webometric network match the bibliometric network? What is dif-

ferent and why? 

• How has the network changed over the last 5-8 years? 
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2. Citation analysis 

• Use the sample of identified 150 URLs as a starting point and identify all ISI-

indexed papers in the sample of scientific journals for a given time period (e.g., 

last 5-8 years) and track the author addresses for these papers and perform a 

citation analysis by analysing the organisational affiliation listed for the papers 

with an analysis of the citations to the identified organisations. 

• A citation analysis can address both the intensity and the direction of knowledge 

flows between countries, between types of organisations and between specific 

organisations as well. It would be possible to compare the results with the we-

bometric analysis.  

• A recent paper published by Noyons and Calero-Medina (2009) combined bi-

directional citations as a measurement for mutual respect and interest and co-

authorship as a measurement for collaboration between the faculties of three 

technical universities. A webometric analysis could show a third dimension of in-

terlinkages. 

Figure 18: Collaboration network (left) and Bi-directional citation network of 21 
faculties of 3 Universities of Technology (Noyons & Calero-Medina, 2009). 

   

3. Bibliometric study as a starting point 

• Another approach is to use a bibliometric method based on keywords as a start-

ing point for identifying articles and, by analysing the author’s organisational af-

filiation, the important organisations in the selected field. The delineation of the 

field is always a clear challenge and the keywords have to be defined with the 

help of experts. For the identified organisations the URLs would have to be re-

trieved manually.  
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• In addition to these organisations (research organisations and firms) intermedi-

aries can also be identified. Some of them may be identified by analysing the 

field ‘Funding agency’ in the Web of Science database. However, this informa-

tion is still not really standardised and is part of an index of funding agencies in 

Thomson Reuters databases, it is only partially available, and only for the most 

recent years. The information is based on the acknowledgements given by the 

authors at the end of their papers
2
. The Funding agency information is not 

available for many papers from the past, but could be used in future studies. 

Therefore, other more qualitative data sources should be added, such as inter-

views or existing studies on the field.  

• Another bibliometric approach is to apply keyword analysis to define a sample of 

important journals. A citation impact analysis of the journals will result in a 

measurement of centrality. Then the articles in the most central journals can be 

used as a starting point to perform a co-authorship analysis to identify the most 

central organisations. An advantage for this approach is that the sample of 

journals will be smaller and of higher quality. 

• An example for citation impact analysis can be seen in Figure 19. The results of 

a citation impact analysis of the journal ‘Nanotechnology’ conducted by Leydes-

dorff and Schank (2007) are visualised in a network diagram where the be-

tweenness centrality of the journal in relation to journals specialised in applied 

physics and in chemistry and material science is highlighted. The authors 

showed similar examples for two other fields. 

                                                

2  Here some examples for the information listed under Funding agency:  
• Department of Energy [DE-FC26-05NT42634];  
• Department of Energy GATE Centers of Excellence [DE-FG26-05NT42622]; Ford 

Motor Company;  
• European Commission [SSP/022681];  
• European WoodWisdom-Net research program;  
• US Department of Energy [DE-AC06-76RLO 1830]  
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Figure 19: Betweenness centrality of Nanotechnology between clusters of journals 
in applied physics and chemistry, in 2001 (Leydesdorff & Schank, 2007). 

 

4. Patent analysis in combination with a webometric study 

A patent analysis can be based on the results of a webometrics study. The organi-

sations which are covered by the sample of URLs are the starting point of the pat-

ent analysis. Then, track all patents assigned to the listed organisations in a certain 

patent sub-class. This will be relevant mainly for firms, but public research institu-

tions and non-profit research and technology organisations will also be covered. 

The current ownership of the patents can be analysed, and also historical changes. 

An analysis of the inventor addresses allows a mapping of international co-

inventorship for capturing international knowledge flows. The results can be com-

pared with the webometric results and a bibliometric co-authorship or citation 

analysis. 

A different approach takes the results of a patent analysis as a starting point for a 

webometric analysis: the relevant patent sub-classes have to be identified and the 

most important patent assignees can be mapped. The resulting list of patenting 



Rindicate SPA6: The use of webometrics for the analysis of knowledge flows within the European Research Area 

October 2009 75 

organisations can be an input for a webometric study, but can also be compared to 

the results of a bibliometric study. 

5. Complementary mobility studies 

The retrieval of electronic CVs from the internet and the systematic analysis of the 

fields ’Work experience’ and ’Education and Training’ allows a combination of a we-

bometric approach with a mobility study. Such a study can also be combined with a 

bibliometric approach by analysing the publication field of the CV and the author 

addresses in the indexed articles. However, the scope of such an analysis is proba-

bly limited, since not all publish their CVs openly on the web. And the author ad-

dresses have just recently been linked to the author names in the Thomson ISI 

database. 

Conclusions 

The usage of webometrics was unknown to almost all of the interviewees and they 

also could not reflect much on the importance of web links. Inside the organisations 

there are often specialised departments that update the websites, but the inter-

viewees from the industry associations pointed out that most of the knowledge 

gathered in their network is only available via an Extranet and not on the open web. 

The open web is used more for public reports and advertising services, achieve-

ments and capabilities. Some of the interviewees stressed that web links provided 

by firms have been included in the websites for marketing reasons, for directing 

users of the products of these firms. The firms will only include links which they 

want to be included, leading to a clear selection bias. This user perspective of the 

firms has to be distinguished from a knowledge producer perspective of public and 

non-profit research organisations. Interviews with intermediaries confirmed that 

web links are often seen as a public relations instrument. Scientific associations 

include links to firms often because of industry sponsorship of events organised by 

the associations. The nature of such links has to be uncovered by qualitative meth-

ods. 

The strong position of international organisations and scientific associations were 

revealed in several of the webometric case studies, but these would not be visible 

in a bibliometric or patent analysis, since in the address field for publication indexes 

such as the ISI Web of Science, no reference is made to any “European Technology 

Platform”, but instead the primary affiliation of the author is included. The same 

applies to the patent databases.  

The potential to show the position of intermediary organisations and associations 

and also governmental organisations in the network is thus an important feature of 

webometric analysis. Specific measures such as degree centrality, closeness and 

betweenness centrality help to position all organisations in the field, potentially re-
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vealing other interesting information that could not be seen using more traditional 

methodologies. Moreover, the graph density gives an indication of the density and 

general interlinking within the field. The overall (potential) knowledge flow between 

sectors, as indicated by counts of links between web sites, is another useful contri-

bution of the webometrics as it suggests the direction and strength of the key flows. 

A question remains about how close the webometrics networks would be to equiva-

lent bibliometric or patent networks? Future webometric studies should be supple-

mented by studies applying other methodologies, both qualitative and quantitative. 

It would be interesting to conduct four studies in parallel: a webometric study, a 

bibliometric study, a patent study and a case study based on qualitative methods, 

but all united by a common understanding of the technology system and thus a 

common ‘starting point’. 
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6 Conclusions and policy recommendations 

6.1 Main conclusions 

As discussed in the literature review, web links are not entirely equivalent to cita-

tions in the scholarly literature. The use of the website and the web links it contains 

depends largely on the type of actor concerned (e.g. university, company, or re-

search institute). Considering universities, many of their websites are related to 

research, but a large part is related to administrative and more practi-

cal/informative purposes. Moreover, links to web sites occur for other reasons than 

paper citations as the former are often part of directory listings and are to an insti-

tution as a whole rather than to specific output (Smith & Thelwall, 2002). Links 

from public science web sites to industrial web sites are often included because of 

sponsorship by industry and less because of a clear cut knowledge exchange. In 

this context, there are some important issues to take into account, like web site 

age, language, original country, academic disciplines, industrial sector, and infor-

mation content. All these influence the degree to which websites are visited. Hence 

it is clear that, like any other indicator, webometric indicators are also imperfect.  

In order to investigate the methodological and also interpretational boundaries of 

website analysis, the following case studies were carried out: 2nd generation Bio-

fuels, Food safety, Nano-materials, and Biotech pharmaceuticals. We selected in-

trinsically different fields in order to analyze and discuss the field dependency of 

Webometric techniques. The focus however was always the same: identification of 

potential knowledge flows between actors and countries.  

The main conclusions follow below. 

1. A ‘link’ does not (necessarily) reflect knowledge transfer 

Based on the literature survey, the case studies and the interviews, it became clear 

that the links have to be interpreted with great care. Webometrics are weak indica-

tors or proxies of potential collaboration (or a ‘relation’ of some kind) or knowledge 

transfer. It shows networks in fields, but interpreting this as knowledge flows is one 

step too far. Links captured by webometrics only sometimes represent knowledge 

flows from a knowledge producer perspective, but may also map the user perspec-

tive in the sense that users or intermediaries may link to producers or they may 

map sponsorship relations. The rationale behind putting a link on the website is 

often a question of marketing and visibility rather than real knowledge exchange.  

Firms, for example, include certain links for marketing reasons to guide the users in 

a specific direction, to attract other organisations, and to refer to other organisa-

tions from the network they are in. Hence, links to websites of firms may be more a 
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sign of networking and market orientation than real knowledge transfer. At the 

same time it is clear that links do represent some kind of ‘relationship’ between the 

cited and the citing organisation.  

The internet remains a very important source of information and knowledge (often 

uni-directionally however). For intermediary organisations, it is a way to distribute 

documents – possibly more difficult to find otherwise – to their members or to keep 

them updated on newest developments or events. Sometimes, however, informa-

tion is also shared on an intranet or extranet, only accessible for members of an 

organisation and therefore not publicly available and impossible to detect with a 

webometric analysis. Nevertheless, this kind of information transfer via the extra-

net could lie much closer to ‘real’ knowledge exchange than publicly available web 

links.  

Thus when it comes to monitoring knowledge flows within the ERA, the usability of 

Webometrics is limited as it does not directly capture knowledge transfer but rather 

information dissemination (the interviews have confirmed this as well); moreover 

the large volatility of the approach (i.e. potential biases that are introduced) do 

cause some concern. At the same time, other utilizations are worth considering 

from a policy perspective (see below). 

2. Webometrics make organisational interrelation patterns visible 

One of the most important assets of webometrics is the potential to highlight the 

roles of organisations that may be less clearly visible in traditional bibliometric and 

patent analysis; for example, the role of government agencies was clearly shown in 

the area of food safety and the importance of intermediaries was shown in the case 

of nano-materials, biotech pharmaceuticals and second generation bio-fuels. This is 

an important feature that distinguishes webometric analysis from other traditional 

network visualisation methods based for example on co-patenting and/or co-

publication analysis. Whereas the latter clearly reflect ‘collaboration’ patterns, the 

relationships identified through webometrics are clearly more loosely coupled and 

may reflect a more loosely coupled form of networking and/or collaboration. We-

bometrics thus provides the opportunity to see the broader picture and network in 

which industrial players, researchers and government operate.  

3. Webometrics makes cross-sectorial interrelation patterns visible 

Another important asset is that webometric analysis makes cross-sectorial patterns 

and relations visible in a rather ‘easy’ way. By clustering and labelling relevant web 

sites as public science, government, non-profit and industry, webometric analysis 

shows interrelations between broader groups of actors (sectors). In each of the 

case studies, the analysis revealed a different picture, thereby pointing out the sen-

sitivity of the webometric analysis to field-specific patterns. The value added of this 
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lies in the analysis or the assessment of the role of certain types of organisation in 

a particular field (e.g. research institutes and/or government). However, such label-

ling of organisations is also possible in a bibliometric approach. 

4. Webometrics enables studying and understanding the dynamism and maturity 

of specific fields 

Webometric analysis and indicators, such as network density statistics, make com-

parisons between different technology fields possible. It provides insights on how 

‘mature’ a technology field is, how well organisations in the field are connected, 

how certain type of actors play their role in the network compared to other fields, 

etc. The difference between the field of nanomaterials and second generation biofu-

els (graph density) illustrated this. As has been argued, access to historical data 

would provide the opportunity to better understand the changing nature of subfield 

networks over time, as well as the relative position (centrality) of individual actors, 

which is of interest when studying fields from an evolutionary perspective. 

Taking this a step further, we can relate this insight that Webometrics provides to 

strategic discussions on where and when ‘bridging organisations’ should and/or 

could be needed (e.g. ETPs). In our analysis we have come across several Euro-

pean Technology Platforms that fulfil the bridging role between industry, academia 

and government. It can be argued thus that in very sparsely connected fields, set-

ting up platforms may help bridge the gap between different organisations (a bro-

kerage function) and thus speed up the development of a field. Webometrics may 

provide evidence which can help decision makers to take this decision. 

5. There are clear methodological guidelines that need to be taken into account for 

future studies 

5.1. URL selection need to be objectified   

Webometric studies are dependent on the selection of URLs. The delineation of the 

technology system is complicated, especially for new and evolving areas, and 

should be given more attention (and thus time and funding) in future studies. 

Technology experts must be involved during the selection of the URLs and also later 

on in the process. Every technology field is different as shown in the case studies. 

Nevertheless, the danger of introducing a human bias should always be kept in 

mind, even when working with field experts. This can however be controlled for by 

taking as a starting point existing lists of organisations active in certain fields (e.g. 

bibliometric and/or technometric analysis of institutes, companies in the R&D 

scoreboard, companies in the AMADEUS database, members of European Technol-

ogy Platforms). In general, for a set of 150 URLs, the main institutions and organi-

sations should be included, independently from the expert that has made the selec-

tion. It is however possible that the nationality, expertise, and personal network of 
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the expert would influence the URL selection. Two samples made by two experts in 

a field would almost certainly not be the same – this makes the need for an objec-

tive external ‘point of reference’ necessary (see example given above).  

5.2. Analysis of too mature fields is not possible and/or useful 

Another conclusion to be drawn from the case studies is the limitation in terms of 

type of technology fields that can potentially be investigated. First of all, the fields 

should not be too ‘large’; otherwise it will be difficult to capture them properly. This 

has been clearly shown in the case study on ‘Nanomaterials’ which appeared to be 

too mature and too interlinked to give a good overview of the field, i.e. the com-

plexity is too high for webometric techniques to cope with. Furthermore, potential 

knowledge flows to organisations outside the European Union and the United States 

require specific attention. It is not enough to identify just one or two players; small 

networks including government bodies, industry associations, firms and research 

organisations should be identified too. The selection should clearly be ‘balanced’, 

and this depends mainly on the objectives of the analysis and the field involved.  

5.3.  ‘Triangulation’ is essential 

Comparison of webometric linkage patterns with other types of network analysis 

(e.g. based on publication and/or patent analysis) is essential for understanding the 

results appropriately. Although we have attempted to do so in the underlying study, 

we have faced the problem of comparability. In the future therefore it seems impor-

tant to take similar starting points for both webometric analysis and other types of 

network analysis. For example, the delineation of the field to be analysed should be 

the same in both (see also 5.1 and our recommendations below).  

6.2 Policy recommendations 

The 2007 Green Paper “The European Research Area: New perspectives” launched 

a wide public debate on how to achieve a more open, competitive and attractive 

ERA. A number of key areas have subsequently been identified where effective ac-

tions, undertaken in partnership between the Member States’ and the Community 

around common objectives would deliver significant gains for Europe’s research 

system and help to create a “fifth freedom” in Europe – the freedom of knowledge. 

The focus of this project was to explore the possibilities of webometrics as a tool to 

monitor and better understand knowledge flows and networks within the ERA and 

between the ERA and third countries.  

The first fundamental question is whether webometrics fulfils a niche/need in the 

entire R&D policy evidence basket. What does webometrics add that cannot be pro-

vided by other indicators/analyses?  
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• Webometrics allows identifying patterns and relations among organisations and 

sectors (economic sectors, but also sectors of activity) that could not otherwise 

have been identified with metrics.  

• Webometrics helps to understand the wider network and intensity of interac-

tions (network density) among actors in a field, or a selection of fields. For ex-

ample, how closely related are actors in specific fields? Who plays a pivotal role? 

Is it academia, industry or government? Which countries ‘host’ key organisa-

tions, organisations that are considered as ‘important’ by the peers in the spe-

cific field?   

• Webometrics are able to capture almost ‘real time’ developments and interrela-

tions. The traditional indicators fail to do so due to various delays (mainly in 

publication and data availability). The precondition is of course that the analyses 

are carried out periodically. 

Publication and/or patent based analysis do not have the above advantages but 

provide results that are more closely related to knowledge transfer. These seem 

thus to be complementary and there is potential to take this further in the near 

future. As shown through the case studies, webometric analysis, by taking into ac-

count its limitations, has added value in terms of capturing links, information ex-

change channels and networks, and potential knowledge transfer channels in and 

outside the European Research Area in selected fields. Webometrics can thus be 

used as a tool to monitor and better understand networks of interrelations and po-

tential knowledge flows
3
.  

Taking this as a starting point, we subsequently make the following more specific 

recommendations. 

                                                

3  In a recent report by the EC (2009) on ‘Metrics for Knowledge Transfer from 
Public Research Organizations in Europe’, the need to develop metrics on net-
work formation underlying potential knowledge transfer was emphasised. 
Knowledge transfer takes place in channels of interaction between different or-
ganisations. Knowledge can be produced, mediated, reproduced, acquired, and 
transformed in and between the different forms through various channels. Re-
cently there has been a consensus generating exercise between universities, 
funding agencies and the business community on the future development of 
metrics for knowledge transfer, commissioned by UNICO in the UK. The 
mechanisms agreed upon to further look into are: networks, continuing profes-
sional development, consultancy, collaborative research, contract research, li-
censing, spin-outs, teaching, and other. Important to note is that webometrics 
or the internet as such has not been mentioned as a potential source for devel-
oping metrics on knowledge transfer. From our perspective, it is clear that we-
bometric analysis can play a role here, especially in the visualisation of ‘net-
works’ and identification of potential knowledge transfer channels.  
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1. Use webometric analysis to monitor network interrelations and patterns in new 

strategic fields 

The Key Figures Report (2009) contained an interesting analysis on the web-based 

citation links among collaborating universities in Europe. The collaboration patterns 

were based on EC-funded research (FP-funded type of research). The analysis car-

ried out in this report has been similar, although focusing on specific fields. The 

next edition could contain results of key field-specific analyses, based on FP7 par-

ticipation data or bibliometric analyses, as a starting point (note also the methodo-

logical drawbacks mentioned above). As a complement to socio-cognitive network 

analysis based on patents and/or publications, webometrics has clearly shown its 

use. The role of countries and organisations in specific fields can be made visible. 

The network diagrams generated by webometrics, such as that at the end of this 

section, can be particularly useful in giving an overview of key actors within an 

emerging or heterogeneous field.  

In the context of monitoring the developments in relation the ERA, webometrics 

could provide insight in networking/interrelations and potential knowledge ex-

change patterns. It certainly can provide insight into the ‘relationships’ between 

organisations and countries in specific fields, regardless the nature of the relation-

ship. 

Webometric analysis can also be used for comparisons between different subfields. 

Comparative studies can provide relevant insights on the density of linkages in a 

certain field compared to another. This is again an interesting tool to target efforts 

for enhancing collaboration and cooperation. The large difference between nanoma-

terials and the other fields was particularly revealing of a significantly different 

overall structure. 

2. Use webometric analysis to identify missing links 

As argued above, webometric interlinkage analysis leads to a snapshot of the inter-

relations between actors and countries. In terms of policy making, it can be very 

relevant to use this snapshot to identify missing links. The case studies have shown 

the importance of intermediate organisations in bridging borders (national and or-

ganisational). Especially in newly emerging fields, webometrics can provide an early 

warning system with respect to the need to install this type of ‘bridging’ mecha-

nisms (e.g. ETPs or other intermediary structures). Linking these insights to other 

studies in the area is essential (e.g. research infrastructure development, knowl-

edge transfer and diffusion studies etc.). 

The ability of webometric analysis, through indicators such as degree centrality, 

closeness centrality and betweenness centrality, to reveal important organisations 

in a specific field can also be exploited in order to direct or adjust communication 
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through certain channels. Especially from a policy view, it can be important to es-

tablish partnerships or co-operate with leading organisations in the field in order to 

reach as many people as possible: we think of organising conferences in collabora-

tion with leading institutes that are visible in the webometric network analysis, tar-

geting communication towards certain organisations, etc. This also applies for im-

portant international R&D organisations outside the ERA that are currently not 

prominently present in the ERA network. 

3. Use webometric analysis for evaluation purposes (incl. impact assessment) 

Network positions and interrelations also relate to branding and communication. For 

instance, European Technology Platforms have been proposed as the method for 

bringing together technological know-how and stakeholders with the aim to produce 

a long-term strategic plan for R&D and development of specific technologies which 

have a significant economic and societal impact.  

They would ensure “synergy between public authorities, users, regulators, industry, 

consumers, and poles of excellence viewed as places where basic research and 

technology transfer are closely linked”
4
. The ETPs contribute to the objectives of the 

ERA by providing a framework to define a strategic research and development vi-

sion, priorities and action plans for leading technologies at European level. Repeat-

ing the analysis over time could give an indication of its changing role as it evolves 

in time. It should be kept in mind however, that a similar sample should be estab-

lished each year in terms of organisations and amount of organisations in order to 

be able to compare over time. 

Of course, evolutions in the importance of organisations and new players in the 

network should also be taken into account. In addition to the webometric analysis 

of ETPs, an analysis of the functioning of the ETPs extranets should be considered 

for capturing connections and knowledge flows initialised by ETPs. The recent 

evaluation of the ETPs (IDEA Consult, 2008) has clearly pointed out the success of 

the platforms in mobilising and bringing together the relevant actors in the specific 

fields. The results of the case studies do indeed confirm that as well, now based on 

webometric analysis. Besides using webometric analysis for evaluation of ETPs, it 

can also expanded to other (international) R&D programmes and organisations, to 

see how they are placed in the network, who they collaborate with, who link to 

them and which channels they should focus on. It is imperative in this type of mi-

cro-analysis to also investigate the intra- or extranet of the organisations, since 

that is a typical channel used for real knowledge transfer. On a micro-level it could 

                                                

4  EC Communication, “Industrial Policy in an Enlarged Europe”, COM 2002, 714 
final 
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be possible to make the information on these types of nets available for the we-

bometric analyst.  

4. Allow for longitudinal data collection and analysis 

Longitudinal webometrics research is particularly important for the future. Whilst 

this study shows the benefits of webometric insights about the interrelations in sci-

ence and technology fields, the analysis would undoubtedly benefit from the inclu-

sion of an historical perspective. Such analysis of historical changes in webometric 

indicators is dependent on the regular collection of the freely available webometric 

data because of the impossibility of collecting accurate historical link data. Since it 

is not feasible to conduct historical webometric studies without access to historical 

data, this requires a decision, planning and regular funding by the European Com-

mission.  

As mentioned before, one of the advantages of webometric analysis is that it cap-

tures ‘real time’ interrelations; this implies that in order to build up a thorough evo-

lutionary perspective, frequent data collection and analysis is needed. 

For a longitudinal study, data collection every six months is recommended, or every 

three months near the start of a field when it can be expected to rapidly change. 

The biggest time and cost factor in a webometric study is in gathering a valid col-

lection of URLs for any specific field. This requires extensive manual labour in con-

junction with field specialists to identify relevant types of web site and then final 

lists of web sites. The team that does this should have access to people who can 

read European languages, Chinese and Japanese in order to ensure comprehensive 

coverage. For the best coverage, the team should also attempt to communicate 

with Chinese and Japanese field experts. An initial comprehensive webometric 

study of a field can therefore expect to cost about 60,000 Euro. For a longitudinal 

study, much less work will be needed to update the URL list than to create it in the 

first place and therefore each follow-up study would only cost about 20,000 Euros 

to update findings or 30,000 Euros for a full-scale evaluation of the results – includ-

ing interviews and comments from subject experts. Note that these costs do not 

include bibliometrics, which is recommended as an additional component for pub-

lishing fields.  

5. For future studies, the following methodological recommendations should be 

taken into account 

5.1. The sample should be expanded to about 250-300 URLs in order to capture all 

countries and types/sectors of organisations.  

5.2. It is important to involve domestic experts. If the ambition is to identify and 

analyse extra-EU patterns, than it is important to work with local/national ex-
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perts. It is often difficult for European experts to collect the right URLs since 

there is a language barrier and many sites do not exist in English, making it 

difficult to identify the right organisations and web sites.  

5.3. Too large fields should not be investigated. Whilst it may be interesting to use 

webometric analysis to ‘map’ the network of large technology fields such as 

‘health’ or other topics of relevance in the Framework Programmes, these fields 

are too large to be captured by webometric analysis. Focus is the key to re-

trieving valuable information from a webometric analysis; otherwise, the analy-

sis will be obscured. We see the most potential in following up rather ‘new’ 

technology fields that, ideally, would be monitored to see change and to iden-

tify the needs for possible policy interference in the field. 

5.4. Webometric studies are very dependent on how the selection of URLs has been 

conducted: the delineation of the technology system is complicated and should 

be given more attention, time and funding in further studies. Technology ex-

perts have to be involved at an early stage and also later on in the process. 

Furthermore, the technology field should not be too large; otherwise it will be 

difficult to capture it properly. Interrelations and potential knowledge flows to 

organisations outside the European Union and the United States require specific 

attention: here it is not enough to identify just one or two players, but net-

works including government bodies, industry associations, firms and research 

organisations should be identified too.  

5.5. It would be helpful to distinguish between large firms and SMEs in future we-

bometric studies. This would enable the investigators to have a more balanced 

selection of firms, according to the distribution of firms in the specific technol-

ogy field. And such an analysis could provide a better understanding of the role 

of SMEs and larger enterprises.  

5.6. One should look into the ‘linkage’ motives in the future to understand better 

what a link represents. When firms, research organisations, government bodies 

and intermediaries are combined in one map, the different purposes of these 

linkages should ideally be made clearer, but this would entail considerable ex-

tra efforts for an investigator to visit each link and diagnose its purpose and so 

would only be recommended for particularly important case studies.  

5.7. ‘Homogenous’ groups of actors should be analysed, for example inside the 

same sphere of activity (e.g. academia, industry or government) in combina-

tion with more ‘heterogeneous’ analysis (i.e. cross-sectoral, which is one of the 

advantages).  

5.8. As discussed above, an advantage of webometrics is its ability to rapidly deliver 

insights, particularly into emerging fields. As a consequence it would be useful 
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to create a mechanism such that webometric studies can be rapidly commis-

sioned in advance of any policy or funding decision concerning such new fields. 

This would help to ensure that the results can feed directly into policy decisions. 

Figure 20: Social network diagram for the food safety network based on webome-
trics. 
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Appendix 

Telephone Interview guideline  
 

 
 

Short introduction into the webometrics project 
 

Discussion topics 
1. Measuring knowledge exchanges and flows (notion of ‘webometrics’) 

Awareness, how to measure knowledge flows, ‘webometrics’ as a technique, 

other ways of measuring … 

 
2. Knowledge flows/exchange in your discipline 

How do you exchange knowledge in your field of expertise - conferences, fairs, 

journals/publications …? Do these channels differ for academics, industry or 

government? 

 
3. Most important events/knowledge transfer channels  

E.g. conferences, journals, websites … Why are those the most important ones? 

How does this knowledge exchange take places?  

 
4. Your participation and role in knowledge transfer 

How do you approach these channels? Value added of these meetings, what 

‘concrete’ comes out of it (cooperation on projects – on EU level, papers …? How 

‘sticky’ is the knowledge that is being exchanged? Do you collaborate with oth-

ers in conference papers? 

 
5. Importance of websites 

How important is your own website to your organisation, do you or someone 

else update regularly, what is the rationale behind including a reference to an-

other company, organisation or journal on your website? Do you have weblinks 

to organisations outside your country? 
 
Do you agree to be cited in the report?  
 
Thank you for the interview. We will send you the final report of the project if you 
wish!  

Name of interviewee: .................................. 
Organisation: ..... 
Tel. +..................... 
Date: ...04.2009  
Interviewer: ... 
Technology field: ... 
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List of the interviewees’ organisational affiliation – Pilot study 

Organisation Country Type of organisation Subject 

Flemish Environmental 
Administration 

Belgium Government - national 
body 

Environmental tech-
nology in general 

Technip KTI Italy Industry 
Water and waste 
technologies 

European Commis-
sion, DG Environment 

EU Policy - international 
body 

Environmental tech-
nology in general 

Malaviya National In-
stitute of Technology 

India 

Non-profit Research 
and  
Technology Organisa-
tion 

Clean technologies 

UCD School of Archi-
tecture, Landscape & 
Civil Engineering 

Ireland Public science 
Soil & sustainable 
buildings 

Wageningen Univer-
sity 

Nether-
lands 

Public science 
Soil, waste, sustain-
able buildings 

American Petroleum 
Institute (API) US Industry association Water technologies 

List of the interviewees’ organisational affiliation – Case studies 

Organisation Country Type of organisa-
tion 

Aker University Hospital, Diabetes Research 
Centre 

Norway 
Public science 

American Diabetes Association US 
Public science - 
Scientific associa-
tion 

CIN2 Research Center in Nanoscience and 
Nanotechnology 

Spain Public science 

Confederation of the food and drink industries 
of the EU 

EU 
Industry - inter-
mediary 

CSEM Switzerland Industry 
Department of Food Safety and Food Quality - 
University of Ghent 

Belgium Public science 

DONG Energy Denmark Industry 

Dujardin Foods Belgium Industry 

EuropaBio EU 
Industry - inter-
mediary 

European Food Safety Authority EU Policy - interna-
tional body 

Finish Food Safety Authority Evira Finland Government - 
national body 

Flanders' Food Belgium Government - 
intermediary 
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Organisation Country Type of organisa-
tion 

Food Processing Faraday Partnership UK Government - 
Intermediary 

Forest-Based Sector Technology Platform EU 
Non-profit inter-
mediary 

IM2NP France Public science 

International Diabetes Federation Belgium 
Public science - 
Scientific associa-
tion 

International Energy Agency International Policy - interna-
tional body 

ISI Fraunhofer Germany 

Non-profit Re-
search and  
Technology Or-
ganisation 

Joint Institute for food safety and applied nutri-
tion 

US Public science 

Katholieke Universiteit Leuven Belgium Public science 

Kriya Materials Netherlands Industry 

Nano KTN UK 
Government - 
national body 

Newcastle University UK Public science 
OECD International Futures Programme Paris Policy - interna-

tional body 
Oxonica UK Industry 

Paper and Fibre research institute (PFI) Norway 

Non-profit 
Research and 
Technology 
Organisation 

Sintef, Materials and chemistry, Process tech-
nology Norway 

Non-profit Re-
search and  
Technology Or-
ganisation 

Technical University of Denmark, Department 
of  
Management Engineering 

Denmark Public science 

Technopolis Netherlands 

Non-profit Re-
search and  
Technology Or-
ganisation 

Tethis Italy Industry 

TU Berlin Germany Public science 

Unilever International Industry 

University of Cagliari Italy Public science 
UNU-MERIT Netherlands Public science 

UPM-Kymmene Corporation Finland Industry 

Vinnova Sweden 
Government - 
national body 

Walter Brendel Centre of Experimental Medicine  Germany Public science 
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Organisation Country Type of organisa-
tion 

(nanotoxicology) 

ZERO Norway NGO 



Rindicate SPA6: The use of webometrics for the analysis of knowledge flows within the European Research Area 

October 2009 108 

Results of the webometrics study on  

2nd generation biofuels  

From first to second and third generation biofuels 

The production of the 1st generation of biofuels has been developed and deployed 

over the last thirty years, with the production of bio-ethanol mainly in the U.S. 

(based on corn) and Brazil (based on sugarcane) and biodiesel mainly in Europe 

(Germany in a leading position) and the U.S. (converting vegetable oils and fats to 

esters, based on for example rapeseeds or palm oils).  

Main drivers for the deployment of 1st generation of biofuels are:  

• Improved energy supply security 

• Support for the agricultural sector and rural communities 

• Reduced dependency on oil and gas imports 

• Potential for greenhouse gas mitigation (Sims, Taylor, & Saddler, 2008; p. 5). 

Figure 21: Well-to-wheel emission changes for a range of 1st and 2nd generation 
biofuels (excluding land use change) compared with gasoline or mineral diesel.  

 
Source: OECD report by Sims et al. (2008) based on analysis of 60 published life-
cycle analysis studies giving either ranges (shown by the bars) or specific data 
(shown by the dots). 
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Figure 21 shows that food based biofuels (with the exception of Bioethanol based 

on sugar cane) have a much lower potential for the reduction of greenhouse gases 

compared to 2nd generation biofuels, which are based on ligno-cellulosic feedstock. 

With the increasing food prices, the sustainability of some of the feedstock and the 

barriers for a further development of these types of biofuels is questioned. Sims et 

al. highlighted the following concerns for many of the 1st generation biofuels: 

• Competition with food crops contributes to higher food prices 

• Total production costs (excluding government subsidies and grants) too high 

• Only limited greenhouse gas reduction benefits, with the exception of sugarcane 

(see Figure 21) 

• Production of biomass feedstock not always sustainable 

• Accelerating of deforestation and other land use effects 

• Potential for negative effect on biodiversity 

• Competition for scarce water resources in some regions (2008; p. 6). 

Therefore, the demand for a new generation of biofuels has been strengthened, 

biofuels which are based on non-food feedstock and produced more sustainably and 

less demanding regarding the use of land and water resources: second generation 

biofuels, the area of focus of this case study. 

Finally you also have the concept of the Third Generation Biofuels, which is focus-

sing on the production of biofuels based on reconfigured microbes and algae. This 

approach is not covered in this case study.  

Technology profile  

Second generation biofuels is a technology approach where non-food feedstock, 

such as wood, waste, leaves, straw etc. is used for the production of biofuels.  

Second-generation biofuels are mainly made from ligno-cellulosic biomass feed-

stock using advanced technical processes. Ligno-cellulosic sources include woody, 

carbonous materials that do not compete with food production, such as leaves, 

sludge, waste, tree bark, straw or woodchips. An overview of the biomass feedstock 

used and the name of production processes for both first and second-generation 

biofuels is given in Table 26, while the main technology pathways are pointed out in 

Figure 22.  

The type of feedstock varies between the countries (see Table 25). We can distin-

guish mainly between the following prominent types of feedstock: 

• Cereal straw, bagasse and other residues from the agriculture  

• non-food energy crops, such as switch grass, miscanthus, Jatropha, short rota-

tion forests poplar, eucalyptus and willow  
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• wood chips, tree bark, black liquor and other residues from forestry, logging 

and pulp and paper production  

• municipal solid waste and industrial sludge 

• animal fats and waste fats 

• crude glycerine, which is a by-product of the production of bio-diesel 

Table 25 indicates that most common is the usage of forest-based feedstock and 

agricultural residues. There is a specialisation in the usage of feedstock for some of 

the smaller countries: Denmark is for example highly specialised in the use of straw 

and other agricultural residues, while Sweden is more specialised in the usage of 

forest-based feedstock. Larger countries, such as the United States, Canada and 

Germany tend to apply a greater variety of feedstock. This is also understandable, 

because these countries have a broader access to a variety of feedstock. 

Table 25: Usage of feedstock in different regions and countries in RD&D projects 

and industrial activities. Source: Sims et al. (2008) and own assessment. 

Region Country 

Straw, 
stoves, 
bagasse & 
other 
agricultural 
residues 

Energy 
crops, as 
switch 
grass, 
energy 
cane, 
agave, 
jatropha  

Wood 
chips, 
sawdust 
& forest 
residues 

Municipal 
solid waste 

Industrial 
sludge 

Animal 
fats 
and 
waste 
fats 

Crude 
glycerine 

Europe 

Austria     2 1      

Belarus   1          

Denmark 3   1 1      

Finland     1     1  

France 1       

Germany 2 1 2 1   1  

Israel              

Italy 1 1           

Netherlands       1 

Norway     1 1 1    

Spain 1       

Sweden 2   3        

UK       1   1   

North America 
Canada 2   3 1      

US 2 2 3 1   1  

South America Brazil   1          

Asia 

China 2            

India 1 1 1        

Japan     1        

Note: The usage of the different feedstock is indicated on a 1-3 scale where 3 is the 
highest level and 1 the lowest, while no indication means that no evidence could be 
found.  
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The different technology pathways for the different types of feedstock are summa-

rised in Table 26 and Figure 22. 

Figure 22: Second generation biofuels: value chain for ligno-cellulosic material from 
a technology perspective. Source: NIFU STEP. 

 

The main knowledge fields relevant for Second Generation Biofuels research are 

chemistry, and here especially biochemistry and chemical engineering, biotechnol-

ogy and science and technology fields related to the different types of feedstock, 

such as plant sciences, forest science, agricultural science and waste technology. 

Genetics are in use for modifying the genetic code of the organic feedstock (e.g., 

for reduced lignin content, development of drought-resistant GM varieties of jatro-

pha) or for creating new bacteria and enzymes to treat organic feedstock. 

Table 26: Overview of biofuels and the feedstock and the processes used in their 
production. Sources: Biofuels Research Advisory Council (2006) and others. 

Biofuel type Names of biofuel Biomass feedstock Production process 
Bioethanol Cellulosic bio-ethanol Ligno-cellulosic ma-

terial 
Advanced hydrolysis 
& fermentation 

Synthetic 
biofuels 

Biomass-to-liquids 
(BTL) 
Fischer-Tropsch (FT) 
diesel 
Synthetic (bio)diesel 

Ligno-cellulosic ma-
terial 

Gasification and syn-
thesis 

Ligno-cellulose 
(Any biomass feedstock other than 

starch, sugar, plant oils or animal fat) 

Thermo-chemical path-
way biomass-to-liquid 

(BtL) 

Bio-chemical pathway 

Gasifi-
cation 

 
SYNGAS 

Fischer 
Tropsch  
synthesis 

 

Fermentation  
Ethanol 

Conversion with 
enzymes 
or acids 

Otto-engine Diesel-engine Jet-engine Fuel cell 

Biofuels 
BioHydrogen, Bio-DME, BioEthanol, 

DMF, HTU Diesel, Fischer Tropsch diesel, 
Mixed Alcohols 

Pyrolysis 
Biochar & 
pyrolysis 
oils 

Catalytic up-
grading to high-
value phenols 
and/or biofuels 
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Biofuel type Names of biofuel Biomass feedstock Production process 
Bio-methanol 
Heavier (mixed) al-
cohols 
Bio-demethylether 
(Bio-DME) 

Biogas SNG (Synthetic 
Natural Gas) 

Ligno-cellulosic ma-
terial 

Gasification and syn-
thesis 

Bio-
hydrogen 

Bio-hydrogen Ligno-cellulosic ma-
terial 

Gasification and syn-
thesis or Biological 
process 

Biodiesel Hydro-treated bio-
diesel 

Vegetable oils and 
animal fats 

Hydro-treatment 

Bio-
methanol 

Bio-methanol Crude Glycerine a 
by-product in the 
production of bio-
diesel. 

Glycerine-to-
methanol process 

Industrial implementation 

The primary industry sector where the technological innovation system for Second 

Generation Biofuels is located is the chemical industry sector. As has been shown 

by (Cesaroni, Gambardella, Garcia-Fontes, & Mariani, 2004) the chemical sectoral 

innovation system is quite heterogeneous and science driven.  

The technological innovation system of Second generation biofuels is also con-

nected to other sectoral innovation systems as the Technology plan for the Strate-

gic Energy Technology Plan (SET Plan) pointed out: “The biomass energy sector 

involves many stakeholders from different horizons. A cross-sectoral coordination 

between agriculture, forestry, oil industry and car manufacturers is essential” (EC, 

2007). Here we can distinguish between upstream and downstream connections. 

For upstream connections the feedstock used for the production of for Second Gen-

eration Biofuels is important. The available feedstock is rather varied and is de-

pendent from the availability in the market, such as agricultural residues, waste 

and forest residues. Therefore, the technological innovation system is also con-

nected to other industry sectors such as the agricultural sector, the forestry sector 

and waste management.  

One of the interviewees pointed out: “this requires extensive logistics and interme-

diate storage. Therefore the proposed technology lift has to go towards flexible 

feedstock independent plants”.  

Recently, the shortage of traditional feedstock for chemical production and the re-

quirements for reduced CO2 emissions and other pollutants have also contributed to 

environmental innovations in the chemical industry: the concept of the Green 

chemistry has been developed (Oltra & Saint Jean, 2007). The 12 principles of 
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green chemistry include among others the use of renewable feedstock, the preven-

tion of waste and hazardous chemical syntheses, and increased energy efficiency.i  

When analysing the downstream application of Second Generation Biofuels the 

technology system is connected to more or less all industry sectors which have 

used fossil fuels. The Second Generation Biofuels industry functions as “an up-

stream sector providing intermediates for several downstream users” (Cesaroni et 

al., 2004, p. 124), such as for the transport sector, energy production or machine 

production.  

Important related issues are the development of standards for Second Generation 

Biofuels and the concept of the biorefinery (Jenkins, 2008). Biorefinery is according 

to the IEA Bioenergy the co-production of multiple bio-based products (fuels, 

chemicals, power and materials) from biomass (IEA-Bioenergy, 2009). 

 
The technological innovation system of 2nd Generation biofuels is profiting from in-

ternational collaborative efforts to foster the development of this system, such as 

the IEA Bioenergy, set up in 1978 by the International Energy Agency as an Im-

plementing Agreement, with 21 member countries.ii  

IEA Bioenergy is organised in several Tasks, and several of these Tasks are highly 

relevant for 2nd generation biofuels, such as for example Task 39
5
 Commercialising 

1st and 2nd Generation Liquid Biofuels from Biomass, Task 31
6
 Biomass Production 

for Energy from Sustainable Forestry and Task 42
7
 Biorefineries: Co-production of 

Fuels, Chemicals, Power and Materials from Biomass. For Europe the European 

Technology Platforms (ETP) have to be highlighted, and especially the European 

Biofuels Technology Platform, the ETP Forest-Based Sector Technology Platform, 

                                                

5  http://www.ieabioenergy.com/Task.aspx?id=39; http://www.task39.org/  

6  http://www.ieabioenergy.com/Task.aspx?id=31; www.ieabioenergytask31.org/  

7  http://www.ieabioenergy.com/Task.aspx?id=42; 
www.biorefinery.nl/ieabioenergy-task42  

An important company for Biomass-to-liquid (BTL) production is Choren in Ger-

many. They can use a broad range of available feedstock and have achieved a 

high efficiency degree. However, the energy efficiency of 2nd generation biofuel 

production is still not sufficient to create any profit. Therefore companies en-

gaged in 2nd generation biofuels have to develop a biorefinery concept, where 

biofuels are just one product alongside with a broad range of more expensive, 

specialised chemical products. Otherwise about 50% of the used biomass will 

end as waste which is not sustainable. 
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and especially the Biorefinery Task Force, the SusChem ETP and the ETP Plants for 

the future. The 7th European Framework Programme is backing up under these per-

spectives by including 2nd generation biofuels as one of the main areas (Area En-

ergy 3: Renewable Fuel Production) under Theme 5 Energy. Here several types of 

non-food feedstock for new types of biofuels and the concept of the bio-refinery are 

prioritised. Interesting is also the joint call with Brazil for project proposals on 2nd 

generation biofuels as Brazil is one of the main producers of 1st generation Bioetha-

nol (based on sugarcane).  

Government support for 2nd Generation biofuels has been well developed in the U.S., 

were the Biomass Program of the U.S. Department of Energy
8
 has supported both 

R&D on feedstock systems, conversion and processing technology, integrated bio-

refineries and the necessary infrastructure. The Biomass Program has also given 

co-funding to several demonstration and deployment projects for 2nd generation 

biofuels.  

 

The majority of pilot and demonstration plants for 2nd generation biofuels exist in 

the U.S. and Canada. Biomass related R&D has a strong support by the U.S. Gov-

ernment. Already in 2000, the interagency Biomass Research and Development 

Board was created by the Biomass Research and Development Act.  

This interagency integrates several relevant federal agencies, responsible for differ-

ent areas of policy, such as environment, transportation, energy, defence, agricul-

ture, science and technology, economy, and commerce and standards. Several 

Federal acts have strengthened the further development and deployment of biofu-

els in the United States. The Biomass Program has contributed to the funding of a 

number of pilot and demonstration plants for 2nd generation biofuels. The recently, 

in February 2009, signed American Recovery and Reinvestment Act will contribute 

                                                

8  http://www1.eere.energy.gov/biomass/index.html 

Second generation biofuels have got much further in industrial implementation 

in the U.S. The reason for this is the much higher level of public investments in 

demonstration projects. Demonstration projects are built in a larger scale com-

pared to Europe. A lot of science has been developed in Europe, and there are 

also some efforts to develop industrial applications, such as DONG in Denmark, 

Abengoa in Spain and Choren in Germany. But often they go to the U.S. to be 

able to built build larger demonstration projects. And it is difficult to apply the 

experience from the demonstration projects on in the conditions in Europe; the 

biomass logistic is much different and the conditions are difficult to reproduce 

here. 
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to a further boost of this development. In May 2009 it was announced by the U.S. 

Secretary of Energy to provide $786.5 million from this Act “to accelerate advanced 

biofuels research and development and to provide additional funding for commer-

cial-scale biorefinery demonstration projects”.
9
 

Several national RD&D programmes of other countries are going in the same direc-

tion, like the Danish Energy Technology Development and Demonstration Pro-

gramme, the Swedish Ethanol Programme under the Swedish Energy Agency or the 

NextGen Biofuels Fund under the Sustainable Development Technology Canada es-

tablished by the Canadian Government in 2001. 

In the European Union, the Technology Map of the European Strategic Energy 

Technology Plan
10
 points out that “process development and scale-up for these ad-

vanced technologies are still necessary, in parallel to the need for an overall R&D 

investment in feedstock and biomass supply logistics” (EC, 2007; p. 41f.). The re-

port asks for more demonstration projects at relevant industrial scale to a mid-term 

commercialisation target and a “strong coordination between biomass suppliers, car 

manufacturers and the automotive fuel industry”. This coordination has to be sup-

ported by the development of common standards and a harmonisation of incentives 

and regulations across the EU (EC, 2007; p. 42).  

The biofuel sector has had a remarkable increase during the last 10–15 years in 

many European countries, and here especially in Germany, Sweden, Denmark, the 

Netherlands and Finland. Outside Europe are especially firms and research labora-

tories in the U.S. and Canada important to mention.  

However, the production of 2nd generation biofuels is still in an early stage of indus-

trial implementation as several interviewees have pointed out: 2nd generation bio-

fuels are still relatively immature and have to overcome several barriers for a broad 

industrial deployment, such as: 

• Technical barriers 

• High production costs 

• No clear decision about the best technology pathway, but potentials for cost 

reductions are likely to be greater for the bio-chemical pathway 

• Need for government support and incentives 

• Need for large investments in R&D projects and pilot and demonstration facili-

ties 

                                                

9  http://www1.eere.energy.gov/biomass/recovery.html  

10  http://ec.europa.eu/energy/technology/set_plan/doc/2007_technology_map_description.pdf  
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Since the 2nd generation biofuels are still rather immature, they have a high poten-

tial for improvements, but this is not in the focus of this report. Only one issue 

should be mentioned, the biofuel production may be integrated into a bio-refinery 

with several valuable co-products (specialised chemicals) which increase the reve-

nue from the whole bio-refinery. A similar issue is the use of by-products of bio-

diesel production (crude glycerine) as a feedstock for producing bio-methanol. Such 

integration of processes requires improved collaboration, logistics and agreements 

on feedstock delivery.  

 

For 2nd generation biofuels based on ligno-cellulosic feedstock and a bio-chemical 

pathway, the development of new enzymes is crucial. Important industrial players 

in the development and production of enzymes are Novozymes, Genencor, Dyadic, 

Iogen and Verenium Corporation (former Diversa) (OECD, 2009; p. 84).  

There are also plans for collaborative projects for enhancing 2nd generation biofuels 

in China, India and Brazil. 

As the recently published OECD report on the perspectives for the bio-economy 

pointed out, “a large share of the production and consumption of biotechnological 

industrial and primary products by 2030 will be in developing countries such as 

Brazil, India, China and South Africa, due to growing populations and incomes. 

Several of these countries are also likely to be world centres for biotechnological 

research, based on an ample supply of highly skilled researchers, particularly in 

China” (OECD, 2009; p. 198). Examples for collaborative development and deploy-

ment of 2nd generation biofuels in the developing countries are: 

Today, there are probably about 50 technological approaches for the production 

of 2nd generation biofuels, but none of them has reached the necessary mature 

level to be a commercial success. Today, only three companies make profit from 

2nd generation biofuels: Abengoa, Iogen and Choren. However we could identify 

a broad range of smaller firms and research laboratories engaged in finding new 

technological approaches for Second Generation Biofuels. 

Significant efforts in relation to cellulosic ethanol are being made by companies 

in the U.S., Canada, Spain, China and Sweden. They are preparing pilot plants 

for the production of ethanol based on ligno-cellulosic feedstock. Examples are 

Iogen in Canada, Abengoa Bioenergy active in Spain and the U.S. and Sekab in 

Sweden. 
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U.S. – India (May 2009):
11
  

The government-owned Indian Oil Corporation (IOC) is cooperating with the U.S. 

National Renewable Energy Laboratory for a pilot project to produce second genera-

tion biofuels. The pilot will produce bio-ethanol based on cellulosic biomass or de-

gradable agricultural waste or wood.  

The NREL has also signed a memorandum of understanding with the Indian Ministry 

of New and Renewable Energy — for production, utilisation, distribution and mar-

keting of biofuels. 

U.S. – China:
12
 

SunOpta BioProcess Group sold in 2006 “a cellulosic ethanol pilot demonstration 

facility, based on SunOpta’s patented and proprietary biomass conversion technol-

ogy, to China Resources Alcohol Corporation (CRAC) for research and development 

on cellulosic ethanol production at their facility in ZhaoDong City, Heilongjiang 

Province. As part of the transaction, SunOpta and CRAC intend to enter into a Joint 

Development Agreement between SunOpta, CRAC and Novozymes for the devel-

opment of cellulosic ethanol in the People’s Republic of China”. 

Denmark – China:
13
 

Since 1993 Novozymes has invested in industrial and R&D projects in China. In 

1997, Novozymes opened an own R&D lab in China, today with 70 employees. No-

vozymes headquarter in Beijing has today over 200 employees.  

In the field of 2nd generation biofuels, in June 2006 Novozymes signed a three-year 

research agreement with China Resources Alcohol Corporation (CRAC) on the de-

velopment of biomass for biofuel in China, and established in 2009 a partnership 

with China National Cereals Oils & Foodstuffs Corporation (COFCO), the largest Chi-

nese enterprise for food and agriculture and the government owned oil company 

Sinopec on the development of ligno-cellulosic bio-ethanol based on agricultural 

residues and Novozymes enzyme technology and process technology.  

                                                

11  Business Standard, 12th of May 2009, http://www.business-
standard.com/india/news/ioc-may-tie-upus-lab-to-produce-biofuel/357829/  

12  http://www.greencarcongress.com/2006/06/sunopta_novozym.html  

13  Jyllands-Posten, 26th of June 2009 and 
http://www.novozymes.com/NR/exeres/1936E77E-1C51-4D68-A47A-
0654A7CB4E97.htm 
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Identifying web pages relevant to the research question 

The case study on Second Generation Biofuels started with an expert-identified list 

of 150 web sites, including public research organisations, non-profit research and 

technology organisations, international associations, firms, non-profit organisations, 

scientific journals, conferences, and industry fairs. The field of Second Generation 

Biofuels is much larger than 150 websites and therefore the experts of the We-

bometrics project team had to be careful in the selection process. For getting valu-

able information, several technology experts have been interviewed and one of the 

technology experts commented on a preliminary sample. The interviewed experts 

added and checked websites. 

The delineation of the technological innovation system is therefore rather challeng-

ing and certainly exceeds the possibilities of this case study. To identify URLs point-

ing to important websites we had to define what should be included in second gen-

eration biofuels and to set clear boundaries for the technology system.  

Since this case study has the goal to explore how webometrics can be used for ana-

lysing knowledge flows we decided to concentrate on some of the core elements of 

the technological innovation system, such as: 

• Firms active in research, development and demonstration projects for Second 

Generation Biofuels  

• Public science organisations active in the further development of Second Gen-

eration Biofuels as well as related scientific journals and conferences 

• Collaborative efforts, such as European technology platforms, and international 

associations 

• A variety of different feedstock used for the production of Second Generation 

Biofuels, but concentrating on ligno-cellulosic feedstock 

Other issues which are clearly relevant, such as the mentioned upstream-

downstream relations, are less covered in this case study. Such issues are: 

• Transport of Second Generation Biofuels  

• Adaption of engines based on fossil fuels 

• Mixing Second Generation Biofuels with fossil fuels 

• Incentives for production and usage of Second Generation Biofuels 

We distinguished between public research organisations (PRO) and non-profit re-

search and technology organisations (RTO). Important RTOs in our sample include 

the Research Triangle Institute in the U.S., Fraunhofer and Helmholtz in Germany 

and Sintef in Norway. 

The selection process started with identifying relevant R&D projects under the 6th 

EU Framework Programme and with relevant European Technology Platforms. The 

collaborating organisations have been identified. In addition relevant scientific jour-
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nals and conferences have been identified with the help of bibliographic databases. 

Industry firms active in second generation biofuels have been identified mainly with 

the help of web lists of industry associations. Some policy documents and R&D pro-

grammes were already known and their websites were included. 

It turned out to be especially difficult to identify relevant websites in the new Mem-

ber States and in the sample of countries outside ERA, with the exception of the 

U.S. We added several websites from Canada, since one of the most advanced 

companies - Iogen Corporation – is located there. The U.S. websites are mainly 

websites from public research organisations and industry firms, and in addition 

government programmes on second generation biofuels. The PROs and firms are 

strongly connected. We could find several examples of researcher mobility from 

PROs to the firms or of firms which have started as university spin-offs. The Euro-

pean Technology Platforms are one of the main channels of knowledge sharing in 

the scientific community. Relevant ETPs are the ETP Biofuels, the ETP Forestry, the 

ETP Plants for the future and the ETP SusChem. The ETPs have been created mostly 

by established networks based on former R&D collaboration. Several interviewees 

pointed out that they are rather confined to the established networks and less open 

to new entrants. Table 27 shows the distribution of the selected websites by coun-

try and type of sector.  

Table 27: Distribution of selected websites on sectors (N=150). 

Domain  Government Industry Non-profit Public Sci-
ence 

Total 

Austria     1 1 2 

Denmark 1 8   3 12 

Finland   3 2 1 6 

France   1 1 3 5 

Germany   3 3 4 10 

Greece     1   1 

Iceland     1   1 

Italy   1   2 3 

Latvia     1   1 

Nether-
lands 

  1   2 3 

Norway 1 4 4 1 10 

Poland     2   2 

Spain   2   2 4 

Sweden 1 5 1 5 12 

UK 1 3   2 6 

Canada 1 4     5 

China       1 1 

India       2 2 
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Domain  Government Industry Non-profit Public Sci-
ence 

Total 

Japan       3 3 

Korea     1   1 

Russia     1   1 

USA 2 8 1 13 24 

Europe 6 1 6 1 14 

Interna-
tional 5 3 1 12 21 

Total 18 47 27 58 150 

Share 12 % 31 % 18 % 39 %  

The selected sample consists of 78 websites from ERA countries, 37 websites from 

countries outside the ERA, and 35 international websites, 14 from Europe and 21 

more global websites. The sample of websites from ERA countries is dominated by 

industry firms, public research organisations and non-profit research and technol-

ogy organisations.  

Figure 23: Distribution of organisation types per sector (N=150) 

 

The European websites are mainly European policy bodies and European technology 

platforms (ETP). The global organisations are organisations under the auspices of 
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the United Nations or the OECD. In addition there are several scientific journals 

categorised as international. 

Webometric analysis 

Of the 150 second generation biofuels web sites, 57 were found to be linked with at 

least one other web site in the study. These formed a 45-node sub-network, a four-

node sub-network, and four two-node sub-networks. These sub-networks can be 

seen in Figure 24. Here the web sites are colour-coded according to the organisa-

tional sector. Since the number of collected URLs was 150, and just 38% are inter-

linked, the analysis reveals that the 2nd Generation biofuels community is still rela-

tively loosely connected. 

Here are some key statistics. 

• Number of Web sites analysed: 150 

• Number of interlinking web sites: 57 (38% of network) 

• Size of largest interlinked sub-network: 45 sites (30% of network) 

• Number of hyperlinks: 74 

• Network density (percentage of links that exist): 74/(1502-150)= 0.33% 

• Network density of all interlinking web sites: 74/(572-57)= 2.31% 

• Network density of largest component: 68/(452-45)= 3.43% 

Table 28: Representation of the four sectors in the 57 interlinking sites. 

Type Web sites in full sample Web sites selected for interlinking 
Government 18 4 (22%) 
Industry 47 20 (43%) 
Public Science 58 25 (43%) 
Non-profit 27 8 (30%) 
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Figure 24: Linking between the 57 connected 2nd generation biofuels web sites. 
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Figure 25: Linking between the 57 connected 2nd generation biofuels web sites (expanded version). 
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Individual Websites 

The analysis shows that in Europe the European technology Platforms (ETP), Euro-

pean Biofuels technology Platform, SusChem ETP, and one of the industry associa-

tions for biofuels, the European Bioethanol Fuel Association, are very central. Keep-

ing in mind that there were several European industry associations active in the 

field, which could not be included in the URL list, it shows the importance of inter-

national industry associations. The European Technology Platforms integrate both 

industry, research and technology organisations and public research organisations 

and are therefore very central for the European knowledge system. In the United 

States the U.S. Department of Energy with its Biomass Program is central. It is also 

directly connected to the European network.  

Only one of the scientific journals has a prominent position in the network, the re-

cently started (in 2007) journal of the Society of Chemical Industry, Biofuels, Bio-

products & Biorefining (Biofpr). It is very central for several important industry 

players in 2nd generation biofuels, such as Abengoa, Inbicon and Range Fuels, and 

it is also connected to the mentioned European Bioethanol Association. Therefore it 

is ranked fourth by degree centrality and seventh by closeness centrality (see Table 

29). However, since it is mainly connected to industry firms and associations it joint 

bottom by betweenness centrality. This is because, despite of its large number of 

outlinks, it has no inlinks. However, the journal is still young and may gain inlinks 

later.  

Several industry players are central in the network: Abengoa is active both in 

Europe (Spain) and the United States, Inbicon comes from Denmark and is also 

active on the U.S. market, and Chemrec and SEKAB are two Swedish companies, 

which are active in or collaborate with developing countries (China, Brazil, Tanza-

nia).  

Scientific conferences are less visible in the network, only the 30th Symposium on 

Biotechnology for fuels and chemicals, 2008, a special conference of the U.S. Soci-

ety for Industrial Microbiology showed up as being central for keeping the network 

together. 

The national bodies are least represented in the network, only the U.S. Department 

of Energy has a central position. The websites of the European Commission, such 

as the Biofuels website of the DG Energy and Transport or the EU strategy for bio-

fuels, do not appear at a prominent position in the network. The public research 

organisations are not in the centre of the network, but they are well connected to 

the associations and national bodies. However, there are several very small net-
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works of public research organisations which are not connected to the main net-

work.  

shows those web sites in the network with the highest centrality ranking. Thirteen 

different organisations have a top ten ranking for at least one centrality measure. 

These are the web sites labelled in Figure 24. Whilst the rankings of the sites vary 

according to the measurement of centrality, they generally only change a few 

places, e.g., the European Bioethanol Fuel Association is ranked third according to 

degree centrality and second according to betweenness centrality. The European 

Biofuels technology Platform is highest ranked in all three measures of centrality.  

Table 29: Web sites with the highest centrality in the 2nd generation biofuels net-
work. 

Ra
nk 

Degree Centrality Betweenness Cen-
trality 

Closeness Centrality 

1 European Biofu-
els Technology 
Platform  

20 European Bio-
fuels Technol-
ogy Platform  

0.11
3 

European Bio-
fuels Technol-
ogy Platform  

0.429 

2 U.S. Department 
of Energy 

13 European Bio-
ethanol Fuel 
Association 

0.07
5 

ABENGOA Bio-
energy 

0.366 

3 European Bio-
ethanol Fuel As-
sociation 

9 U.S. Depart-
ment of En-
ergy 

0.07
4 

U.S. Depart-
ment of Energy 

0.362 

4 Biofpr 9 ABENGOA 
Bioenergy 

0.04
7 

European Bio-
ethanol Fuel 
Association 

0.358 

5 International 
Energy Agency 

8 Chemrec 0.01
8 

International 
Energy Agency 

0.334 

6 ABENGOA Bio-
energy 

7 30th Sympo-
sium on Bio-
technology for 
fuels and 
chemicals, 
2008 

0.01
7 

Inbicon 0.325 

7 Inbicon 4 PyNE - Bio-
mass Pyrolysis 
Network  

0.01
5 

Biofpr  0.307 

8 PyNE - Biomass 
Pyrolysis Net-
work  

4 SEKAB 0.01
4 

Chemrec 0.289 

9 Chemrec 4 Inbicon 0.01
4 

SusChem ETP 0.289 

10 SEKAB 4 International 
Energy 
Agency 

0.01
3 

Range Fuels 0.285 
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Sector types 

Inter-sector links are not strong anywhere, although there are several links to gov-

ernment from public science and industry web sites and from government to non-

profit web sites (Table 31). 

Table 30: Links between the four sectors 

From\To Government Industry Public Science Non-profit 
Government 0 9 3 2 
Industry 4 11 1 3 
Public Science 2 9 8 2 
Non-profit 3 6 6 5 

Table 31: Links between the four sectors as a percentage of total possible links 
within the 57 sites (inter-sector links over 5% in bold). 

From\To Government Industry Public Science Non-profit 
Government 0.0% 11.3% 3.0% 6.3% 

Industry 5.0% 2.9% 0.2% 1.9% 
Public Science 2.0% 1.8% 1.3% 1.0% 
Non-profit 9.4% 3.8% 3.0% 8.9% 

Whilst industrial sector organisations are spread throughout the network, the im-

portance of these sites is clearer when the sites are aggregated according to organ-

isational type (see Figure 26). Scientific journals, national bodies and other associa-

tions point mainly to them, while the firms point in a much lower degree to national 

bodies, international and other associations, and scientific conferences. Fairs are 

less visible, pointing to no other organisations, but gaining links from firms and 

other associations. Firms clearly play an important role. Whilst they have more 

inlinks than outlinks, a feature of commercial organisations that has been noticed in 

previous investigations (e.g., Shaw, 2001), they nonetheless have a significant 

number of outlinks.  
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Figure 26: Linking between organisational types in 2nd generation biofuels 

 

Nations 

shows the linking between web sites aggregated at the country level. Whilst the 

network is dominated by the USA, international organisations, and European or-

ganisations, there are also strong positions for Spain and Denmark, since the men-

tioned companies in both countries (Abengoa and Inbicon) are also active on the 

U.S. market. However, the direction of knowledge flows seems to be mainly from 

Europe to the U.S., with a mediating position of international websites. The Euro-

pean countries are well connected by European websites, but some of them (Spain, 

Denmark, Austria, Finland and Latvia) are connected to international websites. 

Among the countries outside the ERA appear only Canada and Japan in this analysis. 

The new member states are represented by Latvia and Poland.  
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Figure 27: Linking between countries in 2nd generation biofuels 

 

Conclusions 

As has been pointed out by Bekkers & Bodas Freitas, there are many channels for 

knowledge transfer, and “any policy makers should not overemphasize one single 

channel (such as patents, spin-offs or contract research)” (2008; p. 1849). Access 

to scientific journals and technical reports and the participation in scientific confer-

ences and specialised seminars and workshops have been pointed out by the inter-

viewees as important channels of knowledge transfer for the 2nd generation biofuels 

community. This importance is also visible in the webometric analysis, but less 

prominent. However, the interviewees highlighted also that there are great differ-

ences between general conferences and specialised seminars or workshops. Most of 

the interviewees prefer the specialised events as a knowledge exchange channel, 

while the general conferences have been highlighted as good for networking.   

The usage of webometrics was unknown by all of the interviewees and they had not 

thought about the importance of weblinks either. Organisations have specialised 
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departments for updating websites, but the interviewees from the industry associa-

tions showed out that most of the knowledge gathered in their network is only 

available via an Extranet and not on the open web. The open web is more used for 

public reports and advertisement. Nevertheless, the link networks were a useful aid 

for showing the structure of the field. 

The webometric analysis shows that the network for 2nd generation biofuels is cen-

tred on the industry-related websites. Central are the collaboration of industry firms 

in international technology networks, such as the European Technology Platforms, 

the connection to international industry associations and the scientific conferences 

and seminars  

The analysis reveals the connecting position and ‘catalysing’ function of interna-

tional industry associations, the International Energy Agency and European Tech-

nology Platforms. This was expected, since this is one of their main tasks, as one of 

the interviewees pointed out. This position of international organisations would not 

be visible in a bibliometric or patent analysis, since in the address field for publica-

tion indexes such as the ISI Web of Science is not listed any European Technology 

Platform, but the primary affiliation of the authors. The same applies to the patent 

data bases. 

The importance of conferences for knowledge exchange could be better assessed by 

bibliometric measures, since then also historical data would be available and con-

ferences which have been organised by specific organisations could be addressed 

separately. In the webometric study of second generation biofuels many confer-

ences somehow became invisible because websites of older conferences are not 

maintained and websites of conferences were often a sub-domain of organisations 

covered by the study. We recommend therefore combining webometric studies with 

bibliometric and patent studies.  

Rather critical is the geographic direction of knowledge flows measured by web 

links: we conclude that these flows go mainly from Europe towards the United 

States and not vice versa. However, the webometric results have to be interpreted 

cautiously since we had only a limited selection of URLs to our disposition. As we 

have pointed out before, several knowledge transfer actions from the U.S., Den-

mark and Europe towards China and Brazil are going on. But they are not captured 

by the webometric analysis. The selection of URLs in these BRIC countries has not 

been as successful as for the other countries. Therefore they are not visible in the 

webometric maps. 
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Results of the webometrics study on Food safety  

Food safety: a strong societal dimension 

The importance of food safety 

Food safety has been an area of growing importance over the last decade. Several 

food crises in the late 1990s such as swine fever, foot-and-mouth disease and BSE 

(mad cow disease) have intensified the level of discussion in society, industry and 

government about food safety.  

With the establishment of the European Food Safety Authority in 2000, an impor-

tant step was taken to improve EU food safety, ensure a high level of consumer 

protection and restore and maintain confidence in the EU food supply.  

The EC emphasized the importance of EU food safety in the outlook of the 6th 

Framework Programme. Seven thematic priorities were set under FP6. These were 

areas of scientific or technological competence where the EU in the medium term 

intended to become the most competitive, dynamic knowledge based economy in 

the word capable of sustainable economic growth with more and better jobs and 

greater social cohesion. ‘Food safety and quality’ was one of these priorities. The 

driving force for establishing this thematic priority was the need to improve the 

health and well-being of European citizens through higher quality food and im-

proved control of food production and related environmental factors.  

Food safety throughout the whole food chain 

The food industry in general is rather a low-tech industry, in terms of technology 

development. In its use of technology coming from other fields, it is however high-

tech. Food safety as such is not a technology, but more a societal domain driven by 

three main forces. First of all, the consumer, supported by special-interest groups, 

demanding safe food. Secondly, the government and finally the retailers who 

nowadays not only buy products but also process many items raising the impor-

tance of factors such as safety, health, traceability, etc. 
14
  

Food safety is of importance throughout the whole food chain, ‘from farmer to fork’. 

It influences the whole process from production to the packaging. Collaboration 

within the chain is therefore imperative to achieve a safe product in the end. Trace-

ability, the ability to track and trace any food, feed, food-producing animal or sub-

                                                

14  State of the Art in Food, executive outlook, Cap Gemini and Ernst and Young 
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stance used to consumption, through all stages of production, processing and dis-

tribution, is a cornerstone of the EU’s food safety policy. The EU General Food Law 

makes traceability compulsory for all food and feed businesses, all operators are 

legally obligated to implement systems to identify where their products have come 

from and where they are going, and must be able to rapidly provide this informa-

tion to the relevant authorities
15
.  

The main knowledge fields for food safety are microbiology and biochemistry. Sci-

entific research in the area of food safety touches upon decontamination methods, 

microbiological aspects of packaging, micro biological methods for detection of food 

pathogens or their toxins, methods for keeping food fresh, etc. Technologies rele-

vant for food safety include those pertaining to processing, packaging and distribu-

tion, which are intended to remove or limit hazards in the final products and those 

employed to monitor and detect hazards. Science is hereby applied both to improve 

current technologies and to develop novel ones, which will frequently be introduced 

into the food sector after they have been tested and applied in other sectors.  

An area of great importance is the legislation concerning food safety where gov-

ernment and intermediary bodies play an important role. The European level is im-

portant, with the European Food Safety Authority as an important organisation in 

the field. Especially towards the industry, the translation of developments on Euro-

pean level to the national level is however still a very important step, making the 

national authorities and intermediaries also very valuable to the sector. From the 

interviews we learnt that especially smaller industrial players often rely on the in-

termediaries to stay on top of food safety developments and contact with scientist. 

The EU rules, which apply both to food produced inside the EU and to food imports, 

regulate appropriate labelling to allow consumers to make informed decisions about 

the quality and provenance of their food
16
. 

Identification of important actors 

As for the collection of the sample of 150 URLs, we started the collection from the 

site of the European Food Safety Authority (www.efsa.europa.eu). This provided a 

good overview of the national authorities concerned with food safety.  

Secondly, the website of the Confederation of the food and drink industries of the 

EU (www.ciaa.be) was an important starting point for collecting industrial players.  

                                                

15  EU Insight, The EU: Keeping Food Safe from the Farm to the Fork, 2008 

16  EU Insight, The EU: Keeping Food Safe from the Farm to the Fork, 2008 
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Another important source for the collection of the URLs was the list of participants 

of relevant R&D projects under the 6th Framework Programme. The focus was set 

on multiple participants.  

Furthermore, relevant journals were identified as were important conferences and 

fairs.  

Besides the national level, third countries as China, US and India were also 

screened whereas the focus remained the European level. 

As mentioned before, government plays an important role in this field. The selec-

tion of websites labelled as ‘government’ contains not only direct governmental de-

partments responsible for food safety and quality, but also agencies or centres es-

tablished by the government responsible for contact, dissemination of information, 

research, control and marketing. These institutes are however labelled as govern-

ment since the focus is on the societal functions and contact with researchers and 

own research is not the core business. Whereas websites labelled as public research 

are often university departments or research centres supported by the government, 

having research as their primary goal.  

Since food safety is not a technology as such and all countries in Europe, by exten-

sion the world, are faced with the issue of food safety, we tried to include as many 

countries from within the ERA and some third countries. From own experience and 

confirmed in the interviews, no specific country stood out at the selection as having 

a leading position. Countries like the United Kingdom, the Netherlands, Belgium, 

and Germany seem however slightly more present in the field, collaboration and 

networking more than other countries, especially on the intermediary level. ‘Food-

spot’ is for example a joint venture between Flanders’ Food in Belgium, Food proc-

essing initiative in Germany, Food Connection Point and Food Valley in the Nether-

lands. The aim of the cooperation is to strengthen the competitiveness in the sector. 

From the interviews we also perceived a role for the UK in this network. France has 

then again a strong position with respect to standardisation.  

Although the collection of the URLs has been done by an expert in the field, to 

some degree, it always stays a ‘personal’ selection. The interviewees therefore con-

firmed some of the websites, but also added others that weren’t in the original list. 

An important site among most of the interviewees (bearing in mind that it still re-

mains a rather small set of interviews), is that of the EFSA which we had used as a 

reference starting point. 

Table 32 gives an overview of the selected websites by country and sector.  



Rindicate SPA6: The use of webometrics for the analysis of knowledge flows within the European Research Area 

October 2009 134 

Table 32: Distribution of selected websites by country and sector (N=150). 

Country Government Industry Non-profit Public science Total 

Austria 1     1 2 

Belgium 2   1 3 6 

Bulgaria 1   1   2 

Canada     1   1 

Switzerland   1     1 

China 1   1 1 3 

Cyprus   1     1 

Czech Republic       2 2 

Germany   2 1   3 

Denmark   2   2 4 

Estonia 1 1     2 

Spain 1 1 2 1 5 

Finland 2     1 3 

France   1 1 3 5 

Greece 1     2 3 

Hungary       2 2 

Ireland 1     4 5 

Israel 1     1 2 

India       1 1 

Italy 1   1 5 7 

Lithuania 1       1 

Luxembourg 1       1 

Latvia 1       1 

Malta 1       1 

Netherlands 1   2 6 9 

Norway 2     1 3 

Poland       1 1 

Romania     1   1 

Sweden 2     3 5 

Slovenia 1     1 2 

United Kingdom 1 3 3 6 13 

U.S. 1 10 3 3 17 

EU 4 2 4   10 

International  4 10 11 25 

Total 30 28 31 61 150 

% of Total 20,0% 18,7% 20,7% 40,7% 100,0% 

Public research institutes count for the largest share in total number of websites 

(40.7%). The other 60% is divided almost equally over the other three sectors of 

government, non-profit and industry. The U.S. has a more explicit presence in the 

industrial community. Overall the websites declared as ‘international’ take the larg-

est share of the total number of websites.  
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Results of the webometric analysis  

Of the 150 food safety web sites, there was a 40-node sub-network, and a single 3-

node sub-network. These sub-networks can be seen in Figure 28 and Figure 29. 

The network clearly shows a lot of interlinking between the governments web sites. 

Furthermore, the network shows very few industry web sites, a relatively good 

presence of the non-profit and public science is often on the periphery of the net-

work. These findings reflect the specificity of the field with the important role of 

governmental agencies and also non-profit as intermediaries.  

Below some key statistics are presented. 

• Number of Web sites analysed: 150 

• Number of interlinking web sites: 43 (29% of network) 

• Size of largest interlinked sub-network: 40 sites (27% of network) 

• Number of hyperlinks: 80 

• Network density: 80/(1502-150)= 0.36% 

• Network density of all interlinking web sites: 80/(432-43)= 4.43% 

• Network density of largest component: 78/(402-40)= 5.00% 

Network density, i.e. the percentage of links that exist, is 0.36, meaning that only 

0.36% of all possible links are indeed present in the network. Only 43 out of the 

sample of 150 URLs are interlinked, making the network density relatively low. 

When we look at the network density of all interlinking websites, thereby taking 

into account only the 40-node sub-network and the single 3-node network, we see 

a rise to 4.43%. Only considering the largest component, i.e. the 40-node sub-

network, the network density becomes 5%.  

Below, the representation of the four sectors in the 43 interlinking sites is given. 

Interesting to see is that although for government, industry and non-profit a similar 

amount of web sites is included in the full sample, the amount of web sites selected 

for interlinking, differs a lot. In the industry sector, the smallest amount of web 

sites are selected for interlinking, followed by the government and non-profit as the 

sector with the greatest share of web sites selected for interlinking. From the 61 

web sites labelled as Public Science, only 17 interlink, i.e. 28%. 
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Table 33: Representation of the four sectors in the 43 interlinking sites. 

Type 
Web sites in full 
sample Web sites selected for interlinking 

Government 29 8 (28%) 
Industry 28 4 (14%) 
Public Science 61 17 (28%) 
Non-profit 32 14 (44%) 

Figure 28 shows the network of the 43 connected food safety web sites. The la-

belled nodes are the ones in the top 10 ranking in terms of either degree centrality, 

closeness centrality or betweenness centrality (cfr. infra). Figure 29 shows the ex-

panded version of the same network with labels for every node.  

Figure 28: Linking between the 43 connected food safety web sites. 
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Figure 29: Linking between the 43 connected food safety web sites (expanded). 
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Individual Websites 

Looking at Figure 28 we can make the following observations: 

The one central industrial websites is that of the European Feed Manufacturers’ 

Federation (EFMF) that claims to be ‘the only independent spokesman of the Euro-

pean Compound Feed Industry at the level of the European Institutions.’ This is an 

intermediary body for the industrial community and proofs once again the impor-

tance of the intermediaries in this specific field.  

From interviews with industrial players, we noticed that there is a big difference 

between large companies and SMEs, which is of course not entirely unexpected. 

Large companies often have the means within the company and have their own 

R&D department and in this field also important, a legal department. They process 

the information from outside within the company itself and perform research in a 

more independent way. Collaboration with research organisations is however also 

possible. Smaller companies on the other hand, are much more in need of a 

broader network to stay up to date and to share experiences with others or find 

solutions to specific issues they are faced with. In that case the interviews taught 

us, that the government and the intermediary bodies play an important role to 

bring together different players from the industry and the research community.  

On the upper side of the network, we note the web site of FAVV in Belgium and the 

FSA in the United Kingdom as showing much interlinking. This is in line with what 

we have seen in the URL collection and also heard in the interviews. There are 

however companies such as the Hellenic Food Authority (HFA), the Food Safety Au-

thority of Ireland (FSAI) and the Austrian agency for health and food safety (AGES) 

that also show a lot of interlinking which we did in fact not expect to see and did 

not come up in the interviews.  

On the right side of the diagram, the web site of the International Union of Food 

Science and Technology (IUFST) shows also quite some links with mainly public 

science. It is however remarkable that public science does not have many outlinks 

in the network.  

Figure 29 gives a more detailed image of the network. There we see some confer-

ences popping up like the China International Food Safety and Quality Conference, 

the International Feed Safety Conference and the 15th World Congress of Food Sci-

ence and Technology, all on the outside of the network. SPORE 2009 Conference is 

more central to the network.   

We also indicate some Chinese web sites connected to the web sites labelled as 

international, both in the 3-node network as on the outside of the 40-node website 
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on the right side of the network in Figure 29, connected to the International Union 

of Food Science and Technology.  

Table 35 shows those web sites in the network with the highest centrality ranking. 

Fifteen different web sites have a top ten ranking for at least one centrality meas-

ure. These are the web sites labelled in Figure 28.  

Table 34: Web sites with the highest centrality in the food safety network. 

Rank Degree Centrality Betweenness Centrality Closeness Centrality 
1 Food safety au-

thority of Ireland 
(FSAI) 

12 Institute of 
food research  

0.248 Institute of 
food research 

0.417 
2 International un-

ion of food science 
and technology 
(IUFST) 

12 International 
union of food 
science and 
technology 

0.151 Hellenic Food 
Authority 

0.370 
3 Institute of food 

research (IFR) 
11 Flanders food 0.128 Food safety 

authority of 
Ireland 0.360 

4 Food standards 
agency (FSA) 

10 Food safety 
authority of 
Ireland 

0.121 ETP - Food for 
life 

0.356 
5 Flanders food 8 Federaal agent 

schap voor de 
veiligheid van 
de voedselke-
ten 

0.103 Food stan-
dards agency 

0.352 
6 European Feed 

manufacturers' 
federation (EFMF) 

8 Hellenic Food 
Authority 

0.098 International 
union of food 
science and 
technology 0.346 

7 Austrian agency 
for health and 
food safety 
(AGES) 

7 Food standards 
agency 

0.084 Flanders food 

0.346 
8 Federaal agent-

schap voor de 
veiligheid van de 
voedselketen 
(FAVV) 

7 Food research 
institute Pra-
gue 

0.064 Federaal 
agentschap 
voor de vei-
ligheid van de 
voedselketen 0.346 

9 European 
federation of food 
science and 
technology 

7 Foodspot 0.051 SPORE 2009 - 
forming bac-
teria in food 

0.336 
10 Hellenic Food Au-

thority (HFA) 
7 European 

federation of 
food science 
and technology 

0.044 Laboratory of 
food chemis-
try (LFC)  

0.336 

Within the top ten organisations in terms of degree of centrality, Belgium, United 

Kingdom and the EU are best represented. The Food Safety Authority of Ireland has 

the highest degree of centrality. In terms of betweenness centrality it is ranked 

fourth and in terms of closeness centrality third. The Hellenic Food Authority of 

Greece is ranked second by closeness centrality, 6th by betweenness centrality and 

only 10th by degree centrality. In terms of betweenness and closeness centrality, 
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the Institute of food research a non-profit research organisation from the UK, is 

ranked first.  

Foodspot and the Food Research Institute Prague come up as new institutes in the 

top ten in terms of betweenness centrality opposite to the ranking of degree of cen-

trality. In the ranking of closeness centrality, the ETP ‘Food for life’, the scientific 

conference SPORE 2009 and the Laboratory of food Chemistry from the Catholic 

University from Leuven pop up as new items opposite to the raking of degree of 

centrality.  

The position of the ETP ‘Food for Life’ is an important issue since is it is aimed to be 

at the centre of the food industry and technology, in this case more specifically food 

safety and quality. It is ranked fourth by closeness centrality meaning that it is 

rather central to the network in the sense that it can reach most other nodes 

through relatively short paths of links. It has however not many direct links to other 

actors or it is not likely to lie on a geodesic between two random nodes in the net-

work since it does not appear high in the list on degree centrality and betweenness 

centrality. Another interesting finding is that the web site of the European Food 

Safety Authority is not central in the network, as it seems one of the main institu-

tions in Europe and almost all interviewees acknowledged the importance of it. It 

seems likely that this is also partly attributable to the use of a page URL rather than 

a domain URL, which obscures its importance in a web link analysis.   

Sector types 

Inter-sector links are strong from industry to government and fairly strong from 

non-profit to industry and public science web sites, and from government and in-

dustry web sites to non-profit web sites. Public science does not link strongly to any 

other sector. (see Table 36). 

Table 35: Links between the four sectors. 

From\To Government Industry Public Science Non-profit 
Government 15 0 4 7 
Industry 5 0 2 4 
Public Science 4 0 1 8 
Non-profit 3 3 11 13 

Table 36: Links between the four sectors as a percentage of total possible links 
within the 43 sites (inter-sector links over 5% in bold). 

From\To Government Industry Public Science Non-profit 
Government 26.8% 0.0% 2.9% 6.3% 

Industry 15.6% 0.0% 2.9% 7.1% 

Public Science 2.9% 0.0% 0.4% 3.4% 
Non-profit 2.7% 5.4% 4.6% 7.1% 



Rindicate SPA6: The use of webometrics for the analysis of knowledge flows within the European Research Area 

October 2009 141 

When the linking between web sites is aggregated at the level of organisational 

type, there are no particularly dominant knowledge flows (Figure 30). The domi-

nance of the individual organisations from the government sector seen in Figure 28 

are not evident at the aggregate level as dominantly as may be expected as many 

of the links are to the same organisational types.  

The dominance of the government sector seen before does not particularly show at 

this level. We notice a relative dominance of pubic research organisations, others 

associations or intermediaries and governmental national bodies. There is especially 

dominance with regards to the linking of Industry association web sites to govern-

mental national bodies, between public research organisations and other associa-

tions or intermediaries and from governmental national bodies to other associations 

or intermediaries. Other non-profit events, firms and scientific journals show the 

least interlinking on the side of the network.  

The specific and important role from governmental agencies and intermediaries has 

also been stressed by several interviewees. A first area of importance is the link 

that governmental agencies and intermediaries provide between researchers and 

the industry. It stimulates direct contact between the two communities, making 

sure knowledge from research institutes is used to innovate and improve business 

processes in the industry. Another important role for the government is also the 

funding they provide to collaborate in projects, either at national or European level. 

The EU-projects stimulate cooperation in Europe and also between the different 

communities. 
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Figure 30: Linking between different organisation types in food safety. 

 

In the interviews, we also checked, what were the main channels of knowledge 

transfer within the interviewee’s community and also with other communities. Al-

most all interviewees agreed that conferences are interesting to attend, but mainly 

for networking motives and to stay up to date with who is working on what. More 

targeted seminars, workshops, trainings or bilateral meetings, seem more appro-

priate for real knowledge transfer. Journals are an important source of knowledge, 

but appear to be less accessible than documents or articles that can be found on 

the internet. The internet in general and the web sites of other organisations are 

essential for all interviewees. For intermediary organisations the website is an im-

portant tool to spread information among the members. This can go from the out-

come of an EU-project to a specific article that is hard to find elsewhere. In that 

case, the web site is used as a mean for real knowledge transfer. For most inter-

viewees however, the web sites are to a large extent a way to get to know another 

organisation or is perceived and used as a PR instrument.   

Nations 

Figure 31 shows international linking aggregated at the country level.  
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Figure 31: Linking between different countries in the subfield of food safety. 

 

What we see in this diagram is a rather close network of Old Member States and a 

central role for Europe and the international field. From the interviews we learnt 

that Europe plays a big role in dissemination of information on legislation, contact 

info and newest developments and events. ERA countries play in this field a rather 

central role and some are quite interlinked. Interviewees confirm that there is quite 

some collaboration in Europe which is stimulated of course by the European pro-

jects.  

What is noticeable is that the USA is only connected at the periphery, whereas it 

usually plays a more central role. This can partly be explained by the fact that half 

of the web sites included from the U.S. are industrial web sites which we have seen 

before to have a small presence in the network diagrams. Nevertheless, this is 

somewhat in line with our expectations and the input we received from the inter-

views. An interview with a researcher from the US made it clear that in certain ar-

eas of food safety Europe indeed plays a very important role. In terms of collabora-

tion countries like the Netherlands, UK, France and Denmark are mentioned.  

The fact that this isn’t shown in linkages is not surprising since collaboration it is 

still mainly US-based. It is also possible that links to journals where European re-

searchers publish in, or articles of European researchers are mentioned on US web-

sites, therefore exchanging ‘European’ knowledge without referring to a specific 

organisation’s website. 
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Two specific examples from the interviews indicate that there is movement in 

networking and knowledge transfer between Europe and the U.S.: U.S. websites 

are being translated in European languages like French and Portuguese in order 

to lower the barrier and attract European visitors. Another example is the 

(increase in) exchange of students and PhDs from and to the U.S. which could 

lead as well to knowledge transfer and collaboration in the future. 

Furthermore, there is also a lot of interlinking with websites labelled as interna-

tional, bringing back a more global picture. Third countries such as USA, India and 

China are only linked to the international websites and not to an EU website.  

From the interviews with two people active on the European level (ESFA and CIAA), 

we learnt however that the U.S. is also an important country to monitor concerning 

food safety. There is also collaboration with the counterparts of for example the 

CIAA in the USA, China, Japan and Canada. This does however not show in the dia-

gram. 

Conclusions 

In general the outcomes of the analysis are in line with the expectations. The main 

conclusion is the dominance of the government in the network. This makes sense 

when we consider the nature of the field, being a societal field in which regulation 

and government involvement is high. Governmental agencies often act as interme-

diaries to provide information and update actors in the field on recent develop-

ments. Intermediary organisations are also very present in the network, whereas 

industrial players are less present. Public science is also an important actor in the 

network however less interlinked in the network than governmental web sites.  

On a country level, we see a rather central role for the ERA countries, more specifi-

cally some of the Old Member States like France, UK, Ireland, Belgium, the Nether-

lands, Greece and Austria. Europe as a whole also plays a central role in the dia-

gram interlinking to web sites of individual Member States and international sites, 

but not to Third countries. The latter are only linked to international web sites.  

What can be concluded from the analysis is that there is quite some collaboration 

within the ERA but that the networking and interlinking with Third countries seems 

to be absent or only indirectly through the international organisations.  

Especially interesting is the position of the U.S. in the network, being far less inter-

linked than in the other case studies (see section 4.3.3). 

From the interviews with various players in the field, we also received the comment 

that the networks on European and national level are important to be part of in or-
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der to stay on top of recent developments, to share experiences with other players 

in the field and to get in contact with the right people. Often governmental bodies 

act as intermediaries between the industry and the scientists, through the organisa-

tion of events, workshops, seminars, and by diffusing the outcomes of science-

industry projects to the other actors in the field. Often the European level is per-

ceived to be the first link in the network, followed by national agencies ‘translating’ 

movements from EU-level to the national level, especially in relation to regulation.  

Bibliography  

EU Insight, The EU: Keeping Food Safe from the Farm to the Fork, 2008 

State of the Art in Food, executive outlook, Cap Gemini and Ernst and Young 

www.efsa.europa.eu 



Rindicate SPA6: The use of webometrics for the analysis of knowledge flows within the European Research Area 

October 2009 146 

Results of the webometrics study on Nanomaterials  

Technology profile 

Nanomaterials are defined as materials with at least one dimension in a scale be-

tween 1 and 100nm. They constitute only one of the areas of nanotechnology –

which covers also other areas such as instrumentation or nanofluidics. One can dif-

ferentiate between nanomaterials depending on the number of dimension in the 

nanoscale. 1D nanomaterials refer to materials composed on thin layers. 2D nano-

materials are nanotubes, nanowires, nanorods, etc and 3D nanomaterials are 

nanoparticles. The small sizes of nanomaterials confer them physical, electronic, 

optical or chemical properties that differ from those of the same materials in bulk 

state. Since nanomaterials are defined only by their size, they are extremely di-

verse in their chemical composition, functionalities and properties, and technologies 

of application. 

Figure 32: Trends of patents on nanomaterials (1990-2006). 

 

Note: We only have data for the first 5 months of 2006. The number presented 
here is an annualized estimate. Source: Nightingale et al. (2008). 

Although nanomaterials have been investigated and manufactured for a long time, 

only in the last decade they have been widely recognised as a ‘technological field’, 

after a battery of policies started funding projects with the ‘nanotechnology’ label 

and fuelling a persistent exponential growth over the last years, as shown, for ex-

ample in the number of publications or patents (see Figure 32). Given this type of 
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emergence, mainly driven by science policy
17
, the field covers a very large, very 

diverse and very fragmented scientific and technological area.  

Figure 33 illustrates the diversity of disciplinary bases of the field, with most re-

search mainly in chemistry, materials sciences and physics, but with important ac-

tivity as well in applications in biomedical, environmental and computer sciences. 

The large size and heterogeneity of the research field means that not one but many 

different scientific and technological networks are in place. There are hundreds of 

laboratories, departments and firms working on various nanomaterials and dozens 

of research networks and centres. 

Figure 33: Publishing activity in nanomaterials research on the map of science 

(based on Leydesdorff and Rafols). 
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Note: Each node in this diagram is a narrowly defined discipline. Nodes of the same 
colour correspond to a macro academic discipline, as shown by the labels. Proximity 
between nodes and connections represent cognitive similarity between disciplines 
(as measured by citing patterns). The size of nodes is proportional to the number of 
publications related to nanomaterials within that discipline. Source: Nightingale et 
al. (2008). 

                                                

17  This driver was very important in the US, and in some EU member states, but 
not all. In one of the interviews, a policy-maker serving in a research council of 
member state vehemently explained to us that her member state does not have 
specific funding at ‘nanomaterials’ or ‘nanotechnology’. Yet she is invited to con-
tribute as an expert to Nanomaterials policy at the EC level.  
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Industrial implementation 

The first key issue regarding industrial implementation is that manufactured nano-

materials are not consumer products to be sold to the end-user, but rather ‘capital’ 

products to be incorporated in other products manufactured by secondary firms in a 

variety of industries. The products that incorporate nanomaterials can either be 

end-user products (e.g. nano-silver socks) or still intermediary products (biosen-

sors) that improve their performance because of the specific properties of nanoma-

terials. In other words, the fact that they are enabling technologies means that 

they can be understood as ‘products for process innovation’. So, nanomaterials are 

not generally used to produce radically new commercial products, but they help 

improve the quality of existing products thanks to their novel properties.  Some key 

examples include batteries with longer life, more resistant paints, more intense 

markers for biomedical research, and more efficient solar cells. This has two impor-

tant implications for industrial dynamics (and governance) in terms of their flexibil-

ity of applications and the distributed nature of innovation, as illustrated in ‘hour-

glass model’ of innovation portrayed in Figure 34.  

The fact that the field involves actors innovating at different levels of the value-

chain, together with its still recent emergence and policy-driven nature, means that 

intermediary organisation facilitating information gathering and collaboration may 

play a relevant role as structurating agents. These organisations are mainly infor-

mation hubs and organisers of events that facilitate collaborations among university 

labs, manufacturing firms, and nanomaterials-user firms.  

The second crucial issue is that public concerns on the harmful effects of some 

nanomaterials have shaped all nanotechnology policy to take health and environ-

ment safety very seriously as well as the social implications of nanotechnology 

(RCEP, 2008). These concerns arise because there are acknowledged uncertainties 

regarding both how to characterise nanomaterials and major ignorance on their 

health and environmental effects. As a result, the responsible development of 

nanotechnology, which addresses both toxicology and social implications, has be-

come tightly intertwined with more narrow technological or industrial issues. 

The two issues are exemplified in the organisation Nanocentral
18
, whose commer-

cial service consists of acting as a knowledge hub, that ‘enable[s] and facilitate[s] 

collaborative development projects spanning product lifecycles and industry supply 

chains’, including characterisation and health and safety tests. 

                                                

18  See http://www.nanocentral.eu/  
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Figure 34: Schematic representation of the diversity of scientific disciplines and 
economic sectors of the nanomaterials innovation system. 
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Note: This “hourglass” shape aims to illustrate that the same nanomaterial can be 
used in a variety of applications in very different economic sectors. Source: Night-
ingale et al. (2008). 

Identifying web pages relevant to the research question 

Given the large numbers and heterogeneity of nanomaterials of webpages, the cri-

teria for the selection of webpages has aimed to pick up webpages of diverse insti-

tutional types and diverse countries, with a distribution that provides a flavour of 

their respective of geographical/organisational concentration --but highly corrected 

to have some webpages from smaller/less active countries or less frequent organ-

isational types. 

Thus of the 150 URLs selected, about one third was related to public science, one 

third to industry and one third to non-profit and government. Since nanomaterials 

is an emergent field that does not constitute a separate academic discipline, most 

of public science URLs selected correspond to research centres and institutes in 

universities (quite of few of which are virtual or with only a few centralised shared 

facilities). Individual researcher’s group pages (i.e. those of headed by a single 

principal investigator) have not been included given that the quality and the updat-

ing of web sites was very irregular.  

Firm URLs were picked to represent both large corporations and SMEs. For large 

corporations, such as BASF or DuPont, usually there is little mention to nanomate-

rials –since it appears that it is label that they do not find very useful or convenient, 
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except with regard to risk perceptions. SMEs were picked up not according to their 

importance, but as representatives of a population of firms. 

Webometric analysis 

Of the 150 nanomaterials web sites, 103 formed a single large sub-network as 

shown in Figure 35. Those with a high degree of centrality (see Table 38) have 

been labelled with the numbers in the square-brackets due to the complexity of the 

network. The nanomaterials appear to be far more complex network than the other 

investigated fields. It is not merely that more sites are in the network, there are 

also significantly more links per site. However, it has been argued on the contrary 

that this is a very fragmented field, as bibliometric studies reveal (Nightingale et al., 

2008).  

Why does the nanomaterials network appear to be denser than the other networks 

analysed? We believe that this may be due to the linking role of the intermediary 

organisations such as Nanowerk, Nanoforum, Nanotechweb or the Institute of 

Nanotechnology (which is not a research institute in the classical sense, but more of 

a clearing house and event organiser). The information web sites of intermediary 

organisations were precisely created to facilitate interactions between complemen-

tary partners working on or using nanomaterials. The webometric analysis has 

picked up this boundary spanning role of the intermediary organisations, which 

show the highest network centrality (Table 38).  

Some nanotechnology research centres appear among the ten most central actors. 

The research centres for nanotechnology have been created to link different disci-

plinary departments, to facilitate university-industry collaborations and to share 

expensive facilities, and hence could be expected to occupy central positions as well. 

However, those centres ranked the highest in the webometrics are not the most 

well known –e.g. Rice University in Texas, in the network but not in the centre, is 

far more important than the Italian Centre for Nanotechnology, which appears 

among the top ten most cited organisations.  

The peripheral position of firms in the network suggests that firm are not transpar-

ent in their websites regarding what are their sources of information. It is not clear 

why firms show links in their web sites; as vividly expressed by one of the inter-

viewees: “we have links to our start-ups and R&D collaborators, but [I] don’t have 

an idea about the rationale”. However, patent analysis and interviews suggests that 

firms play an important role in nanomaterials value-chains.  
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Here are some key statistics. 

• Number of Web sites analysed: 150 

• Number of interlinking web sites: 103 (69% of network) 

• Size of largest interlinked sub-network: 103 sites (69% of network) 

• Number of hyperlinks: 535 

• Network density (proportion of actual links that exist): 535/(1502-150)= 

2.39% 

• Network density of all interlinking web sites: 535/(1032-103)= 5.09% 

• Network density of largest component: 535/(1032-103)= 5.09% 

Table 37: Representation of the four sectors in the 103 interlinking sites. 

Type 
Web sites in full 
sample Web sites selected for interlinking 

Government 16 15 (94%) 
Industry 56 30 (54%) 
Public Science 48 32 (67%) 
Non-profit 30 26 (87%) 

Figure 35: Linking between the 103 nanomaterials web sites in the largest con-
nected component.   
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Table 38: Web sites with the highest centrality in the nanomaterials network. 

Rank Degree Centrality Betweenness Centrality Closeness Centrality 
1 Nanowerk [1] 64 Nanoforum 0.142 Nanowerk 0.689 
2 Nanoforum [2] 60 Nanotechweb 0.089 Nanotechweb 0.630 
3 Nanotechweb [3] 56 Institute of 

Nanotechnology 
0.082 Azonano 0.623

0 
4 Azonano [4] 50 Nanowerk 0.079 Nanoforum 0.618 
5 Nano Science & 

Technology Insti-
ture [5] 

42 Nanotech Europe 
2009 

0.069 Nano Science & 
Technology Insti-
ture 

0.590 

6 Institute of 
Nanotechnology 
[6] 

39 Nano Science & 
Technology Insti-
ture 

0.061 Institute of 
Nanotechnology 

0.560 

7 Nano Science & 
Technology Con-
sortium [7] 

30 Azonano 0.060 Nanotech Europe 
2009 

0.543 

8 Nanotechnology 
Network Center, 
Nanonet [8] 

29 Nanotech Expo 
[11] 

0.045 Nano Science & 
Technology Con-
sortium 

0.543 

9 Nanotech Europe 
2009 [9] 

29 European Com-
mission [12] 

0.042 Nanotechnology 
Network Center, 
Nanonet 

0.540 

10 Nanotec IT [10] 27 Interdisciplinary 
Nanoscience Cen-
ter, Aarhus Uni-
versity [13] 

0.038 Nanotec IT 0.537 

 

Individual Websites  

Although journals and conference were repeatedly mentioned as the most impor-

tant sources of information by most interviewees, they did not appear as prominent 

in the webometrics analysis –only one conference, Nanotech Europe 09, was among 

the most central actors and no journal was. This may be partly due to the fragmen-

tation of the field, which means that many different journals and conferences are 

used, rather than a few highly attended. As one interviewee put it “Nanotech is too 

broad and there are too many conferences”. It is also partly due to the high cen-

trality of other web sites in the network, e.g., the nanotechnology section of Nature 

had a degree centrality of eleven, which would have been enough for it to be one of 

the most central web sites in each of the other three fields under investigation. 

Sector types 

Inter-sector links are particularly strong from the non-profit organisations to the 

other three types of organisation, as the tables below illustrate. 

Table 39: Links between the four sectors. 

From\To Government Industry Public Science Non-profit 
Government 6 13 6 18 
Industry 10 24 14 31 
Public Science 9 15 31 36 
Non-profit 40 86 108 88 
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Table 40: Links between the four sectors as a percentage of total possible links 
within the 103 sites (inter-sector links over 5% in bold). 

From\To Government Industry Public Science Non-profit 
Government 2.9% 2.9% 1.3% 4.6% 
Industry 2.2% 2.8% 1.5% 4.0% 
Public Science 1.9% 1.6% 3.1% 4.3% 
Non-profit 10.3% 11.0% 13.0% 13.5% 

Figure 36 presents the same network as in Figure 35, with data collapsed into type 

of actors. This figure shows that the linkages of the network are not reciprocal: 

there are many more links from intermediaries to firms or public research organisa-

tions than the other way round. The network also shows few links between firms 

and public research organisations –however, we believe that this result is an arte-

fact of the web-selection process: firms make agreements with individual laborato-

ries rather than the research centres whose webpages we listed. Hence the we-

bometric analysis does not seem a reliable indicator of university-firm interaction. 

Figure 36: Linking between organisational types in nanomaterials network. 

 

Nations 

Figure 37 shows the international interactions. In additional to the multiple national 

organisations, either European or International, the most central organisations to 

the network are the United States and the UK. See in Figure 38 a similar analysis of 

international collaborations in nanomaterials publications. The bibliometric analysis 

appears to provide a much more sensible picture, with an Asian cluster, a European 

clusters and US and the UK playing an intermediary role between the two. This re-

sult suggests that an analysis of 150 URLs for almost 30 countries, (i.e. an average 

of 5 per country) is too small a sample for producing reliable results. 
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Figure 37: Linking between different countries in nanomaterials network. 

 

Figure 38: Relative strength of international collaboration in nanomaterials publica-
tions. 
 

 
Note: Area of circles is proportional to number of publications. The thickness and 
grey level of lines represents intensity of collaborations relative to the total number 
of publications of the two countries (normalisation with geometric mean; collabora-
tion linkages below 2% not shown). Source: Nightingale et al. (2008). 
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Conclusions 

This webometrics analysis interestingly succeeds at capturing linkages between 

diverse socio-technical spheres that bibliometric or patent analysis cannot (since 

intermediary organisations do not publish or patent). However, one should be cau-

tious in the interpretation of the linkages between intermediaries as knowledge 

flows. In our view, they represent efforts at facilitating knowledge flows, because 

the organisations making the links are not creating knowledge but trying to ‘cata-

lyse’ it. 

Besides pointing out that the intermediary organisation are those sending and re-

ceiving the most links, it is not clear what other insights the webometrics analysis 

offers. The fact that nanomaterials networks include very diverse types of actors 

(industry, public research, intermediaries, government agencies), each of them 

with different rationales and norms for creating links, means that analysis of cen-

trality may express the norms used by the organisation, rather than relational in-

tensity or even less knowledge flows. One may need to consider whether 150 URLs 

is enough to capture developments in emergent and fragmented topics such as 

nanomaterials, even when aggregated at the country level. 

Interviews with a 13 members sample of public science, industry and policy, consis-

tently found that journals and conferences are the most widely used strategy for 

receiving and passing information. While most interviewees also mentioned the im-

portance of web sites, many also recognised that their own homepages were in-

complete and not updated.  
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Results of the webometrics study on  

Biotech pharmaceuticals  

Introduction 

This case study is concerned with the use of biotechnology in the development of 

therapeutics, in vivo diagnostics and vaccines, in health. It focuses specifically on 

bio-therapeutics designed for managing diabetes mellitus, often referred to simply 

as diabetes, which includes recombinant insulin products, biotechnology related 

delivery systems and other more experimental therapies. Biotechnology includes 

the use of living organisms or their processes to alter living or non-living materials 

for the production of diabetes related pharmaceuticals and therapies (based on 

OECD).  Diabetes occurs when the body does not produce enough, or properly re-

spond to, insulin, a hormone produced in the pancreas. It currently affects 246 mil-

lion people worldwide and is expected to affect 380 million by 2025 according to 

estimates of the International Diabetes Federation. Of these, about 10 per cent 

have Type 1 diabetes, which is caused by destruction of the insulin-producing cells 

of the pancreas. Most of the remaining people have Type 2 diabetes, which gener-

ally occurs later in life and is due to the progressive failure of appropriate insulin 

production of the pancreas and from the inability of the body to respond to the ac-

tion of available insulin. Another large group of people have a condition what is 

called pre-diabetes, which occurs when a person's blood glucose levels are higher 

than normal but not high enough for a diagnosis of type 2 diabetes.  

Recombinant insulin was chosen because the relatively simple protein structure has 

made it possible in recent years to develop successful (approved) bio-therapies and 

to put many highly experimental and other potential bio-therapies into clinical trials. 

Anti-diabetes pharmaceuticals have also been developed to assist the body to gen-

erate its own insulin at the pre-diabetes stage and hopefully avoid having Type 2 

diabetes. Experimental research on stem cells has also provided some important 

results for the treatment of diabetes. 

The main objective of this case study is to gain knowledge about the collaborative 

innovation network for diabetes related bio-therapeutics using web-related hyper-

links. To achieve this aim, the following section will define and summarize what is 

meant by diabetes related bio-therapeutics. The section following this will explore 

various industrial implementations of the technology, mainly by the pharmaceutical. 

Section 3 summarizes how the database containing URLs was constructed and 

whether it represents the technology and industry, and in section 4 the webometric 

analysis is presented. Some concluding comments follow. 
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Technology profile 

Before 1921, type-1-diabetes was classified as fatal, until four Canadian scientists 

at the University of Toronto discovered they could extract insulin, a small protein 

hormone or peptide, from the islets of animal pancreases. Licenses were granted to 

several firms to produce insulin, which was given to humans by injection for the 

first time in January 1922. Purification and effectiveness of bovine and porcine insu-

lin improved over the next 50 years, mainly through the development of Protamine 

Zinc Insulin in 1936, whose effect lasted for 24 to 36 hours, and neutral Protamine 

Hagedorn Insulin in 1950. The first antidiabetic oral drugs appeared on the market 

in 1956, which were the first therapies aimed at treating type-2 diabetes. Then in 

the mid-1960s, scientists in Germany and the United States had shown that various 

proteins, including human insulin, could be synthesized through the application of 

biotechnology. 

The use of biotechnology in the pharmaceutical industry and other health related 

fields have been gaining in importance over the past two decades. Biotechnology 

has been applied in two health related areas: therapeutics and diagnostics. It is not 

an industry, but a technology that involves ‘living organisms, as well as parts, 

products and models thereof, to alter living or non-living materials for the produc-

tion of knowledge, goods and services’ (Beuzekom and Arundel, 2009). From 1989 

to 2003, the use of biotechnology in the development of new pharmaceutical com-

pounds increased from 2 per cent to 16 per cent (OECD, 2009). Breakthroughs in 

the application of biotechnology to the management of both type-1 and type-2-

diabetes have been far-reaching in recent years. Therapeutics developed for the 

treatment of diabetes includes biopharmaceuticals, experimental treatments, and 

small-molecule therapeutics. Drug delivery technologies, particularly oral and nee-

dle-free injectors, are one of the main concerns of the industry. 

Biopharmaceuticals are large-molecule therapeutics and include recombinant ver-

sions of proteins, most notably insulin. Recombinant DNA ‘human’ insulin was one 

of the first pharmaceutical products that used biotechnology. The biochemist Her-

bert W. Boyer and geneticist Stanley Cohen pioneered recombinant DNA technology 

in the early 1970s. Boyer, together with a venture capitalist founded Genentech 

(San Francisco) in 1976. Genentech (San Francisco) scientists were the first to 

clone human insulin in 1978, which became the first recombinant DNA drug ap-

proved by the Food and Drug Administration of the United States (FDA). It subse-

quently licensed the technology to Eli Lilly in 1982 that marketed it under the 

names Humulin R (rapid) and Humulin N. These products were shortly followed ap-

proval of two semi-synthetic insulins, Actrapid HM and Monotard HM, semi-

synthetic insulins, developed by Novo Nordisk (Denmark). 
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Industrial implementation 

Only a few countries dominated the pharmaceutical industry in the second half of 

the twentieth century. The OECD study on biotechnology (Beuzekom & Arundel; 

2006; p. 42) pointed out that the United States, Japan, the United Kingdom, Ger-

many, Canada, Switzerland and France dominate the sale of health applications of 

biotech firms.  Figure 39 provides a breakdown of the number of biotherapies by 

country. The FDA approved 138 biotherapies from January 1989 to January 2009. 

There were also 513 molecular-based therapies and 190 experimental biotherapies 

in clinical trials during this time. 

Figure 39: Number of biotherapies by nationality of the innovating firm, 1989 to 
2009. 

 
Source: Beuzekom & Arundel (2009) based on data from the Pharmaprojects data-

base. 

Note: The EU is the aggregation of current Member States, which also appear sepa-

rately.   
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Biopharmaceutical product development is a long, risky, expensive, and complex 

process in which very few new discoveries will be approved for the market. Sutton 

(1998) describes it as a good example of a R&D intensive low-alpha industry with 

few major, highly profitable discoveries and a plethora of less-successful drugs that 

follow each major discovery. The market structure is extremely dynamic and highly 

competitive, with several technological trajectories that are more or less substitut-

able, with success often dependent on being the first-mover. Small firms often fo-

cus on developing their own technology platform based on biotechnology, from 

which they develop several different types of therapies, but hope to have at least 

one of them approved, whereas the large multinational enterprises carry many dif-

ferent pharmaceutical products, some of which make use of biotechnology. Intellec-

tual property rights (IPRs) are especially important in this industry, at least to avoid 

the development of an identical product and first movers gain large marketing ad-

vantages.  

Small enterprises have gained in importance in recent years, often using proprie-

tary technology in the development of new biopharmaceuticals and biotherapies. 

Many of the enterprises are very small and have no earnings prior to making an 

initial public stock offering (IPO). New enterprises often enter the industry as spin-

offs of other public and university research laboratories, and often leave the indus-

try by being acquired by large multinational pharmaceutical enterprises when a 

product is approved and have made an IPO (to determine its value). As more bio-

therapies are approved in the future, one would expect more acquisitions to take 

place. Because the firms are at a disadvantage compared with the multinationals in 

marketing new products, they may out-license their products to more experienced 

firms for later-stage drug development, regulatory review, and commercialization. 

Less successful enterprises tend to go bankrupt when little progress has been made 

in getting new drugs through the pipeline and funding from venture capitalists 

evaporates.  

The biopharmaceutical industry is highly regulated, and requires systematic evalua-

tion for safety, efficacy, and manufacturing quality as a condition of market access. 

Historically it has been less regulated than the traditional pharmaceutical sector in 

the United States, mainly because there has been no clear understanding what the 

effects of using biotechnology are. Over time the FDA enforced its testing regula-

tions on the biopharmaceutical industry, and bring it more inline with the pharma-

ceutical industry as a whole (Stepp, 1999). Approval times for endocrine class bio-

therapies can take more than 8 years from the preclinical phase to approval in the 

United States, including about 6 1/2 years to move through the three phases of 

clinical trials (DiMasi and Grabowski, 2007).  

DiMasi (2001) found that the approval success rate for endocrine class biotherapies 

was little over 18 per cent for new therapies originated 1981 to 1992 and approved 
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by the end of 1999. More recent estimates for biopharmaceuticals puts the success 

rate at success 30.2 per cent, as opposed to 21.5 per cent for the pharmaceutical 

industry in general (DiMasi and Grabowski, 2007).  

Figure 40: Stages of drug development defined by the Food and Drug Administra-
tion.  

 

Figure 40 summarizes the stages of drug development at the FDA. Drug develop-

ment in the United States follows a number of steps carefully defined by the FDA. 

Phase I studies are designed to determine the ability of the drug to be absorbed, 

distributed, metabolized, and excreted by the body and the effect of the drug on 

the body. “Phase II studies are designed to obtain data on the effectiveness of the 

drug for a particular indication or indications in patients with the disease or condi-

tion. They also help determine the common short-term side effects and risks asso-

ciated with the drug... Phase III studies are expanded controlled and uncontrolled 

trials. They are done to gain additional data about effectiveness and safety needed 

to evaluate the benefits and risks of the drug (Wofford, 2007; p. 208). 

The biopharmaceutical industry is highly research intensive and follows the trends 

in the pharmaceutical industry as a whole. According to the European Federation of 

Pharmaceutical Industries and Associations (EFPIA) the worldwide biotech pharma-

ceutical industry sector “accounts for 19.2% of business expenditure on research 

and development. ...It invests an average of 16.1% of net sales in R&D” (EFPIA, 

2009). Statistics from the OECD ANBERD and STAN databases indicate that over 26 

per cent of total value added generated by the pharmaceutical industry was used 

for R&D activity in Europe during the first half of the 2000s.  

The top 10 largest pharmaceutical firms doing biotechnology R&D activity ac-

counted for 24,000 million Euros, of which Genetech and Novo Nordisk, the two 

major players in the recombinant insulin market, appeared 7th and 9th place respec-

tively, each spending €1,940 and €534 million on R&D activity respectively (OECD, 
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2009). Pfizer spent the most on biotechnology R&D with €5,800 million, followed by 

GlaxoSmithKlein (€3,200), Sanofi-Aventis (€2,800 million), Roche (€2,575) and 

Novartis (€2,575). Over the same period, pharmaceutical innovation changed from 

being essentially a trial and error process to one that depended more on experi-

mental technologies that help generate a better understanding of pharmaceutical 

action (Nightengale and Mahdi, 2006).  

Identifying web pages relevant to the research question 

Various sources were consulted to identify the 150 most relevant URLs for public 

and private R&D activity in bio-therapeutics relevant for diabetes. The most useful 

sources were the ISI Web of Knowledge, the leading citation database, the Phar-

maprojects database and pharmaceutical R&D Pipeline News, PipelineReview.com, a 

news centre focused on R&D activity in the biopharmaceutical industry, and various 

consultancy reports that provide lists of companies with active biopharmaceutical 

pipelines in insulin and Diabetes-related therapies. Lists were checked against com-

pany websites, since virtually every company listed biopharmaceuticals in the pipe-

line or in clinical trials. International experts in the field have been interviewed to 

comment the selection and the results of the webometric study. 

It would have been easy to include more URLs in the database, but it was decided 

in advance to include only the 150 most important URLs. This was determined by 

cross referencing different company pipeline lists and checking each individual 

company website for its relevance. Companies with approved biotherapies for man-

aging diabetes (usually recombinant insulin) were included on the list. Virtually 

every company with a website listed biopharmaceuticals in the pipeline or in clinical 

trials. Sometimes it was possible to determine who was involved in a collaborative 

agreement and this, combined with publication citations, helped to identify the 

most important public and university research laboratories.  

University and public research organisations only identified research areas impor-

tant to them, so it was possible to identify the most important laboratories doing 

research on diabetes related bio-therapeutics. 

Of the 150 URLs included four were government websites, of which three were U.S. 

government related websites and one was the World Health Organization. Ninety-

six URLs were firms that either sold approved diabetes related bio-therapeutics, or 

had diabetes related bio-therapeutics in the pipeline.  

About a dozen of these are large, well-established pharmaceutical firms using bio-

technology, but most are small biotechnology firms developing new biopharmaceu-

ticals or biopharmaceutical delivery systems. Many of them claim to have proprie-
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tary technology platforms that were being applied to development of new therapeu-

tics for managing diabetes.  

The remaining 50 URLs are counted as public science, of which 22 were public re-

search organisations, including universities, 15 were scientific journals and 13 were 

scientific associations. Scientific associations sponsored most of the scientific jour-

nals and virtually all of the scientific conferences. While the journals had their own 

websites, conference website were usually pages with the same URL as the spon-

soring organisation and are therefore less visible.  

Figure 41: Distribution of selected URLs by sector and country. 

 
Note: The EU is the aggregation of current Member States, which also appear sepa-

rately.   

Figure 41 provides an overview of the distribution of company URLs across the 

world. This figure roughly corresponds to the OECD estimate of the location of bio-

pharmaceutical development shown in Figure 39. The interviewees also confirmed 

this. India appears relatively more dominant in this figure because it is active in 

developing generic versions of biotherapies, which involves a process of imitation 

plus some minor innovation. China is also a large, and rapidly growing producer of 

recombinant insulin both for the domestic and global markets, but the websites are 
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not as well developed as those found in India. Finally, many of the larger European 

and U.S. multinationals are located production in Eastern and Southern Asia and 

Latin America. Novo Nordisk, for example, announced in late 2008 that it was going 

to build one of the world’s largest insulin plants in Tianjin, China, to be completed 

by 2012. 

Webometric analysis 

Of the 150 biopharmaceutical web sites, 69 were found to be linked with at least 

one other web site in the study. These URLs included a 65-node sub-network or 

communication network. There was also an additional industry two-node network, 

and a public science two-node network.  

Figure 42 shows the communication flows between the 69 biotherapeutic actors. 

Most of the key players in the collaborative innovation network are the large, well-

established pharmaceutical firms. Of the top 10 web sites with the highest close-

ness centrality in the diabetes biopharmaceuticals innovation network, shown in 

Table 43, Glaxco-Smith-Klein, Novartis and Roche are the most prominent. These 

firms interact both with the public science sector and other smaller biotherapeutic 

firms. Most of the small biotherapeutic firms are either not represented or commu-

nicate with only one or two other actors. This is not unexpected as strong competi-

tion and the desire to protect their own proprietary technology would encourage 

them not to collaborate (or even communicate) with another firm, unless they need 

a particular technology to create a new product.  

Individual Websites 

Table 43 shows those web sites in the network with the highest centrality ranking. 

Fifteen different web sites have a top ten ranking for at least one centrality meas-

ure. These are the web sites labelled in Figure 42. The table also shows the differ-

ent places that the top 10 firms and organisations have in the communications 

network. The four most important scientific associations appear prominent on this 

list: The American Diabetes Association, the International Diabetes Federation, the 

European Association for the Study of Diabetes, and the Endocrine Society.  

Column one shows the top 10 firms and organisations in terms of the number of 

direct links with other firms and organisations. The scientific associations generally 

have the highest degree of centrality, with the American Diabetes Association tak-

ing the lead. While this organization might be classified as a public interest organi-

zation, it also maintains a profession website, DiabetesPro, which ranks 8th in the 

table. In fifth place, the Endocrine Society sponsors the Journal of Clinical Endocri-

nology & Metabolism, one of the main academic journals that cover peptides and 

proteins, which appears second on the list. The Scientist, a popular journal accessi-



Rindicate SPA6: The use of webometrics for the analysis of knowledge flows within the European Research Area 

October 2009 164 

ble to the science-minded public, is sixth on the list. Roche appears as the only firm 

on the list at number 9, perhaps because it is a world leader in the production of 

diabetes tests and it focuses on drug delivery systems, most notably on blood glu-

cose systems, insulin pumps, infusion sets, lancing systems and information sys-

tems.  

Here are some key statistics. 

• Number of Web sites analysed: 150 

• Number of interlinking web sites: 69 (46% of network) 

• Size of largest interlinked sub-network: 65 sites (43% of network) 

• Number of hyperlinks: 159 

• Network density (percentage of links that exist): 159/(1502-150)= 0.71% 

• Network density of all interlinking web sites: 159/(692-69)= 3.39% 

• Network density of largest component: 157/(652-65)= 3.77% 

Table 41: Representation of the four sectors in the 69 interlinking sites. 

Type 
Web sites in full 
sample Web sites selected for interlinking 

Government 4 2 (50%) 
Industry 96 42 (44%) 
Public Science 50 25 (50%) 
Non-profit 0 0 
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Figure 42: Linking between the 69 connected biotech pharmaceutical web sites.   
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Figure 43: Links between the 69 connected biotech pharmaceutical web sites (ex-
panded). 
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Table 42: Web sites with the highest centrality in the biotech pharmaceuticals net-
work. 

Ra
nk 

Degree Centrality Betweenness Centrality Closeness Centrality 

1 The American Dia-
betes Association 
(ADA) 

2
2 

The American 
Diabetes Asso-
ciation 

0.12
9 

International 
Diabetes Fed-
eration 

0.45
7 

2 The Journal of Clini-
cal Endocrinology & 
Metabolism (JCEM) 

1
8 

International 
Diabetes Federa-
tion 

0.08
0 

The American 
Diabetes Asso-
ciation 

0.45
3 

3 International Diabe-
tes Federation (IDF) 

1
7 

The Endocrine 
Society 

0.07
2 

The Journal of 
Clinical Endo-
crinology & Me-
tabolism 

0.43
7 

4 European Associa-
tion for the Study of 
Diabetes (EASD) 

1
4 

The Journal of 
Clinical Endocri-
nology & Me-
tabolism 

0.06
3 

European Asso-
ciation for the 
Study of Diabe-
tes (EASD) 

0.41
9 

5 The Endocrine Soci-
ety 

1
3 

Amylin Pharma-
ceuticals (AP) 

0.06
2 

GlaxoSmith-
Kline (GSK) 

0.41
9 

6 The Scientist 1
2 

The American 
Diabetes Asso-
ciation: Diabe-
tesPro 
 

0.05
8 

Novartis 0.39
9 

7 The European Soci-
ety of Endocrinol-
ogy (ESE)  

1
1 

European Asso-
ciation for the 
Study of Diabe-
tes (EASD) 

0.04
7 

The European 
Society of En-
docrinology 
(ESE)  

0.39
4 

8 The American Dia-
betes Association: 
DiabetesPro 

1
1 

Roche 0.04
2 

OSI Pharma-
ceuticals (OSIP) 

0.38
9 

9 Roche 1
1 

National Diabe-
tes Information 
Clearinghouse 

0.03
1 

Amylin Phar-
maceuticals 

0.38
6 

10 National Diabetes 
Information Clear-
inghouse (NDIC) 

1
0 

Joslin Diabetes 
Center (JDC) 

0.02
8 

Roche 0.38
6 

Firms and organisations having essential links for binding the entire communication 

network together are ranked in column two. Again, the most important scientific 

associations appear on this list, but so does the Joslin Diabetes Center, which is 

often cited as the most important centre for diabetes research. Amylin Pharmaceu-

ticals and Roche appear in the number 5 and 8 positions respectively. Finally firms 

and organisations that are central in the communication network in terms of how 

quickly it can interact with all other actors in the network is shown in column 3. In 

this instance, half of the actors on the list are firms, plus the most important asso-

ciations. In this instance the International Diabetes Association is on top, followed 

by the American Diabetes Association. The Endocrine society appears important on 

this list indirectly through its sponsored journal. 
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Sector types 

Inter-sector links are fairly strong between public science and government web 

sites (see the tables below). 

Table 43: Links between the four sectors. 

From\To Government Industry Public Science Non-profit 
Government 2 0 4  
Industry 2 36 17  
Public Science 5 33 60  
Non-profit     

Table 44: Links between the four sectors as a percentage of total possible links 
within the 69 sites (inter-sector links over 5% in bold). 

From\To Government Industry Public Science Non-profit 
Government 100.0% 0.0% 8.0%  
Industry 2.4% 2.1% 1.6%  
Public Science 10.0% 3.1% 10.0%  
Non-profit     

Figure 44: Linking between organisational types in biotech pharmaceuticals. 

 

Having a highly competitive market structure suggests that firms would avoid col-

laboration unless the partner in the collaborative agreement has a complementary 

technology. But also being highly R&D insensitive suggests that collaboration may 

be important to reduce risk and uncertainty. In this instance, as Figure 44 shows, 

the scientific association, including its annual conferences and sponsored journals, 

is the most central facilitators of knowledge flows within the innovation network. 

This is where both the scientist from public research organisations (mainly universi-

ties) and company research labs exchange ideas. The four most important scientific 
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associations appear prominent on the top list in Table 43. Interviewees pointed out 

that links to firms are mostly included because of industry sponsorship of education 

events or conferences. It was also pointed out that both scientific associations and 

firms have different types of websites: Companies have websites for patients and 

the general public, but they have also professional websites, which are created to 

serve the knowledge needs of the experts. This is also the case for websites of sci-

entific associations, which have general websites mostly for patients, but also sci-

entific websites, as the interviewees highlighted. 

Nations 

From the point of view of geographic importance, the United States appears very 

central in the network, interacting strongly with virtually every country that is on 

the forefront of the technology, but most strongly with the U.K., Switzerland, and 

Germany. However, one reason is the selection of URLs for this case study. As Fig-

ure 41 shows, almost half of all the URLs point to U.S. websites.  

The U.K. also appears very quite central, with linkages with most of the technology 

leaders. India appears outside of the centre, which confirms that they are mainly 

doing research on generics, which is a form of reverse engineering of already exist-

ing pharmaceuticals. Figure 45 shows the most important communication linkages 

by country. 

Figure 45: Linking between countries in biopharmaceuticals. 
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Conclusions 

The webometrics methodology tends to emphasize the importance of the scientific 

associations within the innovation network. This may be because they publish aca-

demic journals and sponsor academic conferences. However, the scientific associa-

tions have different functions: funding and publishing of research, providing infor-

mation to patients and medical professionals, and lobbying for diabetes research. 

Links to firms are mostly included because of industry sponsorship of education 

events or conferences. Such links show therefore not necessarily a real scientific 

communication. It may be useful to study scientific associations in this field and 

their impact on the funding of research. This may be studied by analysing the in-

formation on the funding agency provided by Thomson Reuters since 2008. Such a 

study could probably reveal which research organisations receive funding and this 

mapping exercise could be compared with the webometric network. Also an analy-

sis of co-patenting or R&D collaboration agreements could be useful.  

There was concern among those interviewed that webometric indicators are only 

weak indicators for indicating knowledge flows, and should be supplemented by 

other types of studies, such as bibliometric or patent studies, or more qualitative 

studies. Anthony Arundel suggested that they might be measuring the use of 

knowledge rather than the producer of knowledge. He pointed out that most web-

sites are created for marketing purposed, that is, for directing users (doctors and 

patients) to the website, and do not contain a critical voice. 

Researchers focusing on diabetes related biotherapies interact continuously with 

researchers in university laboratories, perhaps not so directly as the webometrics 

exercise suggestions, but indirectly through the scientific associations. Many of the 

small biopharmaceutical firms are spun off from university research laboratories or 

large pharmaceutical firms. Many are then bought up or make license agreements 

with the larger pharmaceutical firms. In this case it might make sense to differenti-

ate between the small research-oriented firms and the large pharmaceutical firms, 

which mainly focus on marketing and education. Another possible approach would 

be to distinguish between different parts of the websites: general websites mostly 

for patients or the general public and scientific websites for the scientific experts.  

Most of those interviewed thought that the selection of firms and organizations 

were representative of the technology, though some concerns were raised during 

the course of the interview. There was a good balance between the number of large 

pharmaceutical firms involved in diabetes-related biopharma and small research-

oriented firms, but it was not clear what public organisations or universities should 

be included. The public organisations and universities that were chosen for the 

analysis appeared prominent in collaboration agreements that involved enterprises. 
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A large percentage of medical schools in the United States and Europe have endo-

crine and diabetes related study programs. 

Some concern was also raised as to the national distribution (the particular case of 

Denmark), but three lists were crosschecked for the global distribution and some of 

the interviewees approved the selection as representative. One interview pointed 

out that people think there are many relevant firms in Denmark because the one 

that is there is so prominent. Novo Nordisk is far and above the most important 

enterprise in Denmark doing research on diabetes therapies, and one of the two 

most important producers of recombinant insulin in the world. This appears not only 

in Figure 42, but also in Figure 44. There are also public interest organizations in 

Denmark, but it was decided early on to exclude national associations, because of 

the restriction on the number of URLs included, unless they appears central to the 

global research network.  

The number of URLs in a case study on biopharmaceuticals should be doubled to 

capture these organisations as well as some additional small enterprises. Moreover, 

small-research-oriented firms should be differentiated from large pharmaceutical 

firms as they behave very differently. Malo (2006) has shown that new entrants in 

combinatory drug discovery have significantly different sources of learning about 

public research compared to large incumbents. New entrants rely more on scientific 

publications, research contracts and conferences, while the larger firms prefer hir-

ing of personnel, patents and licenses, and publications. They are also more closely 

linked to universities and other public research labs when they enter the market, 

and more closely linked to the market for pharmaceuticals once they become suc-

cessful. It was suggested that the methodology might be capturing the lead users 

of diabetes-oriented biotherapies (Malo; 2006; p. 19f.).  

A potential problem with the webometrics methodology is that the key players in 

the industry were not included in the top 10 most central websites identified in the 

exercise. Genetech (USA), Eli Lilly (USA) and Novo Nordisk (Denmark) were early 

innovators and are considered by the scientists interviewed to still be major innova-

tors with large R&D laboratories. The latter two firms produce a vast majority of the 

world’s recombinant insulin through their global affiliates. Conversely, Amylin 

Pharmaceuticals (U.S.), a medium sized enterprise that collaborates with Biocon 

and Eli Lilly, and two large pharmaceutical multinationals, Novartis (Switzerland) 

and GlaxoSmithKline (U.K.) are not major players in the development of diabetes 

therapies, but appeared prominent on the top 10 list. It was pointed out in one in-

terview that the two large pharmaceutical firms have recently introduced new prod-

ucts that are generating a lot of discussion on the internet. Amylin Pharmaceuticals 

(U.S.), which shows up on all three lists, was the first biotech firm to introduce a 

novel peptide hybrid. Future prospects of this new compound have also generated 

considerable discussion on the internet.  
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Endnotes  

                                                

i  Twelve Principles of Green Chemistry. Published by the U.S Environmental 
Agency. Retrieved on the 1st of July 2009 from 
http://www.epa.gov/greenchemistry/pubs/principles.html  

1. Prevent waste: Design chemical syntheses to prevent waste, leaving no 
waste to treat or clean up. 

2. Design safer chemicals and products: Design chemical products to be fully 
effective, yet have little or no toxicity. 

3. Design less hazardous chemical syntheses: Design syntheses to use and 
generate substances with little or no toxicity to humans and the environ-
ment. 

4. Use renewable feedstocks: Use raw materials and feedstocks that are re-
newable rather than depleting. Renewable feedstocks are often made 
from agricultural products or are the wastes of other processes; depleting 
feedstocks are made from fossil fuels (petroleum, natural gas, or coal) or 
are mined. 

5. Use catalysts, not stoichiometric reagents: Minimize waste by using cata-
lytic reactions. Catalysts are used in small amounts and can carry out a 
single reaction many times. They are preferable to stoichiometric rea-
gents, which are used in excess and work only once. 

6. Avoid chemical derivatives: Avoid using blocking or protecting groups or 
any temporary modifications if possible. Derivatives use additional rea-
gents and generate waste. 

7. Maximize atom economy: Design syntheses so that the final product con-
tains the maximum proportion of the starting materials. There should be 
few, if any, wasted atoms. 

8. Use safer solvents and reaction conditions: Avoid using solvents, separa-
tion agents, or other auxiliary chemicals. If these chemicals are necessary, 
use innocuous chemicals. 

9. Increase energy efficiency: Run chemical reactions at ambient tempera-
ture and pressure whenever possible. 

10. Design chemicals and products to degrade after use: Design chemical 
products to break down to innocuous substances after use so that they do 
not accumulate in the environment. 

11. Analyze in real time to prevent pollution: Include in-process real-time 
monitoring and control during syntheses to minimize or eliminate the 
formation of byproducts. 

12. Minimize the potential for accidents: Design chemicals and their forms 
(solid, liquid, or gas) to minimize the potential for chemical accidents in-
cluding explosions, fires, and releases to the environment. Originally pub-
lished by Paul Anastas and John Warner in Green Chemistry: Theory and 
Practice (Oxford University Press: New York, 1998). 

ii  For more information see: http://www.ieabioenergy.com/  


