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Visibility of collaboration on the Web
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The emerging influence of new information and communication technologies (ICT) on
collaboration in science and technology has to be considered. In particular, the question of the
extent to which collaboration in science and in technology is visible on the Web needs
examining. Thus the purpose of this study is to examine whether broadly similar results would
occur if solely Web data was used rather than all available bibliometric co-authorship data.

For this purpose a new approach of Web visibility indicators of collaboration is examined. The
ensemble of COLLNET members is used to compare co-authorship patterns in traditional
bibliometric databases and the network visible on the Web. One of the general empirical resultsis
a high percentage (78%) of al bibliographic multi- authored publications become visible through
search of enginesin the Web. One of the specia studies has shown Web visibility of collaboration
is dependent on the type of bibliographic multi-authored papers.

The social network analysis (SNA) is applied to comparisons between bibliographic and Web
collaboration networks. Structure formation processes in bibliographic and Web networks are
studied. The research question posed is to which extent collaboration structures visible in the Web
change their shape in the same way as bibliographic collaboration networks over time. A number
of special types of changes in bibliographic and Web structures are explained.

Introduction

With the importance of collaboration in research and technology growing world-
wide, it has become necessary to examine the processes involved in order to become
aware of the implications for the future organization of research as well as those for
science and technology policy.This has led to an increase in the number of scientific
studies of thistopic internationally. (GLANZEL, 2002; BORGMAN & FURNER, 2002).

The outstanding works of BEAVER (1978), PrICE (1963) and others on the topic of
collaboration in science have, over a number of years, encouraged a number of
scientists working in the field of quantitative scientific research to concentrate their
research in this field. This has led both to an increase in the number of relevant
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publications concerning this topic in international magazines, and to an increase in the
number of lectures in international conferences (BAsu, 2001; BRAUN et. al., 2001;
DAvIs, 2001; HAVEMANN, 2001; WAGNER-DOBLER, 2001; KUNDRA & Tomov, 2001).

The emergence of the Internet and the Web have led to changes in the process of
scholarly publishing and communication, in the way that scientists and scholars search
for and find information about patterns of national and international collaboration
(HERRING, 2002; INGWERSEN, 1998; KLING & McKim, 2000). The influence of these
new information and communication technologies (ICT) on collaboration in science and
technology has also to be considered in light of the work on the topic of collaboration
patterns, especialy the question of the extent to which collaboration in science and in
technology is visible on the Web.

Therefore in the year 2000 the time had come to create a global interdisciplinary
research network, COLLNET, on the topic ‘Collaboration in Science and in Technology’
made up of 64 members from 20 countries of all continents. The members intended to
co-operate on both theoretical and applied aspects on the topic ‘Collaboration in
Science and in Technology’ (KRETSCHMER et al., 2001). The focus of this group is to
examine the phenomena of collaboration in science, its effect on productivity,
innovation and quality, and the benefits and outcomes accruing to individuas,
institutions and nations of collaborative work and co-authorship in science as well as
collaboration in e-science (More details of COLLNET, see Web site: www.collnet.de).

The EU has recently financed a new project (WISER) to further investigate the
potential of creating new indicators of the Web for use in science and technology policy
making. The study of collaboration in e-science is one focus of this project including
the question of the extent to which collaboration structures visible in the Web follow
similar rules as collaboration networks measured by traditional bibliometric data. About
the half of the EU-project members are COLLNET members, too.

Therefore, in a pilot study, the co-authorship network of all of the COLLNET
members from bibliometric data has been compared with the co-authorship network
from webometric data. New webometric indicators are defined to measure the visibility
of collaboration in the Web. COLLNET was selected for testing these new webometric
indicators because of our personal familiarity with the COLLNET members, which
gives rise to the possibility to make persona requests during testing. In addition,
background information and explanations of special changes in both bibliometric and
webometric network structures over alonger time period are possible.

Social network analysis (SNA) was used for the analysis of both the collaboration
network measured by traditional bibliometric data and Web collaboration network.

The research question posed is to which extent collaboration structures visible in the
Web follow the same rules as collaboration networks measured by traditional
bibliometric data. Thus, the purpose of the study is to examine if we would get broadly
similar results when just using Web data than all data.
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Data

Thelast COLLNET data are from June 2003.

Sample set

The bibliographies and Web data of the 64 COLLNET members were examined,
under them:
o 26 female and 38 male scientists,
* 30 members from the European Union (EU) and 34 from non-European
Union countries (N).
From the 34 members from the non-European Union countries (N) we have :
« 3fromAustrdia,
e 7 from America (4 of them from North America),
» 19from Asia,
« 4 from Eastern Europe,
» 1 from South Africa

Bibliometric data

As usual, the bibliometric method for the study of collaboration is the investigation
of co-authorships. Collaboration between countries, collaboration between institutions,
or collaboration between individual scientists is examined in the literature (GLANZEL,
2002). In the present paper collaboration between COLLNET membersis studied.

Beyond co-authored articles registered in SCI or other data banks, the range of
entire collaboration between scientists is also reflected in all other publications, such as
jointly authored books, manuscripts, etc.

Assuming that the reflection of collaboration in the Web is not limited to articlesin
SCI or other data bases, a request was made to al the 64 COLLNET members for their
complete bibliographies, independently of the type of the publications and
independently from the date of appearance of these publications.

As, for example, the range of collaboration between two scientists is much broader
when writing a common book than when writing an article, this fact should become
visible also in the Web.

From these bibliographies al publications were selected that appeared in co-
authorship between at least two COLLNET members. Thus, it concerns 223
bibliographic multi-authored publications. From this, the respective number of common
publications between two members was determined as the basis for the analysis of the
co-authorship network.
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The co-authorship network developed according to this method covers the entire
lifetime collaboration between the COLLNET members.

Webometric data

Two different kinds of data collection for the study of collaboration in e-science are
presented. On the one hand Web hyperlinks between homepages of scientists are
collected and on the other new Web visibility indicators of collaboration are the basis
for the data collection.

Homepages of COLLNET members and Web hyperlinks

TERVEEN & HiLL (1998) report on an empirical investigation into emergent
collaboration: *“Links between web sites can be seen as evidence of atype of emergent
collaboration among web site authors’. The authors have used SNA for analysis of the
link structures.

It was intended to use the same method for the analysis of hyperlink structures
between the homepages of the COLLNET members.

17 COLLNET members had placed homepages on the Internet. However there were
not any links between the homepages!

New Web visihility indicators of collaboration

According to VAUGHAN & SHAW (2003) Web citations refer to Web text citations or
mentions of published papers on the Web. These authors searched for citations to each
article on the Web, using the Googl e search engine. The search strategy was to enter the
articletitle in quotation marks (i.e. phrase search in Google).

Among others there are different categories of citing items, for example the citation
of a publication in the on-line version of an article or lists of bibliographies for the
students or publication listsin own homepage, etc.

Vaughan and Shaw’'s method of searching article quotations in the Web (Web
citations) was used successfully with the additional use of the Alltheweb search engine
(www.alltheweb.com), albeit in a slightly modified form, to measure the visibility of the
collaboration in the Web with the following definitions of new indicators:

e The Web vishility rate of a multi-authored publication won by
bibliographic data (WVP) is measured as a frequency of the different Web
sites on which this bibliographic publication is mentioned after entering the
full title of the co-authored publication into Google or Alltheweb.
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e TheWeb visibility rate of a pair of collaborators (WV/C) is equal to the sum
of Web visibility rates, WVP, of all of their co-authored publications.

In contrast to the measurement of Web citations by Vaughan and Shaw, who cite al
pages of web sites on which an article is mentioned, here only the number of different
Web sites on which a multi-authored publication is mentioned is used for measurement
of Web visibility of bibliographic multi-authored publications. This decision was made
as some Web site authors presented, at the same time, the same list of publications on
several pages, only under different criteria of arrangement, for example the publication
list in the CV: on a page “chronological” and on another page of the same Web site ‘ by
subject’.

On the other hand, there are some reasons to count all pages of all Web sites as done
by Vaughan and Shaw as there are, for example, authors of Web sites who have
published two or more different articles on different pages on-line. If the same other
publication is cited in these different online articles on the different pages (bibliographic
coupling), then all these pages are counted and this other publication receives the
appropriate number of Web citations.

By way of an example of the present study for the measurement of the Web
visibility of bibliographic multi-authored publications of the COLLNET members, the
number of different Web sites was selected as a method after detailed examination of
the empirical results because there is a difference between counting Web citations and
visibility of collaboration. In further investigations, however, the question of the best
suitable method should be revisited, as it deals here with a pilot study with first results
in the available paper.

M ethods and results

In this paper, general results arising from testing Web hyperlinks and Web visibility
indicators as possible suitable data collection strategies for the investigation of
collaboration in e-science are presented. In addition, findings of the dependence of Web
visibility on the type of the bibliographic multi-authored papers are al so presented.

Social network analysis (SNA) is applied to a comparison between hibliographic
and Web collaboration networks. Moreover, developmental and structural formation
processes in bibliographic and Web networks are studied

General results

Homepages and Web hyperlinks. From the 17 COLLNET members, who have
homepages on the Internet, are:
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o 7 female (= 27% of the 26 female members) and 10 male (= 26% of the 38
males)

¢ 12 members from European Union countries (= 40% of the 30 European
Union members) and 5 members from N countries (=15 percent of the 34
members from the non- EU countries)

While there appeared to be no difference between the female and male members, a
tendency is apparent in favour of the EU when compared to the non-EU countries. A
Chi-square test was performed on the EU/N data and the result shows a significant
(p<0.01) difference between EU and N countries. It would be interesting to perform a
similar investigation on alarger sample in the future.

The partitioning of European Union and non-European Union countries took place
as Vaughan and Shaw found out that the number of Web citations through EU Web
sites is the highest, followed by North America. They refer to a “general pattern
relatively lower Web penetration and use beyond Europe and North America’. This is
in agreement, for example, with a comparison of the Web sites of the universitiesin the
UK with the Web sites of the Indian universities (KRETSCHMER & THELWALL, 2003).

Due to the geographical proximity of the possible COLLNET co-authors in the EU
and additionally due to the small number of COLLNET members from North America
(only 4 members) only a rough partitioning was made for the investigation, i.e. EU and
non EU countries. This division can be done in a more detailed manner in future
investigations.

As dready explained above, there are no hyperlinks between the homepages, even
though collaboration between several COLLNET members exists (223 bibliographic
multi-authored publications). From an investigation similar to that of TERVEEN & HILL
(1998), it follows that necessary distance must be maintained.

In this connection it is worthy of note that the authors only stated: “The work
reported here investigates links between Web sites as a potential ground for emergent
collaboration”. Thus they neither give an explanation nor empirical support for the
validity of this statement.

In contrast to this there are empirical investigations regarding motivations and
reasons for the creation of links between Web sites (WILKINSON et al., 2003;
THELWALL, 2003). The motivations are various and arise from the fact that Web
hyperlinks differ not only from bibliographic citations but also from co-authorships,
whereas only a very reduced percentage is seen to be similar to bibliographic citations
and a smaller percentage compared to co-authorships.

In asimilar direction, concerning co-authorships, the results of an unpublished study
of the two authors of the present paper point to the hyperlinks between homepages from
approximately 2000 members of the German Society for Psychology (DGPs), in which
the very small number of hyperlinks are not in a similar ratio to the high number of
bibli ographic multi-authored papers.
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Web visibility indicators of collaboration. Contrary to the planned investigations of
the structures of hyperlinks between homepages, here the dightly modified form of the
method of Vaughan and Shaw proved to be very useful.

168 publications (= 73% of the 223 bibliographic multi- authored publications)
became visible at least once in Google and 141 publications (= 63%) at least once in
Alltheweb.

As mentioned above, the Web visibility rate of a bibliographic multi-authored
publication (WVP) is measured as a frequency of the different Web sites, on which this
publication is mentioned.

The Spearman correlation- coefficient between Google and Alltheweb amounts to
R=0.67, statistically significant on the 0.01 level with 223 pairs.

The distributions of multi-authored publications with definite Web visibility rates
(WVP), by Google and Alltheweb are won in Figure 1 represented (Google: full line,
Alltheweb: broken line), whereby the value for WV P is limited to 10 in the figure since
only very few publications received higher Web visibility rates.
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Figure 1. Distribution of publications

The distribution of multi-authored publications with definite WVP is represented
also in a Two-Way frequency Table, see Figure 2. The WV P data are classified (class 1:
WVP=1, class2: WV P=2, class3: WVP=3, class4: WVP=4, classb: WVP>5).

Publications which achieve alower value for WV P in Google than in Alltheweb, are
arranged on the right of the diagonal (right corner), the other publications are on the
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left. On the right of the diagonal there are, however, fewer publications than on the left.
That means reverse that the WVP per publication is higher in tendency in Google than
in Alltheweb. This is in agreement with the positive evaluation of “Google’ in relation
to other search engines by Vaughan and Shaw. In the diagona in Figure 2 we find

those publications whose WV P is similar in Google and in Alltheweb.

&oT

:

Number of pyblications
e
1

Figure 2. Two-way frequency table

Subsequently, the results of both the search engines per bibliographic multi-
authored publication were summarized combining the results from both search engines
and deleting the repeats. A higher value for WVP per bibliographic multi-authored
publication results on average from this summary than by application of only one of the
search engine. This is because the results of various search engines are not always
identical.

It follows that a higher number of bibliographic multi-authored publications are also
visible in the Web, here 173 (=78%).

As aconclusion, these results show that it is better to use several search engines at

the same time in future investigations for Web visibility rate per multi-authored
publication.
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Forty of these 173 (= 23%) Web visible multi- authored publications are visible
under other kind of Web sites also on the COLLNET Web site: www.collnet.de, and
115
(= 66%) aso on the personal homepages of the COLLNET members or on the Web
sites of their departments.

In summary it can be stated that bibliographic multi-authored publications which
were investigated in the pilot study are visible to a high percentage in the Web and that
it follows, therefore, that collaboration between scientistsis well reflected in the Web. It
is important to examine in the following whether the original bibliometric collaboration
structures remain intact, or whether any specific changes develop in the Web regarding
gender or countries.

Dependence of Web visihility rates on types of bibliographic multi-authored papers.
The 223 bibliographic multi-authored publications are classified according to their type

— books,

—articlesin peer reviewed journals,

— contributions in monographs,

— articles in conference proceedings or manuscripts

into the following categories:

1. articlesin Scientometrics,

2. aticlesin JASS

3. both papers in monographs and articles in other journals than
Scientometrics and JAS'S, (The number of articles in other journalsis less

than 6 per journal),
4. papersfrom conference proceedings and manuscripts,
5. books.

The difference between these categories and Web visibility ratesis studied Table 1.

Table 1. Classification of bibliographic multi-authored publications and visibility in the Web

Categories Number of Sum of Average Number of Percentage of Number of

bibliographic Web Web non-Web non-Web forthcoming

multi-authored  visibility,  visibility, visible visible publications

publications, X WVP EWVP/n publications  publications,  (All are non-

n with WVP=0, 100m/n Web visible

m publications)
1 55; (0) 151 2,75 9; (0) 16 6; (0)
2 13; (0) 71 5.46 1; (0) 8 1; (0)
3 68; (15) 175 2,57 19; (7) 28 0; (0)
4 77, (12) 88 1.14 21; (5) 27 2:(0)
5 10; (2 149 14.9 0; (0) 0 0; (0)
Total sum 223; (29) 634 2.84 50; (12) 50/223=0.22 9; (0)

Note: The numbers of non-English publications are in brackets
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There is a datistically significant difference between the distribution of
bibliographic multi-authored publications (n) and the distribution of Web visibility rates
(Sum WV P) aong the categories (Chi-square test: p<0.01). The average Web visibility
rate is highest for books (14.9) and lowest for conference proceedings and manuscripts
(1.14). It is an empirica proof for the dependence of Web visibility rate on type of
bibliographic multi-authored papers

The highest percentage of hon-Web visible publications (WVP=0) can be found in
categories 3 and 4. It is related to papers from conference proceedings and manuscripts,
and to papers in monographs and articles in other journals than Scientometrics and
JASIS

The sum of non-English publications with WVP=0 and forthcoming publications
with WVR=0 (12+9=21) is equa to 42% of the total number of non-Web visible
publications.

A high percentage (=67%) of the non-Web visible articles in Scientometrics are
forthcoming articles (6/9=0.67). This phenomenon is not valid in categories 3 and 4.
Only 5 % of the non-Web visible publications are forthcoming.

Social Network Analysis (SNA)

OTTE & ROUSSEAU (2002) recently showed that social network analysis (SNA) can
be used successfully in the information sciences, aswell asin studies of collaboration in
science. The authors showed interesting results by the way of an example of the co-
authorship network of those scientists who work in the area of socia network analysis.

Otte and Rousseau refer in their paper to the variety of the application possibilities
of SNA, aswell as to the applicability of SNA to the analysis of social networks in the
Internet (webometrics, cybermetrics).

Therefore, this paper examined, the extent to which scientific collaboration in the
Internet becomes visible. Thusit deals with:

— Examinations using SNA to establish the extent to which the bibliographic
COLLNET co- authorship network gets reflected in the Web and how similar the
networks are.

— Examinations of the development of both the bibliographic COLLNET co-
authorship network and the Web network over a specific time period. The results
are presented in a separate chapter.

Bibliographic Co-authorship network. The methods of social network analysis
(SNA) arerelated to WASSERMANN & FAUST (1994) and to OTTE & ROUSSEAU (2002).
— Thereare 64 ‘nodes (= 64 COLLNET members) in the network.
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— 48 of these COLLNET members (= 75%) have published in co-authorship at |east
once with at least one of the other COLLNET members. That means, at least
1‘edge’ is adjacent to each of these 48 ‘nodes'.

— Differently expressed: Between two COLLNET members A and B, there exists
an edge if both have published at least one publication in co-authorship. The
members A and B are called pair of collaborators (A,B).

— There are Lg=63 edges between the nodes or in other words 63 different pairs of
collaborators, respectively.

— A path from node X to node Y is a sequence of distinct edges between pairs of
collaborators: (X, A1), (A1, Az), ..., (A}, Y). Thelength of the path is equal to the
number of distinct edges. The shortest path from X to Y is called distance dyy .

— The co-authorship structure of COLLNET is a ‘disconnected graph’, i.e., thereis
not a ‘path’ between each pair of nodes X and Y. However the COLLNET
members can be divided into several ‘connected subsets. A path also exists
between all pairs of nodes in a ‘connected subset’. The ‘connected subsets’ are
denoted as ‘ components’ or ‘clusters'.

— However between a pair of nodes from different components there exists no path.

— The COLLNET co-authorship network consists of 23 components:

e 1large central component of 32 members
* 1 component of 4 members

e 2 components of 3 members

e 3 components of 2 members

e 16 singletons

The largest cluster covers 50% of the COLLNET members. In addition there are 22
small and very small (singletons) clusters.

This structure of clusters, which contain a single very large cluster and aso a large
number of small clusters, is in agreement with the existing findings in the literature
(NEWMAN, 2001; GENEST & THIBAULT, 2001; KRETSCHMER, 2003; OTTE & ROSSEAU,
2002). It is possible this could denote a genera rule in a specia type of co-authorship
network.

The density of a co-authorship network (D) is an indicator for the level of
connectedness of this network:

D = Number L of edges divided by the maximum number L, Of edgesin the network.
It is arelative measure with values between 0 and 1.

Lmax=V (V-1)/2

D=2L/V(V-1)

The studied bibliographic co-authorship network is a network with low density of
Dg=0.031.
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Web co-authorship network. The bibliometric network indicates that 48 COLLNET
members have published at least once in co-authorship with at least one of the other
COLLNET members. 44 of them (92%) are visible as co-authors in the co-authorship
network obtained from the Web.

There are L= 56 edges (56 pairs of collaborators) in the Web network, i.e. 89% of
the edges abtained from bibliographies.

The Web visibility of a pair of collaborators (WVC) may possibly grow
exponentially with the number of their bibliographic co-authored publications
(Figure 3). The connection mentioned should be examined in future investigations on
larger samples. Thereis no statistical significance for the present data.

300 T T T

200 -

WVC

100 | -

0 | |
0 10 20 30 40

Number of co-authored papers per pair

Figure 3. Web visibility rate of apair of collaborators

The structure of the network obtained from the Web is similar to the structure of the
network obtained from the bibliographies (Figures 4 and 5). The large centra
component obtained from the bibliographies is dightly reduced on the Web by 4
members (28/32: 88%), producing a new component of 4 members (cf. Figure 5 down
on the right side). 2 components of 2 members each fal to pieces, i.e. 4 singletons.
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Thus, the disconnected graph of the Web co-authorship network is partitioned into 26
components:

e 1large central component of 28 members
e 2 component of 4 members

e 2 components of 3 members

e 1 component of 2 members

e 20singletons

The largest cluster covers 44% of the COLLNET members. In addition there are 25
small and very small clusters (singletons).

From another point of view the change from the bibliographic to the Web network
consists of 7 missing pairs of collaborators only. These missing edges in the Web are
related to edges with a maximum of 1 multi-authored publication each obtained by the
bibliographies. Four of these publications are forthcoming. We expect to find these
publications in the Web some time after appearance of the present forthcoming
publications.

Figure 4. Network obtained from the bibliographies (2003)
(For explanation see the Appendix)
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Figure 5. Network obtained from Web (2003)
(For explanation see the Appendix)

The Web co-authorship network is a network with the density of Dy=0.028. The
densities of both networks are loose but the differenceis very low.

Devel opment of bibliographic and Web networks and structure formation processes

The research question of the next part of this paper is to which extent collaboration
structures visible in the Web are changing their shape in similar ways as the
bibliographic collaboration networks over a specific time period. Is there any similarity
between structure formation processes in bibliographic and in Web networks?

I's there some explanation for, or background information to, special changes of the
structures over time, and is there any explanation for the arising dight differences
between bibliographic and Web networks over the last time stage?

In answer to these questions the development of COLLNET was used as
presupposition for the division of the studied time period into 4 stages.

Development of COLLNET in brief and corresponding 4 stages of the studied time
period.

First Sep of the Development of COLLNET (1998-1999). An important trigger in
the creation of COLLNET was the first Berlin Workshop on Scientometrics and
Informetrics/Collaboration in Science that took place at the Institute of Library Science
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of the Humboldt University, Berlin, in August 1998. This workshop was organized by
the Society of Science Studies (Gesellschaft fuer Wissenschaftsforschung e.V., Berlin),
and supported by the Free University Berlin, and DFG (German Research Foundation).

Second Sep (2000-2001). Two years later in September 2000, in conjunction with
the Second Berlin Workshop on Scientometrics and Informetrics/Collaboration in
Science and in Technology, the first COLLNET meeting was held at the Free
University Berlin (A special issue of the journal Scientometrics is published in 2001
about selected papers). From this time on, COLLNET meetings have been held
regularly: the Second COLLNET Meeting at the National Institute of Science,
Technology and Development Studies, New Delhi (India). Again, COLLNET used the
synergy of conjoint activity with the international workshop “Emerging Trends in
Science and Technology Indicators: Aspects of Collaboration”.

A third COLLNET Meeting took place in July 2001 in Sydney (Australia) in
conjunction with the 8th International 1SSl conference on Scientometrics and
Informetrics.

Third Sep (2002—2003). Future strategies were discussed at the 4th COLLNET
Meeting held in conjunction with the Sth International Conference on Scientometrics &
Informetrics in Beijing, China during August 2003. At that time, further measures of the
effectiveness of these collaborative engagements among members and productivity in
the field of ‘ collaboration in science and in technology’ were discussed.

Thus these 3 steps, along with the additional inclusion of the preliminary stage, will
be incorporated to show the development of both the bibliographic COLLNET co-
authorship network and the Web network in 4 stages:

e Until 1997: Collaboration of the future COLLNET members before 1998
(preliminary stage)

e Until 1999: Collaboration until 1999 (cumulative, including collaboration
until 1997, i.e. preliminary stage and first step of COLLNET development)

e Until 2001: Collaboration until 2001 (cumulative, including collaboration
until 1997, first and second steps)

e Until 2003: Collaboration until 2003 (cumulative, including collaboration
until 1997, first, second and third steps)

Development of bibliographic and Web networks. The growth of the number of edges
(pairs of collaborators), the decreasing number of components, the growth of the large
component and the decreasing number of singletons along the 4 stages are of interest.

In addition, we shall also focus on some selected indicators of centrality describing
the structure of networks and the role played by particular nodes (in analogy to OTTE &
Rousseau, 2002; WASSERMANN & FAUST, 1994):

— Degree Centrality

— Betweenness
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Degree Centrality of a node A is equa to the number of nodes (or edges) that are
adjacent to A:

DCA=Ex.

The Degree Centraity of anode A isequal to the number of his’her collaborators or
co-authors. An actor (node) with a high degree centrality is active in collaboration.
He/she has collaborated with many scientists.

Mean Degree Centrality (MDC) of the network is the ratio of the sum of the Degree
Centralities of all the nodes in the network to the total number of nodes:

MDC=2L/V.

Betweenness Centrality BC, is the number of shortest paths (distance dy,) that pass
through A. Otte and Rousseau mention actors (nodes) with a high betweenness play the
role of connecting different groups or are ‘middlemen’. WASSERMAN & FAUST (1994,
p. 188) mention: Interactions between two nonadjacent actors might depend on the
other actorsin the set of actors who lie on the paths between the two. These “ other”
actors potentially might have some control over the interactions between the two
nonadjacent actors. A particular “other” actor in the middle, the one between the others,
has some control over paths in the network.

BCa=Zx .y Gxav/ Gxv,

Gxay i the number of shortest paths from node X to node Y passing through node
A. Gxy isthe number of shortest paths from node X to node Y (X,Y#A).

The general formula:

Crnerwork=(Zx (Cnax-Cx))/max value possible

can be applied for determining degree, closeness or betweenness centrality for the
whole network (In detail, cf. OTTE & Rousseau, 2002). These measures are relative
measures with values between 0 and 1.

The development of collaboration between COLLNET members is studied in
connection with the visibility of this network on the Web.

The indicators density, mean degree centrality and betweenness centrality are
applied in analyses of both bibliographic co-authorship network and Web network. The
general formulais applied for Betweenness. Furthermore the development of number of
edges, number of components, number of singletons and the size of largest component
(number of nodesin the largest component) are studied (Table 2).

The values of the indicators describing the structure of networks (density, mean
degree centrality and betweenness) increase from 1997 to 2003 with a particular rise
from 1999 to 2001 (cf. Figure 6 as example). The probability is high that both the
foundation of COLLNET and first COLLNET meeting in 2000 maybe the reasons for
thisincrease.
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Table 2. Development of bibliographic and Web networks

1997 1999 2001 2003
Number of edges 16 25 47 63
or of pairs of 14 22 45 56
collaborators
Number of 48 44 30 23
components 51 47 32 26
Number of 39 36 22 16
singletons 44 40 25 20
Size of largest 7 11 23 32
component 6 9 22 28
Density 0.008 0.012 0.023 0.031
0.007 0.011 0.022 0.028
Mean degree 0.53 0.78 1.47 197
centrality of the 0.44 0.68 1.38 175
network MDC
Betweenness 0.008 0.028 0.101 0.22
0.005 0.017 0.096 0.11

Note: Thefirst valuein each cell is the bibliographic value and the second value is the Web value

0.03 I I
Bibliographic network
— — — Web network
P
0.02
-
Py
2 4
o 4
0.02 //
/
/
+ /
0.01
1997 1999 2001 2003
Year

Figure 6. Density

The values for the Web structure increase in parallel to the bibliographic network.

On average, the values for the Web structure are dightly lower than the average
values for the bibliographic structure. However, the Web values reach the bibliographic
values or exceed them after two years. For example, the betweenness of the

Scientometrics 61 (2004) 421



H. KRETSCHMER, |. F. AGUILLO: Visibility of collaboration on the Web

bibliographic network in 2001 is equal to 0.101 and the value of betweenness of the

Web network is equal to 0.11 in 2003.
The growth in the number of pairs of collaborators (edges) is in correspondence

with the growth of density.

Sructure formation process measured by entropies. Whereas the size of the largest
component grows, the number of components and the number of singletons diminish
(cf. Table 2). This kind of structure formation processes in both the bibliographic and
the Web networks can be measured by entropies H:

Thereisaseries of numbers K¢(f=1,2,...2), K; #0

he =K /D K,
f=1

z
H¢ - 2 ht %g; hy

f=1

K; isthe size of acomponent f. The number of componentsin the network is called z.
The entropy H is decreasing with increasing size of the components and with

decreasing number of components. The maximum entropy H is reached in a network
under the condition there are singletons only. The minimum entropy is reached under
the condition where there is one large cluster only and there are not any other

components.
The structure formation processes both in the bibliographic network and in the Web

network are shown in Figure 7.

6.00 I I
Bibliographic network
— — — Web network
[=——
R
5.00 \
2 N\
o
5 N\
11
4.00 \
\
S
3.00
1997 1999 2001 2003
Year

Figure 7. Structure formation process measured by entropies
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The development of structure in both networks can be visualised by the maps drawn
with Pajek (Figure 8). The co-authorship networks from bibliometric data are presented
in the left column and the networks from webometric data in the right column.
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Figure 8. Development of structure in both the bobliographic and the Web network
(For explanation see the Appendix)
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Both networks in the first row are from the stage of collaboration until 1997, in the
second row from the stage until 1999, in the third row from the stage until 2001 and the
4th row from the stage until 2003.

Horizontal: The co-authorship network from bibliometric data and the
corresponding co-authorship network from webometric data are very similar up to very
dlight deviations at the same stage.

Vertical: The structure formation process is characterized by the growth of the
number of edges (pairs of collaborators), the decreasing number of clusters, the growth
of the large cluster and the decreasing number of singletons. It is valid for both
bibliometric and webometric data. Slight differences between bibliometric and Web
networks arise in the last stage. The explanation for this phenomenon may be that
forthcoming publications can be found in the personal bibliographies of the COLLNET
members but these publications are visible some time later in the Web after publishing.

Discussion and conclusion

The following ideas are the result of a round table discussion with all members of
the WISER project.

A new approach of Web visibility indicators of collaboration is examined. The
ensemble of COLLNET members is used to compare co-authorship patterns in
traditional bibliometric databases and the network visible on the Web. As Sylvan Katz
pointed out, the question of quality control is also involved. It makes a difference if the
collection of datais based on a database which includes peer reviewed journals only (as
in the case of SCI) or only taken from the Web with a mixture of peer reviewed and not
reviewed articles.

In the discussion, Mike Thelwall pointed out that the similarity of Web based
structures and SCI based structures might also be used to replace (costly) 1Sl products
with publicly available information on the Web.

The comparison of collaboration patterns on-line and off-line needs an off-line
starting point, either in the form of a bibliography in the field or a list of names of
authors. If one starts with a list of co-authored publications the “Web visibility
indicator” gives an indication for the visibility of this collaboration on-line, and there
might be more articles visible on the Web than in bibliometric databases. In this case
the Web offers additional information.

If one would start from the list of authors one could expect to detect other forms of
collaboration than in the form of co-authorship (Viv Cothey). If search engines are to be
used, one could use the option to look for relations in specific file types. This approach
could reduce the noise in the information on the Web (Isidro Aguillo, Mike Thelwall).

However, an unresolved discussion point remains the interpretation of the meaning
of ahyperlink in terms of collaboration.
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Appendix

Explanation for Figures 4, 5 and 8

1. Aguillo Isidro 17. Hood William W. 33. Rao Ravichandra
2. Ahrweller Petra 18. Jansz Margriet 34. Rousseau Ronald
3. AmbujaR. 19. Karisiddappa 35. Russell Jane

4. Bassecoulard Elise
5. Basu Aparna
6. Beaver Donald deB.
7. Bhattacharya Sujit
8. Bordons Maria
9. Brandt Martina
10. Davis Mari
11. Egghe Leo
12. Gomez | sabel
13. Grosse Ulla
14. Gupta Brij Mohan
15. Hartmann Frank
16. Havemann Frank

20. Katz Sylvan

21. Kharbanda Ved Prakash
22. Kretschmer Hildrun
23. Kundra Ramesh

24. Leydesdorff Loet

25. Liang Liming

26. Liberman Sofia

27. Liu Zeyuan

28. Markusova Vaentina
29. Meyer Martin

30. Okubo Y oshiko

31. Osareh Farideh

32. Raghavan Koti S.

36. Sangam Shivappa

37. Scharnhorst Andrea
38. Schulze Annedore

39. Tomov Dimiter

40. Voss Rainer

41. Wagner Caroline

42. Wagner-Dobler Roland
43. Wang Yan

44. Wenzel Vera

45. Wilson Concepcion S.
46. Wouters Paul

47. Wu Yishan

48. Zitt Michel

49.-64. are singletons up to June 2003. The 16 singletons are not included in the figure.
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