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Abstract

The aim of this paper is to deepen the understanding of the patterns that emerge from Internet data, and to clarify the links between changing patterns of interaction in the ‘virtual’ networks on the Internet and the real networks of the information society. We will focus on typical areas of Mode 2 science that are expected to be subject to strong policy involvement and expected to have a strong emphasis on application in economical contexts. We use journal-journal citations to delineate the identity of interdisciplinary research fields in typical Mode 2 sciences: Artificial Intelligence, Biotechnology and Information Science. Data from the SCI can be used to map the content and the network architecture of scientific communications in those fields. The set of European institutes that participate in the interdisciplinary knowledge production can be mapped in the CORDIS database of EU research projects in order to obtain the Triple Helix of governmental, commercial and scientific institutes of knowledge production. Finally the web-based networks of the same institutes are mapped. The resulting set of communication networks in different contexts enables us to specify the role of each communication medium with respect to content, network architecture and actor types. Also the interaction between the various communication channels can be studied in more detail.

1. Introduction

This paper presents part of the ongoing research carried out within the EICSTES
 project. The EICSTES project (European Indicators, Cyberspace and the Science, Technology, Economy System) aims at providing indicators for studying techno-scientific developments in a European context, using web and non-web data. The primary objective is to offer statistics and to derive indicators about the European Science-Technology-Economy System on Internet. 

Increasingly, computer mediated communications play an important role in the Science- Technology-Economy system. We aim at providing a framework for studying the mutual interaction of information and communication technologies (ICT) and knowledge production and dissemination. Our thesis is that science is best described as an evolving communication system in the midst of an informational revolution. As a consequence of the information revolution in society in general, and science in particular, new information and communication patterns are emerging. Information has always been central to scientific research, but the introduction of digital information, online databases and ICT have enabled a radical lowering of costs related to information dissemination, both in pure form and black boxed in technologies. This informational turn in science is associated with a new mode of knowledge production with hybrid roles of academic, commercial and governmental institutes, the transformation of economic mechanisms by technology and innovation, and a wider variety of types of research output (e.g., tools, patents, norms and values). Consequently, the processes and operations that maintain and reproduce the science system are changing. In our research we wish to understand and measure the role of electronic communications in science. Examples include the changing boundaries of the new mode of knowledge production; quality control is no longer simply a matter of peer review, consensus is formed outside traditional disciplinary boundaries and research outcomes are influenced by social accountability. In this study we will explore the opportunities of using alternative data sources that are expected to show the dynamics of the new mode of knowledge production better than the traditional paper based analyses of scientific journals in scientometrics. Web data and data on European projects are potentially valuable additions to the Science Citation Index (SCI) and the Social Science Citation Index (SSCI).

The main research questions related to this study can be stated as follows; what are meaningful indicators for Internet based communications in the Science-Technology- Economy system? What is the relationship of those indicators with traditional indicators for networks of techno-scientific communications? Does the presence of the Internet and the World Wide Web inform us about communication networks ‘in real life’, or are the real and virtual communication networks relatively loosely coupled? Do Internet based indicators teach us something about the changing nature of knowledge production?

Related to these main questions, we aim at providing more insight in the development of techno-sciences on the web. What are the operations underlying the development of science and technology on the Internet for formal and informal communications? Does the Web/Internet in research environment influence the disciplinary identity of scientific communities? 

Our research design is based on the quantitative analysis of various communication networks in selected fields of Mode 2 sciences (Gibbons et al, 1995). The disciplines Artificial Intelligence, Biotechnology and Information Science are expected to represent typical examples of techno-sciences in the information society. These disciplines are characterized by a strong emphasis on application and substantial policy involvement. The resulting knowledge infrastructure is provided by a "Triple Helix" network of University - Industry - Government relations in which information is exchanged in the innovative process of techno-scientific development. 

2 Methodology

Our thesis is that science is best described as an evolving communication system. The definitive attribute of an evolving communication system is the set of inter-component relationships which outline its form at any given moment and serve as the core 'identity' which is maintained in spite of dynamic changes over time. Scientific disciplines and specialties can be considered as networks of communications that are carried by actors at the nodes. This concept provides a conceptual clarification of the collectivity in which the scientists are integrated. The methodological consequence of this insight is, that meaningful domains need to be delineated on the basis of their relationships and not –for example- on the basis of their content alone. 

Scientometric methodologies rest on the assumption that traces of communicated information can be used to map the development of the science system in interaction with its (social, economical, political and technological) environment. These communications can be studied in three different dimensions. 

The structure of the communication networks can be mapped by quantifying the number and direction of the existing relations in the network. This dimension represents the type (cited reference, hyperlink, project co-operation) and quantity of relations between actors. The SCI provides relational information in the form of citation networks. The CORDIS database is used to map relations in the applicational environment of European research projects in the form of project co-operations. Hyperlinks provide us with information on relations between research groups in the internet

What is communicated in the communication systems (the organization) can be represented (to a certain extent) by mapping the content of these communications (abstracts, title-words, key-words, etc). This content-axis represents the ‘cognitive’ dimensions of communications (tile-words, free-text words) and makes it possible to position the various actors in the communication network. 
The role and behavior of the actors (persons and institutes) that together form the communication system can be studied as a third dimension. This actors-axis represents the dimensions of the relevant actors involved; the type of institution (governmental, industrial, academic), the geographical location (NL, UK, USA, etc), the role of these institutions in the process of knowledge production and new economy (users, producers, suppliers, commissioner). They can be considered the carrying nodes of the communication network. The research departments and institutes that are part of the delineated fields in the JCR are obtained from the (S)SCI. The same institutes are examined in the CORDIS database and on the web. 

The design is represented in figure 1. In this project, the fields of Artificial Intelligence, Biotechnology and Information Science will be delineated using JCR data using journal citations. In the next step, the delineated fields will be examined with respect to the actor identities, the existing relationships and the communicated content. Data from the SCI can be used to map the content and the network architecture of scientific communications in those fields. The set of European institutes that participate in the interdisciplinary knowledge production can be mapped in the CORDIS database of EU research projects in order to obtain the Triple Helix of governmental, commercial and scientific institutes of knowledge production. Finally the web-based networks of the same institutes are mapped. The resulting set of communication networks in different contexts enables us to specify the role of each communication medium with respect to content, network architecture and actor types. Also the interaction between the various communication channels can be studied in more detail. Additional information about the role of the different communication networks can be obtained by mapping the interactions of the core institutes with their direct environments.








Figure 1. The scientific disciplines Biotechnology, Artificial Intelligence and Information Science are delineated in the JCR, the institutes and the communicated papers are obtained from the (S)SCI and mapped on the CORDIS database and the Web.

Ideally, the end result of this proposed research project will be a collection of communication networks that share the same set of actors at its core. These core actors are defined in terms of their contributions to the body of scientific literature. The characteristics of these actors, as well as the architecture of the networks and the content of the communications in the various networks can be compared.

3 Results

3.1 JCR delineation analysis 

Following the thesis that science can be described as an evolving communication system, then it is best defined in terms of publications in scientific journals. Publications are the most formal and codified communications in the science-technology economy system and play an important role in the dissemination and evaluation of knowledge.  Consequently, the first aspect of this paper relates to the body of knowledge that can be called ‘the mapping of science and technology’ using journal citations. Crucial is here the delineation of the various fields, as this creates the starting point for the analysis of network dynamics. The scientific landscape consists of a large number of weakly linked research fields. Disciplinary research fields have strong identities and reproduce their own boundaries in terms of this identity. At the boundaries of these research fields, multidisciplinary and interdisciplinary fields emerge by recombinations of knowledge from existing disciplines. In this study we focus on the identity of those interdisciplinary and multidisciplinary fields of selected Mode 2 sciences. 

A method for empirical analysis of evolving scientific communication systems has been developed that reflects the phenomena of systems boundaries and identity construction. The method is described in detail elsewhere (Van den Besselaar & Leydesdorff 1996), and therefore we only summarize it here. The basic idea is that a scientific discipline can be defined as a network of journals dealing with similar research questions and methodologies and referring to a largely overlapping set of literature. As a consequence of this last characteristic, we expect journals belonging to the same field exhibiting similar aggregated citation patterns. If that is the case, the analysis of journal-journal citations may result in an operational definition of a scientific specialty in terms of a set of journals with a similar citation pattern. The methods was corroborated in various case studies (Cozzens & Leydesdorff 1993).

Table 1: Methodology for delineating specialties
1. Selection of entrance journal

(e.g., Biotechnology and Bioengineering)

(
2. Determination of the journals belonging to the citational environment of the entrance journal

(using the JCR)

(
3. Removal of the tail in each direction

(determine the threshold:  1%, or 2%)

(
4. Construction of the citation matrix

(
5. Determining the different clusters by factor analyses in the citing dimension
(
6. Construction of ‘macro-matrix’ of communication between clusters

Table 1 outlines the method step by step. The analysis begins with the selection of the entrance journal: the main journal in the specialty under study. The entrance journal determines the domain for the analysis. Therefore, the results rely heavily on this choice: the more central this journal is in the journal-set representing the specialty, the more reliable the resulting delineations will be. Step two is the determination of the journals belonging to the citational environment of the entrance journal. These are all journals that cite or are cited by the entrance journal. The data are obtained from the Journal Citation Reports (JCR) of the Science Citation Index. In this study, we used the printed edition of the JCRs , the microfiches, and the CD-Rom version, depending on the year under study. The database contains information about the citation patterns of some 3500 journals from the Science Citation Index (SCI) and 1400 from the Social Science Citation Index (SSCI). Given the subject of study, data from both indexes had to be combined. As many of the journals identified in this way have only a very weak citation relation with the entrance journal, we remove all journals (step three) below a certain threshold. The remaining journals are used in step four to construct the journal-journal citation matrix. The matrices are sparsely filled. Most cells will be empty and the dense clusters of citation represent scientific specialties. In step five, the matrices are factor-analyzed in the 'citing' dimension. The 'citing' dimension refers to the aggregated citing behavior of authors who publish in these journals in the current year. We interpret this as the active reproduction of the (emerging) structure of the specialty. The factor on which the entrance journal has the highest factor-loading, is considered as representing the specialty which we try to delineate. The other larger factors that result from the analysis can be interpreted as specialties that are relevant for and related to the focal specialty. Minor factors, sometimes consisting of only a single journal, may indicate specialties that (incidently) use the results of the focal specialty, without implying close links with the focal specialty. The factor analysis also provides us with an indication of the quality of the choice of the entrance journal. The higher the entrance journal loads on its own factor, the better it can be considered as a good representation of the field under study, and therefore the better the choice has been.

Factor analysis reveals clearly identifiable clusters of journals representing scientific disciplines. By repeating this procedure using data from previous years, information is obtained about the recent development of the field and its environment. The use of references and title words within this group of journals is highly codified, which results in skewed distributions of cited references, title-words, publications per journal, publications per author, publications per country, etc. These scientific specialties are expected to behave as self-organizing communication systems that maintain some kind of ‘plastic identity’ (Maturana, 1980). Of course, despite the maintained identity, the definition of the fields under study does change. If one follows the actors historically (Latour 1987), one obtains a reflexive understanding about how these definitions have changed. From an evolutionary perspective, however, one expects that some of these historical elements have been carried over into the current understanding, while other elements may have faded away (Leydesdorff and Heimeriks, 2001).

The first field we studied within this project is Biotechnology for the year 1998, and we have chosen the journal Biotechnology and Bioengineering as entrance journal. This choice was based on the fact that of all journals with ‘Biotechnology’ in its title, this one has the highest ‘impact factor’. Using the method described above, a journal-journal citation matrix was constructed, with a threshold of 1%. Factor analysis of the citation matrix resulted in seven separate clusters (scientific specialties). The results indicate that Biotechnology and Bioengineering was a good choice; the impact-factor as indicated in the JCR was the highest in the field, and the journal has the highest loading on its own factor. It can therefore be considered as a "central tendency journal" in the citing dimension, as defined by Cozzens & Leydesdorff (1993). With hindsight, this legitimates the initial selection of Biotechnology and Bioengineering as the starting point for the analysis. Analysis for the years 1986, 1992, 1996 and 1998 reveals that cluster becomes larger, but seems to be rather stable. The second Mode 2 discipline under study was Information Science. Using the Journal of the American Society for Information Science (JASIS) as entrance journals and a 1 % threshold, we created from the JCR-1998 the Journal-Journal citation matrix. Factor-analyzing this matrix resulted in six factors, of which the first factor is the one around Jasis. The structure of the Information Science factor has been relatively stable during the eighties and nineties as was indicated by analysis of the years 1986, 1992, 1996 and 1998. The delineation analysis for Artificial Intelligence (AI) is described in Van den Besselaar and Leydesdorff 1996. The journal Artificial Intelligence served as an entrance journal, again the factor containing the entrance journal explained the largest part of the total variance. In the case of AI 1988, 1992, 1997 and 1998 were used for analysis.

The comparison of disciplinary and interdisciplinary forms of knowledge production in terms of their communication patterns enabled us to develop an indicator for the degree of interdisciplinarity (Heimeriks and Van den Besselaar, forthcoming).

3.2 Science Citation Index

The set of journals that define the disciplines Biotechnology, Artificial Intelligence and Information Science serves as a starting point for obtaining information about the content and architecture of the scientific communication system in those disciplines. In the first step the institutional addresses, cited references, abstracts and the title words can be obtained from the Science Citation Index. We obtained 1857 organizations that contributed publications in the field of AI in the period under study, 2802 organizations Biotechnology and 1120 organizations in Information Science. In total, 4771 unique organizations contributed to the body of scientific literature under study.

Studying the scientific communication system, the organizations that produce scientific papers are considered nodes in the communication network. The cited references are considered the networked communications and the content as expressed in the title and abstract provides us information about what is communicated. To conduct the analysis with BibTechMonTM 
, the data had to be further standardised to eliminate distortions due to differences in spellings, abbreviations and synonyms. BibTechMon uses a number of elements for the analysis: Nodes where each one represents a single organization from the (S)SCI database. The size of the node is determined by the number of relevant cited references in the paper. The Relationships between these nodes, in this case the list of cited references assigned to each paper. We assume a context if two papers cite the same literature. Furthermore, Keywords could be obtained from the paper’s abstract. We generated them with a procedure based on the context sensitive longest-match principle and a phrase recognition algorithm (Widhalm et al. 1999). This automatic indexing module was applied to the abstract of each record. 

In the first analysis the network architecture of the communication of scientific papers was investigated. The relationships between the organizations were defined in terms of the overlap between their citational patterns. Most organisations were of academic origin and only contributed to one or two publications. The resulting network of institutes is shown in figure 2.
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Figure 2. The network of organizations obtained from the (S)SCI in Biotechnology (green), Artificial Intelligence (red) and Information Science (blue).

Source: CORDIS, (S)SCI, visualization with BibTechMonTM.
Due to the nature of the journal medium with its peer review system and editorial boards, scientific papers are very well codified. This is clearly reflected in the relational patterns in the form of citation networks. Many scientific institutes refer in their publications to a very similar set of core literature in their discipline. Also, the meaning of words within a scientific context is more codified than in other domains (Leydesdorff, 1997) because meaning is reflexively attributed to communicated information within the context of a well-defined system. In this analysis, the content of the communicated papers was represented by key words that could be obtained from the paper’s abstract. We generated them with a procedure based on the context sensitive longest-match principle and a phrase recognition algorithm (Widhalm et al. 1999). This automatic indexing module was applied to the abstract of each record.

Table 2. Sample of the key word-frequency distributions in the (S)SCI.


	WORD
	AI
	BIO
	INFO

	abduction
	6
	0
	1

	ability
	43
	55
	21

	absence
	5
	65
	3

	absent
	2
	5
	0

	absorption
	0
	8
	0

	abstract
	5
	0
	4

	abstracting
	2
	0
	5

	abstraction
	16
	0
	2

	abstractions
	7
	0
	1

	abstracts
	2
	0
	10

	academic
	0
	0
	11

	academic libraries
	0
	0
	12

	academics
	0
	0
	9

	acceptance
	2
	2
	4

	access
	10
	4
	32

	accessible
	2
	2
	2

	accomplish
	6
	1
	1

	accomplished
	3
	11
	1

	accordance
	5
	3
	1

	accordingly
	2
	6
	3

	account
	36
	37
	15

	accounted
	1
	9
	0

	accounts
	5
	3
	3

	accumulate
	1
	6
	0

	accumulated
	1
	6
	1

	accumulation
	1
	39
	1

	accuracy
	22
	7
	7

	accurate
	7
	11
	3

	acetate
	0
	29
	0

	acetic acid
	0
	15
	0

	acetone
	0
	15
	0

	acetonitrile
	0
	15
	0

	achievement
	3
	3
	0

	acid
	0
	8
	0

	acid hydrolysis
	0
	6
	0

	acidity
	0
	6
	0

	acquire
	5
	3
	2

	acquiring
	5
	0
	1

	acquisition
	11
	2
	6

	across
	3
	2
	1

	act
	7
	9
	5

	acting
	3
	4
	1

	action
	28
	12
	4

	actions
	55
	1
	7

	activated
	0
	12
	0

	activated carbon
	0
	12
	0

	activation
	1
	25
	0

	activation energy
	0
	12
	0

	active
	2
	44
	3

	active enzyme
	0
	6
	0

	active site
	0
	7
	0

	activities
	8
	36
	17

	activity
	7
	194
	11

	actually
	8
	1
	5

	acylase
	0
	7
	0

	acylation
	0
	6
	0

	adapt
	17
	1
	2

	adaptation
	24
	11
	2

	adaptation knowledge
	9
	0
	0

	adapted
	12
	8
	6

	adapting
	11
	0
	1

	adaptive
	5
	0
	1

	add
	1
	1
	4

	added
	10
	65
	3

	adding
	11
	8
	2

	addition
	61
	187
	21

	additionally
	7
	6
	4

	additive
	0
	7
	0

	additives
	0
	10
	0

	address
	42
	3
	18

	addresses
	4
	0
	7

	addressing
	7
	2
	6

	adequately
	2
	8
	3

	adjustable parameters
	1
	5
	0

	adjustment
	2
	5
	2

	adopted
	13
	7
	7

	adoption
	4
	0
	9

	adsorbed
	0
	11
	0

	adsorbent
	0
	7
	0

	adsorbents
	0
	7
	0

	adsorption
	0
	39
	0

	adsorption capacity
	0
	6
	0

	advancement
	0
	0
	6

	advances
	4
	5
	8

	advantage
	23
	17
	15

	advantageous
	2
	7
	2

	advantages
	37
	24
	16

	advent
	3
	0
	4

	advice
	2
	0
	4

	aerated
	0
	6
	0

	aeration
	0
	22
	0

	aeration rate
	0
	7
	0

	aerobic conditions
	0
	9
	0

	affect
	7
	26
	6

	affecting
	1
	4
	1

	affinity
	0
	17
	0

	affinity chromatography
	0
	7
	0

	africa
	0
	0
	6

	ag
	0
	7
	0

	age
	2
	7
	7

	agent
	45
	2
	3

	agents
	62
	3
	10

	aggregated
	4
	2
	1

	aggregates
	0
	8
	1

	aggregation
	5
	5
	1

	agitation
	0
	20
	0

	agitation speed
	0
	10
	0

	agreement
	6
	27
	4

	agriculture
	1
	5
	2

	ai
	23
	0
	4

	aid
	8
	9
	4

	aim
	25
	30
	18

	aimed
	2
	3
	8

	aiming
	1
	5
	1

	aims
	10
	1
	10

	air
	2
	25
	0

	aircraft
	4
	0
	2

	al
	22
	22
	2

	alanine
	1
	8
	0

	alcohol
	0
	12
	0

	alcohols
	0
	9
	0

	aldehyde
	0
	6
	0

	algebra
	8
	0
	1

	alginate
	0
	23
	0

	alginate beads
	0
	12
	0

	algorithm
	103
	6
	13

	algorithms
	78
	0
	15

	alkaline ph
	0
	6
	0

	allocation
	2
	3
	3

	allowed
	8
	23
	2

	allowing
	12
	11
	3

	alpha
	4
	9
	1

	alpha- chymotrypsin
	0
	7
	0

	alpha-amylase
	0
	7
	0

	alpha-chymotrypsin
	0
	14
	0

	alpha-galactosidase
	0
	6
	0

	altered
	0
	6
	1

	alternative
	12
	15
	6

	alternative approach
	4
	1
	1

	alternatives
	16
	1
	6

	ambient temperature
	0
	6
	0

	amino acid
	1
	5
	0

	amino acid sequence
	0
	6
	0

	amino acids
	0
	24
	0

	ammonia
	0
	17
	0

	ammonium
	0
	8
	0

	ammonium sulfate precipitation
	0
	8
	0

	amount
	17
	85
	8

	amounts
	3
	28
	1

	amplification
	0
	10
	0

	amylases
	0
	6
	0

	anaerobic
	0
	10
	0

	anaerobic digestion
	0
	15
	0

	anaerobic treatment
	0
	8
	0

	analogical reasoning
	6
	0
	0

	analogous
	2
	2
	3

	analogy
	6
	2
	0

	analyse
	4
	2
	10

	analysed
	8
	23
	21

	analyses
	2
	7
	8

	analysing
	5
	2
	4

	analysis
	63
	80
	64

	analytical
	7
	1
	5

	analyze
	26
	6
	4

	analyzed
	29
	44
	12

	analyzing
	7
	2
	6

	animal
	0
	7
	0

	animals
	1
	6
	1

	ann
	6
	1
	2

	anova
	1
	5
	0

	antibodies
	0
	8
	0

	apparent
	3
	8
	2

	apparent viscosity
	0
	6
	0

	apparently
	3
	9
	3

	appearance
	2
	6
	1

	applicability
	12
	12
	10

	applicable
	12
	7
	8

	application
	123
	95
	62

	applications
	67
	26
	20

	applied
	88
	79
	32

	apply
	35
	3
	5

	approach
	219
	42
	66

	approaches
	66
	8
	25

	appropriate
	23
	11
	9

	appropriateness
	7
	1
	3

	approximate
	13
	6
	0

	approximately
	8
	12
	1

	approximation
	9
	1
	2

	aqueous
	0
	11
	0

	aqueous media
	0
	8
	0

	aqueous phase
	0
	11
	0

	aqueous solution
	0
	18
	0

	aqueous solutions
	0
	15
	0

	architecture
	33
	2
	19

	architectures
	6
	0
	0

	area
	30
	10
	21

	areas
	23
	8
	21

	argue
	43
	0
	0

	argued
	17
	0
	15

	argument
	8
	1
	2

	argumentation
	6
	0
	1

	arguments
	15
	1
	5

	array
	3
	2
	1

	arrive
	2
	2
	2

	art
	7
	5
	2

	article
	101
	25
	59

	article concludes
	2
	0
	5

	article focuses
	4
	1
	1

	article proposes
	5
	0
	2

	article reports
	4
	1
	2

	articles
	1
	0
	19

	artificial
	6
	0
	3

	artificial intelligence
	34
	0
	13

	artificial neural network
	9
	4
	4

	artificial neural networks
	14
	2
	4

	asked
	2
	0
	6

	aspects
	37
	8
	26

	aspergillus niger
	0
	41
	0

	aspergillus oryzae
	0
	14
	0

	assay
	0
	14
	0

	assayed
	1
	12
	0

	assays
	0
	9
	0

	assembly
	2
	3
	2

	assess
	10
	8
	8

	assessed
	3
	16
	10

	assessing
	3
	3
	3

	assessment
	5
	4
	12

	assigned
	4
	2
	2

	assignment
	5
	1
	2

	assist
	5
	0
	14

	assistance
	2
	0
	4

	associated
	6
	16
	11

	association
	4
	3
	5

	assume
	14
	0
	1

	assumption
	10
	8
	3

	assumptions
	29
	4
	3

	assured
	2
	1
	3

	atmospheric pressure
	0
	11
	0

	atp
	2
	9
	0

	attached
	2
	4
	0

	attachment
	1
	9
	0

	attack
	2
	4
	0

	attain
	1
	5
	0

	attained
	0
	15
	0

	attempt
	13
	11
	12

	attempted
	3
	10
	4

	attempts
	14
	6
	12

	attention
	17
	16
	23

	attitudes
	3
	0
	8

	attractive
	2
	3
	2

	attribute
	5
	1
	1

	attributes
	32
	0
	7

	augmented
	6
	1
	0

	australia
	0
	1
	5

	author
	6
	7
	10

	autoepistemic logic
	7
	0
	0

	autolysis
	0
	8
	0

	automated
	5
	4
	5

	automatic
	8
	0
	0

	automatically
	5
	0
	4

	automating
	6
	0
	1

	automation
	7
	4
	2

	autonomous agents
	9
	0
	0

	autonomy
	8
	0
	0

	availability
	6
	10
	6

	average
	13
	13
	6

	avicel
	0
	6
	0

	avoided
	3
	7
	2

	avoids
	3
	1
	2

	awareness
	1
	0
	11

	axial
	0
	6
	0

	bacillus licheniformis
	0
	7
	0

	bacillus sp
	0
	10
	0

	bacillus subtilis
	0
	12
	0

	background
	7
	1
	9

	bacteria
	0
	39
	0

	bacterial cells
	0
	8
	0

	bacterial growth
	0
	10
	0

	baculovirus
	0
	7
	0

	baker
	0
	11
	0

	balance
	1
	2
	4

	balancing
	5
	2
	1

	base
	31
	4
	3

	bases
	11
	1
	2

	basic idea
	5
	0
	3

	basically
	3
	0
	3
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	4
	5
	2

	runs
	5
	7
	2

	s(-1
	0
	7
	0

	saccharomyces cerevisiae
	1
	55
	0

	safety
	6
	3
	2

	sample
	7
	9
	14

	samples
	4
	29
	1

	sampling
	1
	3
	2

	satisfaction
	3
	0
	7

	satisfactory
	8
	11
	2

	satisfied
	9
	2
	3

	satisfies
	6
	0
	0

	satisfy
	19
	1
	1

	saturation
	0
	9
	0

	saudi arabia
	0
	0
	6

	sawdust
	0
	6
	0

	say
	3
	0
	2

	scalability
	4
	1
	1

	scale
	9
	10
	5

	scale-
	0
	6
	0

	scaled
	1
	9
	1

	scale-up
	0
	10
	0

	scaling
	4
	1
	4

	scenario
	4
	3
	0

	scenarios
	8
	1
	1

	scheduling
	11
	0
	2

	scheme
	13
	3
	4

	scholarly communication
	0
	0
	10

	science
	7
	2
	21

	science citation index
	0
	0
	10

	sciences
	0
	0
	7

	scientific
	1
	0
	10

	scientists
	0
	0
	12

	scope
	6
	2
	9

	scratch
	4
	0
	3

	screen
	2
	5
	0

	screened
	0
	13
	0

	screening
	0
	13
	0

	sds
	0
	6
	0

	sds-page
	0
	18
	0

	se
	1
	4
	3

	search
	42
	2
	35

	search process
	6
	0
	3

	search space
	12
	0
	3

	search techniques
	5
	0
	1

	search tree
	5
	0
	1

	searches
	2
	0
	9

	searching
	14
	2
	18

	second
	46
	15
	14

	second part
	4
	2
	4

	second stage
	2
	8
	0

	second step
	3
	5
	0

	secondly
	10
	4
	5

	secreted
	0
	6
	0

	secretion
	0
	17
	0

	section
	5
	0
	3

	sections
	3
	1
	4

	seed
	1
	5
	0

	seeds
	0
	6
	0

	seemed
	1
	6
	0

	segments
	1
	1
	5

	selecting
	9
	2
	9

	selection
	18
	27
	17

	selective
	1
	9
	0

	selectivity
	0
	23
	0

	semantics
	52
	0
	8

	sense
	24
	1
	5

	sensitive
	3
	41
	3

	sensitivity
	2
	19
	2

	sensor
	2
	9
	0

	sensors
	9
	2
	0

	sent
	1
	2
	5

	sentence
	8
	0
	0

	sentences
	6
	0
	4

	separated
	0
	20
	1

	separately
	1
	7
	3

	separation
	2
	28
	2

	sequence
	17
	10
	3

	sequenced
	0
	7
	0

	sequences
	6
	2
	3

	sequencing
	2
	5
	1

	series
	15
	26
	22

	serum
	0
	10
	0

	serum-free media
	0
	6
	0

	serve
	6
	11
	5

	served
	3
	5
	1

	service
	5
	1
	15

	services
	1
	0
	30

	set
	185
	27
	46

	sets
	31
	2
	9

	sewage sludge
	0
	7
	0

	shake flask
	0
	7
	0

	shake flask cultures
	0
	8
	0

	shake flasks
	0
	10
	0

	shape
	10
	14
	5

	share
	6
	0
	2

	shared
	6
	0
	3

	shifted
	4
	9
	0

	shortcomings
	6
	0
	6

	side
	3
	5
	2

	significance
	7
	12
	7

	significant
	7
	21
	5

	significant difference
	0
	8
	6

	significant differences
	1
	6
	10

	significant effect
	3
	16
	0

	significant effects
	2
	5
	0

	significant impact
	1
	5
	4

	significant improvement
	3
	3
	0

	significant increase
	0
	13
	0

	significant loss
	0
	7
	0

	significant reduction
	2
	6
	0

	significantly
	9
	20
	3

	significantly different
	1
	7
	1

	significantly enhanced
	0
	9
	0

	significantly higher
	1
	9
	0

	significantly increased
	0
	6
	0

	silica gel
	0
	6
	0

	similarities
	10
	3
	6

	similarity
	20
	10
	6

	similarity measure
	5
	0
	3

	similarly
	6
	14
	1

	simpler
	2
	3
	1

	simplicity
	3
	3
	0

	simulate
	4
	5
	3

	simulated
	5
	19
	1

	simulation
	35
	23
	12

	simulations
	13
	10
	0

	simulator
	4
	0
	2

	simultaneous
	2
	5
	0

	simultaneously
	3
	6
	1

	single
	7
	10
	5

	single band
	0
	7
	0

	site
	0
	3
	4

	sites
	3
	4
	6

	situ
	0
	8
	0

	situation
	30
	5
	10

	situation calculus
	7
	0
	0

	situations
	24
	0
	0

	size
	36
	34
	14

	sizes
	3
	7
	0

	skills
	4
	0
	7

	slightly
	0
	10
	1

	slip velocity
	0
	7
	0

	slower
	1
	12
	1

	slowly
	2
	5
	0

	sludge
	0
	9
	0

	small
	4
	17
	11

	small amount
	1
	12
	1

	small amounts
	0
	9
	0

	small number
	4
	1
	5

	smaller
	5
	3
	1

	smooth
	6
	2
	0

	social
	4
	0
	17

	social sciences
	1
	0
	10

	society
	2
	3
	5

	sociology
	0
	0
	7

	software
	14
	3
	16

	soil
	0
	29
	0

	soil samples
	0
	6
	0

	sole carbon source
	0
	8
	0

	solid
	0
	16
	0

	solid phase
	0
	13
	0

	solid state fermentation
	0
	9
	0

	solids
	0
	17
	0

	solid-state fermentation
	0
	8
	0

	solubility
	0
	16
	0

	solubilization
	0
	8
	0

	solubilized
	0
	9
	0

	soluble
	1
	17
	0

	soluble enzyme
	0
	9
	0

	soluble protein
	0
	8
	0

	soluble starch
	0
	7
	0

	solution
	61
	42
	16

	solutions
	51
	14
	17

	solvable
	6
	0
	0

	solve
	31
	2
	6

	solve problems
	7
	0
	0

	solved
	20
	3
	3

	solvent
	0
	35
	0

	solvents
	0
	10
	0

	solves
	4
	0
	2

	sometimes
	10
	1
	0

	sons
	58
	355
	0

	soon
	2
	2
	2

	sorbitol
	0
	12
	0

	sought
	2
	1
	3

	sound
	20
	0
	4

	soundness
	6
	1
	0

	source
	7
	19
	7

	sources
	7
	13
	18

	soybean
	0
	6
	0

	soybean oil
	0
	6
	0

	space
	19
	1
	7

	spaces
	5
	0
	1

	specialization
	6
	0
	1

	specially
	0
	5
	1

	species
	2
	28
	0

	specifically
	16
	11
	17

	specification
	18
	1
	7

	specifications
	9
	0
	2

	specificity
	8
	12
	3

	specified
	9
	0
	1

	specify
	8
	0
	0

	specifying
	10
	0
	1

	spectrum
	3
	5
	5

	speech
	5
	0
	2

	speed
	15
	9
	5

	speeding
	9
	0
	1

	speeds
	5
	1
	2

	spiral
	1
	6
	0

	spite
	1
	9
	1

	spores
	0
	10
	0

	spread
	0
	4
	5

	ssf
	0
	8
	0

	stability
	4
	74
	2

	stabilization
	0
	17
	0

	stabilized
	0
	7
	0

	stable
	6
	76
	1

	stable model semantics
	7
	0
	0

	stable models
	8
	0
	0

	staff
	0
	0
	14

	stage
	5
	13
	11

	stages
	6
	11
	9

	standard
	5
	2
	5

	standards
	4
	2
	5

	starch
	0
	21
	0

	start
	11
	5
	4

	started
	3
	2
	2

	starting
	8
	11
	6

	starts
	4
	4
	0

	state
	32
	13
	23

	state space
	10
	0
	0

	stated
	5
	2
	3

	statement
	5
	0
	1

	statements
	4
	1
	2

	states
	16
	4
	4

	static
	12
	3
	1

	statistical
	6
	2
	4

	statistical analysis
	2
	4
	3

	statistics
	5
	0
	5

	status
	3
	2
	6

	steady state
	2
	16
	0

	step
	12
	21
	4

	steps
	21
	12
	8

	stimulated
	0
	9
	2

	stirred tank reactor
	0
	10
	0

	stirrer speed
	0
	6
	0

	stirring
	0
	8
	0

	storage
	4
	13
	5

	storage stability
	0
	6
	0

	store
	1
	0
	5

	stored
	5
	13
	7

	storing
	5
	1
	1

	strain
	1
	34
	0

	strains
	0
	39
	0

	strategies
	31
	12
	11

	strategy
	15
	23
	13

	stream
	3
	7
	0

	strength
	4
	6
	3

	strengths
	9
	1
	5

	stress
	4
	6
	1

	stresses
	1
	3
	2

	strings
	7
	0
	1

	stripping
	0
	6
	0

	strongly
	0
	12
	3

	strongly influenced
	1
	7
	0

	strongly inhibited
	0
	8
	0

	structure
	53
	18
	24

	structured
	9
	1
	4

	structures
	9
	2
	3

	structuring
	6
	0
	2

	student
	5
	0
	1

	students
	6
	0
	11

	studies
	21
	70
	38

	study
	115
	223
	105

	study investigates
	0
	1
	5

	studying
	9
	5
	0

	style
	6
	0
	0

	subgoals
	8
	0
	1

	subject
	19
	8
	17

	subjected
	2
	16
	3

	subjects
	7
	1
	8

	submerged culture
	0
	8
	0

	subsequently
	4
	4
	3

	subset
	16
	0
	3

	subsets
	7
	0
	1

	substances
	1
	5
	0

	substitution
	1
	7
	0

	substrate
	0
	124
	0

	substrate concentration
	0
	19
	0

	substrate concentrations
	0
	7
	0

	substrate consumption
	0
	6
	0

	substrate inhibition
	0
	10
	0

	substrate protection
	0
	6
	0

	substrates
	0
	54
	0

	subsumption
	6
	0
	0

	subtilis
	0
	7
	0

	subtilisin
	0
	6
	0

	success
	21
	14
	14

	successful
	9
	12
	6

	successfully
	7
	23
	2

	successfully applied
	7
	4
	0

	sucrose
	0
	25
	0

	sugar
	0
	18
	0

	sugar concentrations
	0
	7
	0

	sugars
	0
	18
	0

	suggested
	13
	34
	23

	suggesting
	6
	29
	2

	suggestion
	0
	2
	4

	suggestions
	4
	3
	13

	suitability
	3
	3
	2

	suited
	8
	5
	8

	sum
	6
	2
	2

	summarized
	6
	3
	3

	summary
	6
	1
	3

	superior
	7
	10
	2

	supplementation
	0
	12
	0

	supplemented
	1
	12
	2

	supplied
	3
	6
	2

	supply
	4
	8
	5

	support
	40
	35
	31

	supported
	21
	5
	4

	supporting
	5
	2
	6

	supposed
	2
	4
	0

	suppressed
	0
	6
	0

	surface
	3
	31
	0

	surface area
	0
	6
	0

	surface properties
	0
	6
	0

	surfaces
	1
	9
	0

	surfactant
	0
	11
	0

	surfactants
	0
	12
	0

	surprisingly
	6
	2
	1

	surrounded
	0
	6
	0

	survey
	13
	2
	35

	surveys
	1
	0
	10

	susceptible
	0
	8
	2

	suspended
	1
	10
	0

	suspension
	0
	9
	0

	suspension culture
	0
	8
	0

	suspension cultures
	0
	6
	0

	suspensions
	0
	6
	0

	sustained
	0
	6
	1

	symbolic
	8
	0
	1

	symbols
	3
	0
	4

	syntax
	8
	0
	1

	synthesis
	13
	74
	3

	synthesized
	2
	19
	0

	synthetic medium
	0
	6
	0

	synthetic wastewater
	0
	6
	0

	system
	183
	106
	67


The frequencies of keywords are clearly very scientific in nature. A large number of relevant research topics could be identified.

3.3 CORDIS

The knowledge infrastructure of the information society is provided by a "Triple Helix" network of University - Industry - Government relations. The CORDIS database of EU framework program projects provides a wealth of data of co-operations between academic, industrial and governmental partners. The list of institutes from the SCI delineation provides a good starting point. Authors of articles in scientific journals per definitionem belong to the scientific community. Hence, the SCI data provide us with actors in the scientific communities of three scientific fields, Biotechnology, Information Science and Artificial Intelligence. The relevant domain in the CORDIS database is defined as the list of (commercial, governmental and research) disaggregated organizations that have participated in projects with those organizations with a publication in the SCI domain. This enables us to define the economical, scientific and political context of knowledge production. The first step in our design is to map the set of European organizations that were obtained from the Science Citation Index on the CORDIS data in order to obtain the co-operations –the relevant networked relations- between these institutes and there environment. 

The database comprises 26 968 projects and participations from all five framework programs in the period 1984 to December 2000. These projects involve 97 590 partnerships. Discounting multiple partnerships by the same organization results in 31 773 different organizations partnering in the five framework programs from 1984 to 2000. In order to identify multiple partnerships by the same organization the data underwent an expanded procedure of data standardization
. For our purposes, it was necessary to split large organizations (universities, multinationals etc) into smaller entities, which were departments in most cases. Not only to identify the organizations or organizational entities that had participated in the EU projects, but also to compare them with SCI data to institute or Department level
. 

In the following step of analysis the core set of actors that was identified in CORDIS and (S)SCI is visualized in order to investigate how these actors are networked. With BibTechMon it is possible to depict all actors in the framework programs on the level of their organizations and organizational entities. Figure 3 to 6 all show all actors in projects of all five framework programs until December 2000. An actor is represented by a node. The bigger the node, the more projects the actor was involved in. The more frequently two actors collaborate in projects, the closer the corresponding nodes are positioned to each other.
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Figure 3. Information Science: Authors in scientific journals and their environment in CORDIS 

Source: CORDIS, (S) SCI, visualization with BibTechMonTM.

Figure 3 focuses on Information Science. Authors in scientific journals of Information Science who could be identified in CORDIS are marked by the red color. Their partners in the projects they participated in are marked by the blue color. Some organizations may appear outside these clusters because their work is highly interdisciplinary. As actors are positioned close to their project partners, in this case they may be attracted by partners in different research topics and thereby get placed in between disciplines. In Figure 3 this is the case with the actors in the green circle. They work on projects concerning policy issues in Information Science and incorporate not only technical but also socioeconomic knowledge. Therefore, they are rightly positioned outside the purely technical Information Science cluster. In some cases, actors could not be disaggregated. Some organizations working on various topics and in various disciplines could not be split up in departments, laboratories, institutes etc because the databases did not yield the necessary information. These organizations naturally get placed in between disciplines for this artificial reason. In Figure 3 such a case is marked by the yellow circles. 
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Figure 4. Artificial Intelligence: Authors in scientific journals and their environment in CORDIS 

Source: CORDIS, SCI, visualization with BibTechMonTM.

Figure 4 shows authors from articles in journals of Artificial Intelligence (colored in red), who work on projects within the five framework programs until December 2000, and their project partners. It is not surprising that actors in Information Science overlap with actors Artificial Intelligence to a high degree.

[image: image4.wmf]Biotechnology

Core set of actors 

(=

actors

 in CORDIS 

and 

in SCI)

Project 

partners of core set


Figure 5. Biotechnology: Authors in scientific journals and their environment in CORDIS 

Source: CORDIS,(S) SCI, visualization with BibTechMonTM.

Finally, Figure 5 presents the same information for Biotechnology. It becomes apparent that actors in Biotechnology cluster in the bottom left part of the whole network of participants. However, they also distribute to a high extent for the same two reasons as mentioned above, i) interdisciplinary projects and ii) high aggregation of organization.

The next step of our analysis was to determine the actor types in the Science-Technology-Economy system. While the organizations contributing to papers in the Science Citation Index and the Social Science Citation Index are almost exclusively academic in nature, we expected the CORDIS network of co-operations to be more heterogeneous in nature. In Figure 6 the whole network of participants is depicted and information on the institutional affiliations of the participating actors is added. In coloring the different types of organizations – universities, industrial enterprises and contract organizations – it becomes apparent that Biotechnology is dominated by universities, whereas Information Science and Artificial Intelligence also involve many participants from industry. The right part of Figure 6 integrates information on contract research organizations. CROs distribute over the whole network of participants, hence are involved in all research topics to similar degrees. Instead, industrial enterprises and universities do not seem to be highly intermingled in all research fields.
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Figure 6. Institutional affiliations of participants in CORDIS

Source: CORDIS, visualization with BibTechMonTM.
Finally, the communicated content in the CORDIS research projects was represented by the same key word analysis described above. The results are shown in table 3. 

Table 3. Sample of the key word-frequency distributions in the CORDIS database.
	wort
	AI
	BIO
	INFO

	project
	1293
	1716
	401

	development
	684
	1105
	209

	work
	426
	387
	109

	design
	410
	334
	123

	develop
	363
	359
	129

	research
	339
	376
	73

	objective
	269
	391
	71

	production
	121
	554
	35

	study
	179
	450
	58

	objectives
	268
	336
	76

	provide
	246
	269
	75

	methods
	276
	243
	71

	information
	246
	256
	70

	system
	303
	130
	116

	application
	212
	268
	67

	analysis
	200
	270
	61

	tools
	332
	82
	117


The word-use in the European research projects reflects both the policy involvement and the applicational context of the research. The most occurring key words express the focus on design, implementation and tools.   

3.4 Web data

The domains of related universities, companies and governmental organizations provide a starting-point for link and content analysis on the web. We argued that a relevant domain is best defined in terms of a set of communicating actors. The analysis of non-web data provides us with a set of actors that have off-line relations. The first step in our analysis is to see if these actors and their interactions are represented on the Internet. The starting point of the analysis is the list of domains obtained from the CORDIS database. The institutional web-pages were obtained from CINDOC
 using the list of organizations from the European projects.  The hyperlinks are considered relations and the content was obtained from downloading the text content of the web pages. The content and architecture of the network can be mapped in analogy with the method describe above, using hyperlinks and words. 

In the first analysis, the network architecture was mapped using the data on outgoing hyperlinks from the top-level pages of the research departments obtained from the CORDIS database and the (S)SCI. Co-link analysis was used to determine the set of organizations in the direct environment of this core list: all the organizations that receive inlinks from more than one of the core organizations were included. The result of the co-link analysis of the outlink network is shown in figure 7.

[image: image6.png]



Figure 7. Network of hyperlinks of organizations in Biotechnology (green), Artificial Intelligence (red) and Information Science (blue). The white dots represent relevant organizations obtained by co-link analysis on the web.  

Source: authors visualization with BibTechMonTM 

The hyperlink network of outlink relations shows a relatively unrelated set of organizations. The small number of outlinks do not seem to have a strong scientific dimension; the organizations contributing to the same disciplines do not group together. The clusters that emerge are small and heterogeneous in nature and are not interlinked. This low level of scientific codification is also expressed in the content analysis shown in table 4.     

Table 4. Sample of the key word-frequency distributions on the web.
	WORD
	AI
	BIOTECH
	INFO SCI

	research
	24
	28
	9

	university
	25
	26
	8

	department
	30
	25
	5

	science
	23
	8
	7

	information
	15
	14
	10

	welcome
	12
	15
	6

	engineering
	12
	17
	1

	institut
	8
	10
	2

	staff
	10
	16
	4

	computer
	18
	2
	6

	institute
	6
	14
	1

	search
	10
	7
	8

	school
	7
	7
	6

	contact
	9
	7
	6

	news
	9
	9
	8


The key word frequencies obtained with BibTechMon expresses a non-scientific content on the web pages mapped in the domains of Artificial Intelligence, Biotechnology and Information Science. The communicated content seems to be more educational in nature.

4 The Network of Networks: Comparing the different communication systems.

The research design was based on mapping communication networks in the European Science-Technology-Economy system. We used journal-journal citations to delineate the identity of interdisciplinary research fields in typical Mode 2 sciences: Artificial Intelligence, Biotechnology and Information Science. Data from the (S)SCI provided the content and the network architecture of scientific communications in those fields. The CORDIS database of EU research projects provided the content and network architecture of the Triple Helix of governmental, commercial and scientific institutes of knowledge production in an applied context. Finally the web-based networks of the same institutes provided information on the online content and hyperlink networks. The resulting set of communication networks in different contexts enables us to specify the role of each communication medium with respect to content, network architecture and actor types. Also the interaction between the various communication channels can be studied in more detail

4.1 The actors

Table 5 evaluates the results of the matching process in comparison to the original databases SCI and CORDIS. Because of the poor quality, the web data were excluded from this evaluation. In CORDIS there are 57105 organizations and organizational entities involved in projects within the framework programs. Out of these we identified organizations and organizational entities that were involved in projects associated to the three disciplines Biotechnology, AI and Information Science. For Biotechnology we identified 2063 projects in the five FWPs until December 2000, for Information Science 5276 and for Artificial Intelligence 253 projects. In AI, these projects involve 1015 participants on the level of organizations and organizational entities, in Information Science 11095 and in Biotechnology 4544.  

Table 5: Quantitative evaluation of the matching results

	
	Matches
	SCI
	CORDIS

	AI 
	240
	1179
	1015

	IS
	84
	624
	11095

	Biotech
	481
	1843
	4544

	Sum of AI, Bio, IS 
	805
	3646
	16654

	Union set of AI, Bio, IS
	765
	2546 a
	

	Total database
	-
	-
	57105


Source:  CORDIS, SCI. Calculations by the authors.

a European organisations and departments

As it was expected, the highest numbers of matches occur in large EU-countries. The country distribution of the core set also roughly reflects the country distribution of actors in Biotech-, AI- and IS-projects in CORDIS (Figure 8)
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Figure 8: Comparison of country distributions

Source: CORDIS, SCI. Authors‘ calculations.
Figure 9 presents the distribution of institutional affiliations for the matching actors in SCI and their partner in CORDIS. The results confirm our hypotheses that actors in SCI mainly belong to research organizations (universities and contract research), whereas their partners in CORDIS come from a wider range of organization types and also include many partners in industry. The share of partners from industry varies in the three different disciplines: In Artificial Intelligence and Information Science the share of industrial partners is higher than in Biotechnology.
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Figure 9: The distribution of institutional affiliations. The distribution was calculated for actors with more than three projects in CORDIS. 
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4.2 The relational networks

The scientific network of citations and the triple helix network of project co-operations are both very dense in nature. This indicates a high level of codification within a communication system with a well-defined identity. The operations underlying the identity construction in scientific communications are the cyclic process associated with publication of scientific papers: peer review and editorial boards. Also the project co-operations show a dense pattern. The participating organizations are strongly interrelated. The operations underlying this process of identity construction are more-dimensional than in the publication system. Not only the quality of the ‘scientific knowledge’ is relevant, also the economic potential and social implications of knowledge production play an important role in defining the communication system of Mode 2 sciences. The network of outgoing hyperlinks shows an unrelated set of organizations. The small number of outlinks do not seem to have a strong scientific dimension; the organizations contributing to the same disciplines do not group together. The clusters that emerge are small and heterogeneous in nature and are not interlinked.

4.3 The communicated content

The lack of “scientific content” in the web-based communications is clearly visible in the key word frequency table that compares the communication systems of the scientific publications, the project co-operations and the Internet content (table 6).

Table 6 . Sample of the key word-frequency distributions in Biotechnology in the different communication systems.
	word
	freq CORDIS
	freq SCI
	freq WWW

	production
	554
	315
	1

	presence
	81
	223
	1

	Enzyme
	66
	212
	1

	Activity
	114
	194
	0

	Increase
	119
	169
	1

	effects
	143
	161
	1

	conditions
	157
	147
	0

	higher
	22
	112
	1

	time
	136
	111
	1

	process
	225
	111
	2

	system
	130
	106
	0

	culture
	21
	89
	1

	water
	115
	88
	1

	protein
	67
	63
	1


While the communications in the citation index are highly ‘scientific’ in nature, the research projects reflect a combination of scientific, commercial and social relevance in their word-use. The content downloaded from the web has a very un-codified and diverse nature that indicates information for educational purposes.

5 Conclusions 

Due to the nature of the print medium, scientific papers are very well codified. It is easy to identify whether or not a paper is communicated within the science system, whether it is scientific or not. Also, the meaning of words within a scientific context is more codified than in other domains (Leydesdorff, 1997) because meaning is reflexively attributed to communicated information within the context of a well-defined system. This high level of codification is also reflected in the citation patterns. Although the reasons that cited-references are used can be very diverse on the level of individual scientists (e.g. the negative citations), on the aggregate level of the science system, it provides a very clear, unambiguous representation of the shared knowledge base of a scientific discipline.  The analyses of the scientific papers in the (S)SCI showed a very homogeneous communication network; the contributing organizations are mostly academic in nature that share to a very large extend the same content (as expressed in the abstract) and relations (as expressed in the citation network). 

The communication network of the Triple Helix of governmental, industrial and academic organizations in the CORDIS database of European projects is more heterogeneous in nature.  Not only universities participate in European research projects, but also companies and governmental bodies are present in the process of Mode 2 knowledge production. However, the communication system expresses a strong identity that seems to be reinforced through time. The participating organizations are strongly interrelated and share a common vocabulary, though less codified than the publications in the SCI. The operations underlying this process of identity construction are more-dimensional than in the publication system. Not only the quality of the ‘scientific knowledge’ is relevant, also the economic potential and social implications of knowledge production play an important role in defining the communication system of Mode 2 sciences.

Scientific knowledge that is communicated in electronic media is less codified, more heterogeneous than its print equivalent because the operations that define the boundaries of the scientific system (like peer review procedures and acceptance and rejection of papers by editorial boards) do not apply to electronic communications. The question arising is, where does science leave off, and society begin? Where is science located on the web? However, the problems of the boundaries of science on the web also provide new opportunities for studying the development of science. It has often been argued that science increasingly develops in interaction with its political and applicational environment. The linking patterns of universities and research institutes might provide immediate information about the context of knowledge production. The knowledge networks that can be mapped on the web do not have any equivalent in print media. As Leydesdorff (2001) points out, the presumed heterogeneity of the nature of electronic communications provides also new opportunities. Le Pair (1988), for example, found that citations do not provide us with an accurate representation of technological achievements, because knowledge can be built into technological artifacts without necessarily leaving the formal trace of a citation in the scientific literature.

From previous studies of the outgoing hyperlinks, it was concluded that that these electronic communication patterns can provide information about the changing nature of knowledge production (Heimeriks and Van den Besselaar, 2002). Starting with one central research department we were able to identify a heterogeneous set of relevant institutes (governmental, industrial and academic) that represent the users and producers context of Mode 2 knowledge production (archives, databases, software producers and governmental institutions). However, from the current analyses it can be concluded that the context of knowledge production of a single research institute is generally not shared by other organization that have a direct scientific, economical and political relationship with this organization (as indicated by citations and project co-operations). Although universities are dominantly present on the web in terms of linking relations (Heimeriks and Van den Besselaar, 2002), these relationships seem to play a small role in the formal scientific communication process of knowledge dissemination and evaluation. It was found that social elements of geographical vicinity and shared educational programs play a far more important role in establishing link relationships on the web than sharing a common grounding formal in formal scientific literature and research projects
. 
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� The analyses were performed with the bibliometric software BibTechMon developed at the Department of Technology Management of the Austrian Research Centers Seibersdorf. 


� Different versions of the same organization title had to be aligned (TU Wien, TU Vienna, Technische Universität Wien, Technical University of Vienna, etc).


� In cases where there was no information available on the departmental affiliation of participants, the organization was split on geographical criteria as the region, city or street of location. In order to identify who was really taking part in the projects, the attempt was made to take the history of the organisation into account specifying as far as possible the changes in the structure of the organisations (by fusion, restructuring in the organigram, etc).


� Centro de Información y Documentación Científica (CINDOC) in Madrid


� Part of this problem may be methodological. How do we represent an organization from the SCI and CORDIS database on the Web? Is an organization best captured by a set of relevant pages or by the total domain?
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