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INTRODUCTION

This report provides a theoretical framework for studying techno-scientific developments with
quantitative tools, as well as an overview of bibliometric and webometric indicators.

Bibliometric indicators of scientific activity are now at the heart of the debate over linkages
between advances in science and technology and economic and social progress. There is a
growing awareness that the advantages of basing research, and subsequent political choices, on
criteria that lend themselves for more quantitative evaluation (Okubo, 1997). Bibliometrics is a
tool by which the state of science and technology can be observed through the traces of
communication in the science-technology system, most notably the published papers in refereed
journals. Originally, it is means for situating a country in relation to the world, and institution in
relation to a country. The focus of quantitative analysis of scientific development shifted more and
more to the mapping of scientific development in interaction with social, political and economical
developments; the so-called second generation indicators. These scientometric indicators are
equally suitable for ‘macro’ analyses and ‘micro’ studies. They constitute a way to asses the
current state of science with respect to the past, which can shed a light on its structure and
development. Webometrics —or cybermetrics- can be considered as bibliometric analysis of
electronic communications.

In this study, we will focus on indicators for mapping the development of the science system in
interaction with economic and political developments. The central idea of this paper is that the
enterprise of science is best captured by the concept of an evolving communication system.
Scientists can be considered the carrying nodes. Central to this model is the idea that science
can be characterized by the distributed communication of ‘'papers', each proposing a new
quantum of knowledge. Of course, many other relevant modes of communication can be
identified, but the corpus of science is best defined in terms of papers since these are the formal
communications to which reference takes place.

“Whatever scientists think or say individually, their discoveries cannot be regarded as
belonging to scientific knowledge until they have been reported to the world and put on
permanent record” (Ziman, 1984)

From this perspective, it follows that science can be considered a literary genre, strongly
associated with the print medium. Knowledge is produced by recombinations and associations of
existing papers. New knowledge claims are related to previous research by means of cited
references. It follows that there are some advantages to looking at science in its textual form.
Printed papers not only provide a wide accessibility and dissemination of knowledge, it has also
more fundamental attributes that legitimate it to be the focus of analysis. It provides a more
codified mode of communication than other media. This raises some interesting issues for the
quantitative analysis of electronic communications. It is clear that we cannot apply the same
bibliometric methods that have been developed for print media to electronic communications
without carefully taking into account the differences and similarities between print and electronic
media. Not only are we in need of new kinds of indicators, but also new theories and models that
improve our understanding of how the information revolution in society at large, and science in
particular initiates new information and communication patterns. This revolution finds its roots in
the intimate interaction between information and communication technologies (ICT), and
advanced scientific and technological research and innovation.

As mentioned, the key concept of this paper is the idea that the enterprise of science is best
captured by the concept of an evolving communication system. Evolving communication systems
are not given or fixed, they are the result of a continuing process during which more complex
forms of organization emerge. This undirected evolution is resulting from ongoing interaction



between system and environment. This concept not only provides a valuable theoretical
framework for scientometric analysis, it allows provides an opportunity to elaborate on the
consequence of the informational turn in science. The organization of the communication patterns
defines a domain of reflexive interactions in which it can act with relevance to the maintenance of
itself (Maturana, 1980). Processes of feedback and of self-reference are vital in maintaining a
social system. This insight allows us to articulate some of the operations that construct the
boundaries of the science system like peer reviews (Wouters, 1999) and editorial boards of
scientific journals (Fujigaki, 1998). As Wouters points out, scientific communication can also be
communicated reflexively, by measuring scientometric attributes of the communications, which in
turn can be communicated. In terms of the information cycle representation, the indicators appear
in the form of a second cycle. This cycle processes information about the primary information
cycle, in the form of meta-information (Wouters, 1999). Together, these cyclic communication
patterns result in a system that can be described as a self-maintaining evolving communication
system with well definable boundaries and well definable boundary constructing processes.

The science system is an example of a self-organizing system. Many investigators have observed
social activities and structures, particularly in the science system, that are best described by a
power law distribution. A power law is one of the common signatures of a non-linear dynamic
process, i.e., a chaotic process, which is at a point of self-organized criticality (Bak, 1991) or
residing on the boundary between order and disorder. Such a system is often called a self-
organized system because it exhibits structure not merely in response to inputs from the outside
but also, indeed primarily, in response to its own internal processes (Krugman, 1996).

This perspective has implications for the way the science system can be studied quantitatively by
means of indicators. In this paper we will start with a historical overview of scientometric
indicators. We will discuss a number of central questions related to the study of scientific
communications in print and electronic media and how scientometric indicators can be used in
answering those questions. A number of recent studies will be discussed in more detail followed
by suggestions for further research.



1. Historical Overview of
BIBLIOMETRIC Analyses

Okubo (1997) describes that in 1969, Pritchard coined a new term —‘bibliometrics’- for a type of
study that had been in existence for half a century. The fact that Pritchard felt the need to
redefine the scope of an area that hitherto covered for fifty years by the term ‘statistical
bibliography’ (Hulme, 1923) demonstrated that a new field of quantitative analysis had emerged;
the application of mathematical and statistical methods to books and other means of printed
communication (Pritchard, 1969, pp 348-349). Bibliometrics has become the generic term for a
whole range of specific measurements and indicators; its purpose is to measure the output of
scientific and technological research through data derived not only from scientific literature but
from patents as well. Bibliometric approaches, whereby science can be portrayed through he
results obtained, are based on the notion that the essence of scientific research is the
communication of new contributions to the body of knowledge in scientific literature. Patents
indicate a transfer of knowledge to industrial innovation and a transformation into something of
economic and social value; for this reason they constitute an indicator of the tangible benefits of
an intellectual and economic investment. The idea that to publish their work is the paramount
activity of scientists has long been contented by science analysts. According to Price, a scientist
is “..any person who has published a scientific paper” (Price, 1969). His catchphrase “publish or
perish” would suggest that publication of research findings is at the forefront of scientists’
activities.

According to Okubo (1997) and Wouters (1998) the 1970s brought a quantum leap in the number
of bibliometric studies initiated by the coming into existence of a database of scientific
publications, the Science Citation Index (SCI). Founded by Garfield in Philadelphia in 1963.
Garfield’s initial idea was to give researchers a quick and effective way to find published articles
in their field of research. But he soon extended his work to evaluation of the references he
compiled. The first advantage is that the SCI covers all science fields. This is a necessity if one is
looking at whole research systems. In addition, SCI coverage is unambiguous because every
item from every journal is indexed. The second advantage is that all author addresses listed on
the paper are included in the SCI. This is a necessity for studying institutional output, as
collaboration is so extensive. The third advantage is that references are included in the SCI and
only the SCI. Citation counts can be derived from these references and used as a partial indicator
of the impact previous research has had on succeeding work.

A second important step in the development of scientometrics came in the 1980’s with the
introduction of co-word analysis (Callon et al, 1983). Co-word analysis was developed by
proponents of social constructivism and the technique is as theory-laden as any scientific tool.
Co-word analysis implicitly depends upon a number of beliefs in the context of Actor Network
Theory (ANT). First, that technology is heterogeneous, that there is no way to separate the
scientific from the social and political. The scientist is an interest driven person who uses
whatever resources are available, from social influence to raw data, to reach some profit (whether
in prestige or funding). Second, that technology is an emergent phenomena without any
autonomously set trajectory. Rather, it is shaped by a web of social and technical forces every
step of the way. Third, that the primary tool of scientists, the weapon used to exert force on the
socio-technical web, is the text. A successful scientific paper is one which links entities in new
ways and exerts enough force to convince other scientists to believe in this linkage. We can think
of a scientific paper as a network of important words, the network defines the author's world-view.
Co-Word Clustering focuses on analysis of the title or keywords used by authors.



Parallel to the development of co-word analysis, that emerged in France from a sociological
tradition, in the Anglo-saxon world the notion of co-citation came into existence (Small, 1973). Co-
citation analysis has traditionally been linked with the ISI Science Citation Index and has mainly
been concerned with the evaluation of scientific activities. In a review of Callon's work on co-word
analysis, Small points out that "if co-word links are viewed as translations between problems, co-
citation links have been viewed as statements relating concepts." (Small, 1988) Each offers an
interesting perspective on analysis of literature and helps in the identification of research fronts.
Co-citation occurs when two publications are cited by a third, later publication. The greater the
frequency of co-citation of a given pair, the greater the likelihood that it defines an established or
emerging topic or subspecialty. The citation pair can be used in a citation index search to retrieve
related publications. One pair can usually identify a small research front, but active research
fronts generally involve several interrelated co-citation pairs. The larger the number of pairs
included in a cluster, the broader the scope.

Co-citation and co-word methods can be combined in an analysis. This helps to overcome the
limitations of co-citation clustering in certain forms of literature, especially where referencing is
limited. Tony van Raan and his colleagues (Braam et al. 1991) have used a combination of these
techniques in many of their scientometric studies, such as their study of literature on atomic and
molecular biology, and have found that the combination of methods allowed them to gain a
clearer picture of the cognitive content of publications.

The evolution of European economies and our advancing understanding of technological
innovation have led to a call for new types of statistical data and indicators (Katz and Hicks,
1997). Bibliometrics, so successful at portraying research output and impact, can be used to
develop new indicators with great potential to address emerging concerns such as institutional
level analysis of capabilities and networks. As Katz et al. point out; bibliometric practitioners and
their indicators are so firmly associated with these classical uses, that often no further potential is
seen. Following Katz et al., we believe that in bibliometric data lie opportunities to develop
indicators relevant to central concerns of new theories of innovation, specifically networks within
and between national systems, and variety and diversity of capability. As with any type of data,
bibliometric indicators will not provide a perfect, all encompassing, ideal picture of the processes
we seek to understand. However, they can make a unique contribution to pictures compiled from
multiple sources, providing an unrivalled objective, disaggregated and internationally comparable
time series signature of networks and capabilities.

According to Katz, classical bibliometrics focuses on the national level and international
comparisons. Even with the emerging emphasis on disaggregation, international comparison and
analysis of interdependencies will be required, and we illustrate the ease with which national
systems can be set in an international context bibliometrically. The sectoral and intra-sectoral
level data we have developed are possible due to recent advances in desktop computing. These
data can make their most powerful contribution in the context of the new approaches to
innovation - although we do not make those connections here (for more detailed efforts in this
direction see Hicks and Katz, 1997).

Before we start discussing the various bibliometric indicators, we would like to point out that we
do not aim to discuss the so-called performance indicators used to evaluate scientific
development for policy purposes. We are interested in quantitatively mapping the structure and
development of science in interaction with technological, economic and political developments.
Two points are of interest here. First, many well-informed observers (Gibbons, et al., 1994, Price,
1963; Ziman, 1994) of science and technology systems believe that science is an international
system. We take it as a fact that science is international (Besselaar and Heimeriks, 2001).
Furthermore, we believe that this global science system is one foundation on which a global
innovation system has evolved and it is a product of the dynamic interaction between national
systems that partially moulds this meta-system of innovation. And secondly, we can only provide



a glimpse of the value of bibliometric indicators for exploring science, technology and innovation
systems.

Polanco (personal communication) suggested the following scheme to summarize the various
dimensions of scientometric methodologies.
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Figure 1. Schematic overview of different dimensions of
scientometric methodologies.



2. Print Based Indicators

This section presents a number of central questions related to the study of scientific
communications with bibliometric indicators that are used in studying the development of the
science system. They are accompanied by some brief commentary and methodological remarks.

2.1 Collective production of scientific knowledge.

For decades there has been a divide in science studies around the question of the appropriate
level of analyses for studying the production and communication of scientific knowledge.
Qualitative studies of science (sociology of scientific knowledge) have focused mainly on the
microscopical level of knowledge production by means of case studies (lab studies) motivated by
the hypothesis that science is best described by the exchange of individuals’ efforts. However,
Glaser (2001) points out that scientometrics answers the question of how knowledge is produced
by clearly supporting the idea of collective production on systemic level. The idea underlying the
use of bibliometric indicators for measuring attributes of scientific knowledge is that scientists use
their colleagues’ findings. This basic relation is depicted by the references given or citations
received by scientific papers. Consequently, citations show a very skewed distribution as is
shown by Impact or number of citations. Impact, a classical bibliometric indicator, is a citation-
based indicator for the relative importance of a paper or journal. Citation-based indicators point to
one specific, but important quality aspect referred to as international influence or impact. These
bibliometric indicators represent the response of the international research community to the
published work of a group, expressed in references in scientific literature. By using references in
their publications, researchers show how they have built on previous work. Criticisms of
sociologists of science on citation analysis are based on the ‘reference behavior's of scientists,
which would be so unstructured that one cannot base quality assessment on citation data (see for
instance Cozzens 1989, and Luukkonen 1997). We disagree with these sociological arguments
on the basis of simple statistical considerations. Citation analysis does not concern one
publication but a (very) large set of publications.

2.2 Coordination mechanisms in various
disciplines

We have argued that knowledge production is a systemic process; scientists collectively produce
new knowledge by recombinations of knowledge claims in existing papers and adding new claims
supported by references to previous findings. The core question is then: how does order emerge
and how is it maintained? From the description of collective production given above it follows that
order is created not primarily by institutions but by the collective productions’ subject matter; the
shared body of knowledge (Glaser. 2001).

As mentioned, the key concept of this paper is the idea that the enterprise of science is best
captured by the concept of an evolving communication system. Processes of feedback and of



self-reference are vital in maintaining a social system. This insight allows us to articulate some of
the operations that construct the boundaries of the science system like peer reviews (Wouters,
1999) and editorial boards of scientific journals (Fujigaki, 1998). As Wouters points out, scientific
communications can be represented by two information cycles. The first —primary- cycle is the
process of submission to journals and peer review. Scientific communication can also be
communicated reflexively, by measuring scientometric attributes of the communications, which in
turn can be communicated. In terms of the information cycle representation, the indicators appear
in the form of a second cycle. This cycle processes information about the primary information
cycle, in the form of meta-information (Wouters, 1999). Together, these cyclic communication
patterns result in a system that can be described as a self-maintaining evolving communication
system with well definable boundaries and well definable boundary constructing processes.

In order to further refine bibliometric analysis beyond publication counts, over the past ten years,
tools to conduct co-citation and co-word analysis have been developed (what Daryl Chubin
calls the "second generation" of quantitative analysis of science) and applied to cross national
comparisons. These methods provide data that allow analysts to 'map' centers of scientific
excellence and to show trends and developments in scientific thought. Co-citation analysis-the
more developed of the two analytic approaches-involves identifying pairs or groups of articles that
are cited together in other articles or publications as cited in the Science Citation Index. This
analysis allows for examination of many facets of national scientific activity, including scientific
collaboration, the relative strength of centers of research as viewed by peers, and the importance
of a scientific contribution over time (Rand Co).

Co-word analysis involves assigning keywords to a paper or article and conducting frequency
analysis on the words chosen. AFJ van Raan, one of the pioneers of this method, conducts a
two-step word frequency analysis on specific words. In the first step, after the occurrence of
words has been established, words that appear a statistically significant number of times in the
years being analyzed is determined. Van Raan also uses these methods to identify ‘emerging’
words-those that indicate recent developments-by using conference papers instead of a journal
set or publications. Despite its promise as a more precise indicator than citation counts, the use
of co-word analysis is controversial among scholars. Leydesdorff (1989) has shown that words
and classifications are an order of magnitude less specific than citations as a static indicator of
the output of science. Using co-word citations, analysts can build indices that allow comparisons
within and across fields of science. Three examples of indicators that are described in the
literature we examined are the Jacaard index that measures the relative degree of overlap
between words within a given database, the inclusion index, which measures broad ranges of
word and the proximity index which enhances the links between less frequently occurring word,
allowing improved representation of new developments

2.3 The landscape of knowledge production:
Disciplines and Specialties

The landscape of knowledge production is not a homogeneous area, but consists of dense and
empty patterns of communications. The clusters of dense communications can be identified as
disciplines and within those disciplines specialties. The concept of membership (and
consequently the boundaries) of scientific communication has been a major theme in science
studies. In sociology of science, the endeavor has been abandoned altogether, arguing that
boundaries take shape in local and temporarily situations. (Gieryn). The delineation of specialties
and disciplines depends on the sociometric measure applied. In other words, specialties and
disciplines have no inherent boundaries (Woolgar, 1976).



Not only can journals be classified in different fields according to classification schemes provided
by the SCI, but also using aggregated journal-journal citations as listed in the Journal Citation
Reports (JCR) of the Science Citation Index (SCI), the citational environment of the entrance
journal can be defined as all journals that cite or are cited by this journal above a threshold
percentage. The method is described in Cozzens and Leydesdorff (1993) and Van den Besselaar
& Leydesdorff (1996). 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.

A method for empirical analysis of evolving scientific communication systems has been
developed that reflects the phenomena of systems boundaries and identity construction. Using
aggregated journal-journal citations, the citational environment of the entrance journal can be
defined as all journals that cite or are cited by this journal above a threshold percentage. The
method is described in Cozzens and Leydesdorff (1993). Factor analysis reveals clearly
identifiable clusters of journals representing scientific disciplines. Groups of scientific journals
define certain scientific disciplines or paradigms. 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.

The characteristics of a cluster of journals, ‘a scientific specialty’, and its development in relation
to its journal environment can provide quantitative indicators for the degree of interdisciplinarity.
Traditional scientific specialties generally consist of a stable set of journals in a stable
environment while mode 2 oriented specialties tend to have a changing set of journals with a
larger amount of citational links to other specialties. (Van den Besselaar and Heimeriks).

2.4 The research front: Research Topics

Scientometric indicators like cited references and (title-) words can be distinguished by the way
they refer to different levels of the textual organization. From an evolutionary perspective on
scientific communication, the text —that is words and co-words- provide the variation (Callon,
1986). By referencing, a subset of these texts is selected. References and citations can therefore
be considered indicators of these selection processes (Leydesdorff and Wouters, 1999The way
researchers draw on earlier works, and their sharing of a set of exemplars, is considered to be
reflected in the referencing practices of the specialty members. On the other hand, the shared
interest in a set of research problems and concepts is expected to be reflected in the word-
patterns. The congruence in both mapping practices is presupposed in most scientometric
studies. However, this assumption was criticized by Braam et al. (1991).

Where the larger research fields can be operationalized as journals systems, research topics are
a much lower level of aggregation, of (new) knowledge claims with respect to the topic under
study. Research topics can be defined as document systems; that is as related papers, using a
relevant criterion. If we are able to identify these document systems, it enables us to investigate
the cognitive dimension of the system (what is the research about?) with institutional dimensions
of the system (who is conducting this research?). In this way, we may be able to investigate
network formation within the STI system, based on the interaction of institutional factors (EU RTD
policies, and the process of further European integration), and cognitive factors (knowledge
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production on specific topics). Thus, we can distinguish three levels: On the highest level, we
have the research fields or scientific specialties, operationalized in terms of sets of journals. The
specialty may consist of sub-fields, sometimes in the form of a single — more specialized —
journal. STS is the good example, as the various journals represent all different sub-fields within
STS. An even lower level is that of specific research topics, represented by related papers.
(Besselaar and Heimeriks, 2001)

Bibliometric maps of science are landscapes of scientific research fields created by
quantitative analysis of bibliographic data. In such maps the 'cities' are, for instance, research
topics. Topics with a strong cognitive relation are in each other's vicinity and topics with a weak
relation are distant from each other. Data derived from co-citation and co-word analysis enable
analysts to perform multidimensional scaling (MDS) and mapping of scientific activity. Van Raan
and Peters and others, for example, have used the indices developed through co-word analysis
to create a visual representation of scientific activity through cluster graphs and multidimensional
scale maps.

Perhaps in part because they are still in the process of being developed, co-citation and [Jo-word
analysis and multidimensional mapping created from this data, have a number of weaknesses
associated with them: Databases do not carry all published materials, for example. What is
carried may not have complete citations. All-author citations can lead to double counting, and
obligatory citations to colleagues or professors can distort the counts. Co-word citation analysis
depends upon subjective choice of key words and so is subject to bias. Scholars are working on
techniques to remove distortions from these indicators. Even so, as Daryl Chubin has noted,
bibliometric indicators are, by definition, "statistical proxies for unmeasured parameters in a
complex economic political, and social system of knowledge production. They were never
designed with policy in mind..." and so would have to be placed in context to be applicable to
science policy and research allocation decisions.

2.5 Geographical distribution and Transnational
research collaboration

The classical measure of research output as measured by paper count, with paper used here to
designate various media for scientific texts. Paper counts provide a very simplified and
approximate measure of the quantity of scientific output. It has been noted that the number of
scientific publications has been growing exponentially since their coming into existence. The
output in number of papers per region or country provides a crude measure of the geographical
distribution of knowledge production. The number of co-authors on a paper is a measure of co-
operation at a national or international level. Glanzel found that international co-authorship, in
general, results in publications with higher citation rates than purely domestic papers.
International collaboration has, however, not the same influence on publication profiles and
citation impact of each analyzed country. In a study of co-authorship patterns in mode 2 fields of
science, Van den Besselaar and Heimeriks (2001) found that in biotechnology, a European
dimension is emerging while other fields, like information science and artificial intelligence are
very much dominated by the USA.
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3. Changing knowledge production

In an OECD report entitled The Global Research Village (1998) is described how information and
communication technologies affect the science system. According to this report, ICT related
changes underlying the evolving science system have three main sources; technological change
in the ICT industry (mostly driven by needs unrelated to science); scientists’ efforts to develop
their own tools; and government programs specifically designed to foster developments in ICT
and apply them to scientific needs. The main technological developments that make this evolution
possible are identified; cheaper processing capacity and more user friendly software tools,
increased storage capacity and information delivery technologies, and finally electronic networks
that constitute the infrastructure which provides scientists with new means of communication.

While there are countless other factors that have contributed to the changes occurring in human
consciousness, none is perhaps more important than the shift in communication technologies
from print to computer. As Rifkin (2000) points out, great changes in human consciousness have
always accompanied changes in forms of communication human beings use to create their social
relations. The last great shift in communication technologies, from oral to print culture, came at
the dawn of the modern era and changed forever the nature of human consciousness. The print
revolution facilitated a way of thinking that was ideally suited to a society of reason and progress.
Arguably, science and the print medium made each other’s existence possible. To begin with, the
new print medium redefined the way human beings organize knowledge. The mnemonic
redundancy of oral communication and the subjective eccentricities of medieval script were
replaced by a more rational, calculating, analytical approach to knowledge. Print replaced human
memory with tables of contents, pagination, footnotes, and indexes. Print organizes phenomena
in an orderly, rational, and objective way, and in so doing encourages linear, sequential, and
causal way of thinking. By eliminating the redundancy of oral languages and making precise
measurements and descriptions possible, print laid the foundation for the modern scientific
worldview. Phenomena could be rigorously examined, observed and described, and experiments
could be made repeatable with exacting standards and protocols, something that was far more
difficult to achieve in an oral culture. In sum, print culture introduces knowledge that can be
communicated, reproduced and recombined independent from individuals: the birth of science.

Rifkin argues that electronic communication is organized cybernetically, not linearly. The notion of
sequentiality and causality are replaced by a total field of continuous, integrated activity. In an
electronic world of communications, subjects and objects give way to nodes and networks, and
structure and function are subsumed processes. Electronic communication organizes knowledge
differently from the way print technology does. Hypertext replaces the more limited and narrow
kind of print referencing. A self-contained book, with a set of number of facts, makes room for an
open ended field of information as footnotes and references are expanded indefinitely, creating
new subtexts and metatexts. Whereas a printed book is linear, bound and fixed, hypertext is
associational and potentially boundaryless. A printed book is exclusive in nature and autonomous
in form. Hypertext, however, is inclusive in nature and relational in form. In other words, printed
books have a beginning and an end. Hypertext is merely a starting point from which users make
connections between related materials. It is never complete. The printed book is a product, while
hypertext is a process.

This raises some interesting issues on the development of scientific research and the quantitative
methods of mapping this development. As a consequence of the information revolution in society
at large, and science in particular, researchers are developing new information and
communication patterns. According to NIWI (2000) this revolution finds its roots in the intimate
interaction between information and communication technologies (ICT), and advanced scientific
and technological research and innovation. Our thesis is that the sciences are in the midst of an
informational revolution. Scientific research is going through an informational turn. Of course,
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information has always been central to scientific research, but the emergence of digital
information and ICT has enabled a radical lowering of costs related to information dissemination,
both in pure form and black boxed in technologies. In short, information is a resource, raw
material and output in the process of knowledge production. This informational turn in the
sciences coincides with the processes of commercialization and commodification of scientific
knowledge, the new hybrid roles of academic research institutes and universities, the
transformation of economic mechanisms by technology and innovation, a wider variety of types of
research output and more attention to norms and values.

Consequently, the processes and operations that maintain the science system are changing.
Fujigaki et al (2000) point out that the validation boundaries emerging from the differences
between classical and new modes of knowledge production are changing. Traditional scientific
research was clearly grounded in paper based scientific communications. The new mode of
knowledge production (mode 2) is more heterogeneous in nature; quality control is no longer
simply a matter of peer review, consensus is formed outside traditional disciplinary boundaries,
research outcomes are influenced by social accountability. This has enormous consequences for
bibliometric analysis of knowledge production.

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. 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.

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 do not (fully) apply to electronic communications. This poses an immediate
problem for scholars studying the development of science using traces of electronically
communicated information. The question arising is, where does science leave off, and society
begin? What is science? Or better, where is science located on the web?

However, before going into these questions we would like to point out that the problems of the
boundaries of science 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.

It becomes clear, that new methodologies, concepts and theories are required to deal with
changing nature of scientific knowledge production and communication. On one hand scientific
research provided new tools, database, equipment and media that in turn influence the
production of knowledge. The concept of science as an evolving communication system that has
been introduced above can be useful in understanding these developments.
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4. From Bibliometrics to Webometrics

Bibliometrics are still widely used as a generic term for the correlated fields of sciento-, info-,
techno- metrics where publications are considered the elementary units of scientific information
and the main source of indicators. The diversity of new patterns of communication on the
electronic network blurs sometimes the frontiers between formal and informal circulation, between
activities taking place inside and outside ‘science’.

When we wish to study the development of science using web-based indicators, there are a
number of options; electronic journals, intermediate communications and the heterogeneous
internet at large.

4.1 E-journals

Electronic journals provide an excellent opportunity for quantitative analysis similar to the
bibliometric analysis of print articles. Most electronic journals are internet versions of existing print
journals. The print based scientometric indicators could be applied to these journals. However, as
Aguillo points out, there are some communicational aspects of e-journals that could modify the
emerging patterns; as electronic publications permits more flexibility and speed in the
dissemination of scientific information. It is expected that electronic publication lead to a wider
distribution of drafts with more and faster peer comments. E-journals provide new kind of
analysis. Is there a relation between number of times a paper is downloaded and number of
citations? How often are papers changed and updated after initial submission? How extensive are
the changes? What proportion of preprints are replaced by peer reviewed reprints?

4.2 Intermediate communications

Publishing the results of scientific research was, for many years, a symbiotic interaction between
researchers and publishers, because the most effective way scientists could disseminate their
results was through journals, produced by professional societies and independent publishers.
Electronic communication has created new ways to distribute such results and is forcing
researchers and publishers to reassess the old procedures and consider new possibilities as we
learn to use the Internet. Now, not only can authors easily disseminate their results, but
networked readers can have cheap, fast access to more scientific literature and have it in a form
that facilitates its use in their own research. A larger number of automated archives for electronic
communication of research information have been operational in many fields of physics, and
some related and unrelated disciplines, starting from 1991. These archives now serve over
35,000 users worldwide from over 70 countries, and process more than 70,000 electronic
transactions per day. In some fields of physics, they have already supplanted traditional research
journals as conveyers of both topical and archival research information. Many of the lessons
learned from these systems should carry over to other fields of scholarly publication, i.e. those
wherein authors are writing not for direct financial remuneration in the form of royalties, but rather
primarily to communicate information (for the advancement of knowledge, with attendant benefits
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to their careers and professional reputations). These archives have in addition proven equally
indispensable to researchers in less developed countries. (Ginsparg, 1996)

4.3 Internet

The third option for bibliometric analysis of the science, technology and innovation system on the
internet is using web sites in general, not necessarily e-journals. This immediately posses the
problem of the unit of analysis. In print communications, papers are communicated in journals,
what would be the equivalent of these information carriers on internet? And what is
communicated?

Aguillo suggests a new concept of a site; the presence of research groups, universities and other
R&D related institutions on the Internet. ‘A web site comprising hierarchically grouped pages, and
represented by the URL address of the highest level, is considered as a unit if it has been defined
according to aspects: it is identified as formally different from other Web sites (documentation
unit) and is recognizable as representing a research group with the aim of being present at the
web (institutional unit). The institutional character of the proposed new unit eases comparative
analysis with external data, as usually there are scientometric analysis available following that
institutional grouping criterium. Moreover, the global viability of the database increases since a
better identification of Web sites is possible if a physical real counterpart is available. (Aguillo,
1998).

However, one of the main problems of webometrics in this context is related to the ‘codification of
knowledge’. As Leydesdorff (1997) points out, common languages allow for one layer of
reflexivity without confusion. Codification in specialist, scientific languages allows for the
(provisional) stabilization of meaning in nearly decomposable reflexive layers of communication
(e.g., 'paradigms’). In other words, scientific communications are more codified than non-scientific
communications. The meaning of ‘words’ and ‘cited references’ are less ambiguous and
heterogeneous is scientific communications than in other contexts. But even in a codified,
scientific context words and references remain ambiguous in their meaning.

A similar problem can be found in relation to hyperlinks. We do not know for sure why people on
the web link up to other pages. Bjérneborn and Ingwersen write:

Obviously, the breakthrough for everybody to express themselves, practically without control from
authorities, to become visible world wide, also by linking to what pages one wants to link, to
assume credibility by being ‘there’, and to obtain access to data, information, values and
knowledge in many shapes of and degrees of thruth, has generated an a reality of freedom of
information, also in regions and countries otherwise poor of infrastructure.

Finally, as Bjérneborn and Ingwersen point out, the web is an information space quite different
from common scientific and proffesional databases, the similarities between electronic and print
medium are often superficial. Most notably, time plays a different role on the web.

However, many observers of science believe that the science system and the communication
functions of the print medium are inseperable. According to these scholars a two layered
communication system will evolve:

Poultney (1996) states that most probably a “two-tier system” will evolve. The first tier is a
“free space” for preprints and other “preliminary” communications. It is a representation of
the scientific enterprise in “real time”. The second tier is the world of more formal
publications. [...] The first tier is the place where informal and formal communications will
become closely connected. (Van Raan, 2001)
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The ‘second tier’ of scientific communication will consist largely of already existing journals, of
which most soon will have a print as well as an electronic form. The electronic form of this journal
should be considered semi-electronic since it communicates papers according to print-medium
dynamics.

4.4 Electronic Indicators

This section presents a number of central questions related to the study of scientific
communications with bibliometric indicators that are used in studying the development of the
science system. They are accompanied by some brief commentary and methodological remarks.

4.4 1 Collective production of scientific knowledge.

In an excellent overview of webometric analyses, Bjoérneborn and Ingwersen (2001) point to some
recent investigations in webometrics. They look into sitation analysis, i.e., link page analysis in
terms of Rousseau (1997) and Web impact factor studies. This study shows that the distribution
of top level domains for the sites follows the ubiquitous Lotka distribution. Similarly, Rousseau
demonstrates that the distribution of of sitations to those sites also follow a Lotka distribution. The
proportion of self-sitations was estimated to 30%. Cocluding, at the present state of search
engine cobverage and retrieval methods, “the exiting concept of Web-IF appears to be a relatively
crude instrument in practice” (Thelwall, 2000).

The world-wide-web may revolutionize the way scientists communicate with each other. More and
more researchers publish original work on the WWW rather than (or preceding) publication in
paper journals. One problem of this is, that for the reader it is difficult to evaluate the quality of the
published paper - as opposed to traditional publishing, where for example the scientific "rank" of
the journal (as measured by its impact factor) is known. In traditional (paper) publishing,
scientometric indicators such as the impact factor are based on bibliometric analysis (citation
analysis) and serve as quality indicators for published scientific work. The SCI does not take into
account electronic works published on the WWW. Attempts have been made to develop a WCI
(WebCitation-Index). In analogy to the SCI, the WCI database indexes and counts citations
("hyperlinks") of one scholary work published on the WWW citing another scholary work
published on the WWW. It is important to understand that the WebCitation Index does strictly
focus on scholary works published on the web (such as medical articles) and does not include
"generic" webpages or whole websites.

The development of a global academic information/communication system also suggests new
ways of measuring the impact of scientific contribution that take into account the cooperative
aspect of science. The American Physical Society's Task Force's Report on Electronic
Information Systems, cited by Harnad, notes that: "Unlike inert publication counts or even citation
counts, sensitive measures of "air-time" and "flight-route" for new ideas and findings (how often
they are accessed, by whom, and where they lead in subsequent electronic and paper literature)
would be helpful not only to those who are trying to evaluate the importance of a given scholar's
contribution but also to historian of ideas trying to make sense of the evolution of knowledge."

Candidates for indicators could be remote files retrieval counts (since archiving published or pre-
print work on ftp sites is now common practice) or clients hypertext links counts. These can point
to "classical" links like citations or author's addresses but they can also assume new forms like
the "annotation" or the "is-interested-in" links available on WWW. Similar indicators can be
devised in order to assess the impact of information servers or services offered.
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4.4.2 Coordination mechanisms in various disciplines

In general sites are positioned in relation to each other. This provides a starting point for analysis.
The levels, direction, number, relations, use and the life span of links between sites are all
indicators for the nature of clustering of web sites. The meaning and significance of citation is
expected to be quite different in the two environments of scholarly publishing and the WWW. The
question is whether the types of intellectual mapping of disciplines made possible with citation
indexes like Science Citation Index (SCI) and co-citation techniques might be applied to charting
the contents of cyberspace. If we assume that the WWW is a prototype of the distributed digital
libraries of the future, it would be helpful to know if the tools and techniques developed for the
analysis of intellect structure in paper-based libraries will be able to make the transition to this
network-based environment (Wilensky, 1995). Counts of ingoing and outgoing links can be seen
as citation and reference analysis respectively. However, due to its dynamic and distributed
nature, the Web often demonstrates web pages simultaneously linking to eachother- a case not
possible in the traditional paper based citation world (Bjérneborn and Ingwersen, 2001).
Ingwersen (1997) introduces the application of informetric methods to the World Wide Web
(WWW) also called internetometrics. The paper describes a number of specific informetric
analysis parameters. The methodological approach is comparable with common bibliometric
analyses of the ISI citation databases. The following online processing tools: Rank, Map, and
Target, provided by Dialog, are incorporated in order to perform analyses of citation to and from
isolated sets of documents as well as to carry out diachrone journal analyses. These analyses
imply further to determine journal impact factors of ISI journals. Measures of the scope of
internationalisation of journals are proposed and demonstrated. By the combined application of
the Rank and Target commands we demonstrate a hitherto overlooked possibility of working with
bibliographic coupling online and mapping of scientific fields

4.4.3 The landscape of knowledge production: Disciplines and
Specialties

Bjorneborn and Ingwersen (2001) identify three main directions to perform knowledge discovery
on the web, a set of methodologies to find related clusters of communications. They are
concerned with exploiting 1) webpage content, 2) link structures and 3)users’ information
behaviour (searching and browsing). Their focus is mainly on the exploitation of link structures; an
approach with strong kinship to bibliometric citation analysis, but not only by means of strong ties.
They point out that links weave together web documents in a complex structured hypertext
corpus. Link structures represent implicit human ‘annotations’ that can be exploited for knowledge
discovery, for example inferring web communities (Gibson et al., 1998), identifying authorative
web pages (Kleinberg, 1998; Cui, 1999), topic distillation (Bharat and Henzinger, 1998), or
improving search engine ranking algorithms (Brin and Page, 1998).

4.4.4 The research front: Research Topics

Of course, words and co-words can serve as a basis for bibliometric analysis on the web just as
in the print world. Again, the (lack of) codification of electronic communication poses a challenge
to quantitative analysis. However, besides the words, web pages contain other information in the
source code, like key words, that might provide additional and more codified sources of
information for analysis.
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Also the web equivalents of ‘science maps’ have been developed. For example, Rogers et al
(2000) introduce a preliminary assessment of the potential value of new web mapping techniques
that inform and ultimately facilitate meaningful participation in science and technology debates. A
number of different attributes of web-based communication can be combined; the freshness of
the link, the origin of the information (gov, com, org or edu), and the location of the actors in the
communication network.

4.4.5 Geographical distribution and Transnational research
collaboration

The geographical location of a site, publication or person on the web is hard to determine
unambiguously since we will not be counting corporate sources but "electronic addresses". There
is no assurance that they represent only one person or indeed always the same person. Some
information services offer only "hosts access count” and, as we have seen, a host may serve up
to hundreds of users. As Gilbert points out, at least 4 types of electronic addresses can be
identified. However, the URLs of websites often do provide information about the location and or
the type of institution. In a study, Leydesdorff and Wouters (1999) suggested that Triple Helix
configurations on the Internet could be searched by using hyperlinks between industrial
(www.*.com), academic (www.*.edu), and governmental (www.*.gov) texts (cf. Aguillo, 1999).

Boudourides et al. (1999) used the advanced search technology of AltaVista for the
measurement, because it allows for searching on domain names and using Boolean operators.
Following this lead, Leydesdorff and Curran were able to analyze the differences and similarities
between national systems of innovation as indicated by national domain names (e.g., “.br” or “.nl”)
as against the so-called “generic Top Level Domains” (like “.edu” and “.com”). Subsequent
questions to be addressed concern the use of national languages versus English, the baseline for
international comparisons, the differences in using the various search terms, etc.
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5. Methodological considerations

In this chapter some methodologies will be discussed with some examples of recent research.

5.1 E-journals and webometrics

(Contribution of ARCS: Agelika Zartl, Edgar Schiebel)

Due to the increasing amount of information available free or nearly free on the web, scientists
are concerned with the application of bibliometrics on the web. In the last years some efforts have
been made to apply bibliometric indicators developed for analysis of printed articles and journals
also for web pages or hyperlinks. Webometrics displays several similarities to informetric and
scientometric studies and the application of common bibliometric methods. The content analysis
of web pages corresponds to traditional publication analysis. Counts and analyses of outgoing
links from web pages, (outlinks) and of links pointing to web pages (inlinks) can be seen as
reference and citation analysis. Outlinks and inlinks are then similar to references and citations,
respectively, in scientific articles. The main difference between traditional printed and electronic
publications is the fact that due to the dynamic nature of the web web pages are often
simultaneously linking to each other. Since the web consists of contributions from anyone who
wishes to contribute and usually any kind of peer reviewing is missing, the quality of information
or the knowledge value often cannot be determined or is problematically. But citation-like link
analysis may reveal clusters of sites to be reviewed (Bjérneborn and Ingwersen, 2000).

Webometrics can be performed for identification of relevant articles or electronic journals, for
mapping a field of interest as well as for determination of the impact of scientific work on
research. One part of webometrics focuses on electronic journals as the counterpart of printed
journals. Aim of these investigations is to determine the importance of e-journals for scientific
research compared with print media based on citation analysis.

The other part of webometrics does not focus on a specific type of publication or web site. Those
studies intend to apply bibliometric methods on different kinds on web pages or hyperlinks.
Therefore the citation analysis uses links, domains or text strings instead of references — the so
called sitations. One of the crucial points for citation analysis is the selection of the basic sample
of links or domains. Furthermore several aspects have to be considered for interpretation of the
results which are of no concern for citation analysis of printed articles.

5.1.1 E-journals

In order to evaluate the applicability of existing bibliometric concepts for web analysis and to
determine the impact of electronic journals on scholarly communication and research, several
studies have been performed in the last years. Besides demographic parameters like the number
of articles published, the number of subscriptions, the discipline, the number of articles
downloaded or the charging policy, the main indicator used is the impact factor based on citation
analysis. In contradiction to most of the indicators the impact factor analyses to which extent
researchers are influenced by and build their own work upon research published in e-journals or
print media (Harter, 1996).
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For determination of the impact factor of publications in print media the Institute of Scientific
Information ISI publishes three citation indexes: Science Citation Index SCI, Social Science
Citation Index SSCI and Arts and Humanities Citation Index AHCI. The ISI publishes the Journal
Citation Reports JCR that includes several citation-based measures of journal impact for the
journals indexed. Only few electronic journals are covered by ISI. Furthermore using ISI for
evaluation of the impact factor of electronic publications one has to take into account that only
references in (important) journals are counted as citations. Hyperlinks to web pages are not
included (Harter, 1996).

Harter and Kim (1996) and Harter (1996) compared the impact of citations of scientific articles
published in e-journals and print media. Fosmire and Yu (2000) based their study on the results
on Harter (1996) and analysed the impact of free available scholarly e-journals. In their
terminology 'scholarly' is defined to be peer-reviewed and with a scholarly treatment, that means
it contains references (Fosmire and Yu, 2000). Both used the citation analysis and calculated the
impact factor, the immediacy factor and the total number of articles published in the journal in the
year of measurement.

The impact factor measures the current impact of the typical recently published article in a
particular journal. For example the impact factor of a journal in 1995 can be calculated using the
following equation:

(Number of citations received in 1995 to 1993 and 1994 articles)
Impact factor for 1995 =

(Number of articles published in 1993 and 1994)

The immediacy factor gives the number of citations received in the year of measurement to
articles of that year in relation to the number of articles published in that year.

(Number of citations received in 1995 to 1995 articles)

Immediacy index for 1995 =
(Number of 1995 articles)

Due to that definition the immediacy index is an indication of how quickly readers incorporate

articles from a journal into their research and therefore allows the identification of current journals.

In the mentioned studies from Harter (1996) and Fosmire and Yu (2000) the determination of the

different indicators is based on the following steps:

= Selection of several e-journals

= |dentification of relevant titles in science, technology, and medicine (STM) fields

= Search for the number of citations to the selected titles in the JCR and ISI's Web of Science
database

= Determination of the different indicators

Harter (1996) determined only eight out of 39 e-journals which were cited ten or more times over

their lifetimes (Table 1).

Table 1: the eight most highly cited e-journals (Harter, 1996)

. S Print Number of citations

Name of e-journal Discipline . .
version? |to the e-journal

Bulletin of the American .
Mathematical Society Mathematics Yes > 1,500
Oqllne Journal of Current Clinical Medicine No 190
Trials
The Public-Access Computer Library and information (Yes) 111
Systems Review science
Digital Technical Journal Computer science (No) 38
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Psycoloquy Psychology No 35
Interpersonal Computing and Effects of technology

; No 14
Technology on society
Electronic Journal of Communication | Communication No 11
Postmodern Culture Modern culture No 10

While Harter (1996) determines a very low impact of e-journals on scholarl