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Preface 

The Second Berlin Workshop on Scientometrics and Informetrics „Collabora-
tion in Science and in Technology“ was held at the Free University of Berlin on
September 1. – 3., 2000. It was followed by the First COLLNET Meeting on
September 4th with overall 61 participants from 17 countries. The Second Berlin
Workshop was a continuation of the First Berlin Workshop on Scientometrics
and Informetrics „Collaboration in Science“ which was held in August 1998 at
the Institute for Library Science of the Humboldt University of Berlin1 and orga-
nised by the Association for Science Studies2. Details of the Second Berlin Work-
shop (Program, Abstracts) and of COLLNET (members, projects, publications)
can be found in the Internet under http://www.collnet.de.

Why put on a special conference on “Collaboration in Science and in Tech-
nology”?

An increase in national and international cooperation in science and in tech-
nology – linked to an increasing necessity to investigate that process – was
already reflected in the previous years in the International Conferences on Scien-
tometrics and Informetrics. Eight years ago only a handful of scientists partici-
pating in the 4th International Conference on Scientometrics and Informetrics
in Berlin 1993 dealt with the subject As a result no session was organised on
„Collaboration“ or „Cooperation“. Its growing importance became increasingly
visible at the next international conferences in Chicago 1995, Jerusalem 1997,
and Colima (Mexico) 1999. 

As a consequence, informal discussion groups came together more often at
international conferences to consider topics of cooperation. The time had there-
fore come to organise special conferences and at the same time to found a global
interdisciplinary research network focussed on „Collaboration in Science and in
Technology“: COLLNET. It now comprises about 50 members from 20 coun-

1. Institut für Bibliothekswissenschaft der Humboldt-Universität zu Berlin (see also web page at
http://www.ib.hu-berlin.de).

2. Gesellschaft für Wissenschaftsforschung, Berlin (http://www.wissenschaftsforschung.de)
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tries. The members intend firstly to investigate cooperative processes in order to
gain scientific insights into the organisation of research and development and
also to generate possible applications for research and technology policy. Cooper-
ation is not only a matter of research, however, but also of the actual practice of
members.

More than 35 of the COLLNET members took part in both the Second Ber-
lin Workshop and the First COLLNET Meeting. Their educational backgrounds
range from mathematics, physics, chemistry, biology, medicine, to science his-
tory, social sciences, and psychology. Among them are directors of large science
sponsoring or science consulting institutions, e.g., the National Institute for Sci-
ence, Technology and Development Studies (NISTADS), New Delhi, as well as
organisers of the International Conferences on Scientometrics und Informetrics,
board members of the International Society for Scientometrics and Informetrics
(ISSI) and of the German Society for Psychology3, and members of the Editorial
Board of the international journal Scientometrics.

The Second COLLNET Meeting was held in February 2001 at the National
Institute of Science, Technology and Development Studies (NISTADS) in New
Delhi, which followed the international workshop on „Emerging Trends in Sci-
ence & Technology Indicators: Aspects of Collaboration“. The Third COLL-
NET Meeting was held in connection with the 8th International Conference on
Scientometrics and Informetrics in July 2001 in Sydney.

During the Second Berlin Workshop the discussion on interdisciplinary and
intercultural aspects of collaboration led to the decision to go beyond quantita-
tive research to include perspectives related to qualitative research in order to
strengthen the interdisciplinary character of COLLNET. 

Against the background of different, sometimes conflicting methodological
cultures of the members, the discussions between „quantitative“ and „qualita-
tive“ scientists and technology experts can be characterised as constructive and
fruitful. We hope that the Workshops as well as the COLLNET Meetings will
stimulate common projects and publications – that is presuming that the confer-
ences can be continued. 

At the Second Berlin Workshop 44 contributions were presented, some of
them as posters. The workshop organisers had offered all contributors two
options: to submit the paper to a special issue of Scientometrics or – if they felt
that it does not fit into the profile of Scientometrics – they could contribute the
paper – or a more or less extended abstract of it – to this book. Some papers,
which are included in the Scientometrics issue, will also appear in the book.

3. Deutsche Gesellschaft für Psychologie
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Neither the Workshop nor the COLLNET Meeting would have been a success
without the support of the following institutions which we are indebted to:

– Freie Universität Berlin,
– Deutsche Forschungsgemeinschaft (Bonn),
– Eugene Garfield Foundation (Philadelphia, USA),
– ALTUS Analytics AG (Berlin),
– Gesellschaft für Wissenschaftsforschung e.V., Berlin, and,
– Town of Hohen Neuendorf.

Berlin and Munich,  August 2001                                                           The editors.
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ELISE BASSECOULARD 
YOSHIKO OKUBO 
MICHEL ZITT

Insights in Determinants 
of International Scientific Cooperation

Context

Since the pioneering work of DeB. Beaver & Rosen1 bibliometricians, historians of
science and sociologists of various schools have stressed different forms of and
roles of cooperation in the advancement of science, recently reviewed by Katz &
Ben Martin.2 In the present paper on international scientific collaboration, we fo-
cus on the complex relation between collaboration and geographical (or spatial)
aspects, especially in the European Union. This work is part of a larger research
program at INRA3 and OST4 where we explore the relationship between region-
al/local logic and global logic in the development of S&T activities, combining
analyses at the country level and at the regional level. 

Using a classic bibliometric approach, we tried to characterise the develop-
ment of cooperation patterns in Europe over the decade 1986-1996, especially
for the three largest countries France, Germany, United Kingdom, with the USA
and Japan as a background (Zitt et al.5). The exploration on regional aspects is
still ongoing (Okubo et al.6).

1. D. deB. Beaver, D.R. Rosen, Studies in Scientific Collaboration, Part I, Scientometrics 1 (1978)
65-84, and following parts (1978, 1979)

2. J.S. Katz, B.R. Martin, What is Research Collaboration?, Research Policy 26 (1997) 1-18
3. Institut National de la Recherche Agronomique
4. Observatoire des Sciences et des Techniques 
5. M. Zitt, Y. Okubo, E. Bassecoulard, Shadows of the Past in International Cooperation: Collab-

oration Profiles of the top five Producers of Science, Scientometrics 47 (2000) N3, pp. 627-657
6. Y. Okubo, R. Gusmao, A. Sigogneau, M. Zitt, Measuring the impact of trans-frontier regions

in europeanization of science, 6th International conference on Science and technology indica-
tors, Leiden (NLD), 24-27/05/2000, p. 88
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We try to address following questions:
– Beyond the steady growth of international cooperation over the decade,

are patterns changing, especially when using sensitive measures that
control size of the countries?

– What do we learn about determinants of collaboration? In other words,
what kind of proximities, material or immaterial, play an important
role?

– Do these determinants interact in the same way at the regional level?
– What do we learn about Europe of science?

Methods

Data

This exploratory study on international co-authorship data was carried on the ISI
dynamic set of journals in Science Citation Index and the Computer & Mathe-
matic Citation Index (SCI/CMCI), using 3-year-average on two periods, 1996
(1995-1997) and 1986 (1985-1987). 

Counting methods 

An impressive amount of counting methodologies for co-authorship are available
in literature at all stages: the type of co-authorship taken into account, the bilateral
vs. multilateral scope, the type of counting, the type of statistical index (see for in-
stance the review by Maltras7). Our basic options here are institutional address lev-
el and fractional count,8 the weight of every publication is 1, distributed among

7. B. Maltras, J. Vega, M.A. Quintanilla, Measuring Multinational Cooperation in Science and
Technology: Different Methods applied to the European Framework Programs, Proceedings of
the 5th Conference of the International Society for Scientometrics and Informetrics, River For-
est (Chicago), Learned Information Inc., 1995, p. 303-312

8. Example of our fractional count method: an article has 3 addresses, LAB1, France; LAB2,
France; LAB3, Spain. Let them be FRA1, FRA2, SPA. a). The share of France is 2/3, the share
of Spain is 1/3. b) This article creates a 3*3 matrix of co-publications. The value "1" is distrib-
uted on the 6 cells outside the diagonal (FRA1-FRA2, FRA1-SPA, FRA2-FRA1, FRA2-SPA,
ESP-FRA1, ESP-FRA2). Conventionally, each link is split (ex FRA1-SPA and ESP-FRA1). So
every cell receives 1/6, so that in rows SPAIN fractional authoring (1/3) is also the sum of
SPAIN fractional co-authoring with France (1/6 + 1/6). FRANCE fractional authoring (2/3) is
the sum of co-authoring with Spain (1/6 + 1/6) and with France (1/6 + 1/6). This type of count
has advantages and shortcomings: the main advantage is the stability in all type of aggregations
(journal, regions, countries...) because each publication always weights 1, the main shortcoming
is that it is not straightforward.
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the bilateral linkages of institutions (another counting method, the wole/distinct
count has also been tested; resulting rankings and profiles are very similar to those
presented here). Beside gross figures (absolute values) and profiles which are very
important in terms of science policy, we looked for relative indicators, focused on
deviations to expectations: that France or Germany have a lot of cooperation with
the United States merely reflects the statistical expectation due to the global
amount of cooperation of these countries, and more loosely, their scientific size
(publication share). 

We have paid a particular attention to the probabilistic affinity index (PAI),
well known for decades in bibliometrics, but not as often applied in network
studies, as are for instance absolute values or Salton measure. The affinity meas-
ures throw a light on “second order phenomena” such as cultural or geographical
determinants. They give a useful complement to the “absolute values” analysis or
profiles measures. Lastly, the description based on probabilistic affinity can be
connected to a class of relatively simple models of international exchanges.

In the present paper we consider absolute values, profiles and probabilistic af-
finity indexes (PAI). Technicalities are detailed in Zitt et al., 2000 (l.c.). Let us
just mention that the PAI indexes are corrected for diagonal effects (self co-au-
thorship), which is practically necessary for sound interpretations but introduces
some technical difficulties. Besides, significance of these indexes may be low for
pairs of small countries. 

Results

International cooperation over the decade: impressive growth within patterns inertia

The general context is well known: in absolute terms scientific cooperations as
measured by co-authorships have roughly doubled within a decade, whatever the
particular method of counting. Still, if we look precisely at the patterns of cooper-
ation of the largest countries, these patterns are rather stable, and this is true not
only for their connections with other large countries, but which is more surprising,
with smaller partners, so that probabilistic affinity indexes also show an impressive
stability of cooperations patterns in spite of the sensitivity of these measures. 

Variations of “distances” between EU countries from 1986 to 1996 are shown
on Figure 1 below for France, Germany and the United Kingdom. Let Aij the
probabilistic affinity index between the two countries I and J, that is the ratio of
observed collaborations to expected9 between I and J EU countries. This index
can be normalised in the interval [–1, +1]. Let Nij the normalised probabilistic af-
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finity index: Nij = (Aij
2 – 1)/(Aij

2 + 1). The “distance” between I and J is defined
as: Dij = 1 – Nij = 2 / (Aij

2 +1).
The studied country is at the centre of the graph. The solid circle represents a

neutral position where Dij = 1 (observed collaborations are equal to expected col-
laborations, Aij = 1 and Nij = 0). Circle points show the positions of other EU
countries in 1986, triangles correspond to 1996. For example on the graph repre-
senting Germany, we see that in 1996 the collaboration between Germany and
Austria (vertical line north) remains stronger than expected (the triangle repre-
senting Austria is inside the solid line). Austria and Germany are not quite so
close in 1996 as they were in 1986. The opposite is true for Ireland (oblique line
south-west) that was almost at the maximum distance from Germany in 1986
(circle point at the end of the axis) but the collaboration between Ireland and
Germany is still below the expectation (triangle outside the solid line). 

In most cases, the positions have not changed dramatically (circles for 1986
are very close to the triangles of 1996). This relative immobility suggests the in-
frastructural character of underlying factors. These are well known in the litera-
ture on cooperation and address both material and immaterial proximities
(geographic proximity, cultural and linguistic proximity, geopolitical proximi-
ty…) and strategic behaviours. Trying to outline a hierarchy between those fac-
tors is not easy (see Katz10 on intra-national collaboration or Nagpaul11 on the
combined effects of geographical, thematic and socio-economic distance in inter-
national collaboration). 

Let us first examine whether features of our collection of countries could give
some hints.

Circles of preferential cooperations for the five countries

The profiles of these particular countries, and their circles of sociability in the last
period (1995-1997) are sketched on Figures 2 to 6, which show the first 15 part-
ners of each country by gross volume of collaboration. Ordinates are inverse rank-
ings (15 for the first partner and so on) by gross volume and by probabilistic

9. The expected value for co-authorship between countries I and J is calculated on contingency
tables of international co-authorship: it is the product of margins (total co-authorship of I, total
co-authorship of J) divided by the Grand Total of the table. The index is further corrected for
diagonal effects. See Zitt, Okubo, Bassecoulard, 2000 "Shadows of the past...", l.c. 

10. J.S. Katz, Geographical Proximity and Scientific Collaboration, Scientometrics 31 (1993) N1,
31-34 

11. P.S. Nagpaul, Exploring a Pseudo-regression Model of Transnational Cooperation in Science,
Proceedings of the 7th Conference of the International Society for Scientometrics and Infor-
metrics, Colima (Mexico), 1999, 375-385



DETERMINANTS OF INTERNATIONAL COOPERATION 17

Figure 1: Evolution of scientific “distances” within the European Union for
France, Germany and the United Kingdom (1986-1996) 
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affinity. “Preferred partners”, that is partners with a positive affinity for each coun-
try, are then displayed by geographical zone in Tables 1 to 5. They are listed in de-
creasing order of Probabilistic Affinity Index. Let us point out that some of the
“top 15 partners” by gross volume may not appear on these tables: this is often the
case for the United States. Blanks in table cells for given geographical zone are also
informative. For each country, shares of the World output (about 540 000 publi-
cations for 1996) in the SCI-CMCI and shares of the World international collab-
orations (about 64 000 fractional links for 1996)12 are recalled. 

France accounts for 5,2% of the World output and for 6,6% of the World in-
ternational collaborations. As expected, the USA, Germany and the United King-
dom are the first partners by absolute values of cooperation. Figure 2 shows  that,

12. The counting is as in the example given in a previous footnote. 64000 is the sum of all fractional
links involving two different countries. In the example, only FRA1-SPA and ESP-FRA1 are
counted. Hence, the result is not a number of articles. NB: for the comparison of "self"copubli-
cation (FRA1-FRA2 type links) and foreign copublications of a country, fractional count and
integer count usually give very different results, which can be easily explained. But for the study
of foreign copublications of a country, the two counts generally give very similar profiles.

Figure 2: Cooperation patterns of France for 1996: first 15 partners by gross vol-
ume of collaboration 
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Table 1: Preferred partners of France, by geographical zone and decreasing order
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apart from Italy and Spain, the top ranked partners by gross volume are low
ranked by PAI. Collaboration with Japan is low, both on absolute and PAI meas-
ures. In contrast, collaboration with Morocco is far more important than what
could be expected.

The three circles built by french speaking countries, latin-culture countries
(Europe and Latin America), and traditional linkages with Central and Eastern
Europe (Poland and Russia among the important partners in volume) depict al-
most the entire spectrum of France’s preferred partners displayed in Table 1, with
preferential linkages in the former french colonies but very low collaborations
with Commonwealth countries and Asia, and no preferential linkage either with
the United States or even with Canada.

Germany (Fig. 3) accounts for 6,6% of the World output and for 8,6% of the
World international collaborations. The United States, the United Kingdom and
France are the first partners by absolute values of cooperation.   Among other top
ranked partners by gross volume, Russia and Switzerland are also high ranked by
PAI, then come Italy and the Netherlands. Cooperation with Japan is still impor-
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Figure 3: Cooperation patterns of Germany for 1996: first 15 partners by gross
volume of collaboration 
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tant, but with no preferential linkage, in sharp contrast with Austria, also impor-
tant in volume and top ranked by PAI.

These features (the former East German network and German speaking coun-
tries) hold for most of Germany’s preferred collaborations. Re-unified Germany
clearly appears as a central european power, without preferential relationship out-
side “Eurasia” (Table 2).

The United Kingdom accounts for 8,4% of the World output and for 8,8% of
the World international collaborations. The USA, Germany and France are the
first partners by absolute values of cooperation but with no special affinity (Fig.
4). Then comes Australia, with a high score also by PAI. Surprisingly, Canada is
an important partner but not a preferred one, coming after Italy, an important
partner with preferential linkage. Collaboration with the Netherlands and Spain
is important and higher than expected. The reverse is true for the cooperation
with Japan, still important, but with no preferential linkage, as in the case of Ger-
many.     
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Figure 4: Cooperation patterns of the United Kingdom for 1996: first 15 partners
by gross volume of collaboration 
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Table 3: Preferred Partners of the United Kingdom, by geographical zone and
decreasing order of Probabilistic Affinity within each zone 
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Ireland, Portugal and Greece are the first preferred partners of the United
Kingdom in Western Europe. No strong partnerships appear with Central and
Eastern Europe. “Overseas memories” shape the preferred collaborations of the
United Kingdom: as for Australia, strong ties remain with India, New-Zealand,
South-Africa. This is also the case for Middle-East and Gulf countries, and other
Asian, African or Caribbean countries with historical connections with the Unit-
ed Kingdom (Table 3). 

Japan accounts for 8,5% of the World output and for 4,2% of the World in-
ternational collaborations, which clearly shows a still low propensity to interna-
tional collaboration. The USA, the United Kingdom and Germany are the first
partners by absolute values of cooperation, with a high level of affinity towards
the USA. China, Korea appear also as important and preferred partners, and so is
Australia higher at a lesser degree. As the USA, Canada is an important partner in
absolute values, but not a highly preferred one. As already mentioned, coopera-
tion with France is only half of the expected volume (Fig. 5).    

Figure 5: Cooperation patterns of Japan for 1996: first 15 partners by gross vol-
ume of collaboration 
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Table 4: Preferred Partners of Japan, by geographical zone and decreasing order
of Probabilistic Affinity within each zone 
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Though Japan diversified its cooperations in the decade, an extraordinary
strong affinity remains towards the USA, and linkages with the Asian neighbour-
hood and Australia are also significant. Conversely, Western Europe and Latin
America do not appear at all among preferred partnerships (Table 4). 

The USA accounts for 32,5% of the World output and for 21% of the World
international collaborations. The propensity to collaboration could be seen as
low, but one must keep in mind the size of this country. The figures would be of
the same magnitude for the European Union treated as an entity. The United
States of America are dominant and interact with almost all other countries. The
six first partners in gross volume are the “top collaborators” in absolute terms at
the world level. Canada and Japan are also preferred partners. Collaboration with
Israel is much more important than expected, the reverse being true for France
(Fig. 6).    
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Figure 6: Cooperation patterns of the United States for 1996: first 15 partners by
gross volume of collaboration 
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Table 5: Preferred Partners of the United States of America, by geographical zone
and decreasing order of Probabilistic Affinity within each zone  
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Cooperation with european partners is important in gross volume, but the
USA do not show any positive affinity with western, Central or Eastern Europe.
The American continent is the first circle of affinity for the USA. Geographical
proximity and political influence play together. Israel is of course the dominant
scientific partner in the second circle, the Middle-East countries. Post-war history
has created special linkages between the USA and countries of the last circle, the
Pacific rim, with a very high affinity for Taiwan and Korea (Table 5). 

Determinants of cooperation

Ceteris paribus, geographic proximity is an important factor. As we have seen, it
can be reinforced by cultural/linguistic proximity or geo-political proximity (e.g.
Canada for the USA). For countries such as Germany, these proximities are struc-
turally combined, since the area of cultural/linguistic influence is not much differ-
ent from the geographic neighbourhood. This was also stressed in other
communications in the same conference dealing with cultural dimension (e.g. W.
Glänzel ). 

But, even at close range, cultural/linguistic and geo-political influences can be
more determinant than geographic proximities: collaboration between Denmark
and Germany is just as high as expected (Figure 1) whereas its linkages to Finland
and Sweden (Figure 8) are extraordinary strong (the well-known scandinavian
cluster). Furthermore, the United Kingdom shows a high affinity towards Ireland
and so does France towards Belgium and Switzerland, but both the United King-
dom and France have developed special relationships, regardless of the distance,
with many other countries. The former overseas empires, which left political, cul-
tural and linguistic imprint, continue to shape part of the patterns of cooperation
of both countries, for example French speaking African and Asian countries for
France, English speaking ones for the United Kingdom. For Japan, geography,
but also history and postwar geopolitics seem to play a major role. At least for
major “poles of influence” we have shown the importance of cultural/linguistic
and geo-political proximities.

The regional level

Working at the regional level is very promising, and is part of the future agenda.
At the regional level, we also encounter some of the geo-cultural mix mentioned
at the country level. Cultural and geographical determinants are not easily separa-
ble: in most cases the spatial proximity also carries cultural proximity and interac-
tions of these factors can create synergies.
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For the time being, we had a first glance at border regions, limiting ourselves
to France and its neighbours (between Northern border with Belgium; Alsace and
Lorraine with Germany; Provence – French Riviera with Italy; or at the southern
border, cross-border cultural entities such as Basque region, Catalunia). This was
presented with more details by Okubo et al., op.cit. Our hypothesis was twofold:
a) a close range attraction between regions, b) a predominant role of border re-
gions in international connections in Europe. 

Results were following:
1. In terms of probabilistic affinities, those regions and their european counter-

parts (e.g. Alsace, Lorraine / Baden-Würtemberg, Rheinland-Pfalz, Saarland)
play a much greater role, than expected from their size in the connection of
their respective countries. These preferential linkages can be attributed to
geographic and associated cultural proximities.

2. However, in spite of these high affinities, the absolute number compared with
intra-country cooperation (e.g. Alsace-Lorraine and german counterparts ver-
sus France-Germany) do not allow to validate the hypothesis of international
cooperation driven by border regions, if only because of the unbalanced
power of the Paris region, which records both a large fraction of authorship
and co-authorship. This should be checked for pairs of countries not involv-
ing a strongly centralised one…

Europe of science

Large european facilities exist in many areas of science, especially physics and as-
tronomy. Other EU programmes have encouraged scientific cooperation, especial-
ly involving small countries. The three largest countries exchange what is expected
from their size, a rather low outcome considering their geographic proximity. Be-
sides we have seen on Figure 1 a striking inertia in their collaboration patterns with
EU countries for the last decade. This stability may be due primarily to structural
determinants such as historical, cultural and linguistic proximities, and then to ge-
ographical proximity. The three countries seem to behave as “poles of influence”
within a traditional area of sociability, hardly affected by the europeanisation
process.     

This does not mean that nothing happened. First, there are some changes in
those countries, even if they seem to be very slow. Then, for other players that en-
tered the European Union before the last period, there are clear evolutions. For
example, the smaller countries within the EU which show changes in their posi-
tion, especially intra versus extra European cooperation. One must keep in mind
that affinity indexes are particularly sensitive for small entities, but the indica-
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tions are concordant. On Figure 7, that shows the evolution over the decade for
Greece, Ireland and Portugal, we see that a) “distances” towards most EU coun-
tries decreased (triangles featuring the positions in the last period are closer to the
centre than circles), b) the number of preferential linkages increased (more trian-
gles than circles inside the solid line representing neutrality).

Ireland is a particularly interesting case: its affinity towards the United King-
dom is still very strong but decreased slightly over the decade. Ireland became
“closer” to most other EU countries, maybe because of the incentives included in
European Framework Programs to cooperation with “small new members”. This
policy was apparently successful, even for Greece and Portugal that entered the
EU a few years before or just at the beginning of our first period. Greece kept his
traditional linkages within the EU, increased dramatically the collaboration with
Italy and has now visible relationships with most other countries. For Portugal,
the linkage with Spain is still dominant. Affinities toward the United Kingdom
and France decreased slightly. Preferential linkages appear with Italy, the Nether-
lands and Belgium.

It is of course to early to know whether these new patterns will hold on the
long run as they might be due to purely “tactical” behaviours to access EU fund-
ings. But other resources than economic are pooled in international collabora-
tion. Besides, the difference with the situation of Austria, Finland and Sweden,
newcomers in the European Union, is striking. The three countries (Figure 8)
show an extraordinary high affinity toward EU countries of the same cultural ar-
ea: Germany for Austria, Denmark and Sweden for Finland, Denmark and Fin-
land for Sweden. With other countries, the relationships in the last period
(triangles) are generally neutral or below expectations (triangles outside the solid
line). 

These findings can be usefully compared to other works on the European Un-
ion (among many others Leydesdorff13 or Glänzel et al.14)

Conclusion

Looking at second-order measures stresses the stability of networks among major
scientific countries, while growth of cooperation in absolute terms is remarkable.
This suggests a deep imprint of history: the role of geographic proximity does not

13. L. Leydesdorff, The Impact of EC Science Policies on the Transnational Publication System,
Technology Analysis and Management 4 (1992), 279-298

14. W. Glänzel, A. Schubert, H.-J. Czerwon, A Bibliometric Analysis of International Scientific
Cooperation of the European Union, Scientometrics 45 (1999) N2, pp. 185-202
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appear as compelling except when linked to cultural and/or geo-political proxim-
ity. In the European Union, rearrangement of international co-authorship net-
works are more visible for small and medium-size countries, but cultural and geo-
political factors prove to be still of utmost importance. 

Both at national or regional level, such exploratory works are meant to prepare
more systematic modelisation of co-authorship. One primary concern will be to
formalise how cultural, geographical and positional relationships interfere, with
somewhat different schemes according to countries. Let us mention a few prob-
lems encountered in basic macro-modelling of spatial cooperation. As usual in
spatial analysis, results very much depend on the grid. For example, when look-
ing at affinities between two blocks, the European Union and North America, the
total amount of international collaboration used as reference can include intra-
block bilateral cooperations between countries or exlude them (the same normal-
isation choices have to be made if one looks at country as a set of regions). Be-
sides, modelling of range of geographic influence or formalisation of cultural and
geo-political linkage is not straight-forward. Other size-independent factors
should also be accounted for, first of all the thematic proximity, with problems of
sensitivity to disciplinary breakdowns.

Strategic aspects can also be observed at the macro-level (countries or nations).
For example, the relationship between the fields of cooperation and the fields of
strengths and weaknesses suggest several types of behaviour (Zitt et al., op.cit).
But the macro-level that aggregates behaviours of many players is surely not the
best level to approach the co-authorship in terms of games or strategies. For in-
stance Kretschmer15 has done a lot to study social stratifications at the author lev-
el, and studies using game theory are surely more relevant at this level.

15. H. Kretschmer, Patterns of Behaviour in Coauthorship Network in Invisible Colleges, Sciento-
metrics 40 (1997) N3, pp. 579-591
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DONALD DEB. BEAVER

Reflections on Scientific Collaboration 
(and its Study): Past, Present, and Future

Abstract1

Personal observations and reflections on scientific collaboration and its study, past and
present, and future, containing new material on motives for collaboration, and on some of
its salient features. Continuing methodological problems are singled out, together with
suggestions for future research.

Introduction

Derek J. deSolla Price, Eugene Garfield, Henry Small, and Belver Griffith,
among others, the real pioneers of the systematic study of collaboration in scien-
tific research, as well as early and fundamental contributors to the creation of sci-
entometrics, have left a lasting legacy.  Forty years after their groundbreaking
work, a large and growing number of scholars spanning the globe and four conti-
nents follow in their footsteps, extending and expanding what we know about
the structure and dynamics of collaboration.

In particular, it is significant to have so many researchers at work in China
and India, representing a third of humanity, and, presumably eventually a third
of all scientific and technological research.  It is a truism in the history of science
and technology that no one region, nation, or civilization remains the center of
creativity and activity for long.  One need only think of the historical path of sci-
ence through Mesopotamia, Greece, Islam, the Medieval Latin West, Northern
Europe, the United States and Soviet Union, to grasp the point.

In that regard, we stand at the beginning of what appears to be another im-
portant transition in the leadership of science and technology, in the history of
civilization.  An international view is even more important than before, because

1. Keynote speech presented at Plenary Session 1 (see also special issue of Scientometrics and Part
2 of Video Streams of Talks of this workshop at http://www.collnet.de). Support for this presen-
tation and for travel to this conference was provided by the Office of the Dean of Faculty, Wil-
liams College, Williamstown, MA, USA.
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the world as a whole, and the research world of science and technology with it, is
undergoing a major transformation, the exact dimensions of whose nature and
future are not yet clear, and may not be for decades.  As globalization and inter-
nationalization continue, on the way to the formation of a global community,
emphasis on cooperation and group life become an increasingly common coun-
terpoint to an existing emphasis on competition and individuality.  What the
eventual balance will be, or should be, is not ours to tell, even though the change
involves the familiar age-old problem of finding a balance between the individual
and society.

Situated as we are then, in the midst of an important transitional period, it is
appropriate to take stock of the past and the changing present, to reflect upon the
study of scientific collaboration.

Structure

The following remarks offer a series of personal observations and reflections on sci-
entific collaboration and its study, past and present, and make a few tentative ob-
servations about the future (not many, because the future is so uncertain).
Occasionally, I hope to single out areas where there are continuing methodological
problems, as well as even suggest future areas for research.  What follows falls into
three parts: 
1. The Past

a. A review of Beaver and Rosen, 1978-79
b. Teamwork (Big Science) differs from collaboration (little science)
c. Changes in collaboration resulting from changes in research organization

2. The Present
d. Collaboration from the researchers' viewpoint(s)

3. The Future
e. Remarks on email, and the world wide web

(1a) Studies in scientific collaboration [1978]

Using bullet points, let me briefly summarize the chief unusual or novel findings
of the 1978 papers, published by Richard Rosen2 and me (Beaver and Rosen,
1978-79):

2. Richard Rosen was a student of mine in the late 60s who went on to study with Robert K. Mer-
ton at Columbia University, receiving a master's degree in sociology.  Today he lives in New York
City with his family, and is self-employed, no longer in academia.
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• Collaboration was almost exclusively by French chemists in the period 1800 -
1830.

• Collaboration grew slowly until World War I, after which it grew at a much
more rapid rate.

• The statistics of collaborative authorships follow a Poisson distribution, signi-
fying a relatively rare event, gradually tending to a negative binomial distribu-
tion as collaboration became more frequent.

• The MODE of coauthorship was 2.  (It still is today, especially if one counts
laboratories instead of individual coauthors.)

• A collaborative first paper meant later above average productivity. 
• Core journals have higher frequencies of collaborative papers than the average

journal. 

This last point is the basis for an important caution about research methodology
in studies of scientific collaboration.  Although the simplest procedure for obtain-
ing a data sample is to use the ISI database, or to do a select sample of a few core
journals, such journals are unrepresentative of the whole.  Scientists themselves are
generally unaware of the differences among journals, taking as their models the
key journals in their fields.  Core journals form a small yet visible elite, and, as
such, display characteristics of the scientific elite, which may be several generations
in advance of the whole of science, speaking socioculturally about research prac-
tice.  Looking primarily at core and prestigious data sources will bias one's picture;
studies concentrating on such data need to qualify their results accordingly.

(1b) From collaboration to TEAMWORK [1984]

Beaver, 1984:
• Discontinuity in the organization of scientific research: from little science to

Big Science, ca. WWII.
• Teamwork, or giant collaborations multiply after WWII: high energy physics

(HEP) is the exemplar.
• Coauthorships in giant collaborations (teamwork) follow a power law distri-

bution, different from the Poisson characteristic of "traditional" small collabo-
rations. 

• There is no simple distribution making the coauthorship distributions of
teamwork continuous with those of small (N ≤ 5) collaborations.  Whether a
general distribution exists remains a puzzle.
Speaking of statistical puzzles, one of the puzzling statistical features of communication in the sci-
ences is one noted in the 1960s that to a first approximation, as measured scientometrically, for-
mal communications amongst scientists are random. That research indicated that the Signal to
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Noise (S/N) ratio in scientific communication was very small (the almost universal complaint of
scientists that most of the literature is garbage may seem to confirm that finding).  But we might
extend that research to collaboration insofar as it reflects communication in science.  Then, pre-
sumably there, too, the majority of collaborative relationships are also random.  Yet it is clear that
at the individual level, collaborations and communications are made with purpose and intention.
How is it possible to produce such randomness out of so many purposeful, (one might even say
causally related) decisions to communicate or collaborate?  A satisfactory resolution of the puzzle
might have important implications for the analysis and description of science, and of other social
structures in which an apparently high degree of stability and order is maintained by a relatively
small set of practices.

• Teamwork, or giant collaborations, represents a new paradigm for the organi-
zational structure of research.

• Teamwork has spread from HEP, most notably to molecular biology and bio-
medical research.  See, for example, the human genome project (HUGO).

(1c) The changing organizational structure of research

Over the past few years, Henry Etzkowitz, among others, has been gradually con-
structing a new view of the organization of scientific research more consistent with
Big Science, in which the research scientist plays the role of entrepreneur.  Because
the research carried out in such a style of scientific organization is almost wholly
collaborative, the implications of how that organization is implemented in the lab-
oratory are directly relevant to understanding collaboration in research.  What fol-
lows briefly outlines the advantages and disadvantages of that organization, both
as reflected in Etkowitz' work, and as supplemented through interviews with some
of my scientist colleagues. 

The typical group structure at a major research university consists of: A Princi-
pal Investigator (PI), together with postdocs, graduate students, (and perhaps un-
dergraduates)  – or –  A senior professor, perhaps an assistant or junior professor,
postdocs, graduate students, (and perhaps undergraduates).

Salient Advantages

Efficiency, Power:
("Many hands make light work.") 
• Multiplicity of projects optimizes chances for funding, for obtaining support

for the lab and continuing research.
• "A stable of graduate students is a power booster."3 

3. Science Professor, Williams College, private communication, August, 2000.
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Speed:
• Like the advantages, in some cases, of parallel processing.  Can parcel out parts

of a problem, and finish more rapidly than one's competition.

• Students are already trained, OR, the seniors train the juniors.  Lab leader freed
from the time it takes to train new researchers.

Breadth:
• Can tackle broader, more encompassing problems, "more exciting things."

Consequently enhances visibility and feedback at meetings.
For example, paraphrasing a geologist at Williams College, "I can put one student into the field
for the summer, 3 months.  After 5 years, I'll have enough data to produce a research publication.
A large research group can put 5 students in the field for the summer, 3 months.  But in 3
months, the research group already has the data for a publication."4

Synergy:
• Multiplicity of viewpoints energizes and excites participants.  Makes actual

work more intense.

Reduced Risk: 
("Don't place all your eggs in one basket.")

• Can have several projects going simultaneously; increases chances of success,
and successful re-funding.

Flexibility maintained:
• Can have one project of a "far-out", speculative, and prospective nature. 

• Failure does not destroy the laboratory.  Success may open up new directions,
funding sources that accrue to pioneer leaders of new successful research pro-
gram. 

Accuracy:
• Errors are more readily detected when several different individuals with differ-

ent perspectives discuss or argue about data and/or theory.  Another way to
view this is that in collaboration, the "context of justification" becomes to
some extent part of the "context of discovery", or that a large collaborative
group partly embodies the valuable and ongoing process of intersubjective ver-
ifiability.

Feedback, Dissemination, Recognition and Visibility:
• Participants can present preliminary findings at many different colloquia or

conferences and get response from their colleagues.  They can more widely
disseminate their findings, and lay claim to their piece of the research turf.

4. Science Professor, Williams College, private communication, August, 2000.
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Disadvantages

Individuals' invisibility:
• Most participants are invisible, in a formal sense, to the larger research com-

munity.  They are just "names" on a paper, "fractional" scientists, essentially
anonymous.

PI loses touch with direct research:
• Reduces creativity inspired by directly acquired tacit knowledge of how things

work in practice.
• Loses ability to be a bench scientist.
• Diverts creative talents to administration, competition for limited resources,

rather than actual research.
Privatization of Research harmful to research ethos:
• Creation of entrepreneurial fiefdoms may promote tempting negative strate-

gies, especially secrecy or additional limits on the free sharing of ideas and ma-
terials in research.

• Cooperation with other laboratories (competitors) may be for purposes of
cooptation or espionage, practices potentially harmful to science.  Even if for
the more positive purpose of alliance, competitive advantage may deter
"smaller" laboratories or individuals. 

It is an open question whether and how such an organizational style can long con-
tinue, given individual's self-interest in obtaining recognition of their own creativ-
ity.

Note that viewing collaboration primarily from a laboratory perspective cre-
ates another interpretive possibility for understanding collaborative work: Collab-
orations of 10 – 12 people, could be viewed as another level of the original histor-
ical Poisson-type collaborations: Two different research groups, each of size 5 to
6, led by a PI, collaborate.  Each research group could be seen as a kind of "per-
son", or "individual", just as in (American) law, a corporation as a legal entity is a
person or being.  Then, such collaborations are really 2-"author" collaborations,
in which the individual human researchers are but component parts of larger
wholes.  Being a "component" may be satisfactory through the postdoctoral
years, for security and acquisition of new skills, but thereafter, the ambitious indi-
vidual will want to become a PI. 

By this interpretation we have a kind of hybrid collaboration lying between
"collaboration" and "teamwork".  Having 10 – 12 individuals working on the
same project should qualify their product as teamwork, but if they are viewed as 2
collective individuals (laboratory collectives), their product is like old style collab-
oration.  The fact that the modal number of collaborating laboratories is 2 addi-



COLLABORATION AND ITS STUDY: PAST, PRESENT, & FUTURE 35

tionally supports this idea of laboratories / working groups as "individuals".  Fur-
thermore, this relatively new way of organizing research fits and extends nicely
Derek Price's suggestion that collaboration is in part a response to a shortage of
scientists, allowing there to be "fractional" scientists (Price and Beaver, 1966).

(2) Research scientists' views on collaboration today. Background

The following comments reflect the views of currently active researchers about
what collaboration means to them, based on a series of one-hour long interviews.5

Their perspectives on collaboration derive from the standpoint of an elite United
States' liberal arts college, located in Williamstown, in Northwestern Massachu-
setts.

Williams College is a coeducational undergraduate college of about 2,000
eighteen to twenty-one year olds, about evenly split between male and female stu-
dents.  It is very highly rated academically and it students are on a par with those
of major research universities like Harvard, Yale, Princeton, Berkeley, and Stan-
ford for admission.  About 40% of the students major in the natural sciences,
mathematics, computer science, and psychology.  Williams leads small college in
terms of National Science Foundation Grants per science faculty member.

For shedding light on collaboration, Williams has the following 3 advantages:
[1] (reproduces researchers) Small liberal arts colleges are "feeders", to sci-

ence: per capita undergraduate student, they lead to more Ph.Ds in sci-
ence than major research universities, and that has been true for most of
the 20th century.6 

[2] ("hands-on" learning by doing collaborative research) A great education-
al advantage of the small liberal arts college is that undergraduates actively
participate in on-going research front investigations.  They do so both be-
cause pedagogically such experience affords superior education, and be-
cause their mentors reciprocally derive benefit from their activity in the
laboratory.  Many undergraduate students publish their first research pa-
per with their advisers; a significant fraction of professors' publications
consists of paper written with student co-authors.

[3] (clearer standpoint) Over the past few decades, pressures for greater re-
search productivity at liberal arts colleges has increased, to the point
where researchers at such institutions compare with those at minor re-

5. In all there were 7 scientists: 2 computer scientists, 2 physicists, 1 geologist, 1 biologist, and 1
chemist.

6. See Knapp and Goodrich, 1952.
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search universities.  Thus being active in research, but not in a major re-
search university, research institute, or industrial research lab, affords a
unique vantage point for providing a clearer perspective on the nature and
function of collaboration.  It is to be hoped that such a standpoint may
help correct or make more objective findings based only upon data from
the most elite major research institutions. 

Perspectives on collaboration

Let us proceed then, to see what my colleagues said about motives for collabora-
tion in research – why do they do it?  First let us consider the summary outline
presented in Table 1.7  

In large measure, the summary items presented in Table 1 speak for them-
selves, so I won't dwell on them here, except to emphasize the very welcome item
number 18 – if we ever lose sight of those motives, we're in trouble.  There are,
however, some additional significant themes that emerged in response to five oth-
er questions about collaboration:
[1] How do collaborations start?
• By chance, at a colloquium or lecture or at a conference, because of a presenta-

tion, or because of working sessions or, on leave at another institution, to learn
new skills, or catch up with the field.

• By intention, by letter or phone call of solicitation.
• By recommendation or referral by trusted colleagues.
• Because it's a part of one's job – to mentor, to educate.
[2] What's the typical size of a collaboration?
• 2 or 3 persons or laboratories, OR "giant".
• Dominant model: 2 individuals, usually "peers".
• Unusual persistence of "Poisson" model, of pairing off.

* Perhaps also responds to the pressure of unwanted intermediate authorships
– with 2 authors, can take turns at being first author.

• Persistence of prestige of single-author publications (perhaps also dependent
on the journal where published).
* Some even "frown on" collaborations of more than 6 people.
* It shows "you still have the juice to do it on your own."
* This suggests that in our studies of collaboration, we should also pay more

attention to single authors, as counterpoint, balance, and for comparative
purposes to help calibrate and place our results in context.

7. For a related table, dealing with 10 general factors helping to increase collaboration, see Katz
and Martin, 1997, Section 2.2. 
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Table 1: The purposes for which people collaborate 

[1] Access to expertise.

[2] Access to equipment, resources, or “stuff” one doesn’t have.

[3] Improve access to funds.

[4] To obtain prestige or visibility; for professional advancement.

[5] Efficiency: multiplies hands and minds; easier to learn the tacit 
knowledge that goes with a technique.

[6] To make progress more rapidly.

[7] To tackle “bigger” problems [more important, more comprehen-
sive, more difficult, global].

[8] To enhance productivity.

[9] To get to know people, to create a network, like an “invisible col-
lege”.

[10] To retool, learn new skills or techniques, usually to break into a 
new field, subfield, or problem.

[11] To satisfy curiosity, intellectual interest.

[12] To share the excitement of an area with other people.

[13] To find flaws more efficiently, reduce errors and mistakes.

[14] To keep one more focussed on research, because others are count-
ing on one to do so.

[15] To reduce isolation, and to recharge one’s energy and excitement.

[16] To educate [a student, graduate student, or, oneself].

[17] To advance knowledge and learning.

[18] For fun, amusement, and pleasure.
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[3] How is credit allocated in collaborations?
• Name Ordering: a signal to the research community, and to hiring commit-

tees' evaluations, which at Williams often first look at the total publication
list, then look for the percentage of first author, or, single authored papers, as a
sign of creative independence and ability to do most of the work of a pub-
lished piece of research – qualities needed to establish a research laboratory, get
funding, and educate students in the laboratory.

• Conventions are highly variable, and dependent on field or subfield.  Alpha-
betical or First Place – Last Place are the two most common systems.  Con-
ventions vary enormously.  Intermediate authors tend to be overlooked, or,
intermediate authorships tend to be less highly valued.

• A rather unique way of determining authorships is practiced by a theoretical
quantum information group at IBM, where the group leader lists everyone
who contributed to the research, and then invites individuals who don't feel
they did enough to deserve an authorship, to cross their names off the list. 

[4] Does collaboration affect one's research productivity?
• At worst, collaboration doesn't influence, at best, it enhances.
• Problems: The persistence of stylistic differences complicates evaluation.  For

example, consider the different practices represented by the following types of
research practice: field – closet; field – lab; theoretical – experimental.  Fur-
thermore, subtle but significant differences in co-authorships and also the fre-
quency of collaboration may be lost or simply undetectable in aggregate data.
It is important to know something qualitatively about the nature of the re-
search being studied, and who is performing it.

[5] Has Email affected collaborations?
• Generally, research is nearly impossible without it. 

* Cf. one scientist's collaboration with colleagues from China, Russia, and
Mexico.

* Cf. one scientist's collaboration with colleagues at 3 different universities
(e.g. California, Muenster, Bremen). 

• Enhances efficiency, intensiveness, if not necessarily volume – for some.  But
others clearly wouldn't be as productive without email-assisted collaboration.

(3) The future: Internet and E-journals.

There is space and time for only a few limited and necessarily speculative ideas
about possible future changes that may affect the form, quality, and nature of col-
laborative research in the future.  In particular, the expansion of the World Wide
Web, and the growing number of electronic journals are likely to bring changes in
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research practice, which will be in turn reflected in the conventions of formal
"publication", whether singly or multiply-authored.

Because science is "many-brained", as Derek Price used to like to say, the open
and accessible nature of sites and links on the Web is tailor made to suit that
character.  But, just as important as surfing or searching for data may be, it is
equally important to know when to stop doing so. 

Because data is becoming so ubiquitous, and web sites proliferating, the prac-
tice of taking people's materials off the web and manipulating them for research,
for lectures, or other professional purposes, is bound to increase. There will be
enormous temptation to do "instant research".  With increasing "borrowing" of
others' materials will come problems of determining, assuring, or evaluating
quality.  (At least a few of our undergraduates are already adept at relying on the
Web for research papers, while still neophytes at evaluating the validity or ade-
quacy of the data they acquire.)  Because the Web simultaneously becomes both
investigative tool and research subject, how to deal with that novel character will
require considerable care.

For collaborations, and collaborative study in particular, increasing globalisa-
tion is likely to produce increases in the geographical diversity of collaborators, be
they individuals, laboratories, or institutes.  Physical location is no longer a barri-
er to the free and easy exchange of information.  Indeed, it may be the case that
the advent of email had already begun to increase diversity in geographical loca-
tions.  It would be interesting to see if such a phenomenon could be detectable in
a retrospective study.

Collaborative research published in ejournals will, for a while, create enor-
mous problems of comparison with that represented by print journals, and quite
likely many of the problems that arise in evaluating the latter will also apply to
the former.  It is not yet clear what will constitute the "core" of ejournals, or
along what lines they will be stratified.  Perhaps the simplest strategy for evaluat-
ing the impact or visibility of such sites would be to adopt the practice of count-
ing "hits", and focusing only on the "most hit" as the "biggest" sites.  But we have
seen that most such convenient and efficient practices can all too easily introduce
enough bias to seriously cast in doubt the research based on them.

Conclusion

Let me leave the speculative future, and return to the present, and close by noting
that the number of conclusions, caveats, and potential research problems connect-
ed with studying collaboration in scientific research is enormous.  As pleasant and
rewarding as it is to solve problems, it is nonetheless even more exciting to realize
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that there are still more problems to be solved about collaboration, and that there
are more problems than there are researchers working on them, which is a good
thing for us and the future of our field. 
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Scientific Co-operation of the European Union 
and Economies in Transition: 
A Bibliometric Trend Analysis of the 90s

General remarks1

There are no longer political or other formal barriers for Central and East Euro-
pean Countries (CEEC) to co-operate with Western countries in Science & Tech-
nology. As a consequence publication activity of most Economies in Transition
(EIT) in international key journals, as registered in the Science Citation Index
(SCI), and also co-authorships with Western scientists have increased considerably
since 1990 (e.g. /1-6/). In the present follow-up study we have analysed both the
publication performance of European EIT countries and their co-authorship pat-
terns with EU on the whole and main partners among the 15 EU member states
as well as USA for the period 1990-1999. Four country groups were analysed in
more detail:
1. Six Central and South East European countries (Poland, PL; Czech Re-

public, CZ; Slovakia, SK; Hungary, HU; Romania, RO; Bulgaria, BG)
2. Baltic states (Lithuania, LT; Latvia, LV; Estonia, EE)
3. Four European CIS (Commonwealth of the Independent States) coun-

tries (USSR/Russia, SU/RU; Ukraine, UA; Belarus, BY; Moldova, MD)
4. Former Yugoslavia (Croatia, HR; Slovenia, SI; F.R. Yugoslavia, YU).

Data source and methodology

All data used to construct bibliometric indicators are extracted from the address
files of the 1990-1999 annual cumulations of the Science Citation Index (SCI) da-
tabase of the Institute for Scientific Information (ISI, Philadelphia, PA, USA).

The so-called full-counting scheme was used in counting publications of
countries or regions, i.e., a full count was recorded whenever a corporate address
from a country (region) occurred in the address field of the publication. There

1. This text is an extended abstract of a poster presented at the workshop.
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was an internationally co-authored paper in the case that authors from two or
more countries published a joint article. 

We have taken into account following publication types according to the ISI
classification: article, letter, note and review (only such papers are in the narrower
sense ‘citable publications’). Since 1997 articles, letters and reviews were taken
into consideration. (A new classification scheme of publications was introduced
by the ISI in 1997.)

It should be noted that the results of our investigations presented in the Fig-
ures are non-additive, because in many cases more than two countries contribut-
ed to internationally co-authored publications.

Results

The main findings of our study are the following:2 
There are significantly different tendencies concerning the collaboration pat-

terns in the countries under consideration. At the close of the last decade coun-
tries in groups 1 and 2 published nearly 30-40% of all papers indexed in the SCI
in collaboration with scientists from the 15 EU countries. In contrast, this share
lay at only 15-30% in the four European CIS countries and the former Yugoslavi-
an states. A group of advanced countries in which the institutional transforma-
tion of S&T systems have made considerable progress (Poland, Czech Republic,
Hungary, Estonia and Slovenia) is characterised by a continuous increase of pub-
lication output in the nineties and intensive collaboration with EU members.
(Germany is in most cases the main partner of these countries.)

Since the mid-1990s the number of publications in international core journals
has dropped again in the four European CIS countries or has stagnated in Bulgar-
ia and Slovakia - while at the same time the number of publications co-authored
together with scientists from EU countries has continued to rise: This can be
considered an indication of the fact that the lack of domestic resources for R&D
in these countries has already begun to have an impact on their scientific output.
Moreover, the collaboration patterns of the Baltic states as well as Croatia, Slove-
nia, Moldova and other small-sized countries reflect the fact that the smaller the
size of a country’s scientific and technical community the more likely it is that re-
searchers will find less potential collaborators within their country and therefore
will have to look abroad for research partners. The quantitative results of the
study clearly show the ever growing importance of the EU as scientific collabora-
tion partner of EIT countries, especially of potential future EU members. A com-

2. Tables in the appendix give some relevant numbers.
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parison of collaboration patterns (time series) of EIT countries and three main
partners from the EU on the one hand and EIT countries and USA on the other
hand was made. 
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Appendix: Tables

Table 1: Relative change from year to year of the publication activity of EIT
countries (%)   

*Czechoslovakia (CS) = Czech Republic (CZ) + Slovakia (SK)

Year

Country 1991 1992 1993 1994 1995 1996 1997 1998 1999

PL 0.5 7.6 -3.7 6.1 14.9 0.9 -1.7 9.8 7.0

HU 9.3 4.5 -4.0 2.3 6.2 1.9 8.2 10.0 7.4

CS -2.7 14.2* 4.0*

CZ - -3.6 14.1 -0.6 8.7 0.0

SK - 1.9 5.2 -4.4 9.7 -12.4

RO 6.0 46.3 -0.3 32.5 1.1 30.1 1.1 7.1 5.4

BG -0.6 4.6 12.5 -19.6 -4.9 -1.0 6.6 -2.2 1.1

SU -3.7

RU - -17.7 10.4 -4.8 -5.7 1.1 -1.0 -3.1

UA - 8.8 -29.1 2.9 1.2 -7.1 -8.3 4.9 2.0

BY - 10.9 -26.8 38.0 -21.7 -13.6 -1.7 5.0 -1.9

MD - 17.1 -27.7 0.0 -5.2 0.0 -7.7 -8.3 -6.5

EE - 11.6 -6.8 22.7 16.8 11.1 1.6 15.9 3.9

LV - 34.9 -19.6 2.6 -4.7 2.7 1.7 17.0 -1.5

LT - 33.8 -22.7 23.7 0.0 5.4 16.0 11.3 21.1

YU -7.7 -53.4 -25.9 3.1 -0.6 9.5 -2.3 10.3 1.6

HR - 10.6 -10.9 11.3 -7.0 2.7 0.4 6.2

SI - 5.2 11.8 5.8 4.3 21.9 4.3 13.7
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Table 2: The relative share of papers of six Central and South East European
countries with co-authors from EU in their total publication output,
1990-1999 (%) 

Table 3: The relative share of papers of Baltic states with co-authors from EU in
their total publication output, 1991-1999 (%) 

Year

Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

PL 18.1 21.7 24.0 25.3 27.0 28.0 28.4 29.6 28.1 28.4

HU 20.1 23.0 26.7 29.0 28.8 30.4 30.8 34.1 35.2 32.2

CS 10.1 16.4 18.6* 21.2*

CZ 29.5 30.7 31.2 32.0 34.1 33.1

SK 19.7 27.3 28.2 32.2 33.7 34.1

RO 10.8 18.0 17.1 27.1 28.3 32.6 32.3 37.7 38.4 39.0

BG 11.2 15.0 16.5 17.1 22.3 28.7 29.0 34.1 34.6 36.5

*Czechoslovakia = Czech Republic + Slovakia

Year

Country 1991 1992 1993 1994 1995 1996 1997 1998 1999

EE 25.4 26.4 25.8 35.7 39.8 46.4 46.7 43.0 38.8

LV 9.9 11.5 17.8 23.3 38.7 33.8 43.0 51.3 42.1

LT 11.3 17.9 20.3 28.4 38.3 34.2 42.9 36.1 36.3
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Table 4: The relative share of papers of four European CIS countries with co-
authors from EU in their total publication output, 1990-1999 (%)  

Table 5: The relative share of papers of Yugoslavia, Croatia and Slovenia with
co-authors from EU in their total publication output, 1990-1999 (%) 

Year

Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

SU 2.2 4.5

RU 6.7 9.5 11.6 13.7 16.3 18.1 19.6 20.9

UA 3.0 3.8 7.3 9.5 12.2 15.6 17.2 19.8 20.9

BY 2.6 2.5 7.3 4.7 13.2 19.8 21.4 22.5 24.4

MD 4.8 4.9 7.3 7.3 15.8 18.0 24.3 36.1 30.3

Year

Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

YU 13.8 18.1 14.9 15.5 15.4 15.5 14.0 14.9 12.0 14.9

HR 22.5 19.3 26.5 26.0 24.9 27.7 28.7 27.5

SI 22.0 25.3 28.4 30.9 30.0 31.2 26.9 28.9



47

MARI DAVIS 
CONCEPTION S. WILSON

Vision Sciences as a Collaborative Enterprise: 
Issues of Multidisciplinarity and 
Work-Interest Space

Abstract1

Bibliometric indicators are used extensively to assess research performance but are gener-
ally based on single disciplines or fields and assume traditional models of how science
functions. Pitfalls emerge when comparing performance across disciplines and fields par-
ticularly when indicators assume that fields behave similarly. In this paper we discuss find-
ings from a case study of the publishing career of nine researchers (mainly in
ophthalmology) to get more detailed insights into the workings of part of the vision sci-
ences. Bibliometric data about regularities and patterns in publishing careers provides a
view of a field that may be of benefit to researchers and practitioners, a view that might
not otherwise be apparent. This paper highlights findings from the case study, focusing
particularly on the extent and nature of collaboration, multidisciplinarity, and the breadth
of journals in which these nine researchers publish their work. 

Introduction

The two keynote papers by DeB. Beaver and by Kochhar2 covered the macro-as-
pects of collaboration in science. This paper, by contrast, focuses in the micro-as-
pects of collaboration among a small group of elite researchers in one country.
Both macro and micro studies are essential for an full understanding of general
and of the particular patterns and behaviour relating to collaboration in science
overall and within its diverse fields.

Bibliometric indicators are used extensively to judge research performance in
a range of research policy contexts. There are pitfalls when trying to compare
performance across different disciplines, particularly across the divide between

1. This paper is also published in Scientometrics.
2. See http://www.COLLNET.de (and in the case of Beaver’s paper also p. 29 of this book).
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the so-called ‘hard’ sciences and the social sciences. Ideas about productivity in
research have been mainly based on single discipline studies and focused almost
entirely on traditional models of how science functions. Thus, comparison of
productivity across disciplines or fields is hampered by the current indices that
predict or expect that all fields behave in similar ways. In fields with a strong
multidisciplinary participation, there is little data on actual or expected produc-
tivity patterns, nor on the range of other fields or disciplines in which researchers
participate. Our preliminary study of the literature of the vision sciences3 (Davis,
Wilson & Hood 1999) suggests that the differences in scholarly communication
among fields affect both publication and citation rates and thus that the current
indices of research provide a less than accurate picture. We have chosen the do-
main of the vision sciences to investigate these problems and to gather relevant
data that will respond to questions about the appropriateness of current measures
of research performance.

Few bibliometric studies of the vision sciences or of its various sub-fields have
been made. An Australian study conducted by Australian Science and Technolo-
gy Council (ASTEC 1989) reveals that Australian production in ophthalmology
as compared with world contributions in 1984 was 1.3%. Recent work (Davis et
al. 1999) suggests that Australia’s contributions to this field have remained stable
at around 2 per cent over the 1990s. A small descriptive study of a single journal
by Kumar and Akhtary (1998) examined several characteristics of the American
Journal of Ophthalmology over a two-year period. Some of their findings show
similar patterns to those found by our case study of outstanding Australian re-
searchers (described below). However, this study is of a single journal with limit-
ed analysis of publication or journal characteristics.

This paper uses data taken from the ISI citation databases of the field of oph-
thalmology for the period 1991-99. It discusses findings in relation to a case
study of highly published Australian researchers in ophthalmology to illustrate
publication activity of high flyers over the recent nine-year period. The data cov-

3. The vision sciences are concerned with all aspects of one of the most important sensory func-
tions, vision. The domain is a dynamically growing consortium of fields; it makes research dis-
coveries and develops technologies to improve human sight and to provide instruments and
materials for optical purposes. Fields and specialties involved range across optometry, ophthal-
mology, neuroscience, optics, molecular and cellular biology, bioengineering, biostatistics, and
psychological and sociological aspects, among others. Applications in the areas of robotics,
computer modeling, neuroimaging, visual perception, psychophysics, and medicine are pur-
sued. Thus the vision sciences involve disciplines and sub-fields ranging from the harder end of
the medical and physical sciences to the softer end of the disciplinary spectrum in psychology
and sociology. The various fields that contribute to vision science belong to a domain that is
highly active and has many interdisciplinary research fronts.
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er aspects of research and publication activity, most importantly for this work-
shop on the collaborative activities of these authors. Data derived from the case
study include indications of multidisciplinary involvement, and data related to
publications, such as numbers of pages, references and authors per article.

Methods

This paper provides findings from a case study of nine highly published Australian
researchers in ophthalmology over a nine-year period, 1991-1999. Case study au-
thors were chosen from among the top-20 Australian researchers identified for
1991-1995 (ISI Citation Index data). Full document entries for all relevant pub-
lications were downloaded from DIALOG’s files, SCI and SSCI, and also from
ISI’s Web of Science using a search strategy of single and double initials plus sur-
name (family name) for the authors selected for investigation. Documents re-
trieved were limited to articles (original papers) as defined by ISI in English. Data
extracted for the period from these records focused on the following variables: au-
thor position in the by-line of authors, author affiliations, article characteristics
(e.g. number of pages, references, authors), journals used for publication, and col-
laboration. Data on collaboration was taken from the field “Corporate Source” by
counting every line of the addresses provided, every institution, faculty, depart-
ment or center, and the number of times each was mentioned. Although the cor-
porate source field is known for partial listings of author affiliations and
inaccuracy or variations of wording, nevertheless the data allowed for a better un-
derstanding of internal domestic collaboration activity in contrast to external or
international collaborations. 

Co-authorship was assumed to represent scientific or research collaboration at
the level of experimentation, writing up and responsibility for findings. In the
study we sought to establish some informal benchmarks of publication activity
for Ophthalmology such as co-authorship patterns and reference activity that
might be used for comparison in further case samples. It should be noted that the
case study authors may have published other papers in journals not represented
in the ISI Citation Indexes. However, we believe that the journal articles repre-
sented by the ISI Citation Indexes will be representative of overall scholarly com-
munication and collaborative patterns.
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Results

The general trend observed from the data from an earlier study covering the peri-
od 1991-95 is that Australian authors in the field of Ophthalmology and Optom-
etry work with researchers in 25 other countries, in the main with English-
speaking nations, such as the US, UK, Canada and India (Davis et al. 1999).
Table 1 shows the extent of international cooperation in the production of papers
with at least one Australian author during this 5-year period

In this first study, it was found that Australian ophthalmology researchers
tend to collaborate with other Anglophone nations, e.g. the United States, Unit-
ed Kingdom (England, Scotland and Wales), Canada and India, although Aus-
tralian collaboration was not wholly restricted to English-speaking nations. The
elite researcher case study sample reflects similar affiliation patterns as seen for
the data taken for 1991-95. A problem for the counting and categorization of au-
thor addresses is that the number of joint appointments to universities and hos-
pitals common in Australian remains hidden to a large extent because the ISI da-
ta do not allow for automatic extraction of multiple address information. This
problem was refined in the elite case study by hand counting all address elements
by hand-counting all elements in the corporate source field.

Ophthalmology Researchers in Australia, 1991-1999

Nine Australian researchers in the field were selected for examination on the basis
of high rates of publication activity; all were ranked in the top-20 authors for the
period 1991-95. Authors selected were ranked in the top 3, the middle 3 and the
last 3 on the top-20 list. For this examination, only original articles in English
were examined. 

The authors are senior researchers with at least 20 years or more working ex-
perience. Most are affiliated with universities as professors, readers or research
fellows of Departments, mainly in Ophthalmology, Optometry, or Visual Sci-
ence. They reside in different institutions in five different States of Australia. Sev-
eral of them also list hospitals among their affiliation addresses (second affilia-
tion). Two appear to be practitioners who list their consulting rooms as first affil-
iation (corporate source) address, but who have collaborative ties with a range of
hospitals, both private and public. Three are Directors of research units or cen-
ters with significant numbers of staff and international reputations. Most are em-
inent in their field, having received their share of honours and awards. Their cur-
ricula vitae indicate international experience in a number of countries and signif-
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icant involvement in professional associations both in Australia and
internationally. In short, these authors are outstanding researchers who may not
be representative of overall productivity patterns in this field. However, their
publication activity provides interesting insights about publication outputs, col-
laborative activity, multidisciplinary involvement, authorship patterns, and refer-
encing activity in the field of ophthalmology and optometry.

Table 1:   Australian authors in ophthalmology – collaborative 
relationships, 1991-95 

Rank No. Occs Country

1 1109  Australia 
2 112  USA 
3 65  United Kingdom 
4 23  Germany 
5 21  Canada 
6 8  India 
7 5  Italy 
8 5  Japan 
9 4  Peoples Republic of China 

10 3  Sweden 
11 3  Finland 
12 3  Israel 
13 3  New Zealand 
14 2  Switzerland 
15 2  France 
16 1  Tanzania 
17 1  Bangladesh 
18 1  Brazil 
19 1  Malaysia 
20 1  Oman 
21 1  Portugal 
22 1  Russia 
23 1  Singapore 
24 1  Spain 
25 1  Thailand 
26 1  Tonga 

Notes:   UK includes England, Scotland & Wales; Australia will occur once in each 
document.

Source:  ISI Citation Indexes
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There are some interesting differences among these elite authors in relation to
publishing activity, which are described below. To preserve anonymity, case study
authors are ranked by the absolute number of their publications for the period. 

Author position

Multiple authorship of articles is a strong feature of this sample. The majority of
the papers examined are multiply authored (ranging from just two to more than
50 authors in some instances). For six of the nine authors, being 3rd, 4th or 5th

and later-named authors accounts for the largest proportion of authorship posi-
tions. Several patterns of authorship emerged (see Table 2). Single authorship is
rare over the period examined for this set of authors. Co-authorships ranged from
two authors to more than 120. These authors maintained a level of authorships
up to but generally not exceeding 10 partners. Authorships of 11 and more au-
thors are rare in this sample. 

An interesting finding is that these nine authors publish a large proportion of
their papers where they appear as the last-named author, ranging from 30 to 77
percent (see Table 3). Only one of the nine authors shows lower than 20 percent
of papers as last-named author. This finding of high multiple authorship is simi-
lar to that found for a study of the American Journal of Ophthalmology for the
years 1994-1995. Kumar and Akhtary (1998) found that multiple-authored pa-
pers were the dominant form of authorship (p. 202). The other side of the coin
of last-author position is that these authors show lower incidence of being first,

Table 2:   Authorship patterns among case study authors

A u t h o r  N u m b e r :

1 2 3 4 5 6 7 8 9

Authorship Patterns % % % % % % % % %

Single authorship 1.5 0 0 0 5.9 10.3 0 0 0

Between 2-5 53.8 71.4 80.0 51.4 73.5 86.2 92.6 100 77.8

Between 6-10 37.9 26.4 20.0 48.6 17.6 3.4 7.4 0 22.2

Between 11-20 1.5 2.2 0 0 2.9 0 0 0 0

21-50 authors 3.0 0 0 0 0 0 0 0 0

51-100 authors 0.8 0 0 0 0 0 0 0 0

101-130 authors 1.5 0 0 0 0 0 0 0 0

Highest No. Authors 123 12 7 10 11 7 7 5 9
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or second-named authors. The rate of first authorship is generally below or at 20
percent of their output (see Authors 1- 5 and Author 7). These authors also have
lower rates of being second-named author, ranging from 9 percent of output to
about 25 per cent. An exception here is Author 4 whose second authorship is
slightly above a third of output. 

Reference Practice

Reference activity is of immense interest to researchers because citations have been
used to measure ‘influence’, that is as a proxy to illustrate the extent of use of a
paper. By extrapolation, the citation impact is also often used to denote ‘quality’.
Mean references per article over the case study authors for the 9-year period is be-
tween 14 and 42, a large range of possible reference patterns (see Table 4). Three
authors exhibit lower numbers of references per paper than others, two of them
being private practitioners. There is great variability as indicated by the standard
deviations of the yearly means of references, usually in excess of 11 and up to 20
in some years. The variability of end-of-article references is related to large differ-
ences in the numbers of references among articles ranging from 89 (Author 2) to
no references at all (a number of authors presented no references with their arti-
cles). 

The study did not type articles according to purpose. There were a number of
papers with very large numbers of references that might indicate review articles
(e.g. above 70 references in several papers). No noticeable growth or decline in
the numbers of references per paper was noted over the period.

Table 3:   Position of author name in article by-lines among elite Australian 
researchers in ophthalmology, 1991-1999 

A u t h o r  N u m b e r :

1 2 3 4 5 6 7 8 9

Authorship Position % % % % % % % % %

First-named 10.5 0 20.0 5.7 17.6 50.0 7.4 41.7 16.7

Second-named 9.0 12.2 10.0 34.3 17.6 23.3 25.9 29.2 61.6

Third or fourth-named 29.9 41.1 55.0 31.3 41.2 23.3 59.3 25.0 22.2

Fifth or later-named 50.7 46.7 15.0 28.6 23.5 0 7.4 4.2 0

Last-named author 61.9 74.4 40.0 48.6 61.8 30.0 77.8 58.3 16.7

Total Papers (N) 131 90 30 35 34 29 27 24 18
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Journal Range

The health of a field is indicated by the number of actively publishing journals in
the field and the number of core journals. As the previous data showed, the field
is served by about 42 journals (categorized by ISI as in the field of Ophthalmolo-
gy). Of these journals, the top 20 journals in world terms are said to be core jour-
nals for the field. 

The case study authors publish widely in a range of journals within the field
and beyond. Findings indicate that they publish around three quarters of their
articles in the World Top 20 journals for ophthalmology, which places their work
clearly in the international set of articles that defines the progress of ophthalmol-
ogy. However, Australians publish in their domestic and regional journals, giving
ANZJO a high ranking among journals in which Australians publish (see Davis
et al. 1999). These case study authors confirm this trend, some publishing a sig-
nificant amount of their work in the domestic journal, ANZJO, and also in Aus-
tralian general medicine journals (see Table 4). However, a third of these case
study authors published little or nothing in the domestic literature preferring to
publish within international journals. Case study authors publish in journals that
lie outside the top ophthalmology set in world terms (e.g. Journal of Glaucoma).
A level of interdisciplinary activity is indicated through their contributions to

Table 4:      Characteristics of journal articles of elite Australian researchers in   
ophthalmology, 1991-1999 

   Author  Number :

Authorship Patterns 1 2 3 4 5 6 7 8 9

Mean articles / year 14.8 10.0 4.4 3.8 3.8 3.2 3.0 2.7 2.0

Number journals 
used over period

41 38 15 16 16 7 11 6 7

Mean journals / year 9.8 8.0 3.4 3.7 3.3 2.1 2.7 1.8 1.4

Percent articles published in 
Australian journals 

20.3 18.9 20.0 5.7 61.8 0.0 0.0 45.8 44.4

Mean pages / article 6.7 7.6 7.7 6.8 7.3 8.1 10.4 5.2 4.9

Mean references / article 21.2 24.7 27.9 16.3 20.4 13.8 41.9 14.8 16.9

Mean authors / article 5.6 4.9 4.7 4.7 4.1 2.9 3.7 2.7 4.5
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journals of other fields, for example, in several fields within general medicine, the
biological sciences, e.g. biomaterials, microbiology, and in pharmacy and phar-
macology. 

Findings obtained by the Kumar and Akhtary study of the American Journal
of Ophthalmology (AJO) over a 2-year period, 1994-95, indicate a large range of
journals used as reference material. About 70 different journal titles were identi-
fied as having been the source of cited articles (n = 322) in AJO. Many were core
journals identified for the field (see Davis et al. 1999). Authors cited AJO fre-
quently (journal self-citation) placing it 3rd most cited journal. The top 20 most
cited journals by AJO authors reflect the World Top 20 journals with some ex-
ceptions. For example, New England Journal of Medicine was cited frequently (9th

rank), Arthritis and Rheumatism (US – Medical Sciences – Rheumatology) was
ranked 12th most cited journal among articles during this period. 

Multidisciplinarity

The work-interest space in which these nine elite authors publish is shown in
Table 5 through examining the subject classifications of journals used to publish
their work. Amick (1974, p. 9) identified the notion of scientific mission as a two-
fold concept reflecting firstly, a subjective perception of a scientist’s position on
the disciplinary continuum, and secondly, the breadth of a scientist’s ‘work-inter-
est’ space, represented by the spread of his interests around that disciplinary posi-
tion

Classifications assigned to journals by Ulrich’s International Periodicals Directo-
ry were used. All nine authors published the main percentage of their work in
journals classified within Medical Science fields. Four of these authors publish
over 80% of their work in medical science fields, three about 63% of their publi-
cation output and for two authors, 100% of their output is published in journals
classified in medical science fields. Of the medical science fields, the major pub-
lishing category is Ophthalmology & Optometry, which shows the largest pro-
portion of output for all case study researchers (mainly between 35 and 71 per-
cent). One author (Author 8) publishes mainly in this field with one journal also
represented in Surgery. Other medical sciences illustrate the spread of interests
among Allergies & Immunology, Communicable Diseases and Surgery being
well represented.

The Biological Sciences are also well represented in the work of several au-
thors (e.g. Authors 2, 3 and 7), who published in journals with the Ulrich classi-
fications of Bioengineering, Biotechnology, Botany, Cytology & Histology, Ge-
netics, Microbiology, Physiology, and Zoology. Only three of the case study au-
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thors did not publish in journals with biological science classifications (Authors
6, 8 and 9). Other classifications are also shown as part of the work-interest space
of these elite researchers with Chemistry, Pharmacy, Engineering and Materials
Science featuring among the journals in which they publish. Three authors (Au-
thors 1, 2 and 7) exhibit broad work-interest space with strong involvement
among the medical science fields, biological sciences and others also. Overall, the
work of this set of elite researchers is firmly in the field of ophthalmology, but
their interests are wide ranging and they engage in fields where their contribu-
tions enhance their ophthalmic interests in fields as diverse as Biology, Engineer-
ing and Pharmacology.

Table 5:   Disciplines and fields in which case study authors published journal 
articles, 1991 - 1999 

    Au thor  Number :

Ulrich’s Journal 
Classifications 1 2 3 4 5 6 7 8 9

MEDICAL SCIENCES

General 8 5 1 1 1 1 2

Ophthalmol. & Optometry 17 20 7 12 11 5 4 6 7

Allergology & Immunology 3 1 2

Cardiovascular Disease 1 1 2

Communicable Diseases 9 2 1

Endocrinology 1 1

Experimental Medicine 1 1 1

Oncology 1

Psychiatry & Neurology 1 1

Radiology & Nuclear Med. 1

Surgery 2 3 2 2 1 1 3

Percent Medical Sciences 85.7 62.5 63.2 90 82.6 87.5 63.6 100 100

BIOLOGY

Percent Biological Sciences 4.1 22.9 26.3 11.0 8.7 0 45.5 0 0

OTHER FIELDS

Percent Other Fields 10.2 14.6 10.5 0 8.7 12.5 9.1 0 0

Fields 12 16 6 6 11 4 7 2 3

Non-Medical Classifications 
(N)

4 12 5 1 2 1 4 0 0
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Co-authorship and Collaboration

Ophthalmology, as illustrated by these case studies, is a highly collaborative enter-
prise. The mean authors-per-paper ranges from around 3 to 5 authors over the pe-
riod studied. However there is great variability in the number of authors (standard
deviations fluctuate widely). In terms of within-country collaboration, it was
found that the majority of collaborations were between Australian researchers and
Australian institutions (see Table 6). Australian collaborations are mainly between
the home institution and other institutions within the same State, namely univer-
sities, hospitals, research centers and clinics, or groups practicing privately. Over

Table 6:   Collaborations of case study authors among Australian states and 
internationally, 1991-1999

    Au thor  Number :
Collaborative 
connections 1 2 3 4 5 6 7 8 9

Australia / states

NSW 6 4 86 41 40

Qld 2 20

SA 1 2 49 1

Vic 310 1 10 37 1

WA 3 183 63

Australia 
(total connections)

322 188 65 86 49 30 41 37 42

Percent home state 96,3 97,3 96,9 100 100 66,7 100 100 95,2

USA/Canada 246 3 2 6 0 3 8 0 0

United Kingdom 6 3 0 2 2 5 0 0 0

European Union 12 4 0 5 3 0 2 0 0

NZ / Pacific 1 0 0 0 1 0 0 0 0

Africa 13 0 0 0 0 0 0 0 0

Asia 6 3 0 4 3 0 0 0 0

Middle East 3 1 0 0 0 0 0 0 0

South America 5 0 0 0 0 0 0 0 0

Total other countries 292 14 2 17 9 8 10 0 0

Percent other countries 47 7 3 17 15 21 20 0 0

Total affiliations 617 202 67 103 59 38 51 37 42
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95 percent of Australian collaborations were within the home state and home in-
stitution of the target authors of the case study. The international collaboration
has two interesting features – the first in dispersion (number of countries with
which collaborations are effected) and strength of collaborative ties (number of
times the selected authors co-authored papers with a country). Author 1 collabo-
rated with researchers from 21 overseas countries. Nearly 40 percent of collabora-
tions for Author 1 were with the United States (see Table 6). There is less inter-
state collaboration than one might expect, except for articles coming from Coop-
erative Research Centres whose remit is to collaborate among their partner insti-
tutions among university, industry and research sectors within Australia, and in
some instances with overseas institutions. The inclusion of a CRC affiliation in
the corporate source can be said to indicate inter-institution collaboration. Again
the most prolific author of the case examples was active in collaborating with re-
searchers in every State of Australia represented in the study. Four authors did not
collaborate outside their home States. 

Discussion

It is hard to make a definitive interpretation as to the meaning of the high number
of last-named authorships in this small sample of authors. In some laboratories,
being last-named author is seen to indicate senior standing as a researcher indicat-
ing among other things high seniority associated with major supervisory roles
within laboratory experimentation in which there are a number of doctoral can-
didates and junior researchers. However, it cannot be always said to be so. Some-
times senior researchers defer to co-workers in author positioning because they
want their junior colleagues to gain visibility in the field. Another reason is be-
cause earlier-named authors are engaged in the nitty-gritty work of experimenta-
tion but under guidance of more senior researchers. Many senior researchers
actively provide junior co-workers with opportunities for writing journal articles
for publication. 

Vinkler (1993), in his study of team cooperativeness and authorship, found
that first authors perform about 70 percent of the total work needed for two-au-
thored papers decreasing with larger numbers of authors. What does this finding
of a high proportion of last-named authors mean in terms of contribution to ar-
ticles as published? Are the case study authors ‘major’ contributors to the work or
does their position as last in the author statement merely represent their senior
status as funders and facilitators?

Could it be said that groupings of more than 10 authors is not a usual pattern
for ophthalmology / optometry authorships? How can more than 15 or so au-
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thors actually contribute to the writing of an article in any real sense? Martha
Harsanyi (1993) discusses the literature that addresses problems relating to the
concept of authorship. She shows that for many authors authorship is bound up
with the ethics of scientific publication, the problem of ‘paper inflation’ and de-
termining responsibility for the quality or veracity of the work to which they ap-
pend their names. For example, Author 1 appears in an authorship line up of
more than 20 authors on 7 occasions, including three papers that list 96, 110
and 123 authors respectively. We find it difficult to imagine that this author ac-
tually participated meaningfully in the research or experimentation relating to
these articles and certainly cannot think that he had much input to the writing of
these articles. A relevant question is: Where does one draw the line at “reason-
able” authorship patters in a field or discipline?

In relation to collaboration, this case study indicates that Australian research-
ers in the fields of ophthalmology and optometry concentrate most of their col-
laborative effort within their home institutions with a small amount of collabora-
tions with hospitals or research agencies within their home State. Reasons for this
high internal collaboration may be due to several factors. The potential for devel-
oping strong working relations among overseas colleagues is hampered by the
fact that Australia is far from the main Anglo-American research institutes and
universities and the cost of attending conferences and forging relationships in the
northern hemisphere is high. Furthermore, Australia in the last two decades edu-
cates more of its doctoral candidates at home and few postdoctoral scholarships
nowadays are taken in institutions outside the country.

There is little comparative data about average numbers of authors per paper,
pages per articles, references or journals used for publication of an author’s oeu-
vre. Further in-depth work is needed of publication activity among academic
groupings. Qin (1994) noted the trend toward interdisciplinarity since the 1960s
and found the phenomenon to be associated with the average number of authors
per paper. Our case study has not examined this correlation but it could provide
an interesting line of investigation. Further, Yitzhaki’s 1995 paper on number of
references and length of journal articles also offers a possibility to test whether
meaningful correlations might be drawn among numbers of authors and refer-
ences, and among numbers of pages of articles and references. We intend also to
augment our case study by looking at citations and impact or influence, and to
clarifying authorship patterns in an individual’s publishing career by examining
publication activity for these authors from an earlier decade.
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Conclusion

We have only scratched the surface to date. Our work is ongoing. Among the ben-
efits of such a project in the domain of vision science is the potential for the re-
search and professional community to discover a new perspective on their own
domain and its sub-fields. As individual practitioners, they may not readily grasp
the extent and other characteristics of disciplines or fields as a whole, or the full
range of disciplinary and interdisciplinary connections. More work needs to be
done on author productivity across a range of authors with different rates of pub-
lication to identify more clearly general characteristics of scholarly communica-
tion practice in the field.

The study, we believe, provides a benchmark from which changes in the field
of ophthalmology, optometry and associated fields can be charted in the future.
As our work progresses, data from a number of fields in the vision sciences will
be added to a body of empirical studies that may shed new light into the links
among disciplines, fields and sub-fields, among journals and citing authors, and
among research institutions and countries that contribute to the broad literature
of vision sciences. It should be possible to illustrate the extent to which research-
ers engage in collaborative activity beyond their own countries, the formation of
new coalitions (either tightly or loosely connected) among fields, institutions or
authors, and whether fields remain separated by traditional disciplinary struc-
tures. Finally, the project as it progresses will provide new analysis and interpreta-
tion on the evolving domain of vision sciences in the health, medical, physical
and social sciences.
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KLAUS FUCHS-KITTOWSKI

Knowledge-Co-Production 
and Telecooperation – The Convergence of 
Computing, Communication and Content 
and the Need of Semantic Feedback

Abstract 

From the differentiation between data, information, and knowledge it becomes obvious
that it also requires a different handling, a management that takes into account the specif-
ic nature and its interrelation.
For its production, preservation, and provision, knowledge requires social interaction and
cooperation. This can be promoted by CSCW1 systems like telecooperation systems, so as
to support cooperative work and cooperative learning.
Due to their ability to overcome the restrictions of time and space, telecooperation sys-
tems also promise to enable the virtualisation of workplaces, project teams, business units
and even entire companies and libraries. The potential of telecooperation for use in virtual
form of work and organisation promotes knowledge-co-production in all kinds of creative
social organisations, specially in technology, science, medicine and health care. 
Knowledge-co-production – social cognition and communication – is also to understand
as a new guideline (paradigm) for the application of modern information and communi-
cation technologies, taking into account the convergence of computing, communication
and (coded) content. With the difficulties of managing the content we realise the need of
semantic feedback. Content, meanings are formed in the process of social life, this is of
importance for the library & information science, especially for the information retrieval.
Within the framework of the information-processing paradigm it is not possible to treat
the problem of the emergence of information, here information is always understood as
pre-existent. We have to consider how computers manipulate signs and how the meaning
of signs and words is generated in the process of self-organisation of social systems. The
application of telecooperation systems, the necessary work and organisation design for
knowledge-co-production for a creative-learning organisations can enhance productivity
and human development.

1. Computer Supported Collaborative Work
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1. Man-computer interaction a coupling of semantic 
and syntactic information processing

1.1. The knowledge transfer cycle and knowledge-co-production 

The knowledge transfer cycle makes clear, that Man-machine communication re-
quires the meaningful combination of syntactic and semantic information
processing [1]. Hence this is what constitutes the fundamental problem of ICT2

in integrating the machine-performed operations into human activity. The high-
est form of integration is achieved, if the work procedures are no longer deter-
mined by technology. Rather it is necessary to obtain such a linking of syntactic
and semantic information processing so that the work procedures can be deter-
mined by Man. Contrary to a static or flexible automation we called this dynamic
automation [2, 3]. 

One can only model what one knows. However, there are many reasons why
we do not know many things as yet. A scientific problem is characterised by a
knowledge gap that cannot be closed by providing available social knowledge by
means of algorithms. If this were possible, this would mean to solve tasks, but not
to pose a problem. It is possible to solve a problem only by systematically using
suitable models and methods by a single researcher, but mostly by a group of re-
searchers. Continuous communication is going on in group-work. However, the
solution process happens only in the mind of one individual. Therefore from the
nature of the research process or of the software development process we have to
deal with a shared understanding. On this basis we have to regard a knowledge-
co-production, as a shared model construction and theory construction. Chr.
Floyd is right in saying that the STEPS3 procedure model developed by her and
her working group is a basic notion that can be generalised of knowledge-co-pro-
duction/construction [4].

Hence in the process of cognition not simply rules are obeyed, and schematic
tasks worked off, but problems are solved.

The most important and most efficient possibility to assist in reaching these
goals (to close knowledge gaps) is to organise the transfer of knowledge within
the organisation.

Knowledge transfer allows to construct new knowledge on the basis of existing
knowledge. The knowledge transfer cycle describes this process (see Fig. 1).

2. Information & Communication Technology
3. System for Evolutionary Participatory System Design
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The cycle points out various qualitative information processing levels and that
it is necessary to distinguish between human (semantic) and machine-performed
(syntactic) information processing. 

From interpreting the syntactic structure not one meaning is obtained only,
but a field of possible meanings. This is the basis for generating new information/
knowledge. Vice versa, formalisation in the above-mentioned sense means the
limitation of the field of meanings to only one meaning that has been laid down
in an unambiguous manner. This is necessary, so as to obtain machine-performed
processing.

The level of syntactic information processing (IP) is to be realised by informa-
tion and communication technologies (ICT). It is necessary to support human
(semantic) information processing by providing of documentations. Moreover,
human information processing requires special organisational and social meas-
ures. From that we must conclude that, knowledge management is concerned
with technological, as well as organisational and social measures in their interac-
tion. 

Hence we distinguish two types of information processing. One type is con-
tent-oriented – we call it semantic information processing. The other type is for-
mal, machines can perform it, and we call it syntactic information processing [5].
As the cycle indicates, then the salient point is to understand content-oriented
thinking (semantic information processing) and formal working-off in their in-
teraction. The meaningful combination of form, contents and effect is the main
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Figure 1: Knowledge Coproduction (Frank Fuchs-Kittowski) 
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problem of knowledge management in terms of the theory of science and of
methodology.

1.2. The multiplication of the knowledge transfer cycle 

Processes of individual knowledge development are based on the capability for sys-
tematic problem solving and intuition. In the process of scientific work it is pos-
sible to consider intuition rather as a single act of creation. In contrast, the solv-
ing of scientific problems follows a process that can be described by several phas-
es. Intuition is based on compressed experience and is hence the more "chaotic
component" in the process of scientific work, not an act of creation from noth-
ing. It is possible to recognise the competence for problem solving as the more
systematic component of the knowledge development process. It requires creativ-
ity, too, and indeed includes intuition in closing a knowledge gap. It is necessary
to support both these components by operations of context control, so as to es-
sentially stimulate the individual in his knowledge production. For its support it
is possible to bring forth again and to interpret anew partly well known instru-
ments (such as e.g. the suggestion book system).

Collective processes of knowledge development often obey another logic than in-
dividual processes. We can consider the group or the team as a nucleus of collec-
tive learning in the organisation of science or of an enterprise. Then it is neces-
sary to bear in mind the creation of complementary abilities in the group and the
definition of meaningful and realistic group objectives. Only in an atmosphere of
openness and trust that can be assisted and produced by sufficient communica-
tion intensity are collective knowledge development processes superior to indi-
vidual efforts. It is possible to support these processes by setting up internal
"think tanks", arenas of learning, and building up various internal competence
centres.

As Frank Fuchs-Kittowski has worked out [6, 7], the knowledge transfer cycle
is multiplied in joint knowledge formation. Then people learn from each other
on the basis of shared knowledge, and above all, they develop new knowledge to-
gether. At the same time, this allows for reflection. Thus semantic feedbacks be-
come possible that are indispensable for the social process of knowledge forma-
tion.

In a process of self-reflection after completing a project each team can draw up
"lessons learned". It is necessary to point out what critical experience was ac-
quired in the course of the project and what future teams are to turn their atten-
tion to in similar problem cases. Often various evaluations become apparent only
by such concluding evaluations and can hence provide a valuable source for all
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participants to reflect on their own work. Therefore in a concise and clear form
"lessons learned" represent the essence of the experience accumulated in a project
or position. They are the result of a collective learning process. 

STEPS (System for Evolutionary Participatory System Design) developed by
Chr. Floyd and co-workers [8] is a framework for participative software develop-
ment. This system produces a connection to work design and understands the
software development as a learning process from the side of the user and of the
developer. By orienting towards cooperation in development and an increase in
user competence, this type of procedure can be regarded as a basic model for
knowledge co-production.

Our knowledge about our natural and societal environment and about our-
selves is interactively constituted in cooperative work. Observers and observed
objects constitute an interdependent unity. As I. Kant showed, there is no obser-
vation of reality without a subject. The epistemological consequences of an active
subject, of self-reference are at present intensively debated in the theory of science
and in the foundation of economic informatics in terms of science theory. They
are made to bear fruit in recent studies on knowledge management [9, 10].

2. Information processing and information generation 

2.1. The semantic of information is generated in social processes 

In recent years doubts have been voiced on an increasing scale against a simplified
identification of signal transmission, processing, and storage processes with the
multiple achievements of mental processes. The formation of a systemic knowl-
edge management is an expression of this development.

Heinz Zemanek says very clearly that human consciousness is contained with-
in the concept of 'information' – information requires human consciousness in
order to make the step from potential to realisation, to give meaning to signs, to
translate form into sense and effect [11].

For a long time (first order) cybernetics, with its information processing para-
digm, has been dominating the thinking in informatics. Here information is al-
ways already existing. It is not asked, how information develops, how it is gener-
ated. In nature information generation is connected with the development of life.
Information generation occurs in the phylogenesis and in the ontogenesis of liv-
ing systems [12, 13, 14]. Information generation is also typical for developing so-
cial systems. The semantic of social information is generated in a social process.
As Søren Brier points out, the information processing paradigm will not succeed
in describing the central problem of mediation the semantic, the content of a
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message, "from the producer to the user, because it does not deal with the social
and phenomenological aspects of cognition" [15]. This insight is important for a
rational and human use of information- and communication technologies, espe-
cially in the work processes, it is important for the understanding of certain new
developments in biology, social sciences and as we see also in the library and in-
formation science. 

One can only understand a foreign culture by the conceptual structure that
this culture has created and hermeneutics recognised that it is possible to under-
stand the meaning of concepts only from the conceptual climate of the time and
of the author's social environment. Only thus can the texts be reconstructed.

Logistics of information and of knowledge that is characterised by globalisa-
tion and supported by world-wide networks, systemic knowledge management is
bound to consider these insights of anthropology and hermeneutics. However,
here people see in the first place the process of individual understanding. E.g., in
the field of document retrieval, the embedding of knowledge co-production into
the science and culture of society becomes clear in its entirety. 

Information and document retrieval is affected by the comprehensive, decen-
tralised and networked utilisation of modern information technologies in recent
years. Within the information sciences and library sciences this led to the fact
that a number of formal theories were developed for documentation retrieval (al-
so called information retrieval), so as to use the new technologies.

This development agrees with the development of cognitive sciences and thus
with its paradigm of information processing, that was specially developed by cog-
nitivism. However, the limitations of the information processing approach be-
come clear also here. 

With the utilisation of modern information- and communication technolo-
gies the development of international databases was connected that presuppose
specialists for documentation. Hence for economic reasons the next phase was
characterised by attempts to make these highly technical and specialised systems
accessible to the general user. He was not trained especially in information and
documentation or in an individual science. It became necessary to abandon step
by step such information retrieval systems that presupposed from the user special
knowledge in classification and knowledge organisation. In contrast, the interest
was focused on finding out general principles to guide cognition and to uncover
information in the human conscience. The basic idea is that the retrieval process
is to be organised in a natural manner, so as to make available the great number
of internally produced documents.

The first aim was to develop an intelligent user interface, the second aim was
to organise the data in a new way. 
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In its entirety this proves to be more than problematic, Søren Brier pointed
out [16]. This becomes manifest in the strict classification and indexing practice
that underlies the big international databases.

It can be shown that the knowledge management that aspires to manage
knowledge and for the sake of knowledge to support individual and organisation-
al learning processes must take the fact into account that the meaning of words is
defined in a social context.

It is obvious that if one regards the entire process of Man-computer-Man in-
teraction, as this is necessary in the modern networked systems, also the informa-
tion retrieval process must go beyond the automaton as metaphor, beyond the in-
formation processing paradigm. The information-processing paradigm differentiates
insufficiently or not at all between the manipulation of signs and the generation of
meanings in the process of self-organisation [see 16].

If information is always regarded as a previously existing structure, then one
cannot or can only insufficiently see the social and cultural processes. They put
forth the context that determines the meaning of the signs (word elements) and
words. They constitute the basic device of information science to perform the
document retrieval. 

If one reads the literature about knowledge management, then the provision
of documents plays a central role. However, they are in most cases documents
that were produced in a certain context. A biochemist looks for literature about
the therapeutic effect of COX-2 (cyclo oxygenase-2). He can find this via various
descriptors [17]. But in this context, one must take into account that the mean-
ings of the indexes and of the retrieval concepts have not emerged in the same
"language game". In most cases the social surroundings will be different in which
the meanings have emerged. Thus the meaning of the words will differ that are
used by the author, later by the indexer, and finally by the retriever/user. This
shows the significance of feedback effects that become possible in an enlarged or multi-
plied knowledge transfer cycle [18]. 

Hence, if there is no feedback between this knowledge producer – the author
of the document, the indexer and the user, then information/knowledge is not re-
ally produced in the system. In another case it can happen that the user receives
not the correct document, but a number of documents that are useless for him.

Since, as has been pointed out here, the semantics of the used concepts is
formed in a social cognition process, it is necessary to enlarge the multiple knowl-
edge transfer cycle by additional cycles from the social process of generating the
social meanings.

Hence we have to understand language and other sign systems as a device of
individual, social, and societal self-organisation processes. In the social or societal
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organisations, communication is going on by means of generalised media, such as
science and culture. Language games according to Wittgenstein or discourse
communities as studied by socio-linguistics point out to the pragmatic aspects of
the self-organisation processes in social systems that determine the meaning of
the words in the social context. These semantic fields are the really decisive means
of knowledge organisation and of document retrieval community [16]. Knowl-
edge management must become aware of that. This presupposes an overcoming
of naïve realism and requires to understand the construction of our knowledge in
an organisation. To create conditions so that information/knowledge is really
produced/constructed in a process of self-organisation of social system is the deci-
sive task of knowledge management for a creative learning enterprise [19]. 

2.2. Semantic feedback relations as a basis for self-organisation 
of document-disseminating information systems

The search for information is an ever-recurring demand of each Internet user.
Therefore it is amazing that to date we have been forced to work with search serv-
ices that are obsolete in their concept. Namely they do not allow the user to eval-
uate the quality of documents. The users have put up with the previous search
services, but hardly anybody is really satisfied with the time-consuming search
operations.

A vast array of technical possibilities is available on the Internet. For instance,
individual users can establish direct contact with the provider of information or
documents (the mediator). They can by themselves intervene into the process of
service provision, e.g. in the software development or elaboration of documents.
Thus they can become co-producers of their own knowledge. In such a situation
it is unacceptable that an Internet user cannot learn from the experience of other
Internet users until today. 

Therefore we take a diagram originally elaborated by Søren Brier [16]. He
drew it up to make clear the necessary semantic feedback processes, but we add to
it in particular a feedback loop of user evaluation (Fig. 2).  

The possibilities for interaction of the Internet allowed increasingly custom-
ised supplies and the formation of large communities. For instance, scientific
communities emerged to solve a specific problem. This situation also leads to the
formation of information communities (see Fig. 2). Now this allows the emer-
gence of services different from the conventional search services. The novel serv-
ices are consistently transferring to the competent end user or user groups the
production of information and in particular the evaluation of its quality. As com-
pared with the conventional catalogues, here each Internet user receives a possi-
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Figure 2: A Document-Disseminating Information System as a self-organizing sys-
tem on the basis of semantic feedbacks
(changed diagram similar to: Søren Brier [16])   
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bility to evaluate the found web page. He can even maintain by himself single
web pages in the system. This proves to be an important way to improve the
quality of information by services on the Internet and intranet as well.

The diagram (Fig. 2) illustrates a document-disseminating information system
as a self-organizing system by means of semantic feedback relations. The non-
dotted arrows illustrate the document transportation. The dotted arrows illus-
trate the feedback relations in the form of negative or positive evaluation of the
document contents or of the system's performance. 

Feedback relation 1 refers to the possibility of direct interaction by the circula-
tion of documents between the producer and user. In particular, scientists do this
when they dispatch off prints. In knowledge co-construction producer groups are
also formed in the scientific community.

Feedback relation 2 refers to the possibility of a librarian's direct access to a
document collection.

In the case of an appropriate specialisation, e.g. as a biochemist / molecular
biologist who continuously attends the current specialist conferences, he is suited
to the language game of the biochemist / molecular biologist as a producer and
user.

Feedback relation 3 refers to the end user's access via an on-line system. Here,
however, the described difficulties occur in regard to the mostly differing utilisa-
tion of concept meanings in the organisation of science. 

Feedback relation 4 refers to the possibilities of Man, of the librarian or infor-
mation broker as a mediator of the collection or also as a system designer to sup-
port the electronic search by improving the systems. Here it is possible to im-
prove the global quest by search engines, such as systems for retrieval, selection
and presentation, in particular by a purposeful specialisation of the data/knowl-
edge bases.

Feedback relation 5: With the Evaluation Submitting Program we introduce a
further feedback relation, the evaluation by the competent user or user groups. In
our view, this feedback loop is particularly important in semantic and syntactic
terms (S. Brier had indeed implied it in 3 and 4, but not taken it sufficiently into
account). This aspect is particularly important in the search for scientific litera-
ture, when asking for medical documents. But it also acquires a general impor-
tance for the normal user with regard to the rubbish in the Internet [33]. 

Of course, the other inserted dotted lines that represent semantic feedback re-
lations are also used to evaluate the quality of the documents. However, we want
to indicate a special channel here, in order to draw attention to a relatively new
development. The evaluation of information retrieval in the Internet attracts an
ever-increasing attention.
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The preferred evaluation method is at present the manual evaluation by ex-
perts, and in this respect, the qualification of these experts becomes the main
problem. The other problem is the overwhelming abundance of documents in
the Internet. Even many experts cannot completely evaluate this abundance.
Hence from the very beginning, it is necessary to limit the quantity of documents
to be evaluated.

The manual evaluation by the competent user or user groups signifies that a
user has the possibility to subjectively evaluate a document. To forestall a domi-
nant position of a user's subjective views, it is necessary to form a mean value for
the evaluation by all users. As K. Nawrocki has worked out [20] this manner of
procedure has an advantage that the burden of a few experts is distributed to
thousands of end users. A possible drawback is trustworthiness as opposed to the
evaluation by one expert. It is possible to defuse the problem of trustworthiness
by increased user transparence. Specialist groups will be formed in the field of sci-
ence, in particular in medicine for instance. As is generally the case in scientific
life, it is necessary to solve any occurring conflicts by an increasing transparence,
improved collegiality and enhanced internationality.

3. Telecooperation leads to networked, modular (virtual) organisations

3.1. Team-based network organisation by telecooperation

Centralisation, integration by a hierarchic authority at the top is at the fore-
ground in the classical industrial enterprise, with its organisation and in the pre-
vious organisation of science. On the contrary, the network organisation is to
date the most consistent step towards disintegration and decentralisation as an
opposite of centralisation [21].

Telecooperation systems support concepts of spatial and organisational decen-
tralisation. Various forms of organisation decentralisation make sense for various
conditions of competition. In this context it is possible to define different roles of
telecooperation systems for these organisational forms (cf. Reichwald, Möslein
[22]). These different organisational forms with their differentiated requirements
to the telecooperation processes also imply differences in the underlying picture
of Man. It ought to have become clear that for the utilisation of telecooperation
systems it is possible and essential to take consciously Man into account as the
carrier of performance and knowledge, as the only creative productive force.
When using the telecooperation systems in science and within an enterprise, in
most cases at first the savings of cost and acceleration of processes are in the fore-
ground. This entails maintaining the existing organisational form and a far-
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reaching division of labour also beyond spatial limits. It is only with the utilisa-
tion that potentials are seen to reconsider or to redesign the processes and struc-
tures [23, 24].

The development of the utilisation of telecooperation systems took place in
stages, including a wider audience. It should not be limited only to providing and
distributing the information. This development must be concomitant with wid-
ening the scope of action and decision-making of the included co-workers from
the lower levels. This allows an increased responsibility and offers improved con-
ditions for creativity. This is a decisive basis for shared modelling and theory for-
mation where new information is generated. This happens on the one hand by
combining the given or received syntactic information structures. On the other
hand, the obtained data are interpreted and in particular, the interior model of
the outside world of the participating co-workers is changed. 

The co-workers of the lower levels can obtain further progress by cooperating
directly with one another. That means that for cooperation between divided loca-
tions it is no longer necessary to make a detour through the hierarchy levels. The
co-workers from lower levels now can cooperate directly. Thus some tasks above
all on the middle leadership level become superfluous. This can lead to shallower
hierarchies, or the co-workers can turn to other tasks.

However, the utilisation of telecooperation systems must not be limited to
horizontal cooperation relationships. Of course it also exists in a vertical direction
(cooperation on all and beyond all hierarchy levels). According to the number of
cooperation partners workplace systems and group systems are used [23] (cooper-
ation between groups and individuals). A network-shaped organisational struc-
ture stems forth from this. 

Figure 3 points out, what such a network structure could look like. The objec-
tive of such a network organisation by telecooperation is a higher flexibility and
problem solving capability of the organisation. 

The salient point is to use the potential of computer-assisted communication,
coordination, and cooperation as an organisational and social innovation in the
enterprises, in libraries and in the health service ([25], cf. Rienhoff [26]).

It is necessary to use the orientation toward decentralizing the management
structures and towards supporting computer-assisted group work, by taking into
account the specific features of work (cf. Floyd [27]). Team-based network organ-
isation by telecooperation will be important for cooperative knowledge produc-
tion in knowledge intensive business processes [7] and specially also for submit-
ting evaluations by user groups – knowledge communities – and certainly for
consulting activities by the information brokers, the libraries etc., as shown in
Fig. 2. 
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3.2. The need for structuring of work and organisations

It is relatively easy to integrate telecooperation systems into existing hierarchical
organisational structures for the purpose of cutting costs and speeding up work
processes. At higher and middle levels within hierarchies in particular, coopera-
tive links already exist between different locations/branches for support during
the completion of complex, unstructured tasks (mostly room/group systems).
This makes expensive business trips unnecessary, thus saving both time and mon-
ey. A further acceleration of work processes in terms of shorter distances, faster
access to a company's internal knowledge resources and quicker distribution of
information can be achieved by involving those members of staff responsible for
the tasks under discussion.

Telecooperation systems support several people working at the same time on a
single task. If the task is divided up into separate parts which are read only by the
individuals responsible for processing them, telecooperation is made more diffi-
cult. It is therefore important to distribute the tasks themselves across the various
locations thus facilitating and enforcing direct cooperation. The key issue is the
transition to (distributed) groupwork and group-based forms of work. The forma-
tion of such cooperative links by distributing complex unstructured tasks be-

Figure 3: (Team-based) network organisation by telecooperation 
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tween branches, between companies and across national borders must be accom-
panied by flattening of hierarchies, by lessening in the division of labour, by
broadening of the individual's scope for action and by delegation of responsibility
and decision-making capacity to lower levels within organisational structures.

The time saving and reduction in coordination tasks (information gathering
and distribution) resulting from the increase in the number of people working on
each task lead to a reduction in the need for middle management. If these advan-
tages are properly exploited and corresponding organisational measures (broaden-
ing the scope for action, delegation of responsibility and decision-making) are
taken, this can lead to a flattening of hierarchies.

Cooperative work relies on the willingness and ability of those involved to co-
operate. An important prerequisite for the use of telecooperation systems is there-
fore the establishment of an appropriate (cooperative) work climate. Important
elements of such a development include extensive information and communica-
tion, training and qualification of staff, cooperative management and partnership
in the workplace. This is a long process which demands positive leadership fig-
ures (exemplary function) and the creation of opportunities for participation, as
well as openness and transparency.

With the support of decentralised, networked concepts, traditional "top
down" management (focused on and limited to command and control) can and
must be surpassed to make way for "dialogical" forms of management which uses
cooperative structures to stimulate the successful completion of tasks.

As the environment becomes increasingly complex and dynamic, the demands
on the enterprises organisation increase accordingly, and there arises the orienta-
tion towards the environment (market, customer), the orientation towards proc-
esses, the diminishing of hierarchies and the diminishing of tayloristic division of
labour.

The essential criteria for a human-centred design of software, work and organ-
isation have to be recognised as the basis for designing creative, virtual organisa-
tions. The principles of human-centred task design [28] are the vital core of an
information systems design that opens up possibilities to develop the individuali-
ty of Man. 

3.3. Creation of information – creative-learning enterprises

The concept of creativity (the creation of information) is of crucial importance
for an understanding of human social organisations within which modern infor-
mation and communications technology is used. By enabling media-supported
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work on individual tasks, telecooperation can be of lasting value to companies on
the path to becoming lively, creatively learning organisations.

The introduction of information and communication technology always in-
volves a jump from the totality of a social organisation to the ability to design and
implement function systems. However, a social system as a whole cannot be rep-
resented as a system of cybernetic functions. A transition takes place from the so-
cial organisation as a self-organising system (system of actions) to a pre-organised,
formal system of functions, i.e. reduction of human activity to formalised opera-
tions and abstraction from the processes of information creation and value crea-
tion as they occur in the social organisation. 

The formation of virtual organisations is currently the most decisive effect of
modern information and communications technology on business organisation.
The exploitation of this organisational demands active design of new forms of or-
ganisation. It demands and enables a fundamental move away from the machine/
computer model of organisations and its replacement by a theoretical approach
oriented towards a "living" organisation. To have a future, a factory must be
based on self-organisation, is the conclusion arrived at by H.J. Warnecke [29]. In-
formation, as a production factor and strategic weapon in competition, is the
central motivation for the creation of virtual enterprises with the customer as co-
producer [30].

Under the pressure of increasing environmental complexity and dynamism, the or-
ganisations are on the way of forming creatively learning organisations. This is due to
the growing possibilities to develop the individuality of Man and due to the enlarged
possibilities for handing down of knowledge by society. (They emerge owing to the ob-
jectification of knowledge, encoding of information – in the organisation of work, in
tools, software, books etc., as well as in the culture of organisation.) In this manner, an
analogue to hereditary information is created [31]. 

 The central theoretical concept here is self-organisation. And one can only
speak of self-organisation in cases where new information is created, i.e. where
creative and not just instructive learning processes are taking place [7, 31].

The genetic information enables the development of the living organism and
ensures the stability of its identity during the continuous process of interaction
with its environment. In social terms this corresponds to the function of passing
down information (tradition), as can be seen in the case of tools, and in particular
in the objectification of knowledge in software, in the organisation of work, in
books stored in libraries and in culture. Business culture is a representation of the
organisation of a business, the particularities which make up its identity, its forms
of behaviour, etc. The extension of the possibilities for this kind of social trans-
mission through the objectification of knowledge and the creation of information
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analogous to the genetic information [31, 32] is surely the most decisive achieve-
ment of telecooperation and the networked organisation, provided its organisa-
tional potential is exploited to create living, creatively learning organisations, to
structure groupwork, to counteract excessive division of labour and to flatten hi-
erarchies [31].

A creative-learning, organisation increases the creative potential of those work-
ing within it. But the social and socio-cultural effects of the use of new informa-
tion and communication technology on our everyday life and work are not all
positive – there are concealed risks. Today, we are living in a new cultural situa-
tion, which makes itself felt in the form of a very perceptible acceleration and
radical spreading of cultural change, which is directly linked to the decentralised,
local and networked use of information technology. The more time we save, the
more we can cram in; the more we cram in, the less we have; and the less we have,
the emptier it can become. The increasing fragmentation of time poses problems
of synchronisation, a new form of external determination which can work against
the emancipation and self-determination of humankind [31, 32].

An understanding of organisations oriented towards their vitality and creativi-
ty (taking into account processes not only of information transformation but also
of information creation) requires measures including the active structuring of
new organisational forms, the introduction of group-oriented work, the integra-
tion of information technology into the value creation process, planning and
control according to the "just-in-time" model, process integration and the inte-
gration of organisational knowledge.

The virtual organisation of enterprises, of libraries etc. is a very real possibility
but one which requires further theoretical foundation and empirical research.
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LARS FUGLSANG

Innovation Management and Co-operation

Abstract

The essay describes what is considered a historically founded model of organisational in-
novation, the innovation chain, and investigates the role of innovation management
within that chain. The innovation chain appears from relationships between four innova-
tion mechanisms, 1) institutional pressure, 2) firm strategy, 3) labour roles and 4) personal
positions. The paper especially focuses on problems in the link between firm strategy and
labour roles and explores at the theoretical level how the chain can be sustained through
various forms of innovation management. The paper is illustrated with a Danish case of
innovation in services.

The innovation chain

This essay deals with organisational innovation within the context of a general
systems theory inspired by Luhmann (1995). 

Organisational innovation is understood as changes in structures of expecta-
tions within a firm resulting from evolutionary processes in the environment of
the firm. Structures of expectation are seen as structures that regulate the behav-
iour of employees within the firm (cf. below). 

Deviations in the firm’s expectations can develop from different sources (rival
firms, subcontractors, networks, employees, management, etc.) reflecting a grow-
ing complexity within and across firms. Growing complexity is understood as a
growing number of mutual obligations between actors in a division of labour.
The evolutionary processes that motivates these changes in co-operation struc-
tures are not to be seen as goal oriented or linear processes of change. They are
understood as uncertain and path-dependent processes of change. Complexity
increases the risk of unexpected events and disturbances between the participat-
ing systems which in turn may lead to attempts to reduce complexity through
structural change.

In order for deviant events or evolutionary processes to become organisational
innovations, the firm’s subsystems have to “connect” to them as permanent struc-
tural changes. Along these lines, Innovation management can be seen as an activ-
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ity that informs acceptance or rejection of unexpected events with the purpose to
ensure the firm’s survival as a system under change.

Management’s acceptance or rejection can take different forms ranging from
deliberate to emergent strategy and from detailed analysis to simple experimenta-
tion.

Expectations are not abstract structures but may take various concrete forms.
At the general level, we can distinguish between four expectational forms in a
firm that management can relate to (partly following Luhmann pp. 315): 

1. Expectations to persons. These are expectations within the firm that a specific
person is expected to fulfil. A person is, following Luhmann, not an human
being, but an identity established in order to arrange expectations within a
social system (the firm). 

2. Expectations to roles. Roles are subsets of a person (that a person must re-
hearse), but they also represent more abstract identities that can be fulfilled by
several persons, for example in an occupation or a job task. 

3. Expectations to strategies. Strategy regulates behaviours which cannot be regu-
lated by a role or a person alone, because the intended behaviour is beyond
what a single person or a role can take care of. Strategies are programs that co-
ordinate actions within and between firms and regulate under which conditions
and at what time an action can be performed. Strategies program actions to fit
the requirements of other, neighbour firms or organisations. 

4. Expectations to values. These forms of expectation enable actors to assess the
actions of the firm in an external context.

The concept of roles is particularly important because roles connect directly both
to the external evolutionary processes (for example change processes within a pro-
fession) and to the internal expectation structures of the firm. Roles are important
to the other expectational forms as well, since roles are directly subject to program-
ming, assessment and personal expectations. 

An organisational innovation understood as a changing behaviour which is
endorsed by a firm or organisation through various management processes thus
has to be crystallised into roles which are a) programmed at the level of strategy,
b) adequately performed and supervised at the practical level, c) supported and
rehearsed at the level of persons (roles must overlap with person expectations and
should not be in contradiction to them) and d) adequately assessed at the level of
values. 

Innovation management can inform these activities. The difficulty often lies
in the combination of these activities. Lack of combination may undermine the
expectation structure and integrity of the firm.
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As a firm and its surroundings become complex they may chose to differenti-
ate into smaller subsystems that each take care of one of these expectational
forms under processes of change. Here again we may at the general level distin-
guish between four subsystems (avoiding a distinction simply between physical
“departments” of a firm): 

1. Front stage1, where roles are performed and supervised.

2. Back stage where roles are rehearsed and interpreted.

3. Middle stage where roles are programmed and distributed. 

4. Deep back stage where roles are assessed and corrected if necessary.

One can think of a restaurant as an example. Front stage is the dining room where
the waiter and the customer perform roles. Back stage is the kitchen or at home,
where the waiter or the customer prepare themselves for (serving the) dinner.
Deep back stage is the market place or cultural institutions permitting an assess-
ment of the value of the restaurant and its role-structures. And middle stage is var-
ious meetings where programs concerning working hours, working style, quality
and style of food etc. are in focus.

The different stages can, because they take care of different expectational
forms, be said also to orient themselves towards different structures of knowledge
and governance. Hence, front stage and back stage tend to upgrade analytical
knowledge (detailed knowledge about how roles are usually performed), while
middle stage and deep back stage tend to upgrade experimental knowledge (for
example knowledge about how the environment will react). Front stage and mid-
dle stage tend to focus on deliberate strategy (planning and distributing roles)
while back stage and deep back stage tend to focus on emergent strategy (revising
and reconfiguring strategy according to assessments and interpretations) (cf. fig-
ure 1).

As mentioned, these four arenas may differentiate from each other as a result
of evolutionary processes in the firm and its surroundings, forcing the firm to
adapt to (or reject) changes and, in so doing, focusing on specific aspects in turn.
First and foremost, the firm may want to differentiate an arena for programming
activities because of the growing demand on strategy in a complex environment.
This implies that the level of programming tend to break away from the level of
roles and persons. 

On the other hand, persons may also increasingly be “set free” or differenti-
ated from roles. Complexity means that each individual will participate in a

1.   These distinctions are inspired by Goffman (1959), who makes a distinction between front stage
and back stage in the performance of a role.
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growing number of subsystems inside and outside the firm and have different
kinds of obligations and experiences that are not consistent with one role alone

Once the arenas have been differentiated, roles may tend to become squeezed
between the strategic and the person-oriented forms of expectations. Further-
more, as this goes on, the different subsystems of the firm or organisation may
tend each to promote a particular expectational form and become immune
towards other forms. This is true particularly under processes of innovation and
learning, where a discrepancy may emerge between back stage interpretations
and front stage expectations to roles. The potential discrepancy explains why
strategies and roles sometimes are rejected by the personnel all together. 

In a Luhmann perspective we can say that the different subsystems, once they
have differentiated from each other, may still be dependent on each other, even if
they do not communicate directly with one another. For example, programs are
dependent on roles and vice versa. In order for the system not to destabilise the
expectational forms have to be combined explicitly. Management is one way to
deal with this problem. 

Figure 1: The innovation chain
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Innovation management

Above we have seen how complexity within and around a firm may lead the firm
to distinguish more between different expectational forms. We have distin-
guished between four arenas, front, back, middle and deep back stage, each be-
coming more differentiated and centred around one of the firm’s expectational
forms. 

 I argue that the managers’ role, particularly middle management, can be to
combine these different forms. Middle management is a special case that most
often deals with front stage and back stage events. But the role of the middle
manager is changing. More and more time is spent on strategic issues as well. For
example, the middle manager rehearses with the employees back stage, supervises
roles front stage. But an increasing portion of her time is spent on the program-
ming of work in relation to external demands and assessment of roles. 

An example may here serve as an illustration.2 Home-help in Denmark was
created during the late 1950s. Case studies of home-help show that it has passed
through at least three major phases of change that can illustrate some of the
points above. 

First phase: During this phase home help in the modern form was cre-
ated, namely as part of a service and social security system within the wel-
fare state created after the second world war. Services for the elderly were
granted without the humiliating effects of earlier times poor relief and
was seen as a common right. The services were allocated as a social mini-
mum grant, i.e. following what was most efficient from a socio-economic
point of view. For example, home help was seen as cheaper than putting
the elderly in old people’s homes (the principle of “as long as possible in
your own home”). The municipalities were given the possibility to estab-
lish home help from 1958 and ten years later they where instructed to do
so. Most home helpers were housewives whose children were old enough
to take care of themselves during the day. They could immediately apply
their experience from their own home to the job as a home helper. Their
working style suited the expectations of the elderly well, since the role of
the housewife was widely accepted in society at this time. The work of the
home helper was, in the beginning, lonely work.

Second phase: As the policy “as long as possible in your own home”
started to have its effects a number of the weaker elderly stayed longer in

2.  For a more extensive account of this case, cf. Fuglsang (forthcoming).
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their home, making the job as a home helper more difficult. This created
a demand for a professionalisation of home help. In addition, the role of
the housewife tended to disappear as a role model for home help as the
labour market for women started to develop. While some of the elderly
who stayed in their own home were weaker, the group of elderly as a
whole had more resources. It is well known that the elderly, due to higher
incomes, had more economic resources (higher relative available incomes).
Furthermore they were healthier compared to earlier times due to better
working conditions and better hygiene as a whole, and therefore had
more physical resources. In addition, their level of education was higher
than before and therefore they had more intellectual resources. The elderly
also gradually became better organised as an interest group.
By the end of the 1970s, the Danish government set up a committee for
the elderly and this committee argued (in the beginning of the 1980s)
that services for the elderly should focus more on giving support to the
elderly’s social roles. The idea was that biological decline during ageing
could be due to a loss of social roles. Illness and health costs could there-
fore be reduced if society could sustain the social roles of the elderly.
Home help should deal with these questions rather than merely focusing
on practical and physical care to the elderly.
The recommendations of the committee on the elderly were attractive for
both the elderly and the home helpers. They would mean that both par-
ties developed roles at a higher level. Many elderly people had, as men-
tioned before, more resources than earlier and therefore could undertake
stronger roles and obligations. Home helpers would gain a more profes-
sional role which was a better reflection of the developments in the labour
market.
In several municipalities the working conditions of the home helpers were
changed. Greater emphasis was placed on the education of home helpers.
Offices were set up for the home helpers where they could meet during
the day and in several municipalities group organised work was intro-
duced. These changes implied, in terms of the language applied here, that
a borderline was drawn between front stage, i.e. the work in the elderly’s
home, and back stage, preparation and planning of work together with
colleagues in the home helpers’ offices. Until this moment, the home
helpers did not work together with colleagues or have their own office-
rooms.

Third phase: It this phase emphasis has been on the relations between
front stage and back stage. This has, among other things, to do with the
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evolution of the welfare state (including the financing of home help
through block grants to the municipalities since 1985). It also involves
changes in the relationships among the elderly themselves who were able,
through their own organisations, to put more pressure on home helpers
and bring the quality issue to the forefront of the debate.
Today there is a legal requirement for written consideration cases, many
municipalities have introduced computer based administrative programs
in order to increase control with home helpers back stage, a “common
language” for the home help of the municipalities has been created (in
which all services have a special code), councils for the elderly and com-
mittees taking care of complaints have been compulsory since 1995 and
the Ministry of Social Affairs has since 1998 required of the municipality
that it must establish quality standards for personal and practical care,
and work out service standards on a yearly basis.

The evolution of home-help can be understood as a change-process that, through
three stages, incorporates deviant behaviours of society, elderly and home-helpers.
During this change-process, different arenas dealing with expectations tend to de-
velop. In the first phase, there was no clear distinction between front stage and
back stage, role and person expectations. A differentiation between front and back
was created in the second phase, when the elderly's home (front) and the office of
the home-helpers (back) were clearer distinguished from one another and home-
help became a professional occupation or role in its own right (different from
“housewife”). In the third phase, the programming of home-help at the strategic
and organisational level became more clearly distinguished.

The organisational changes in home-help makes both more easy and more
difficult to respond to new deviant behaviours. At the level of the subsystems, it
becomes more easy to detect an unexpected behaviour (for example a special
preference of a specific elderly person). But at the level of the organisation as a
whole, it becomes more difficult to communicate across the various subsystems
about a deviant behaviour. This is where the manager comes in. New forms of
middle management have been launched such as “team management” or “group
management” in order to facilitate communication across expectations struc-
tures. 3 

Home-helpers distinguish between at least three forms of middle manage-
ment. For the purpose of this essay we can call them front management, back
management and entrepreneurial management respectively. Back management is
the most archaic form. The manager seeks to protect back stage, makes use of

3.  About this and the following cf. Fuglsang (forthcoming).
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specific person competencies, listens to employees, canalises their ideas upwards
in the organisation. Front management is a more recent form. The manager
supervises the performance of the home-helper front stage in the homes of the
elderly. Entrepreneurial management is the most recent form. The manager
spends more time on strategic issues. She seeks to regenerate the role and person
expectations of the home-helper by “living out” the strategy and convincing oth-
ers to do so as well. This entrepreneurial role appears to be very time-consuming
and stressing for the manager.

A crucial problem for home-help today is thus to connect the different sub-
arenas of action through some kind of management participation. Entrepreneur-
ial management is obviously helpful, but difficult to instrumentalise, since the
entrepreneur per definition is a controversial person. Front and back manage-
ment is easier to establish, because these management roles have their loyalty
more strongly deposited in a subsystem that they build on (social relations back
stage or professional pride front stage). 

Recruitment of entrepreneurs as managers may become more important
because of the differentiation between the subsystems of a firm and the need for
them to “communicate about each others communication”. This creates a more
dynamic situation at the labour market with more emphasis on person-oriented
forms of expectation and individual competencies. Today, middle managers are
the ones who must have personal charisma rather than top managers who are
supposed to work with strategic programs.

A crucial problem for home-help today is thus to combine the different
expectations in order to ensure the role and identity of the home-helper under
processes of evolution. There is perhaps a tendency for management, including
middle management, to spent too much time on programming activities in an
experimental environment and neglect to supervise roles front stage and provide
a basis for professional input back stage.

Final remarks

I have argued that organisational innovation can be understood in terms of an in-
novation chain containing various activities that deal with expectations in differ-
ent ways. The innovation chain particularly explains how the firm shall proceed
to change role expectations. The various activities of the chain should be seen as
combined efforts. All activities must be combined in order to ensure the integrity
of the firm under processes of change. But sometimes the difficulty lies in com-
bining these efforts in practice.
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WOLFGANG GLÄNZEL

A Bibliometric Analysis 
of Co-authorship Patterns 
of Eleven East Central European Countries 
in the 90s

1. Introduction1

International scientific collaboration has proved very sensitive to political and eco-
nomic changes. Collaboration in research is expected to be reflected by the corre-
sponding co-authorship of published results which can be analysed by means of
bibliometric methods. In this context, both strong mutual links and specific uni-
directional 'affinities' of the selected countries for co-authorship with other coun-
tries are of special interest.

The main objective of this study is the elaboration of national characteristics
in international scientific co-authorship and the analysis of their changes in EIT2

countries in the East Central European region (ECE). An attempt is made to
monitor and map the development and changes in co-publication links, in the
relation between international co-authorship and in the characteristics of both,
national research profiles and citation impact. 

2. Methods 

The study is based on papers published in 1995 and 1996, and citations received
by them in the 1995-1997 and 1996-1998 period, respectively. Bibliographic raw
data used for the analysis have been extracted from the Science Citation Index.
Subject classification of publications was based on the field assignment of journals
according to the eight major fields of science: Clinical medicine, Biomedical re-
search, Biology, Chemistry, Physics, Mathematics, Engineering and Earth and
space sciences. For the present study, the following eleven countries have been tak-

1. Extended abstract of the talk at Plenary Session 2 (see also Part 6 of Video Streams of Talks of 
this workshop at http://www.collnet.de)

2. Economies in Transition
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en into consideration: Bulgaria, Croatia, Czech Republic, Estonia, Hungary,
Latvia, Lithuania, Poland, Romania, Slovakia and Slovenia.

Bibliometric indicators were used to measure the share of internationally co-
authored publications in the national total as well as the strength of co-publica-
tion links between countries. The latter measure allows mapping of 'symmetric'
links. 'Asymmetry' in co-authorship links can be found using rank distributions
of the share of 'partner countries' in all international papers and their corre-
sponding share in the world total.

The comparison of the profiles of 'domestic' and 'internationally co-authored'
publications defined on the basis of eight major fields was used to analyse deviat-
ing relative specialisation in international collaboration. Publication profiles were
normalised to compensate the influence of extensive international collaboration
in certain fields, for instance, in physics. 

Finally, the citation frequency distributions of domestic and internationally
co-authored papers in selected country were compared, and a relative citation
measure was used to measure the 'attractivity' of international co-publications of
countries and country pairs compared with the corresponding expected and do-
mestic citation rates. 

3. Results

The most obvious result concerns the large share of internationally co-authored
papers of several ECE countries. The share of international co-publications in the
national total of all countries under study exceeds 40%, in some cases even 50%.

Co-publication maps for 1995/96 reveal structural changes in international
co-authorship links in the last decade. Besides stable links and coherent clusters,
also new nodes and links have been found. The ECE countries have successfully
reintegrated into the international scientific system. As expected, an increasing
scientific collaboration with highly developed countries, first of all with Germany
and the USA, can be observed in the 90s. However, traditional geopolitical ties
still play an important part in several ECE countries. Not all links between indi-
vidual countries are symmetric. Specific (unidirectional) co-authorship affinity
could also be detected in several countries. In general, four basis types could be
distinguished in the relative specialisation of domestic and internationally co-au-
thored publications:

• no significant deviation between the two profiles in the country, 
• increase of national characteristics through international co-publications, 
• weakened national characteristics in international papers, 
• extreme deviation between the two profiles. 
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Although international co-authorship, at an average, results in publications with
higher citation rates than domestic papers, the influence of international collabo-
ration on the national citation impact varies among the countries (and within one
individual country among the fields). In some cases, collaboration seems, at least
from the viewpoint of citation indicators, not to pay for one or even either partner. 

4. Conclusions

The international collaboration patterns of ECE countries in the 90s reflect spec-
tacular changes, a reorientation in research policy and a reintegration into the in-
ternational scientific system. Nevertheless, the traditional geopolitical ties still play
an important part in several ECE countries and the typical "socialist" research pro-
files with predominant natural sciences is still characteristic for most of the select-
ed countries.

The analysis of the share of international co-publications, of their publication
profiles and of specific co-authorship affinities allows the conclusion that interna-
tional collaboration might in part be used to compensate lacking research facili-
ties in the own countries. 

The deviation between the citation distribution of "international" and "do-
mestic" papers in several countries and several fields proved to be considerable in
favour of the international co-publications. Nevertheless, the citation impact of
internationally co-authored papers in some countries, especially in chemistry, re-
mains by far below the international standard.

Finally, the question, in how far the large share of international co-publica-
tions in some countries can be interpreted in terms of migration, and might
therefore reflect some undesired tendencies as well, must be raised. 
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Collaboration Behaviour of 
Berlin Life Science Researchers 
in the Last Two Decades 
of the Twentieth Century 
as Reflected in the Science Citation Index

Abstract1

Coming together to get publishable research results is not always a simple task. There can
be geographical, cultural, disciplinary and political barriers, which have to be overcome.
The Berlin Wall was such a barrier. After its fall in November 1989 Berlin scientists
changed their collaboration behaviour. Research groups in East Berlin went West to look
for partners and vice versa. The numbers of papers in life science journals with co-authors
working in Berlin and co-authors in other places are discussed against the background of
the international trend to more and more collaboration in science. 

Introduction

Due to the high degree of specialisation in science the value of new research results
can often not be easily assessed by colleagues in the same institute. At first only
the researchers around the world working in the same narrow field can take part
in the process of evaluating new findings. A reputation is gained in the first in-
stance in this global scientific community.2  This can be demonstrated to local
sponsors and decision makers by listing international collaboration partners of the
research group. But there are barriers to be overcome before collaboration across
the borders of states can show useful results. The geographical distance, the dif-
ference in language and also political borders can make it difficult to communi-
cate. Berlin before the fall of the Wall is a good example of political hindrance of
collaboration between scientists.

1. This paper is also published in Scientometrics.
2. Researchers in applied fields are less dependent on their global communities and their interna-

tional co-operation is weaker (Luukkonen et al., 1992).
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Scientists have not only to overcome political and cultural barriers. To formu-
late and to resolve applied and basic scientific problems is often not possible
without crossing disciplinary borders. Interdisciplinary research does not have to
be done collectively; it can also be carried out by one scientist, if he or she is able
to use results, concepts or methods from different fields or subfields, but this is
not often the case nowadays. At big institutes the departments can help each oth-
er to fill gaps of special knowledge; at universities specialists of different disci-
plines can easily come together; in big cities and in regions where scientific insti-
tutions are concentrated the missing experts can be met without the necessity to
travel over long distances.3

Disciplinary and interdisciplinary, national and international collaboration
can but does not have to result in co-authored papers. But co-authorship is easily
detected in bibliographical databases and widely used as a reliable indicator of
collaboration. There is a worldwide trend towards more and more co-authors af-
filiated at more and more institutes which are located in more and more coun-
tries. International collaboration in particular is becoming easier: English is ac-
cepted as the lingua franca of science, the Iron Curtain has fallen and the Internet
has made telecommunication easy, cheap and fast.

In fields of research where complex machinery is needed groups of different
specialists are necessary to build and to use it. The tendency towards big science
is reflected in growing numbers of co-authors. Collaboration between single re-
searchers in a group at an institute can help them to obtain results faster and to
get ahead of the field. 

Since 1990 the East and the West in Berlin are mixing more and more both
from the point of stuff and institutions. The related process of equalisation in the
modes of scientific research has many aspects. The co-authorship data which are
available to me allow me to analyse the local, national and international collabo-
ration behaviour of Berlin scientists doing research on different fields of the life
sciences in both parts of the town during the eighties and nineties of the twenti-
eth century. Differences and changes can be made visible. The comparison of
Berlin with the rest of Germany shows its special advantages and disadvantages.
Narrowing the analysed research field makes this comparison more independent
from the disciplinary profile of Berlin research but on the other hand the random
fluctuations get bigger. Therefore it can be assumed that research in the life sci-
ences – done by all three universities and important other institutions in Berlin –

3. Dimiter Tomov directed my attention to a special financial aspect of collaboration that can
become more decisive than the distance problem: groups in rich countries buy specialists from
poorer regions because they are cheaper than compatriots.
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is a field which is not too broad and not too narrow for statistical analysis. The
life sciences are understood here to include biology, agricultural sciences, and bio-
medicine but not clinical medicine. The results of the collaboration analysis4 are
thought to enrich the knowledge about an historical process. The methods used
are not new.

Data sources

Most of the data are downloaded from the CD-ROM edition of the Science Cita-
tion Index (SCI) of the years 1980 till 1999. This well known data base is com-
piled by the Institute for Scientific Information (ISI) in Philadelphia, USA, from
more then 3000 international core journals in all fields and subfields of science.
All co-authors are included in the bibliographic records together with all institu-
tional addresses. The SCI journal set changes every year. New core journals are in-
dexed and others disappear or are excluded because they have lost their value.5 The
ISI provides also sub-field lists of journals. There are some overlaps of subfields. I
have analysed those journals which are related to 26 life science subfields (Table 1)

4. It was done in a project about life science in Berlin and the surrounding region, sponsored by
the Land Berlin and the Federal Republic of Germany. Preliminary results can be found in
Havemann (2000).

5. How the journals are selected by ISI can be read on its web-site (www.isinet.com).  

Table 1: List of 26 life science subfields in SCI 1993
(NJ – number of journals, Source: Guide of printed SCI in 1993)

NJ Subfield NJ Subfield

165
95
79
72
67
57
56
55
53
50
48
44
37

Biochemistry & Molecular Biology 
Plant Sciences 
Cytology & Histology (Cell Biology)
Zoology (General)
Genetics & Heredity
Microbiology 
Physiology 
Agriculture
Marine & Freshwater Biology
Ecology
Biology (General) 
Food Science & Technology
Biotechnology & Applied Microbiology

35
33
31
28
27
24
19
18
15
14
11
11
10

Entomology 
Biophysics 
Nutrition & Dietetics
Engineering, Biomedical
Agriculture, Dairy & Animal Science
Developmental Biology (Embryology) 
Virology 
Parasitology 
Biology, Miscellaneous 
Anatomy & Morphology
Microscopy
Ornithology
Mycology
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in the printed Guides of the SCI or on the website of ISI.  Only documents of the
types article, review, letter, and note are counted (not editorials, meeting-abstracts,
corrections etc.). 

Not all co-authors of articles in life-science journals are trained life scientists
or work at life-science institutes. Due to the tendency towards transdisciplinary
research the number of these co-authors from other fields is rising. On the other
hand a lot of papers produced by Berlin life scientists or at Berlin life science in-
stitutes are not included into the analysis because they are not published in the
selected journals. So the numbers give only a partial picture but trends should be
shown more or less adequately because the SCI covers the core journals of the re-
search fields and subfields.

Results

The number and share of publications of Berlin life scientists with co-authors
from abroad in the journals under consideration increased remarkably in both
parts of the town during the last two decades of the 20th century (Tables 2 and 3).
In the early eighties about 10% of the papers in the East of the town and more
than 20% in the West presented results gained in international collaboration. In
the mid-nineties this lag had nearly disappeared and both figures arrived at about
30%. The life scientists in West Germany had by then reached this level too,
whereas in the eighties their numbers were significantly lower than those of West
Berlin. In the last five years of the millennium the Berlin average share reached
37% with the East nearly 2% behind the West. Germany's five new states in the
East had a lower degree of international collaboration. 

During the period under consideration from both parts of the town emanated
also more and more life science papers with German co-authors who were not
working in Berlin (Tables 2 and 3, last two columns of national collaboration). In
the second decade life scientists in East Berlin oriented to West Germany whereas
the connections with the five new states in the East became weaker.

During the eighties only ten papers published in the journals considered had
co-authors from both the East and the West of Berlin (Tables 2 and 3). At first
there were only two Berlin life science institutes co-operating across the Wall: the
Institute for Molecular Biology and Biochemistry at the Free University in the
West, and the mental hospital of the Charité (part of the Humboldt University)
in the East. Other Berlin life science institutes did not come into this club until
1989. Scientific East-West relations in Germany as a whole were not as absolutely
restricted in the eighties as in the divided city. 
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There is a tremendous increase of absolute numbers of life science papers with
authors from West Berlin after a phase of stagnation that ended in 1987. The re-
lated East Berlin numbers went down slowly in the eighties, reached a minimum
in 1992 and have increased remarkably since then. The development in East and
West Germany was similar. I cannot discuss the impact of German unification on
the East German science system here (see Meske, 1993). But one remark must be
made: It is difficult to compare the situations of scientists who had been working
in GDR with situations of researchers in other former socialist countries, because
a lot of positions in East Germany were taken over by West German colleagues in

Table 2: Publications in life science journals with authors working in West Berlin
and West Germany, respectively
(Source: SCI, 1999 data do not refer to publication year, but to the year of indexing,
IC means international collaboration; West German numbers in the last column in-
clude papers with Berlin and East German co-authors)

West
Berlin

West Berlin: national collaboration
with:

West
Germany

Publication years
all

parts
East

 Berlin
West

Germany
East

Germany
(without

West Berlin)

1980 - 1984
ratio to West Berlin

without IC
with IC

share of IC

2416
100%
1866

550
23%

275
11%
233

42
15%

1
0%

1
0

0%

271
11%
229

42
16%

3
0%

3
0

0%

26795
1109%
22395

4400
16%

1985 - 1989
ratio to West Berlin

without IC
with IC

share of IC

2545
100%
1873

672
26%

452
18%
363

89
20%

9
0%

8
1

10%

430
17%
344

86
20%

18
1%
15

3
17%

30716
1207%
23610

7106
23%

1990 - 1994
ratio to West Berlin

without IC
with IC

share of IC

3205
100%
2253

952
30%

732
23%
572
160

22%

116
4%
96
20

17%

578
18%
448
130

22%

79
2%
59
20

25%

38183
1191%
26463
11720

31%

1995 - 1999
ratio to West Berlin

without IC
with IC

share of IC

3667
100%
2280
1387
38%

1282
35%
873
409

32%

345
9%
238
107

31%

860
23%
576
284

33%

230
6%
161

69
30%

48315
1318%
30496
17819

37%
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the nineties (and only a few East Germans were successful in the West; see Abbott,
1999).

As could be expected, the countries where most of the East or the West Ger-
man collaboration partners in life science came from were different until 1989. In
the nineties the related ranking lists became more similar (Table 4). In East Ger-
many the republics of the former Soviet Union (taken as a whole) lost their first
position in the first half of the nineties, but not in East Berlin. The other East
European countries and also Cuba and Vietnam fell back on the ranking list of
partners but they also had in absolute terms fewer papers co-authored with East

Table 3: Publications in life science journals with authors working in East Berlin
and East Germany, respectively 
(Source: SCI, 1999 data do not refer to publication year but to the year of indexing,
IC means international  collaboration; East German numbers in the last column in-
clude papers with Berlin and West German co-authors)

East
Berlin

East Berlin: national collaboration
 with:

East
Germany

Publication years 
all

 parts
West

 Berlin
East

Germany
West

Germany
(without

East Berlin)

1980 - 1984
 ratio to East Berlin

 without IC
 with IC

 share of IC

1548
100%
1311

237
15%

241
16%
214

27
11%

1
0%

1
0

0%

233
15%
210

23
10%

7
0%

3
4

57%

4259
275%
3770

489
11%

1985 - 1989
 ratio to East Berlin

 without IC
 with IC

 share of IC

1511
100%
1148

363
24%

309
21%
271

38
12%

9
1%

8
1

10%

278
18%
248

30
11%

31
2%
23

8
26%

3944
261%
3368

576
15%

1990 - 1994
 ratio to East Berlin

 without IC
 with IC

 share of IC

1338
100%

946
392

29%

460
34%
350
110

24%

116
9%
96
20

17%

170
13%
142

28
16%

220
16%
146

74
34%

3254
243%
2543

711
22%

1995 - 1999
 ratio to East Berlin

 without IC
 with IC

 share of IC

2598
100%
1654

944
36%

1130
43%
779
351

31%

345
13%
238
107

31%

188
7%
134

54
29%

740
28%
502
238

32%

5934
228%
4095
1839
31%
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Berlin life scientists. Their positions were taken over by western countries and Ja-
pan.  

Team work dominates more and more. The share of life science papers with
only one author from both East or West Germany has decreased. In the early
eighties about one third of publications with one address had one single author, a
share of one fifth remained in the mid-nineties. 

The teams in institutes or departments are growing. This can be visualised by
average author numbers of papers with only one address (see Figure, lowest
curves). Averages are sensitive against single cases with very high numbers. There-
fore I have excluded the rare publications (less than 2%) with more than ten au-
thors from the analysis. The West German average had increased nearly every
year during the two decades. East Germany had reached the West German level
of 1991 already seven years earlier. Then it stagnated till 1994. If also papers with

Table 4: The most favoured countries of origin of collaboration partners of East
German life scientists 1980 – 84 and ten years later
(numbers of publications produced together with researchers from 15 countries: R
= rank obtained from EB + EG, EB = papers with East Berlin co-authors, EG = pa-
pers with East German but without East Berlin co-authors, WB = papers with West
Berlin co-authors 1990 – 94,  for comparison)

      Publications 1980 – 1984 Publications 1990 – 1994

R Country EB EG Country EB EG WB

1 USSR 131 123 USA 97 140 468
2 Czechoslovakia 29 107 (former) USSR 125 110 39
3 USA 36 46 UK 69 86 160
4 Hungary 8 58 France 34 62 83
5 Poland 12 44 Sweden 29 55 54
6 Sweden 20 13 former Czechoslovakia 21 55 23
7 Italy 11 22 Netherlands 18 48 50
8 UK 14 18 Canada 16 50 50
9 Bulgaria 7 22 Austria 22 43 47

10 Yugoslavia 10 8 Italy 18 45 81
11 Finland 2 15 Switzerland 14 44 58
12 Denmark 6 11 Japan 18 38 46
13 France 6 9 Belgium 11 36 29
14 Cuba 6 8 Poland 10 33 40
15 Vietnam 2 9 Hungary 15 28 7
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Figure: Average author numbers of German life science papers 
(papers with more than ten authors are excluded)
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more than one institutional address are included the East showed nearly every
year higher averages than the West, both in Berlin and in the whole country (see
Figure, upper curves). The opposite could have been expected.

Conclusions

In 1980 only 10 percent of papers with German addresses published in journals
indexed in the SCI had also foreign co-authors, in the second half of the nineties
this figure exceeded 30% (Schmoch, 1999). Note that the SCI covers all fields and
subfields of science including applied and technological ones. German as well as
Berlin life scientists had extended their transnational co-operation in similar pro-
portions with West Berlin going ahead. As expected they also intensified East-
West collaboration after the fall of the Iron Curtain. Unexpected and not yet ex-
plained by me is the result that East German life scientists were ahead of their col-
leagues from the West regarding the tendency towards higher numbers of authors
per paper. Perhaps the analysis of other scientific fields or other countries can shed
more light upon this issue.
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Collaboration in Science and in Technology: 
Foundation of a Global Interdisciplinary 
Research Network (COLLNET) 
with Berlin as the Virtual Centre

Abstract1

The growing importance of collaboration in research and the still underdeveloped state-of-
the-art of research on collaboration have encouraged scientists from 16 countries to estab-
lish a global interdisciplinary research network under the title ´Collaboration in Science
and in Technology´ (COLLNET) with Berlin as its virtual centre which has been set up
on January 1st, 2000. The network is to comprise the prominent scientists, who work at
present mostly in the field of quantitative science studies. The intention is to work togeth-
er in co-operation both on theoretical and applied aspects. 

Foundation of COLLNET

The rise in collaboration in science and technology experienced world-wide at
national and international level, has assumed such an overriding importance that
there is now an urgent need perceptible to study such processes with a view to ac-
quiring fundamental knowledge for organizing future research and its application to
science and technology policies. The last few years have seen an ascendancy in how
to treat these international issues. However, this trend has still failed to provide a
concept on a fundamental and interrelated theory regarding the theme entitled
Collaboration in Science and in Technology. The different approaches taken so far
have revealed the shortcomings of integration.

By all accounts, this field of research is required to be a comprehensive and di-
versified area ranging from small-group research in social psychology / sociology

1. Also published in Scientometrics in a slightly revised version.
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to large network analyses conducted into international co-authorship or citation
networks, including the concomitant observation of informal communication via
interviews or interrogative surveys on bibliometrical analyses. On account of the
diversity of these issues it is possible to obtain promising results only against the
backdrop of an interdisciplinary approach and from an intercultural viewpoint.

The growing importance of collaboration in research and the still underdevel-
oped state-of-the-art of research on collaboration have encouraged us to establish
a global interdisciplinary research network COLLNET under the title Collabora-
tion in Science and in Technology with Berlin as its virtual centre which has been
set up on January 1st, 2000, under the authorship of Hildrun Kretschmer in her
capacity as co-ordinator.

The network is to comprise the prominent scientists, who work at present
mostly in the field of quantitative science studies, coming from 16 countries of
America, Asia, Australia and Europe. Our intention is to work together in co-op-
eration both on theoretical and applied aspects. 

Most of the COLLNET principal investigators can be found in their capacity
as members of the international program committee of this workshop. 

How COLLNET emerged – the history of COLLNET

The 4th International Conference on Bibliometrics, Informetrics and Sciento-
metrics held in Berlin in September 1993 as well as International Society for Sci-
entometrics and Informetrics (I.S.S.I.) founded in relation to the conference have
substantially contributed toward broadening international collaboration in this
field.

Out of the great number of collaborations only those should be especially
mentioned that turned out to be instrumental in providing the groundwork for
the foundation of COLLNET.

The seminal work of Donald deB. Beaver, Derek John deSolla Price and others
on scientific collaboration in science has encouraged many of the COLLNET
Principal Investigators since several decades before COLLNET was established. 

The Technology Foundation Utrecht (STW), The Netherlands, can be men-
tioned as a primary source, making it possible for H. Kretschmer to conduct basic
research for several months at the Centre for Science Studies (CWTS) at Leiden
University, The Netherlands, on the subject ´Collaboration in Science´.

The National Institute of Science, Technology and Development Studies (NI-
STADS), New Delhi, India, was the successor of the Technology Foundation. It
was here in India that the first international joint research projects were started
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with several publications that meanwhile, have appeared in Indian-German co-
authorship.

The Institute of Science, Technology and Society, Henan Normal University,
Xinxiang, China, has made it possible to prepare additional collaboration.

The thus resultant Chinese-German and Indian-German projects on the relat-
ed subjects ´Collaboration in Science´ are currently supported by the Deutsche
Forschungsgemeinschaft (DFG), the National Natural Science Foundation of
China (NSFC) and the Indian National Science Academy (INSA). 

The collaboration partners from China, Liang Liming, and from India,
Ramesh Kundra, were staying in Berlin in September 1999 for one month and, as
a result of intensive discussions during their stay, it was suggested that, due to the
increasing global significance of above subjects, Chinese-Indian-German collabo-
ration relations should be expanded world-wide in an attempt to establish a glo-
bal interdisciplinary research network or collaboration network (COLLNET) in
Berlin with its virtual centre.

The German scientists Frank Havemann and Roland Wagner-Döbler have, in
these discussions, made valuable contributions along with H. Kretschmer´s hus-
band Theo Kretschmer.

The visit and the lecture by Mohsin U. Khan (NISTADS), an Indian technol-
ogy expert, in Berlin in November 1999, had once again reaffirmed the sugges-
tions made already in September that the range of themes should be broadened
to be included in ´Collaboration in Science and in Technology´.

Proceeding from the sponsorship provided by the Free University Berlin and
by the DFG in the interest of the First Berlin Workshop on Scientometrics and
Informetrics / Collaboration in Science, August 1998, Berlin, the idea was con-
sidered of holding this workshop in the future after every two years. This first
workshop was successfully organized by the Gesellschaft für Wissenschaftsfor-
schung e.V., Berlin (Association for Science Studies e.V., Berlin, homepage: http:/
/www.wissenschaftsforschung.de).

Thus, in due course, the First COLLNET Meeting was be held at the Free
University Berlin in September 2000 together with the Second Berlin Workshop
on Scientometrics and Informetrics / Collaboration in Science and in Technolo-
gy.

In reality, it took only four months of time measured from the first idea that
came up in September 1999 to set up a global interdisciplinary research network
up to the informal establishment of COLLNET on January 1st, 2000, and it took
not more than one year until its first meeting was held. The brevity of this period
of time is attributable to the new technology, i.e. to Internet. 
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During this short time of preparation the COLLNET principal investigators
were jointly working out an overview about both some theses for research on
´Collaboration in Science and in Technology´ and about some possible aspects
for research in future, which resulted in the Tentative Agreement of the Principal
Investigators (COLLNET), cf. Appendix 1 and Appendix 2.
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Appendix 1: 
Some theses for research on collaboration in science and in technology 

- There is a worldwide increasing trend in all forms of cooperation and collabora-
tion in science and technology.

- This trend is often described in bibliometric and scientometric terms, most-
ly with international co-authorships as indicator.

- It is connected with a so-called "new mode of knowledge production" by 
which the sudden emergence of new combinations of formerly disconnected 
research areas, even from most different disciplines, is meant.

- The dramatic changes in Eastern Europe and disintegration of the Former 
Soviet Union had a great impact on the nature, network size, and thematic 
areas of collaborative work involving scientists in Russia and in the West. 

- One can expect that all forms of international and thus often inter-cultural 
collaborations will play an increasing role in the future for politics, educa-
tion, economies, and, of course, in scientific and technological work.

- The increasing importance of collaboration and the underdeveloped status of 
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research about collaboration motivates us to establish a group of interested 
scientists from several countries.

- One of our intentions is to elucidate "collaboration" from the special view-
points of the different cultural and national traditions that are represented 
by the group members.

- The comprehensiveness and systematic nature and classification of biblio-
metric data concerning collaboration seem to be unique compared to the 
situation in social psychology and sociology. Therefore we intend to use bib-
liometric and scientometric and sociological survey approaches, but the 
methods and approaches we would like to include are by no means limited 
to these but should be extended also in the direction of social psychology, 
sociology, history of science and other disciplines.

- Almost never theoretical backgrounds of this trend are studied and developed 
in detail in the literature. This remains a desideratum. Furthermore, a lack of 
integration among the different approaches to the topic has been found. Related 
research has been done principally in: communication research; research 
about scientific migration and mobility; social psychology; history of sci-
ence. All in all, however, it is our impression that collaboration research in 
psychology and sociology is quite underdeveloped, notwithstanding a con-
siderable volume of literature concerning sociometry and group psychology.

- Very few studies have been developed on collaboration in technological re-
search. We think that the social and economic importance of technological 
research alone forces us to include this type of collaboration in our studies. 
One of the most valuable data sources for this issue will be patent data bases.

- There is insufficient theoretical and practical evidence of the mutual rela-
tionships between interdisciplinary collaboration and international collabo-
ration, on the one hand, and the institutionalized research and university 
education, on the other hand. There are suggestions that the interdiscipli-
nary collaboration is necessitated to overcome institutional barriers and spe-
cialization. Besides, the principle of "publish or perish" increases the 
pressure to include as many scientists as possible as authors.

- Here is a necessity to perform combined scientometric and econometric re-
search dealing with scientific collaboration concerning the most actual and 
global problems of the present world – ecology, information society, tele-
communications, energy sources, oncology, virus diseases, nutrition, etc.

- The results of the research on collaboration should yield background knowl-
edge, descriptive and, as far as possible, explanatory, so that results are useful 
for science and technology policy.
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Appendix 2: 
Some possible aspects for research on collaboration

- Dispositions and factors influencing the formation of collaboration
- Interdisciplinarity and collaboration
- Similarity and dissimilarity of collaborators with respect to age, gender, pro-

ductivity, research areas, intra- and interinstitutional collaboration
- Descriptive issues: Mapping of inter- and intranational collaboration links
- Integration of the emerging "theory of teamwork" into collaboration re-

search
- Disciplinary differences of collaboration behaviour and their explanation
- The formation of collaboration and the process of specialization 
- Political, geographical and cultural similarity and distance in comparison, 

and collaboration
- Collaboration for proliferation
- Comparative studies of national scientific production using political or cul-

tural comparisons as well as geographic distance.
- Development of collaboration from the historical point of view
- The influence of student and scientist exchange programs on collaboration
- The effect of collaboration on communication patterns 
- Brain drain through collaboration between scientists of industrialized and 

Third World countries
- The possible application of game theory to collaboration
- Collaboration as a vehicle of knowledge transfer compared to other vehicles
- Why are major advancements in science seemingly in almost all cases the re-

sult of individual work without collaboration in a narrower sense?
- All those approaches should be applied in a comparative manner not only to 

scientific, but also to technological research collaboration. Differences be-
tween both realms of collaboration should be investigated.

- Econometric aspects of collaboration at different levels
- Bibliometric patterns of the interdisciplinary communication environment 

in selected rapidly advancing fields and subfields
- International and interdisciplinary collaborative patterns in publishing 

monographs, serials, and journals as well as in regular organizing scientific 
meetings

- Scientometric patterns of both integration and differentiation as challenges 
for the disciplinary organization of traditional and modern science

For further information there are lists of both present projects and tentative joint projects of the COLLNET princi-
pal investigators in www.COLLNET.de.
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Chinese-Indian-German Collaboration Results 
that Provided the Impetus for the Foundation of 
COLLNET

Abstract a

Kretschmer, H. had addressed the question of the theoretical treatment of the theme ´Col-
laboration in Science and in Technology´ and she had developed her model of scientific
collaboration.1

This collaboration model was applied to the co-authorship network of Indian medicine
that was provided by Kundra, R. with the aim of being able to observe changes in structure
over a period of 30 years.2

The idea of Liang, L. on her ´Distribution of Major Scientific and Cultural Achievements
in Terms of Age´3 was put in relation to the collaboration model by Kretschmer.
The discussions held between the three authors in September 1999 gave rise to the sugges-
tions of having in future a joint Chinese-Indian-German project and, when elaborating
on this issue, to the establishment of COLLNET.

Introduction

The collaboration partners from China, Liang Liming, and from India, Ramesh
Kundra, were staying in Berlin in September 1999 for one month and, as a result
of intensive discussions during their stay, it was suggested that, due to the increas-
ing global significance of above subjects, Chinese-Indian-German collaboration
relations should be expanded world-wide in an attempt to establish a global inter-
disciplinary research network or collaboration network (COLLNET) in Berlin
with its virtual centre. In this connection several scientific results of the author’s
collaboration will be presented here that provided the impetus for the foundation
of COLLNET.

a An extended version of this paper will be published in the journal Scientometrics.
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Theoretical approach 

The theoretical model newly developed by Kretschmer and presented here is a con-
tinuation of the theoretical approach published in 1999.1  This model is poised to
address questions on the existence of general structural laws in nature and society
together with questions on the evolution of behaviour, beginning with higher spe-
cies of vertebrates. Several aspects of application, among other things, refer also to
the acquisition of knowledge on the general structure relating to transmissions of
diseases, propagation of epidemics, or information transfer.

The model of scientific collaboration is one of the few examples in social psy-
chology, sociology and bibliometrics which is capable of visualizing several mil-
lions of empirical data as well-structured GESTALT (i.e. structure, holistic
pattern) in 3-dimensional space and, by analogy to the growth of plants, is able
by way of computer animation to portray the growth and the changes of such a
GESTALT of portraying the almost true-to-nature reality even in the event of an
increasing amount of data. Based on an example contained currently in a pre-
print manuscript it was possible to indicate that this model could retain its valid-
ity even beyond the scope of co-authorship networks and, even more, beyond the
border of scientists´ communities in this line.

This model is intended to suggest that interactions between a large number of
individual persons or groups of persons could be mirrored in the form of a well-
structured three-dimensional GESTALT in dependence upon the characteristics
of these individual persons or groups of persons. Examples of interactions are col-
laboration, friendships, marriages, etc., while examples of characteristics are age,
labour productivity, education, professional status, etc.

According to GESTALT Theory, the idea of GESTALT has to be perceived as
a system, the individual components of which are dynamically intertwined in a
way that the transformation of one constituent component proceeds along the
transformations of all the other components. Thus the well-structured pattern of
the whole (GESTALT) exerts influence on what will happen to its individual
components. Definitions on GESTALT in varying forms of wording have been
advanced by a number of scientists, among them by the famous scientists Wert-
heimer, Lewin, Koehler or Metzger.

Wolfgang Metzger,4 already several decades ago, conjectured that well-struc-
tured patterns, beginning with higher-species of vertebrates, had existed in social
groups, but he was unable to provide any conclusive evidence at that time.

A force that emanates from the well-structured pattern of the whole (GE-
STALT) acts on the individual components of this whole (Top down). Even if, in
social and other systems, this force fails to determine completely an individual
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component part in terms of the predictability of this individual component, this
force, nevertheless, generates a statistically balanced evenness among all the indi-
vidual components in their totality in the sense of a well-structured pattern (GE-
STALT), suggesting that the GESTALT will become predictable within a very
high margin of probability. Therefore, the GESTALT is mathematically describa-
ble. 

 The non-linear mathematical function on the description of such GESTALT
was published by Kretschmer.1 GESTALT was called there: “Three-Dimensional
Referential Pattern”. 

Empirical results

In order to illustrate the latter, reference shall be made to the joint study conducted
by Liang Liming and Hildrun Kretschmer in April 2000. This study is concerned
with the most outstanding achievements made by scientists and artists, which have
been accomplished in collaboration since the middle of the 17th century and re-
corded in the The Timetables of Science and in The Timetables of History (both pub-
lished by Simon & Schuster Press).5,6  In accordance with a former suggestion by
Liang Liming3 these famous personalities were grouped according to their age at
the time of their great performances.

Afterwards it was counted how frequently the personalities from different age
groups had jointly accomplished great achievements, so that the relative measure
of interactions (called here: homophylic index) was calculated as a ratio between
the observed to the statistically expected values on the condition that the joint
collaboration was independent of the age, cf. Tables 1 & 2 (Note: Only those fa-
mous personalities have been taken from above indicated books and included in
this calculation, whose age was registered in the books. Therefore, this study has
to be completed in the future).

There is a wide range of reasons for addressing individual cases, i.e. how is it
explainable that especially the two scientists Otto Hahn and Lise Meitner, almost
of identical age, had jointly succeeded in discovering protactinium and uranium,
or why the 31-year-old Pascal and the 53-year-old de Fermat had jointly provided
the foundations for the probability calculus. Every collaboration has its own his-
tory, even books had been written about many of them, for instance about the
25-year-old Watson and the 37-year-old Crick who jointly succeeded in deter-
mining the exact build-up of DNA.

In spite of the popular acclaim and the specific aspects relating to individual
events the force of the well-structured GESTALT for the whole has demonstrably
generated a statistically balanced evenness for the individual events, indicating
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that a mathematically describable GESTALT can be envisioned, cf. Fig. 1. (The
homophylic indices have to be plotted on the third dimension of the figure. One
can follow this process starting with the left figure in the first row followed by the
right one, etc.)

The non-linear mathematical function on the description of such GESTALT
was published by Kretschmer in 1999. These GESTALTs of social systems are
methodologically invariant. They are relatively independent of the type of per-
sonality characteristics and of the type of interactions. There is a number of defi-
nite prototypes among these GESTALTs that can be generated by changing the
four parameters of the non-linear function. Upon modifying the conditions of
the social system it is possible in the course of time to transform the GESTALTs
from one of the prototypes to another one.

An example for changing GESTALT from one of the prototypes to another
one could be shown by Ramesh Kundra and Hildrun Kretschmer2 when studying
the co-authorship network of Indian medicine in the course of about 30 years.b

Table 1: Interactions in major scientific and technical achievements and interac-
tions in history 1654-1994: 
Frequencies of jointly accomplished great achievements
X,Y: age (1: 21-30, 2: 31-40, 3: 41-50, 4: 51-60, 5: 61-70 years) 

X/Y 1 2 3 4 5

1 34 25 8 2 1

2 25 46 46 12 2

3 8 46 44 20 11

4 2 12 20 32 23

5 1 2 11 23 30

Table 2: Interactions in major scientific and technical achievements and interac-
tions in history 1654-1994: 
Homophylic index
X,Y: age (1: 21-30, 2: 31-40, 3: 41-50, 4: 51-60, 5: 61-70 years)  

X/Y 1 2 3 4 5

1 8.69 2.58 0.67 0.27 0.25

2 2.58 1.91 1.56 0.64 0.20

3 0.67 1.56 1.21 0.87 0.90

4 0.27 0.64 0.87 2.22 3.00

5 0.25 0.20 0.90 3.00 7.33
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Figure 1:   Interactions in The Timetables of Science3: 486 interactions, R = 0.96, 
(X,Y: age (1: 21-30, 2: 31-40, 3: 41-50, 4: 51-60, 5: 61-70 years) 
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Research in Epidemiology of Neoplasms 
in MEDLINE for 1966 – 1999

Abstract

The publication output of India and Bulgaria on epidemiology of neoplasms as reflected
in MEDLINE on CD-ROM for 1966-1999 was scientometrically analyzed. Indians have
published 347 papers in 24 domestic journals but 444 papers in 169 journals from 21
countries. Bulgarians have published 88 papers in 6 Bulgarian journals but 63 papers in
39 journals from 13 countries. Some 17 journals from 8 countries contained papers by In-
dian and Bulgarian authors both. Oncology dominated with 46 different journals. Indians
have published papers in foreign journals of 30 thematic profiles but Bulgarians – of 12
ones. Most articles have been published by 3 Indian authors. The collaboration of the In-
dian and, to a lesser extent, of the Bulgarian authors was realized at institutional, intercity
and international level, the latter commonly resulting from joint bilateral projects and/or
long-lasting postgraduate studies abroad.

Introduction

Contemporary morbidity and mortality rates of neoplastic diseases increase in all
over the world. Although united efforts of scientists from many countries are in-
volved the effectiveness of fundamental and clinical research as well as the results
from the diagnostic, therapeutic, and preventive measures remain still rather un-
satisfactory. In the recent decades, the interest in the epidemiology of oncological
diseases has been provoked by the suggested opportunities for successful realiza-
tion of comprehensive mass screening precancerous diagnostic and cancer-preven-
tion programs. Surprisingly, there is a bibliography of the published Indian
literature on cancer6 and a critical study of cancer epidemiology research in
India8. 

Recently, computerized scientometrics has identified the contributions to
world science of Scandinavian clinical and social medicine4, Danish biomedi-
cine3, Brazilian health sciences7, Bulgarian andrology12, etc. Contemporary bib-
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liometric indicators of science and technology are more and more widely used for
evaluation of the outcomes of biomedical research on health care2, the research in
India1, with international comparisons in artificial intelligence and robotics14,
etc. Scientific collaboration in Indian medical research has been analysed, too5.
In countries like India and Bulgaria, science policy makers, research managers,
and scientists need timely and objective information about the factual extent of
effectiveness of practically oriented medical investigations in a dynamic perspec-
tive. The socio-economic challenges provoke aspirations to fruitful international
collaboration with powerful research institutions that deserves comprehensive sci-
entometric and econometric analyses. Gross, world-scale comparative data in the
literature available rarely focus on problem-oriented performance of countries
like India and Bulgaria although useful extrapolations seem rather promising.

The objectives of this series of papers are to reveal the international communi-
cation patterns of Indian and Bulgarian authors in the field of epidemiology of
neoplasms in different databases and to analyse the types of their collaboration in
the light of the unity of three “I” (internationality, interdisciplinarity, and institu-
tionalization of research)13. The present article is devoted to the MEDLINE on
CD-ROM only.

Material and methods 

A retrospective search in MEDLINE on CD-ROM of the National Library of
Medicine (Bethesda, MD, USA) during the period from 1966 till 1999 was car-
ried out. Usage of EBSCO Publ. (USA) cumulation software was made for that
purpose. The search strategy included the following descriptors (MESH): “neo-
plasms – epidemiology or mortality or prevention and control”, “cancer – epide-
miology, mortality or prevention and control”, and “tumors – epidemiology,
mortality or prevention and control” matched either with India, or with Bulgaria.
A comprehensive set of bibliometric indicators was applied to reveal certain im-
portant peculiarities of the publication output of these two countries according to
an own scientometric methodology for analysis of international scientific com-
munications10 and particularly of interdisciplinarity11,13. A special attention was
paid to co-authorship characterization of Indian and Bulgarian investigators as re-
flected by the number of authors per paper and the presence of foreigners in the
authors’ collectives.
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Results and discussion

The processing of the obtained data results in numerous scientometric distribu-
tions which deserve a very careful interpretation in order to identify the dynamics
of the most specific communication patterns in this interdisciplinary field. We
would like to report some interesting features and to illustrate certain peculiarities
only.

During the whole period, the Indian authors have published a total of 347 pa-
pers in 24 English-language Indian journals and a total of 444 papers in 169
journals from 21 countries. Some 13 papers are anonymous. Most articles have
been published by 3 Indian authors (176 articles) (see Fig. 1). The co-authorship
patterns concerning the Bulgarian authors are rather similar (see Fig. 2). There is
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one paper by 19 authors from India and another one by 9 authors from Bulgaria.
The co-authored papers by Bulgarians occupy a significant relative share during
the whole period of observation (being of 100 per cent in 10 single years). On the
contrary, the Indians tend to publish individual papers, too. Only collective pa-
pers have appeared in 1980, 1982, 1985, and 1987. 

The distribution of some countries according to the number of their journals
containing articles by Indian authors is demonstrated on Fig. 3. The Indian sci-
entific journals are published in English while the Bulgarian ones – predominant-
ly in Bulgarian. Such a different opportunity for international visibility of the
authors from single countries was already emphasized15. Fig. 4 indicates the
country distribution according to the number of the articles by Indian authors in
the journals of some leading countries. The Bulgarian authors have published 88
papers in 6 Bulgarian journals (only one journal in English) as well as 63 papers
in 39 journals from 13 countries. Country distributions of foreign journals and
articles in them by Bulgarian authors are illustrated on Fig. 5 and Fig. 6, respec-
tively.

Table 1: Foreign journals with articles by Indian and Bulgarian authors 

No Journal title Country Indian Bulgari-
an

1 Cancer USA 26 1
2 International Journal of Cancer USA 14 2
3 Neoplasma CZE 8 5
4 IARC Sci Publ. FRA 6 6
5 International Journal of Epidemiology ENG 5 3
6 Health Physics USA 6 1
7 Journal of Cancer Research a. Clinical Oncology FRG 5 1
8 Strahlentherapie FRG 3 2
9 European Journal of Gynecological Oncology ITA 3 2

10 Carcinogenesis ENG 4 1
11 European Journal of Cancer ENG 3 1
12 Journal of Epidemiology and Community Health ENG 2 2
13 Anticancer Research GRE 2 1
14 Child’s Nervous System FRG 2 1
15 European Journal of Epidemiology ITA 1 1
16 Journal of Environmental Pathology, Toxicology 

and Oncology
USA 1 1

17 European Urology SWI 1 1
Total = 17 8 90 32
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There are 17 journals from 8 countries containing 90 papers by Indian and 32
papers by Bulgarian authors (see Table 1). In 5 cases the number of the articles by
the authors from India and Bulgaria coincides. The equalized quality require-
ments of these important journals suggest a paradigmatic similarity between in-
ternational standards and some outstanding epidemiologists in oncology from
India and Bulgaria in recent years.

The most attractive foreign journals for the Indian authors are the following:
“Journal of Surgical Oncology” (USA) (with 39 articles by Indians), “Cancer”
(USA) and “British Journal of Cancer” (England) (with 26 papers each). The “In-
dian Journal of Cancer” dominates with a total of 134 papers followed by the
“Journal of the Indian Medical Association” (with 57 papers). The Soviet journal
“Vopr. Onkol.” is the favourite foreign journal for the Bulgarian authors (with 7
papers) followed by the French “IARC Sci. Publ.” and the Czechoslovak “Neoplas-
ma” (with 6 and 5 papers, respectively).

The thematic diversity of the journals is stressing, indeed. Oncology domi-
nates with a total of 46 different journals. For Bulgaria, oncology presents with
26 papers in 13 journals from 9 countries followed by epidemiology with 6 pa-
pers in 4 journals from 3 countries, etc. Indians have published their articles in
domestic journals belonging to 10 thematic profiles and in foreign ones belong-
ing to 30 profiles. Bulgarians have published their articles in national journals be-
longing to 4 thematic profiles (the Bulgarian oncological journal is not covered
by MEDLINE at all) and in foreign journals belonging to 12 ones. The American
journals containing papers by authors from India and Bulgaria can be classified
into 20 disciplines, the English ones – into 15 disciplines, etc.

The research collaboration of the Indian and Bulgarian authors is realized at
several levels. First comes the institutional (intra- or interdepartmental) co-opera-
tion. Second comes the intercity or regional domestic collaboration mainly man-
ifested in India as in Bulgaria most papers are published by authors working in
Sofia only. Third, to a much lesser extent, come the bilateral and more seldom –
the multilateral international collaboration. In many cases it results from joint
projects and/or long-lasting specialization or postgraduate studies of scientists
from India and Bulgaria abroad. The countries most often involved in this re-
spect are the USA, England, Switzerland, and France. The publications by Indian
authors in Japanese journals are mainly thanks to the international teamwork
with the colleagues from Japan and China.

Institutionalization of research includes the intrinsic features of historically es-
tablished disciplinary organization of scientific and higher educational structures
concordant with enhanced present requirements and already gained social recog-
nition of the topic. Interdisciplinarity aims at achieving the integrated knowledge
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of the modern world in its most intimate details and as a whole. Interdisciplinar-
ity is the direct or indirect use of knowledge, methods, techniques, devices (or
other ‘products’) as a result of scientific and technological activities in other
fields9. 

Numerous distributions can be created according to the number of the: I) a)
corresponding journals; b) articles published in them; c) countries publishing
these journals; d) countries publishing a different number of such journals; e)
journals published by single leading countries; f) journals published by single
leading countries according to the number of the corresponding articles in these
journals; II) a) journals from single countries for definite periods of time; b) arti-
cles from single countries, etc. Some countries can be distributed according to: a)
the main thematic profiles of their journals; b) the number of journals belonging
to these profiles, etc. Matching the thematic profiles of the authors' institutions
with that of the corresponding journals containing these articles results in distri-
butions according to the number of: I) a) single countries which authors have
published their articles in journals of the same and/or another thematic profile;
b) number of corresponding articles, journals, etc.; II) a) country’s relative share
of authors' publications in journals of the same and/or another thematic profile;
b) number of corresponding articles, journals, etc. 

The constellations of distributions of different thematic profiles reveal that In-
dia is involved in the communication system of science through own authors reg-
ularly publishing in Indian and foreign journals while Bulgaria participates
predominantly by its authors but rarely – by its own journals. Recently, there is a
tendency towards improved science organization in Indian medicine and particu-
larly in oncology provoked by the increasing cancer morbidity and mortality
rates. Because of the same reasons, research policy makers in Bulgaria have to
evaluate and, eventually, reorient the potential of oncoepidemiologists to the
most active topics in order to achieve international visibility through effective bi-
or multinational collaboration. The mutual interest between the economically
powerful science centres and the enthusiastic science “periphery” should stimu-
late a much more effective international co-operation. 

Further scientometric investigations will make use of the Science Citation In-
dex CDE with Abstracts (SCI CDE) for the period from 1980 till 2000 where all
the addresses of the authors are listed. In this way, a more detailed description of
the collaborative links of the Indian and Bulgarian oncoepidemiologists could be
achieved. Through secondary-author analyses in SCI the intensity of the interna-
tional co-operation could actually be indicated3. SCI CDE covers a much smaller
amount of the biomedical journals published in many less significant countries
than MEDLINE on CD-ROM does. In this way, the picture provided by SCI
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CDE as a whole remains rather incomplete. Two relatively rich databases such as
EMBASE on CD-ROM and CANCERLIT are considered valuable additional
secondary information sources in this respect.

Conclusion

Our comprehensive bibliographic data could contribute to creation of Indian-Bul-
garian teams and promote the involvement of the most active foreign partners.
There is a necessity for a more profound dynamic characterization of the interdis-
ciplinary collaborative communication patterns of Indian and Bulgarian physi-
cians and their colleagues from other disciplines such as physics, chemistry,
biology, etc. facing the rising challenges of cancer epidemiology and prevention.
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Primary-Author Citation Indexing: 
Source of Distortion for Citation Analyses? 

Abstract1

To examine whether primary-citation indexing can be taken as an unbiased rep-
resentation of all-author indexing, we compared the cited first-author counts
(straight counts) with the cited all-author counts (complete counts) in two psy-
chological journals over two publication years. Although rather high correlations
were found between straight counts and complete counts, supporting the results
of other authors, these correlations were not uniformly high. Detailed inspection
of the frequency data, especially the straight count – complete count correspon-
dence of different kinds categories of authors, revealed that primary-author index-
ing cannot be seen as a representative sample of all-author indexing, and that the
correspondence between complete counts and straight counts is not uniformly
high within different branches of the same discipline. No effect of alphabetical
name ordering on the straight count – complete count fit was found. Results are
discussed against the background of the possible use of weighting procedures for
all-author indexing which, on the basis of our findings, is not recommended.

1. The full paper is published in Scientometrics.
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Outsiders, Peers and Stars: 
Analysing Scientists’ Integration 
into Scientific Communities 
with Scientometric Indicators

1. Introduction1

During the last decades the distance between the sociology of science and sciento-
metrics has grown. This is unfortunate because scientometric methods can be a
useful tool and should therefore be applied more often and more systematically in
the sociology of science. In order to promote dialogue between the two fields, we
will describe how we included scientometric indicators in our empirical investiga-
tion and discuss some of the methodological problems that arose. The aim of our
project was to answer the following question: How does a scientist's integration
into his or her scientific community change under conditions of rapid institution-
al change? When we tried to integrate scientometric methods into our study we
struck some problems regarding their applicability to individual scientists and
their communities. Therefore, we will consider here under which conditions SCI-
based methods are applicable on the micro- and meso-levels mainly addressed by
the sociology of science. This discussion leads us to an even more fundamental
question. The growing gap between scientometrics and the sociology of science is
at least partially due to their seemingly incompatible methods: While scientomet-
ric methods are quantitative by their nature, the sociology of science – especially
theory-driven sociology of science – favours a qualitative approach. Thus the ques-
tion arises under what conditions scientometrics can contribute to sociological ex-
planations.

1. An extended version of this paper is published in the journal Scientometrics. 
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2. The theoretical problem: 
Scientists' integration into their communities

Our question about how scientists integrate into their communities grew out of
several projects that focused on the transformation of East German science. After
German unification, several science policy mechanisms were set up to promote
East German scientists' integration into their national and international scientific
communities. An empirical investigation of the institutionally promoted integra-
tion process enables theoretical questions to be answered about the dynamics of a
scientist's integration in his or her scientific community under conditions of rapid
institutional change. As a starting point, a conceptual scheme is necessary that
makes it possible to determine indicators for scientists' integration into scientific
communities and to select empirical methods for the investigation.

It is important to regard a scientific community as an actor constellation of
scientists who directly or indirectly interact in the development of a common
body of knowledge by producing new knowledge and changing existing knowl-
edge. From this follows that scientific communities are collective producers and
scientists (or research groups) only contribute components to the common prod-
uct. This idea is recurrent in the sociology of science (Polanyi 1962; Chubin
1976; Hagstrom 1976; Whitley 1974, 1982) but never gained enough attention.
Instead, the market-like perspective has dominated in which scientists are
regarded as local producers of knowledge, each competing for the recognition of
their respective knowledge claims. However, this perspective can explain neither
the growth of knowledge nor the social dynamics of scientific communities
(Gläser 2000).

Scientific communities are internally structured by institutional boundaries
(Laudel / Gläser 1998). One important type is the system of national institu-
tional boundaries. These are produced by the national institutions involved in
funding and peer review and, last but not least, by languages. They delineate
national subcommunities within an international scientific community. For simi-
lar reasons, a 'socialist subcommunity' was defined by existent political and
financial institutional boundaries until the end of the 1980s (Figure 1).

A scientist's integration into a scientific community can be understood as the
extent to which he or she has built up cognitive and social relations that are typi-
cal for the community. The cognitive dimension describes integration into collec-
tive knowledge production, i.e.

- the extent to which the scientist selects problems that are regarded as
important by the community,
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- contributes knowledge that is regarded as important and meets the com-
munity's standards, and

- collaborates with other members of the community.
The social dimension describes the extent to which a scientist is integrated into the
informal networks that maintain collaborations, attempt to direct the specialty's
research by promoting or hindering certain research trails and determine resource
allocation. An important mediating variable between the cognitive and social di-
mensions of integration is the scientist's status, which is based upon recognition
as well as prior integration into informal networks.

Based on experience gained from the sociology of science, a hypothetical
causal model can be proposed that describes influences on a scientist's integration
into his or her community (Figure 2). Integration depends primarily on the sci-
entist's research activity and those results offered as publications, conference
papers, etc. The research activity depends on funding, available collaborations
and, ultimately, on the level of integration that has been achieved so far. In
empirical investigation, the integration and its changes must be measured and the
institutional influences' impact on integration uncovered.
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Figure 1:  Scientific communities' internal structuring by institutional boundaries 
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3. Empirical investigation

Since integration concerns a scientist's relation to his or her community, its meas-
urement must be conducted at the micro-level. To encompass the complexity of
this variable, we used a combination of qualitative interviews and scientometric
methods. Table 1 provides an overview of the indicators and methods that were
used.

Qualitative data about scientists' integration into the collective production of
knowledge were the scientists' self-assessment as given in interviews and an assess-
ment by other scientists, in particular by referees (obtained from evaluation pro-
tocols). The scientometric indicators applied were publications in SCI-journals,
co-authorships, citations and the journals' impact factors. As additional informa-
tion we used conference attendance, invited presentations and visits to other
research groups. This information was obtained in the interviews and validated
using the institutions' reports. Activities such as reviewing research proposals and
journal papers, and membership in conference committees and editorial boards
were used as indicators for integration into a community's decision-making proc-
esses. The institutional mechanisms and their effects were explored in the qualita-
tive interviews.

Research ActionCollaborations

Presentation of  Results:
- by Publications
- at Conferences

Integration in the Scientific
Community

 Resources

Status

Figure 2: Hypothetical causal model 
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4. Results

Our first and most simple scientometric indicator for integration, the number of
publications in SCI-journals, already enabled us to identify three possible groups
of scientists:

- Scientists who were already integrated prior to unification and who have
improved their integration by using the supportive institutional arrange-
ments after unification.

- Scientists who were not integrated before unification and whose integra-
tion has substantially increased under conditions of specific institutional
support.

- Scientists who were not integrated and remained so despite institutional
support.

For purposes of illustration, we selected six scientists from our sample. Their inte-
gration can be expressed by scientometric indicators (Table 2).

Publication dynamics were measured using SCI analyses over a period of 14
years. On top we find those scientists who have always been integrated, in the
middle those whose integration has significantly increased, and below the scien-
tists who remained at a level of non-integration.

Table 1: Indicators and methods used in the empirical investigation 

Aspect of Integration Indicators Methods

Integration into the 
collective production of 
knowledge

Self-assessment;
Evaluation by others

Analysis of evaluation 
protocols; Interviews

Publications in important 
journals 
Citations
Co-authorships

SCI-based scientometric 
methods

Conference attendance Interviews

Integration into informal 
networks

Invited presentations Interviews

Research visits Interviews

Integration into decision-
making

Work as reviewer Interviews

Member of conference com-
mittees and editorial boards

Interviews
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The scientists' individual integration patterns were confirmed by the other sci-
entometric indicators. Since a publication's reception depends on the journal's
importance, we attempted to use the Journal Impact Factor. However, we had to
exclude this indicator for methodological reasons that will be explained below
(see Section 5).

The community's perception of a given scientist was measured using citation
analysis (Table 3). This should reveal whether a scientist is cited at all and, if so,
by whom. We used citing authors' addresses in order to locate them in one of the
international community's segments (see Section 2.). The grouping of scientists
by publication activities is confirmed:

- Scientists who have always published have always been cited by col-
leagues from all over the world. These scientists receive the most cita-
tions today. Their citation by West German colleagues has increased.

- Scientists who had not been cited often before 1990 but whose publica-
tion activity has significantly increased since 1990 are today cited signif-
icantly more frequently.

- Quite naturally, the scientists who have rarely published have received
almost no citations over the whole period.

Integration into collaborations was analysed on the basis of co-authorships (Table
4). After unification, those scientists who had always been well integrated began
to collaborate with West German scientists (i.e. colleagues from their new national
scientific community) and colleagues from their international scientific commu-
nity. The newly integrated scientists have collaborated with Western scientists
since the mid 1990s, when special institutional arrangements were set up. The
non-integrated scientists have no co-authorships with new partners at all.

The qualitative data obtained about cognitive and social integration confirm
the scientometric indicators. In order to give an overall picture of these qualita-

Table 2: Number of publications per year for six East German scientists 

85 86 87 88 89 90 91 92 93 94 95 96 97 98

S1 3 6 3 1 2 5 2 3 4 1 5 5 7

S2 3 2 4 4 1 1 6 3 9 11 14 8

S3 2 1 1 1 1 4 2

S4 2 2 1 3 3 1 4

S5 1 3

S6 1 1 1
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tive data, the integration of two scientists at the time of the interview is compared
in Table 5 below: Scientist S4 became integrated after special institutional meas-
ures for supporting integration were set up. Scientist S5 is characterised by a con-
stant level of non-integration.

Referees described S4 as conducting research at the frontier. S5 was described
as "invisible to date". The further funding of his project was cancelled after three
years. S4 regularly attends conferences both within Germany and abroad. S5 has
attended only one international conference, which was held in Germany. The
same pattern can be observed with regard to the other indicators: stays abroad,
invited presentations, work as a reviewer for publications and for grant proposals.
The only thing scientist S4 has not achieved at this point in time is membership
in an editorial board. Causal analysis had to answer the question whether we can

Table 3: Citations received by the six East German scientists (grey fields indi-
cate that at least one citation is granted by an author outside the
former socialist system) 

87 88 89 90 91 92 93 94 95 96 97 98

S1 6 5 1 1 1 1 4 4 5 3

S2 3 3 2 6 9 5 5 13 6 22

S3 1 2 1

S4 1 7 5 2

S5 1

S6 2 1

Table 4: Co-authorships of the six East German scientists (grey fields indicate
that at least one co-author is located outside the former socialist sys-
tem) 

85 86 87 88 89 90 91 92 93 94 95 96 97 98

S1 3 6 3 1 2 5 2 3 4 5 5 7

S2 3 4 1 6 3 9 11 14 8

S3 2 2

S4 2 3 1 4

S5

S6 1
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assume that the changes in integration were fully or partly caused by the science
policy measures. The answer to this question must also provide an explanation as
to why the institutional support was not sufficient in cases like scientist S5. To
judge the impact of new institutional measures, we tried to identify the causal
factors in our general model that were influenced by them (Figure 3). Our exam-
ple shows the impact of a special institutional setting that provided additional
funding. One necessary condition for the funding was that the scientists plan and
realize collaborations among themselves, a step that almost necessarily included
collaborations between East and West German scientists at the universities. Addi-
tional money was provided to promote international integration: The scientists
could easily finance conference attendance, visits by collaborators and extended
stays abroad. Last but not least, the additional funding enabled research activities
to be significantly enhanced and thus improved scientists' opportunities to

Table 5: Comparison of two scientists' integration as described by quantitative
and qualitative indicators 

Indicators Scientist S4 Scientist S5

Publications 
in SCI journals

Several SCI-publications, 
impact factor ca 1

None

Co-authorships With West German and 
foreign (Western) authors

None

Citations Yes None

Research at the frontier Yes "invisible to date", funding 
was cancelled after 3 years

Conference attendance Regularly Only national confer-
ences, apart from one 

international conference 
held in Germany

Stays abroad Yes No

Invited presentations Yes No

Work as reviewer 
of SCI journals

Regularly One article

Work as reviewer 
of grant proposals

Regularly No

Membership 
of editorial boards

No No
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present competitive results. This was also the core of the institutionalized expec-
tations: Scientists were to use the money to implement active integration strate-
gies.

The effects of these institutional measures can be assessed by analysing the
necessary conditions for a successful integration. This analysis shows that scien-
tists' individual situation at the turning point in 1990 was a crucial initial condi-
tion for the following integration process. For example, a Matthew effect could
be observed: Those who were integrated before could benefit from additional
institutional measures. In cases of successful integration after German unifica-
tion, it is likely that a kind of passive integration existed before the fall of the Ber-
lin Wall: Scientists who followed international developments in their choice of
problems and methods but had few opportunities to participate actively. In some
other cases, scientists who were young enough in 1990 could start a career that
fitted West German institutional career patterns and thus led them into integra-
tion. Finally, some scientists were shielded from international science, themati-
cally misdirected by the GDR's science system and not permitted to become
independent researchers. These scientists never had a chance to integrate them-
selves into their new communities. As an overall conclusion, we would like to
state that a minimal level of integration at the point of departure (the fall of the
Berlin Wall) is a necessary condition for successful integration afterwards. An
interesting observation that merits further research can be added here: There is a
principal barrier to the integration of East German scientists. Many activities of
networking and formal decision-making that take place in elite networks are not
exclusively based on scientific excellence but also on shared professional biogra-
phies. East Germans who belong to the elite in the cognitive dimension often
remain outsiders in the social dimension because they had not been able to build
relationships via continuous personal interactions, exchange of fellowships, col-
laborative work and the like before 1990. In other words, they cannot become
'old boys'.

5. Scientometric methods in qualitative studies – micro-level problems

The sociology of science is primarily concerned with scientists, networks, commu-
nities and scientific organizations. The extent to which scientometric methods can
produce data about these social entities determines their range of applicability.
This is mainly a problem of validity: The scientometric indicators must measure
what is theoretically intended. Validity has become a crucial methodological point
for at least two reasons. Firstly, the sociology of science discovered that publica-
tions provide a poor picture of what is actually going on in scientific research. Sec-
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ondly, scientometrics discovered that the SCI provides a picture of publication
activity that is at least distorted.

In our project we had to find indicators for scientists' integration into their
communities. By using scientometric indicators we did something that is almost
forbidden in scientometrics: We applied these indicators to individual scientists.
This 'sacrilege' is justified by the specific function of scientometric indicators in
our study. We did not try to measure scientists' performance or impact. Measur-
ing integration reduces the interpretation of scientometric indicators to the ques-
tion whether scientists behave and are treated similarly to their colleagues, i.e.
whether they publish, collaborate and are cited. This question can be answered
with an SCI-based analysis if only the SCI depicts a community's core research
activity. However, scientometric indicators alone cannot encompass the complex-
ity of integration. Therefore, we must include a broad variety of qualitative data
in our analysis.

But even with the support by qualitative data, we ran into difficulties when we
tried to evaluate East German scientists' integration into their communities. In
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Figure 3: How institutional measures affect integration  
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order to evaluate the dynamics of a scientist's integration, we must compare it
with what is normal and exceptional in his or her specialty. However, both scien-
tometrics and the sociology of science prove that a group of journals cannot
depict a specialty. Therefore, it is impossible to establish average publication and
citation rates as a basis for comparison. A closer look at the impact factor is even
more depressing: To evaluate integration it is necessary to compare a scientist's
cumulated impact factors per year with those of his or her peers and of outstand-
ing scientists. However, the impact factor neglects the variation of journals' cited
half-lives and thus prevents aggregations on lower levels such as individual scien-
tists or specialties. For this reason we must revert to very simple solutions that,
nevertheless, apparently worked well. We chose three frames of reference for our
comparisons:

- The integration of other East German scientists working in the same
field;

- The scientist's own integration at different points in time;
- The integration of some of the scientist's referees.

As a general conclusion, we would see two problems associated with scientometric
methods that restrict their application in the sociology of science. The first limi-
tation involves scientometric indicators that depict social phenomena in a reduced
form. These must therefore be combined with qualitative data. The second limi-
tation is the disparity between scientometric indicators that are journal-oriented
and the social structures the sociology of science deals with. In the publication
space created by journals, the social structures of scientific communities overlap
and merge. Therefore, some problems cannot be addressed by the SCI's standard
indicators.

6. Scientometrics and the sociology of science – general methodology

An even more interesting aspect of the relations between scientometrics and the
sociology of science is that most applications of scientometric methods are incom-
patible with the qualitative-quantitative distinction in social science. Today, the
distinction between a quantitative paradigm and a qualitative paradigm is passion-
ately defended by both sides. It is, however, a fiction. If one accepts Max Weber's
statement that the aim of sociology is the causal explanation of human action (We-
ber 1976), then what really matters is with what research strategies causal explana-
tions can be achieved. So far, two different explanatory strategies have been
developed. The first starts by looking for statistical associations. From these statis-
tical associations, conclusions are drawn regarding causal associations, which
should ultimately lead to causal explanation. The latter's scope is predetermined
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by the sampling. This strategy uses mainly quantitative methods and is based on
inferential statistics, but qualitative methods can be included to explore the causal
relationships. We will call it the statistics-based strategy.

The second strategy begins by looking for causal mechanisms. These are dis-
covered by the in-depth analyses of one or a few cases. Thereafter, the causal
explanation's scope is determined by a generalization based upon comparisons of
cases and theoretical considerations. This strategy relies on qualitative data but
quantitative data about cases are often included. We will call this strategy the
case-based strategy.

As we have already mentioned, the case-based strategy currently predominates
in the sociology of science. Since scientometrics is quantitative by its nature, it is
met with misgiving by the sociology of science. In our view, however, scientomet-
rics does not fit the statistics-based strategy because it does not rely on statistical
inference. Thus, the question arises how scientometrics contributes to causal
explanations. There is no doubt that scientometric methods are excellent tools for
finding regularities and patterns that are very often surprising. However, it seems
impossible to explain these patterns with scientometric methods alone. We
believe that this is the reason why scientometrics appears to give up all attempts
to explain what is being observed.

To contribute to causal explanations, scientometric methods must be inte-
grated into projects that follow one of the strategies described above. Since scien-
tometric methods are used for descriptive rather then inferential statistics, it
seems difficult to expect contributions to the statistics-based strategy. In our view,
however, important contributions to the cased-based strategy are possible because
scientometrics contributes data that cannot be obtained using other methods.
Scientometrics must, however, meet the theoretical challenge and define its con-
cept in the theoretical frameworks provided by the sociology of science.
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in Chinese Computer Science 

Abstract1

This paper is a quantitative study of the age structure of scientific collaboration in Chinese
computer science. The data are drawn from three authoritative Chinese journals of com-
puter science. Two types of age structure are analyzed and compared: (a) the age structure
of two-dimensional collaboration (2 author pairs); (b) the age structure of three-dimen-
sional collaboration (3 author triples). Analysis reveals some special age structures in scien-
tific collaboration in Chinese computer science. We suggest a tentative explanation why
such types of age structure in Chinese computer science exist based on analyses of the age
composition of all authors, the age distributions of the authors in different ranks, and the
name-ordering of authors in articles written by professors and their students. 

1. Introduction

Scientometricians, sociologists, and psychologists have published a relatively large
number of papers on different aspects of the structures of scientific collaboration.
Scientometricians try to create mathematical models revealing and describing var-
ious types of common and special structures, while sociologists and psychologists
attempt to find historical, social, and psychological explanations for those struc-
tures (Beaver, 1979; Kretschmer, 1997; Katz and Martin, 1997). 

Similarly, scientists from scientometrics, sociology of science, and psychology
also focus their attention on scientists’ career-ages, and study relations between
career-age and productivity, the academic impact of scientists, and recognition by
the system of science (Leonard, 1976; Svein, 1990; Fox, 1983; Over, 1989). Even

1. An extended version of this paper will appear in the journal Scientometrics.
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the relation between the shifting of the world’s center of science and scientists’ so-
cial ages has been investigated (Zhao and Jiang, 1985). One of the authors of this
paper tried to describe the distribution of major scientific achievements by scien-
tists’ age as a Weibull distribution (Liang et al., 1996).

Until now, however, little attention has been paid to the combination of age
and scientific collaboration – the age structure of scientific collaboration, or
ASSC for short. Because of lack of data, there have been few case studies of
ASSC, and, we have never seen such research in China.

Not only scientists, but also the public wonders what the Chinese ASSC looks
like. Do scientists of similar age work together, or is it more common for older
scientists to collaborate with younger persons? Do scientists of different ages play
different roles in scientific collaboration, and, if so, which? What are the charac-
teristics of ASSC in different disciplines, organizations, regions and scientific
communities? What is the relationship between ASSC and the performance of
scientific research? Is there a difference between Chinese ASSC and the ASSC of
other nations? How does the age gap in the ranks of Chinese scientists affect Chi-
nese ASSC? Such a plethora of questions forms a tempting research program,
which will require hard work and a series of case studies to provide the answers
step by step.

This paper, as one of those case studies, makes a first attempt at finding an-
swers, through the analysis of ASSC in Chinese computer science.

2. Data and Methods 

2.1  Data

Of the many academic journals in Chinese computer science, only a few publish
the ages of authors. After much consultation and comparison, we selected three
journals to provide data for this study. They are: Computer Research and Develop-
ment produced by the Institute of Computing Technology, Chinese Academia
Sinica, and the Chinese Association of Computer Science (CACS); the Journal of
Software produced by the Institute of Software of Chinese Academia Sinica and
CACS; the Chinese Journal of Computers produced by CACS. All three journals
are published by Science Press, which is a very famous publishing house in Chi-
na. From the viewpoint of impact and regularity of publication, these three jour-
nals are ideal for providing objective and representative data. 

2357 research papers were published in the three journals during the period
from which we collected age data. The total number of age-related records from
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the 2357 papers amounts to 5024, including 311 for single-authored papers, and
4713 for authors, who wrote collaboratively. We obtained 1764 age-related
records from Computer Research and Development (1992-1997, 1999; in 1998 no
such records appeared in this journal). Journal of Software yielded 2249 age-relat-
ed records (1994-1999). Only 1011 age-related records came from Chinese Jour-
nal of Computers (1998-1999). Most of the age-related records are authors’ dates
of birth.

2.2  Methods 

We first built a database with two fields: the author’s date of birth and the year
when the author submitted his manuscript to a journal. Assuming that after fin-
ishing the paper, its author(s) submitted it to the journal immediately, the age at
which an author finished a paper could be easily calculated, namely “date of sub-
mission” minus “date of birth”. This is the source and meaning of author’s age in
this paper.

Second, we grouped scientists’ ages into three periods: young: under thirty-six
years; middle-aged: thirty-seven to fifty; old: over fifty, and for short, called the
scientists in these periods younger (Y), middle-aged (M), and elder (E) respec-
tively.

Third, we defined two-dimensional and three-dimensional ASSCs as follows:
Denote an age-couple formed by first author’s age x1 and second author’s age x2
as (x1, x2), then {(x1, x2)} represents a two-dimensional ASSC, and {(x1, x2) | n =
2} is a two-dimensional ASSC, which is built by the authors’ age-couples of the
papers written by two authors. Similarly if (x1, x2, x3) are the age-triple of first,
second, and third authors, then {(x1, x2, x3)} is a three dimensional ASSC formed
by (x1, x2, x3), {(x1, x2, x3) | n = 3} is the age structure built by the authors’ age-
triple of the papers written by three authors.

Fourth, we counted collaboration frequencies in the two types of ASSCs. 

We were then ready to present, describe, and analyze two-dimensional ASSC
and three-dimensional ASSC, using two-dimensional and three-dimensional
scatter plots, histograms of age differences and data presented in three-dimen-
sional columnar figures. 

Finally, we take up some special issues in order to give some tentative explana-
tions for China’s unique ASSC in computer science: what is the age composition
of all authors? What is the average age of authors in each rank (first, second,
third, etc.). How did authors order their names when professors collaborated
with their students? 
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3. Two-dimensional ASSC and three-dimensional ASSC: 
results and analyses

3.1  ASSC {(x1, x2) | n = 2} 

The structure {(x1, x2) | n = 2} exists in papers in which there are only two authors.
We counted 609 age-couples of such structure.

We constructed a two-dimensional scatter plot of the 609 age-couples, using
the first author’s age as abscissa and the second author’s age as ordinate (see Figure
1). A point in this plane corresponds to an age couple (x1, x2). Obviously there
are far fewer than 609 points in Figure 1, which means that the relationship be-
tween points and age-couples is not one-to-one, but one-to-many. For example,
we have 9 papers in which the first author is 27 and the second author 30, i.e. we
have nine age-couples of (27, 30), but these 9 map onto only one point, (27, 30),
in the plane. To show the frequency of age-couples, e.g. (27, 30), we use another
figure. Figure 2 is a columnar graph corresponding to Figure 1, with the x coordi-
nate the first authors’ age, the y coordinate the second authors’ age, and the z co-
ordinate the frequency of the age-couples.

The points in Figure 1 show obvious clusters, in the densest of which the first
author’s age is from about 24 to 36, and the second author’s age from some 50 to
63. We denote this type of collaboration (24-36)*(50-63). This represents collab-
oration between a young person and an elder with the younger as first author. We
call this type of collaboration younger-elder collaboration or Y-E collaboration
for short.

The densest patch of clustered points in Figure 1 corresponds to the highest
peak of frequency Y-E in Figure 2. Figures 1 and 2 show that in papers signed by
only two authors, the elder often puts his name last.

In addition to the densest cluster in Figure 1, some points are relatively con-
centrated in patches (52-57)*(25-35) and (25-35)*(25-35), suggesting that we
might also pay attention to the elder-younger and younger-younger patterns of
collaboration, or E-Y and Y-Y for short. Correspondingly in Figure 2 another two
little peaks are E-Y and Y-Y. 

When discussing the clusters of points of age-couples, we should not overlook
the range with only a few scattered points in the plot. It has special meaning. Fig-
ure 1 shows one such broad patch, corresponding to collaboration between two
authors, who are both older than 37. We were shocked to find that the area of
(37-50)*(37-50) is almost empty. That is to say collaboration between middle-
aged scientists is almost non-existent! How are we to reconcile this with the fact
that scientists over 38 and under 60 are the most productive in scientific research?
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Furthermore, the two sub-patches Y-M and M-Y are narrow with even fewer
points. These two patches tell us that collaboration between the younger and
middle-aged are not frequent, no matter who occupies the first author’s place.

Corresponding to Figure 1 and Figure 2, Figure 3 is the frequency distribution
of the absolute values of the difference between first and second authors’ ages. It
shows that the most probable collaboration is that between two authors with an
age difference from 22 to 34 years. Such collaboration must be between two dif-
ferent generations, as in the patterns Y-E and E-Y. Note that two authors with an

Figure 1: Scatter plot of first author’s age – second author’s age 

Figure 2: Collaboration frequency of first author with second author 
X: first author’s age    Y: second author’s age    Z: collaboration frequency
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age difference less than 4 years have also a larger probability of collaboration,
meaning that collaboration within the same generation is also a frequent pattern.

3.2  ASSC {(x1, x2, x3) | n = 3} 

We have 566 papers written by three authors and with all the authors’ age records
from the three sample journals. Figures 4(a), (b), (c) are three-dimensional scatter
plots, exhibiting the regularity of three-dimensional collaboration {(x1, x2, x3) | n
= 3} from three visual angles. As in the two-dimensional scatter plots there are
clusters of points in the space. The densest is the area of age-triples with a young
first author, a young second author and an old third author, (Y-Y-E). 

Based on the three-dimensional scatter plot shown in Figure 4 and the fre-
quency of each age-triple we obtained the following results. The most frequent
author groups in order, according to the density of points in structure {(x1, x2, x3)
| n = 3} are Y-Y-E, Y-E-E, Y-E-Y, and their collaborative frequencies are 159, 83
and 67 respectively. Although there are fewer groups of collaborative authors with
one or more middle-aged scientists, we could still perceive that Y-M-E and Y-Y-M
represent the two main patterns involving middle-aged scientist collaboration.,
which collaborative frequencies are 42 and 27. We also note that the five types of
age-triples mentioned above share the same nature in that in each type the first
author is younger.

Figure 5 is a histogram of the sum of the ages (age-sum) of three authors with
the data coming from {(x1, x2, x3) | n = 3}. It should be noted that only the age

Figure 3: Distribution of the absolute value of difference between first author’s
age and second author’s age 
X: absolute value of difference between first author’s age and second au-
thor’s age
Y: frequency
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groups with all three authors’ ages recorded are selected as samples. The peak
spans the age sum from 105 to 130. It means for most of the age-triples among
three authors there should be at least one younger author. 

3.3  Analyses of the causes for forming the Chinese ASSC

A structure or a system is determined by two factors: a set of basic elements and a
set of relations or combinations among them. It is expected that this structure or
system is reasonably stable, and amplifies input non-linearly to output much
more performance, according to the principle that one plus one does not equal
two, but more than two.

-a- -b- -c-

Figure 5: Distribution of authors’ age sum of three-dimensional collaboration 

Figure 4: Age structure of three-dimensional collaboration 
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Scientists are the elementary units of scientific collaboration and their ages are
the basic elements of ASSC, so first we should study the distribution of scientists’
ages, and the average ages in each rank. 

For many reasons, scientists, whether of the same or different generations, col-
laborate and produce scientific papers, on which their names appear, apparently
ranked according to some pattern or regularity. In our data set, authors produced
lots of collaborative papers, and their names were distributed among those papers
in every rank of co-authorship. Examining those distributions, we found many
patterns (groups, clusters) by age. Consequently our discussion needs to turn to
the questions of why and how authors cooperate, and put their names in order on
their papers. As a preliminary contribution to that discussion we here present a
case study of name-ordering on papers produced by professors and students in
collaboration.

3.3.1  Age distribution of all authors

We have 4713 ages for authors involved in ASSCs. Figure 6 shows the age distri-
bution of all 4713 ages, where the abscissa is age and the ordinate is frequency with
which that age appears. The distribution is a typical bimodal distribution. The
higher peak spans ages from 24 to 36 with a maximum at 26. The lower peak spans
ages from 52 to 64, with its maximum at 58. An age valley from ages 38 to 50,
represents middle-aged co-authors. The age distribution of all authors shows that
the primary elements of the ASSCs of Chinese computer science are young men
and elders, with young men being even more numerous and visible than elders.

Figure 6: Age distribution of 4713 authors 
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3.3.2  Average age of authors in each rank

The average age of authors in each rank provides a direct aggregate description of
ASSC. Table 1 shows those average ages for authors from the first to the eighth
rank. It is remarkable that from the first to the sixth rank, the average age of co-
authors increases monotonically! In a nutshell, that is the fundamental character-
istic of multidimensional ASSC in Chinese computer science.

3.3.3  Patterns of name-ordering in collaborations between professors and students 

Yet we still wondered why Y-E and not E-Y was the main type of two-dimension-
al collaboration. One would expect elder scientists to be first authors by virtue of
their status, experience, established research program, and possession of a labora-
tory or other resources. 

On the other hand, it is the custom in some fields for senior investigators to
put their names last. A tentative explanation for the Y-E pattern being dominant
emerged from an examination of how co-authors ordered their names when pro-
fessors collaborated with their students. 

Scientists have many different customs for putting co-authors’ names in suit-
able order (Zuckerman, 1968; Rudd, 1977; Egghe and Rousseau, 1990). In Chi-
na it is common to arrange authors’ names according to their contribution to the
paper. Problems might arise when the status of the collaborators differs greatly, as
in collaborations between professors and students. Whose contribution is greater
in the collaboration of a professor with a student, the professor’s or student’s? Fre-
quently a professor is reactive, offering experience, criticism, and suggestions,
while a student is proactive in working out the problem. How are such different
contributions to be evaluated? In what order do professors and students place
their names? 

Table 1: Average age of authors in each rank in ASSC 

Rank 1 2 3 4 5 6 7 8

Age 
items

1792 1580 916 332 81 8 3 1

Average 
age

33.85 44.07 45.03 46.06 46.54 48.50 36.33 53.00
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To answer such questions, we analyzed a sample of 609 two-author papers.
Before proceeding to the results, note that we defined three types of relationship
between professor and student: (a) tutor (teacher) with student in a doctoral de-
gree or a Master’s degree program, (b) professor with student in a doctoral degree
program, or, having a doctor’s degree but no position, (c) professor or associate
professor with student in a Master’s degree program, or, having a Master’s degree
but no position.

Using this definition, we selected 304 papers from the 609 papers written by a
professor and student. Of the 304, 267 (87.8%) have students as first authors,
leaving 37 papers (12.2%) with professors as first authors. The average age of the
304 students is 28.5 years. This pattern of name-ordering for collaboration be-
tween professors and students is clearly one of the reasons why Y-E is the primary
type of collaboration, and E-Y the secondary type in ASSC.

Of course, it is not a pure scientometric approach to include discussion of the
relative contributions by professor and student to a joint paper. Such discussion,
if fully fleshed out, would involve the meaning of the research project, the value
of the methods, the effect of experience, and, especially, the difficulty of innova-
tion. All these are non-quantitative factors. In any case, we want to stress that
when discussing the issue of name-ordering, we should not ignore the back-
ground of Chinese traditional culture and practice. When a professor’s name ap-
pears behind his student’s, what does it really mean? Does it reflect support or
help that the professor gave the student? 

4. Conclusion and discussion

A special type of ASSC exists in Chinese computer science, which is mainly com-
posed of scientists younger than 36 or older than 52 years of age. In such ASSC,
most of the collaborators are young men, who occupy the chief position in col-
laboration, with the smaller cohort of the collaborators being elders. Middle-aged
computer scientists are rare. In general, young scientists play an important role in
scientific collaboration in Chinese computer science. Given the obvious scarcity
of scientists aged 38 to 50, middle-aged scientists, who would normally be the
mainstay of scientific collaboration, play the least important role in Chinese com-
puter science ASSC. 

The unique character of the ASSC of Chinese Computer Science results from
historical causes and cultural background. The main historical cause lies in the
unusual development of Chinese higher education in the period of the Cultural
Revolution from 1966 to 1976, which led to a decade-long gap in the ranks of
Chinese scientists. This gap changes the ASSC of Chinese science into a pattern
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strikingly different from that of other countries. Possibly the most significant
contribution of cultural background lies in the style of doing scholarly research
advocated by Chinese traditional culture. In this culture, the teacher should be a
ladder to give guidance and effective help to his student and to lead the student
forward. We think that is why most of the professors’ names are behind their stu-
dents’, making Y-E the main type of ASSC.

Future possibilities for research include similar scientometric studies of other
fields of Chinese science, and further analysis and discussion of the sociological
and psychological causes underlying the formation of ASSCs in Chinese Science.
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LIU ZEYUAN 

Eastern Contributions to Long-Wave Theory 

Abstract

Sociology of science as a major contributor of science studies is concerned with the social
organisation of science, with issues of science and technology policy and management,
and with every sort of relation between the science system and other areas of society. This
paper will apply a sociological perspective to investigate the organisational and institution-
al characteristics of the migration of science centers as stated by long-wave theories in sci-
ence and technology studies making special use of the methods of scientometrics.

1.

Changes in socio-economic conditions and the international shift of scientific
centers, i.e. countries with high scientific activity, can be considered as two inter-
dependent phenomena (cf. Zhao Hongzhou, 1984; M. Yuasa, 1962) – an inter-
dependence equally noted by western and eastern scientists. In 1980, Liu Zeyuan
and Wang Haishan presented a quantitative analysis of the relations between
changes in the metaphysical system and scientific progress of western and eastern
societies (Liu Zeyuan and Wang Haishan, 1981). They found that centers of high
scientific activity all have gone through a change of the metaphysical system about
60 years ahead of their take-off – a fact that verified the old long-wave thesis that
philosophical revolution and ideological emancipation often act as pre-requisites
of scientific progress (see Tables 1 and 2). Sometimes, changes of the political sys-

Table 1: Transferring period years of the modern philosophical upsurge and the 
scientific center in the world 

Philosophical
Upsurge

Scientific
Center

Philosophical
Exceeding Years

Italy 1480 – 1600 – 1640 1540 – 1610 – 1630 60

England 1600 – 1680 – 1730 1660 – 1720 – 1760 60

France 1710 – 1750 – 1820 1780 – 1800 – 1840 70

Germany 1790 – 1840 – 1880 1840 – 1860 – 1920 50
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tem were involved as well as can be shown using the examples of Britain, France
and Germany. 

Following this path, Chinese scientists went on to study phenomena related to
the co-evolution of science and culture, as, for example, Liang Liming and her
postgraduates found correlations between the shift of central scientific activity to
other locations and the shift of main topics of scientific interest. Investigating the
internal conditions of scientific centers and their careers, Zhao Hongzhou stated
that the average age and the average productivity of national scientific communi-
ties seemed to be responsible parameters for the shift of scientific centers through
time and societies (Zhao Hongzhou, 1984); Cha Youliang showed the correlation
between central scientific activity and the establishment of a high-level education
system which as a source has to provide the necessarily large group of scientific
talents. However, sometimes a scientific center is able to recruit the necessary hu-
man capital from the outside as is shown by the large-scale migration of excellent
talents from various countries to the US: as Alan L. Mackay puts it, "a group of
key scientific talents have flown from almost all other countries to USA. No mat-
ter wherever, it is the poor who are subsidizing the rich" (Mackay, 2000).   

Since 1980, Chinese scholars like Jiang Zhenhuan (1981) or Zhao Tao (1988)
investigated measurement problems concerning the statements of long-cycle the-
ories about scientific, technological and economic evolution. Following these sci-
entists and comparing them to standard international works on the same topic
like Kondratieff (1925), Schumpeter (1939), or Mensch (1975), data on long-
wave theories can be condensed to support the following hypothesis: the major
cycle of scientific, technological and economic development occurred four times
in the modern world at different locations – every time in response to revolution-
ary changes in various parts of society beforehand. 

2.

The recent development in IT and biotechnology seems to indicate the fifth major
cycle of fluctuation and shift promoting the formation of new industrial groups
and new economies. However, the focus moves away from a regional or national
perspective; the center of scientific activity seems to be no longer a geographical
location, a country or a national context. Centers of high scientific activity are
trans-national, virtual and only loosely institutionalised. They have to be investi-
gated in terms of co-operation, networks and international partnerships.   

Although the analysis of data on long-wave theories has shed some light on
scientific cooperation of trans-national scale as well as on the expansion and the
formation of trans-national economic groups, the state of the art in this field can
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highly benefit from further scientometric and econometric studies analysing net-
work and cooperation phenomena. In 2000, the "Berlin Workshop on Sciento-
metrics and Informetrics: Collaboration in Science and in Technology" was a
starting point to encourage broad quantitative analysis of scientific and techno-
logical cooperation and coordination. It addressed, for example, research ques-
tions like which forms of cooperation should be adopted in order to acquire
knowledge output: as shown in this volume, Hildrun Kretschmer presented a
mathematical description on the structure of interpersonal relationships within
scientific cooperation to answer this question and established several tri-dimen-
sional figure models of cooperative network configuration (Kretschmer, 2000). It
is now necessary to analyse the requirements for cooperation and the effects of
partnerships at the level of contents to understand differences in knowledge pro-
ductivity of media and subjects. Thus, scientometric studies will be able to reveal
the organisational structure and the social networks behind the difference of
knowledge productivity levels.

The reform of the scientific and technological system is a major issue for eco-
nomically developing countries. For a long time, China copied the central plan-
ning system of the former Soviet Union – scientific research, education and
economy being directly subordinate to its respective central department which
often hindered that scientific and technical achievements could be transformed
into productive forces. Today, China establishes its own national innovation sys-
tem and promotes technological cooperation and international partnerships. The
country encourages networks in order to foster economic growth based on inte-
grated contexts of knowledge production, dissemination and application. Scien-
tometrics, techmetrics and econometrics can help to provide the necessary data to
inform science and technology policies for further steps on the path of long-term
stable and sustained development in science, technology and economy.
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UWE MATZAT

Academic Communication and 
Internet Discussion Groups: 
Transfer of Information, Creation of 
Social Contacts, and Disciplinary Differences

Abstract

This paper analyses the role of Internet Discussion Groups in informal academic
communication. It tries to find out whether there are general benefits of academic
mailing lists and newsgroups for researchers as it is stated in the literature. Differ-
ent hypotheses relating to potential contact and information benefits are tested
with data of a random sample of English and Dutch university researchers within
the humanities, the social and the natural sciences. The results support hypotheses
about a few information effects and, more often, contact benefits of Internet Dis-
cussion Groups. Researchers build up weak contacts that make their research
more visible and that make them more aware of other researchers’ work. These
weak contacts are useful for the reception of new research papers. However, con-
trary to what is stated in the literature (Gresham, 1994; Hiltz & Turoff, 1978;
Hesse, Sproull, Kiesler & Walsh, 1993; Walsh & Bayma, 1996b; Walsh 1998), the
data show no evidence for expectations about equalizing effects on the general
structure of academic communication. Internet Discussion Groups do not reduce
inequalities in the distribution of access opportunities to informal communica-
tion channels. Finally, there are clear disciplinary differences in the prevalence of
the use of Internet Discussion Groups as well as in their benefits for the researcher. 
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Cooperation of Estonian Research Institutions: 
Comparative Study of Co-authorship 
and Co-partnership

Cooperation of Estonian Research Institutions

Abstract

The paper will focus on the analyses of formed networks of Estonian researchers, based on
data of publications, co-authorship and co-partnership in international co-operation pro-
grammes.

Introduction

Science is a collective, creative effort that can not develop in isolation. The pre-
requisites for an ample field of scientific research are openness, an opportunity to
consult, reliance on the research results of predecessors, engagement in creative
discussion with counterparts, wherever the said counterpart resides.

 International collaboration has become a key characteristic especially in the
small countries or less developed nations that lack a comprehensive and high
quality domestic science base. In present situation it concerns also Estonia (pop-
ulation: 1.4 million). Opportunities of a small country are limited due to a limit-
ed state budget and in case of Estonia, also in current weaknesses in industry.
The level of the existing gross domestic expenditure on research and develop-
ment as a share of GDP1 is relatively low in Estonia (0.6% of GDP in 1999; see
Statistical Office of  Estonia, 2000, Table 19).

During the reforms which took place in R&D system since 1991 the number
of persons engaged in science sphere, decreased more than 1.8 times (from 7,150
in 1990 to 3,912 in 1999; see Statistical Office of  Estonia, 2000, Table 2).

In spite of these tendencies, the number of scientific articles in high impact
journals increased more than 2.2 times (from 277 in 1990 to 635 in 2000).
There are many reasons for this. One of the factors is surely the fact that for sci-

1. Gross Domestic Product
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entists of the academic system, publication is tantamount to scientific survival.
Grants, research allowances and benefits are accorded to those scientists that have
had their research released in high impact journals. Secondly, the science of today
is by and large a result of teamwork, and international collaboration is natural,
and steadily increasing part of it.

Open Society Fund plays a big role in acquainting researchers from former So-
viet Union (FSU) with grant writing. George Soros founded the Soros Founda-
tion – Soviet Union in 1987, and Open Estonian Foundation (OEF) in 1990.
These foundations helped to build the infrastructure and institutions of an open
society through the support of a variety of educational, cultural and economic re-
structuring activities. During ten years, the cost of the grants provided and the
projects initiated by the OEF has amounted to a total of 370 million Estonian
kroons.

Estonia prided itself on having the highest per-capita success rate for Soros-
funded ISF2 activities: 39.4 supported projects per million of the population –
vs. 19.6 for the next most successful nation, Russia. Latvia and Lithuania had
11.9 and 11.1 respectively (Eesti teaduse, 1998).

Data

Data for this report were collected from ISI SCI, SSCI, A&HCI data bases for pe-
riod 1991-1999, and the data of participation in EU framework programmes of
Estonian research institutions.

Results

The period 1991 - 1999 was a period of dramatic change for the science in Estonia
as well as for all former Soviet-oriented research-systems in East and Central Eu-
rope.

Roughly we can distinguish two periods in last ten years developments: 1991-
1993, the end of restructuring process in Estonian research system; and 1994-
1999, the merge of Estonian researchers into European and World systems.

2. International Science Foundation
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Period 1991-1993 

This was a period of re-structuring of Estonian science. The co-operation predom-
inated with various research institutions in Russia (17%), succeeded by Finland
(17%), Germany (16%) and Sweden (11%), see Fig. 1. 

Estonian researchers used in this period two main languages to appear in the
international community – English and Russian.

Period 1994-1999

The expansion of co-operation contacts is noticeable and the proportion of the so-
called leading countries has somewhat declined. First come researchers as co-au-
thors from Finland (16%), Sweden (16%), Germany (12%) and the USA (10%).
The capacity of joint articles with Russian scientists has dropped to 7% (Fig. 2).

This is also the period when EU funding resources opened for Estonia. The
Estonian share in EU programmes such as TEMPUS,3  PHARE,4  PECO/CO-
PERNICUS,5  4FP,6  5FP7 has been high.  

Framework programmes have opened up possibilities for substantially expan-
sive co-operation. This is also the period when various foreign funding resources
opened for Estonia.

Estonian researchers’ traditional partners are colleagues from Germany, Fin-
land and Sweden. But, comparing Estonian participation in the successful
projects, some changes appear (Fig. 3 & Fig. 4).

Although Scandinavian countries were the most numerous partners of Estonia
in applications, the United Kingdom and Germany have been among the two
first co-ordinators of successful projects already since the 4th Framework Pro-

3. TEMPUS (the Trans European cooperation scheme for higher education, set up in 1990) is the
European Union's major instrument for the development and restructuring of higher education
in Central and Eastern Europe, the New Independent States and Mongolia.

4. The PHARE Programme (set up in 1989) is currently the main channel for the European Un-
ion's financial and technical cooperation with the countries of central and eastern Europe
(CEECs).

5. PECO/COPERNICUS (Pays d'Europe Centrale et Orientale / Copernicus, set up in 1992) is
scientific and technological cooperation between the European Community and European non-
member countries. The main objective is to promote a pan-European research community.

6. The 4th Framework Programme (FP4) covered all the research and technological development
(RTD) activities which were funded by the European Commission during the period 1994-
1998. 

7. The Fifth Framework Programme (FP5) sets out the priorities for the European Union's re-
search, technological development and demonstration (RTD) activities for the period 1998-
2002.
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gramme. These are leading research countries with experience and skills for the
co-ordination of projects. On that background the significant percentage of
projects co-ordinated by Estonian own specialists (EE) is particularly remarkable.

RU
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UK
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Others
24%
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Figure 1: Distribution of co-authors by country (SCI 1991-1993) in percent 
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Figure 2: Distribution of co-authors by country (SCI 1994-1999) in percent
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Although experts have recommended closer co-operation among the Baltic
scientists, that exhortation has seemingly gone unheeded. The three Baltic states
have established their preferred co-operation partners. The tendency is a continu-
ous decrease in the proportion of the authors from the former SU republics as
well as from East and Central Europe. Estonia is connected through Nordic
countries to Europe (Fig. 5). The same picture appeared also in W. Glänzel’s pa-
per presented at this Workshop (Glänzel, 2000).
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Figure 3: Geographical distribution of co-ordinators of submitted projects with
Estonian participation in 5th Framework programme 
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The shifts in geography of co-authors assert D. J. deSolla Price's argument
that the extent of co-authorship is directly linked to the size of financial support avail-
able to research, and the collaboration reflects more economic than intellectual de-
pendence (Price, 1970).

The degree of openness of the sciences in a particular country can be correlat-
ed with the number of co-authors contributing to the work (Science Watch,
1996). 54.6% of articles published by Estonian researchers in 1995-1997 were
created in international co-operation. The results depend also from the research
area. The most collaborative were scientists in biomedical research (75.20% of ar-
ticles) (National Science Board, 2000).

Publication data enable to draw up different publication profiles (Fig. 6 & Fig.
7), pointing to relative specializations that are specific to different parts of the
world (Braun, 1999).

As we see, in 1991 the model dominated, specific to the former countries of
the Soviet bloc, where the emphasis has traditionally been on chemistry and
physics. In 1999 the picture is changed and is typical to “western model”, where
clinical medicine and biomedical research are the leading fields of specialization
(Braun, 1999).

Figure 5: Changes in co-authors geography 
(period 1991 = 1,  . . .  ,  1999 = 9, source: ISI data bases) 
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Conclusions

1. International contacts of Estonian science synchronise with the developments
in other countries (the globalisation of science), however, they have their
peculiarities, related to the political background, in the first place. Within a
relatively short time (10 years from the restoration of independence) a rapid
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Figure 6: Estonian research publication profile in 1991 
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re-orientation from the sphere of SU science-system to that of European sci-
ence has taken place. Based on Estonian experience we can assert less inertia
in minor states. The participation in the international RTD co-operation is
vital for minor states also from the aspect of procuring additional resources
(finances, expertise) for internationalisation and developmental operations. 

2. The shifts in geography of co-authors assert Price's argument that the extent of
co-authorship is directly linked to the size of financial support available to
research, and the collaboration reflects more economic than intellectual depend-
ence. The SCI database first reflects the situation in these branches of science,
which are closely connected to technology and innovation processes. The
Estonian scientists who worked successfully thanks to orders from the former
SU defence industry seem to have found it easier to re-structure themselves
and adjust their work to the standards of their Western partners. 

3. Restoration of international research contacts first with Finland, Sweden and
Germany is, besides their geographical vicinity, related to either affinity of
languages (Estonian and Finnish are close cognate languages) or traditions of
culture (in 1632 King of Sweden founded a university in Tartu; up to the
beginning of the 20th c. Estonia belonged to the German sphere of culture).
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RONALD ROUSSEAU
Ronald Rousseau

Are Multi-Authored Articles Cited More 
than Single-Authored Ones?
Are Collaborations with Authors 
from Other Countries More Cited 
than Collaborations within the Country? 
A Case Study

Abstract1

Based on LUC2 evaluation data we investigate the citation output of single-authored arti-
cles versus the output of articles with two or more collaborators. This is done for ‘citable’
articles published in journals covered by the JCR (ISI)3, and for all other articles (pub-
lished in non-ISI journals, in conference proceedings or in edited books). Citations to
books are not included in the study. We further compare citation results for collaborations
within the country and with scientists from abroad. 
Results: multi-authored articles have usually higher citation frequencies than single-au-
thored ones, but this relation does not hold in all cases. It seems favourable (in the sense of
receiving more citations) for a small university in a small country, to collaborate with scien-
tists from abroad. 

Introduction

Collaboration is a rich subject as witnessed by Harsanyi’s review (Harsanyi, 1993)
and the contents of the first and the second Berlin Workshop on Scientometrics
and Informetrics. Moreover, collaboration is the key issue to solving complex is-
sues in many areas in science (Cullen et al., 1999). As a research subject in its own
right, it can be studied from a practical or from a theoretical point of view (Egghe
& Rousseau, 1995). In this note we discuss real data (hence taking the ‘practical’

1. This text is an extended abstract of the workshop paper.
2. Limburgs Universitair Centrum
3. Journal Citation Reports, see http://www.isinet.com
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road) on collaboration and the resulting citation patterns. These data were collect-
ed during the evaluation exercise of LUC (Rousseau, 1998). We want to investi-
gate (or at least illustrate) the following problem: are multi-authored articles more
cited than other ones? In an earlier article (Rousseau, 1992) we suggested that they
were, and that this increased citedness just reflects the conditional probabilities of
authors’ greater familiarity with the work of their friends and colleagues. The more
co-authors a paper has, the more likely it is that another author knows of them,
resulting in a citation. It is, however, not clear if it is really true that multi-authored
articles are more cited than single-authored-ones (Smart & Bayer, 1986). One of
the factors we will investigate here is the influence of a collaboration with a fellow
countryman/woman versus a collaboration with a scientist from abroad. For a
small country, such as Belgium, this can make quite a difference.

Data were collected in three (broad) fields: a) mathematics – statistics –
informetrics – theoretical computer science; b) chemistry, and c) theoretical phy-
sics. As to the publications, we will make a distinction between ‘citable’ articles in
journals covered by the Journal Citation Reports (JCR) and all other articles. Ci-
tations were always collected from ISI’s databases. 

We studied the number of JCR and non-JCR articles with n, n = 1,2, … au-
thors, the average number of citations these articles received over the first 4-year
period and the average number of citations per year. The period covered here lies
between 2 and 13 years (depending on the age of the article). We further counted
the number of collaborations with scientists from Belgium, and with scientists
from abroad. Finally, we compared the average number of citations per year per
category.

Comments on the mathematics-statistics group

Adding all publications together (JCR + non-JCR) still yields a mode for the sin-
gle-author paper in ‘mathematics’ (i.e. pure mathematics, theoretical computer
science and informetrics). Including statistics, however, shifts the mode to articles
with two authors. In biostatistics we even see a 9 and a 10 author paper. More than
70% of all publications are articles in JCR-journals. For the whole group, multi-
authored articles have a higher average number of citations than single-authored
ones: 0.71 versus 0.64 per year for JCR publications (or 11% more); 0.44 versus
0.39 for non-JCR publications (or 13% more). This effect does not hold for JCR
publications in ‘mathematics’ during the first 4-year period after publication: 3.24,
for single–author articles, versus 2.56 citations for multi-authored ones. In ‘math-
ematics’ more collaboration occurs with scientists from within the country, while
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the opposite is true for statistics. Yet, especially for ‘mathematics’, collaboration
with scientists from abroad yields more citations. 

Comments on the theoretical physics group

In theoretical physics the mode is at two authors per article, yet 27% of all publi-
cations are single-authored ones. Also here the large majority (77%) of all publi-
cations are articles in JCR-journals. Single-authored papers receive more citations
than multi-authored ones: 1.26 per year versus 1.04 (or 21% more); 5.79 versus
4.71 during the first 4 years (or 23% more). The effect is even more pronounced
for non-JCR publications. This group has a clear preference for collaborations
with scientists from abroad. These collaborations also yield more than the double
number of citations than collaborations within the country.

Comments on the chemistry groups

In theoretical and analytical chemistry the mode is at 3 authors per paper, while
for the other chemistry groups (inorganic, physical, organic, polymer and applied
chemistry) it is situated at 4 authors per paper. These other chemistry groups have,
moreover, more authors per paper in general. The large majority (86%) of all pub-
lications are articles in JCR-journals. The largest number of citations per paper oc-
curs in both groups at the mode (3, resp. 4 authors). The ‘other’ chemistry groups
have a clear preference for collaborations within the country (often within the
group). Such a preference does not exist in theoretical chemistry. For all groups
collaboration with scientists from abroad yields more citations per article than col-
laboration within the country.

Global comments and conclusion

It is certainly not true that always multi-authored articles receive more citations
than single-authored ones, nor is the saying ‘the more co-authors, the more cita-
tions’ always correct. In this sense our findings corroborate those of Smart and
Bayer (1986): multi-authored articles have usually higher citation frequencies than
single-authored ones, but this relation is not so strong as to hold under all circum-
stances and for all domains of science. On the other hand, it seems, at least for the
cases studied here, that it is favorable (in the sense of receiving more citations) for
a small university in a small country, to collaborate with scientists from abroad. We
finally note that in the fields studied here, the large majority of all publications are
articles in JCR covered journals.
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SHIVAPPA L. SANGAM

Collaborative Research in Psychology in India: 
A Scientometric Study

Abstract

Investigates the nature and type of collaborated research in India as reflected in Psyclit
CD-ROM Data Base 1974 – 1998. Indicates the authorship pattern in Psychology in In-
dia. Explores the degree of collaboration in the different sub-fields of Psychology. High-
lights the collaboration linkages among various countries in transnational collaborative
research. Concludes that there is a high degree of collaboration in Psychology research in
India.

1. Introduction 

Since the beginning of 20th century there has been a consistent trend towards col-
laboration between workers in all the major branches of science. The organisa-
tions of science have been changed dramatically because scientists are no longer
able to carry out their work in isolation. Due to institutionalisation of science al-
most every scientist of today, in contrast to the scientists of the past, works to a
lesser or a greater degree, in collaboration or close contact with other scientific
workers. Collaboration in research is said to have taken place when two or more
scientists work together on a scientific problem or project and contribute their ef-
fort, physical and mental. Number of studies has been undertaken concerning
collaborative research. Most of these studies refer to the world science literature as
a whole. It has been found that a larger number of collaborative studies have been
reported in the field science and technology than in social science and the human-
ities. Some of the notable studies are by Kretschmer and Gupta,1 Gupta and Ka-
risiddappa,2 Maheshwarappa et al.,3 Druva Raina et al.4 and others. The purpose
of the present study is to determine the collaborative research trends in Psychology
and its 13 sub-fields in India.
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2. Methods

The data for this study is taken from the Psyclit CD-ROM Database of the Amer-
ican Psychological Association, 1974–1998. It has been divided into five blocks:
1974–78, 1979–83, 1984–88, 1989–93, 1994–98. The total sample consists of
8032 research publications. Each publication has been classified as Internal Col-
laboration, Domestic Collaboration and International Collaboration.

The data was tabulated and analysed for the purpose of interpretation and dis-
cussion. The data was also subjected to the Degree of Collaboration (DC) by us-
ing the formula given by K. Subramanyam.5 

3. Results

3.1 Authorship pattern in Psychology 

Authorship pattern in India in Psychology reveals that majority of the papers were
multi-authored papers, i.e. 69% and single-authored papers were 31%. So we have
a Degree of Collaboration DC = .69 (Vide Table 1, last row, last three columns).
In other words, out of ten papers, on an average three papers were the result of solo
research and remaining papers were the result of team research. 

When we analysed the same with time divided into five blocks we find highest
share of multi-authored papers in 1994–98 period (DC = .76) and lowest in
1974–78 (DC = .63; vide Table 1, last row). This shows a trend toward increasing
collaborative research (see Figure). 

3.2 Authorship pattern in different sub-fields of Psychology 

Table 1 also shows the authorship pattern in the different sub-fields of Psychology.
It is noticed that authorship pattern differs from one discipline to another and also
within the discipline from one sub-field to another depending on the various fac-
tors such as nature of the sub-field, viz., theoretical vs. experimental, financial as-
sistance, the use of large instrumentation, utilization of manpower, collaborative
pattern etc. It is clear from the table that the collaboration differs from each set of
period. 1974–78 multi-authored papers share in the field of General Psychology
was just 36% where as it doubled in the years 1994–98 and raised to 74%. The
highest proportion of multi-authored papers was found in 1994–98.

The following observations can be made about the collaboration in thirteen
areas of Psychology:
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1. The Degree of Collaboration is minimum in General Psychology (DC = .63).
The reason could be, it deals with all branches of Psychology with strong the-
oretical background in order to make it more evident.

2. In the field of Psychometrics DC is high. It may be due to the way of infor-
mation obtained in psychological studies and now organised and analysed
through various statistical methods, which requires lot of collaboration. Such
studies are essential and are to be used for the systematic growth and develop-
ment of the subject.

3. In the field of Experimental Psychology it is found that DC is medium. In
this field the condition is more or less controlled by laboratory work, which
needs individual effort. The researcher alone has direct knowledge.
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Figure: The Degree of Collaboration in Psychology in India during 1974–98 
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4. In the field of Physiological Psychology, it is found that multi-authored pa-
pers were less than 70%.

5. In the field of Communication System the share of multi-authored papers is
64%.

6. The share of multi-authored papers is bigger in the sub-field Developmental
Psychology than in many others. This may be due to fact that the investiga-
tors have different opinions about the value of theoretical aspects in the field
of Psychology.

7. In the field of Social Process and Social Psychology DC is medium.

8. In the field of Experimental Social Psychology it is found that the share of
multi-authored papers is bigger than in all the others. Here psychologist tries
to give solutions for problems, which lead to change in behaviour and also
the social institution.

9. In the field of Personality DC is bigger than in some other sub-fields.

10. As far as the Physical and Psychological Disorder sub-field is concerned, the
DC is bigger than in some other sub-fields. 

11. In the field of Treatment and Prevention DC is bigger than in some other
sub-fields.

12. The field of Educational Psychology is an applied field concerned with un-
derstanding of human capacities and the means to bring about their most fa-
vourable growth and development. Hence, it is more theoretical in nature
than the experimental.

13. Lastly, the sub-field Applied Psychology is based upon broad spectrum of
content and emphasis is given to the ways for adjust to the changing physical
social and economic environment.

3.3 Nature and type of collaboration

3.3.1 Internal collaboration (intra-department and within an organisation):

Internal collaboration publications occupy a major portion in total collaborative
publications of Indian universities, research institutes and medical colleges and
teachers training institutes and defence institute. Its percentage contribution in to-
tal collaborative publication is more than 80% (Table 2). 

3.3.2 Domestic collaboration (intra-institutional collaboration, collaboration 
between two or more organisations):

Compared to internal collaboration, priority to domestic collaboration is very lit-
tle 15% (Table 2). 
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3.3.3 International collaboration (collaboration between two or more 
organisations or institutions located in more than one country):

Comparing to other above two types of collaboration international collaboration
is quite negligible; it is less than 5% (Table 2). International collaboration is in-
creasingly becoming more frequent over a period of time and playing an important
role in educational, medical and psychological development of the country.
Among the countries involved in the field of Psychology research collaboration,
United States of America are the largest contributor with maximum number of re-
search publications with Indian scientists followed by UK, Canada and Germany.

4. Conclusions

In summary, this study has shown that 69% of the publications are multi-authored
and collaborated papers. The percentage of collaborated papers is very high be-
cause the field is well developed and having lot of practical applicability in nature.

It is found that highest proportion of Degree of Collaboration is found in the
field of Experimental Social Psychology (.75) and lowest in the field of General
Psychology (.63).

Among the countries involved in the field of Psychology research collabora-
tion, USA is the largest contributor with maximum number of research publica-
tions followed by UK and Canada.

Internal collaborated publications occupy a major percentage share in total
collaborative publications. Domestic collaboration comes next and international
collaboration is quite negligible. The present study clearly brings out the changes
taking place in the nature of collaborative research. A distinct shift is found to be
taking place over the years from internal collaboration to domestic and interna-
tional collaboration.

Type of Collaboration Total papers % 

Internal Collaboration 

Domestic Collaboration 

International Collaboration 

4422 

828 

276 

80 

15 

5 

Total 5526 100 

Table 2: Types of collaborated research 
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DIMITER T. TOMOV 
SEVDALINA GERASIMOVA

Computerized Historiography 
of Interdisciplinary Collaboration 
in Memory Research

Abstract

The dynamic publication output in the field of experimental and clinical memory research
in some data bases for different periods of time and in the proceedings of two European
neuroscience meetings was analyzed. A comprehensive set of scientometric indicators was
applied to reveal the peculiarities of an emerging and continuously advancing field that in-
volved scientists of different disciplinary belonging and from broader and narrower topics.
Promising opportunities for more detailed descriptions of the international co-operation
in interdisciplinary areas are suggested. Recently, the collaboration patterns in memory re-
search present with a rising number of co-authors, institutions from various scientific
branches and countries from all over the world. Contemporary computerized scientomet-
rics should more actively use its tools for complex evaluation of the dynamic development
of interdisciplinary, institutional and international features of fundamental and applied
sciences.

Introduction

Modern science inherits from the past a set of achievements in the organization
of university education and research, in the methodology instrumentarium, and
in the thematic variety. It intensively develops computerized information tech-
nologies facing the rising requirements of human society. The scientometric ap-
proach to the historiography of science5,6 and to the international15 and
national20 development in a research field has already proved to be effective. An
increasing attention is paid to some essential components of research activity and
publication output such as internationalization,1,11,12 international collabora-
tion,4,7-10,30 international journals,27,28 institutionalization,26,27 interdiscipli-
narity,3,14,19 and interdisciplinary co-operation.2  Various aspects of the conver-
gence of the European science and the role of the EU policies for the internation-
al research collaboration13 are comprehensively evaluated.8,29
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In recent decades, memory, learning and their disorders represent a rapidly ad-
vancing interdisciplinary field characterized by effective collaboration. We have
already reported our results devoted to the international communication patterns
in the field of memory research in SSCI CDE22 and MEDLINE on CD-ROM.23

A specific memory disorder, retrograde amnesia, has been scientometrically ana-
lyzed, too.16  There exist, however, a lot of modern data bases that reflect the
world literature on this topic to a different extent deserving a careful examina-
tion, too.

The purpose of this paper is to demonstrate some scientometric aspects of the
dynamic development of this significant socio-medical problem using a complex
comparative approach to the world publication output reflected in some data
bases and primary sources. The first communication of this series will present
some initial facts and figures only.

Material and methods

The following data bases were scientometrically analyzed: a) MEDLINE on CD-
ROM (1966-1999); b) Science Citation Index CDE with Abstracts (1980-1999);
c) Social Sciences Citation Index CDE with Abstracts (1981-1999); d) PsychLit
(1884-1982); e) PsychIndex (1975-1999); f) EMBASE on CD-ROM (1980-
1999), and g) Excerpta Medica on CD-ROM (1982-1989). The following main
terms were retrospectively searched for: “memory”; “short-term memory”; “mem-
ory disorders”, “memory and learning”, and “memory and blood-brain barrier”.
The international publication output on “learning and memory” in the proceed-
ings of two recent European Forums of Neuroscience held in Berlin in 1998 and
in Brighton in 2000 and published in the “European Journal of Neuroscience” was
also examined. The following bibliometric parameters were analyzed: type of
document (journal article; letter to the editor; meeting abstract; review article,
and book review); number of authors of the publications; title, thematic profile,
and country of publication of the journals; institutional affiliations according to
the thematic profile and country; number of internationally co-authored papers,
and denominations of "memory" and “memory and learning” institutions and
their country belonging. Semantic analysis of the key-words and titles of the arti-
cles matched with institutional addresses and journal titles helped identifying the
interdisciplinary nature of the papers.

Our own complex scientometric methods for studying the international scien-
tific communications and the interdisciplinarity of modern science18,19,21 were
applied to demonstrate some essential communication patterns in this field. A
few of scientometric distributions characterizing certain features of the interna-
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tionalization and institutionalization in this interdisciplinary field will be shown
in the present communication only.

Results

The data obtained from different secondary sources indicate a stable tendency to-
wards augmentation of the interest in this topic when all the descriptors analyzed
are concerned. 

In EMBASE, the number of publications on “memory and learning” increased
from 149 and 146 in 1980 and 1981 up to 973 and 989 in 1998 and 1999, re-
spectively. In PsychLit, there were 13088 citations to journal articles in 1894-
1982 and 251 – to books in 1921-1970. Until 1920, there were only 82 papers
while in 1951-1960 – 4356 papers. Surprisingly, during the World War II (1939-
1945) a total of 247 journal articles and 29 books were reflected in this data base.
There were 2 journals until 1900, 5 – until 1910, 9 – until 1920, 56 – until
1930, etc. In 1931-1933, between 23 and 27 journals contained articles on
“memory and learning”.

An interesting finding is the creation of new narrow-profile journals. Memory
papers in the German journal “Psychopharmacology” were covered rather compre-
hensively by PsychLit since 1976 – between 9 and 24 papers yearly. The emer-
gence of several mono- and interdisciplinary journals containing the word
“psychopharmacology” in their titles is followed-up on Table 1. Based on this his-
toriographic picture a logical question arises about their overlapping thematic
profile and competitive capacity for the international readership.

In MEDLINE, the publication activity in the field of memory and blood-
brain barrier in animals and man sharply increases since 1993.24  Some 36 review
articles contain 5236 citations, in 19 of which there are more than 100 and in 6 –
more than 200 citations. Authors from 26 countries have published their articles
in 92 journals from 21 countries. Eight “international” journals are published by
5 countries. In 36 American journals there are 47 articles while the Americans
have published 36 papers in 30 national and 15 – in 9 journals from 5 other
countries. Next come Germany, Japan, England and the Netherlands (concerning
the journals containing articles), Israel (with 5 articles in 5 journals from three
foreign countries), etc. There are a total of 18 monodisciplinary and 7 interdisci-
plinary thematic profiles of authors’ institutions but 17 mono- and 8 interdisci-
plinary profiles of journals, respectively. Between 1988 and 1999, there is no
coincidence between the profiles of institutions and journals in 34 out of 94 pa-
pers.
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In SCI CDE, the introduction of the retrieval option through “Basic” instead
of “Title Word” in 1991 results in a dramatical augmentation of the relevant doc-
uments. The annual distributions of the different document types and of the au-
thor’s affiliations are demonstrated on Tables 2 and 3.

Some features of the international participation in the recent European neuro-
science forums in memory research only are presented on Table 4. There are a to-
tal of 33 countries of authors. Seven countries are involved with more then 10
papers in the two meetings and with one paper only each.

Four “core” journals containing the term “memory” in their titles such as
“Memory and Cognition”, “Neurobiology of Learning and Memory”, “Journal of
Memory and Language”, as well as “Journal of Experimental Psychology – Human
Learning and Memory” replaced in the 90s by the “Journal of Experimental Psy-
chology – Learning, Memory and Cognition” were identified and will be compre-
hensively analyzed.

Discussion

Our results show the rising involvement of scientists from different disciplines,
institutions, and countries in the actual problems of memory during the last de-

Table 1: “Psychopharmacology” journals since 1959 

No Title Country Initial year
1. Psychopharmacology FRG 1959
2. Psychopharmacology Bulletin USA 1959
3. Advances in Biochemical Psychopharmacology USA 1969
4. Progress in Neuro-Psychopharmacology USA 1977
5. Advances in Human Psychopharmacology ENG 1980
6. Journal of Clinical Psychopharmacology USA 1981
7. Psychopharmacology NET 1983
8. Human Psychopharmacology – Clinical and Experimental ENG 1986
9. International Clinical Psychopharmacology ENG 1986
10. Journal of Psychopharmacology ENG 1987
11. Neuropsychopharmacology USA 1987
12. Neuropsicofarmacologia del comportamento ITA 1988
13. Journal of Child and Adolescent Psychopharmacology USA 1990
14. Psychopharmacology Update USA 1990
15. Advances in Neuropsychiatry and Psychopharmacology USA 1991
16. Psychopharmakotherapie FRG 1994
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cades. The greater number of authors per paper can be explained by the necessi-
ties of a more complex approach facing the serious challenges of contemporary
interdisciplinary science. The science stratification concerns the most important
scientometric characteristics of research such as publication of national and inter-
national journals and relatively constant number of articles in them, number of
institutions permanently involved in problem-oriented research, advanced insti-
tutionalization and internationalization of research as reliable indicators of sci-
ence effectiveness, broad interdisciplinary links between institutions of different
profile, regular participation in scientific meetings, etc. Collaboration takes place
in locally-oriented and monodisciplinary science, too. There are collectives con-
sisting of several authors per paper from one and the same unit, of one and the
same department, of one and the same speciality, etc. Let us neglect such a type of

Table 2: Distribution of document types on “memory and learning” 
in SCI CDE (1980-1999)
Note: One book review was found in 1984 and in 1986 each.

Year Articles Letters Meeting 
abstracts

Reviews

1980 18 1 3 0
1981 14 0 3 2
1982 15 1 3 0
1983 10 0 2 4
1984 20 0 6 2
1985 21 0 11 6
1986 25 1 10 4
1987 29 1 12 3
1988 33 0 18 2
1989 39 0 3 3
1990 40 0 16 5
1991 363 2 6 26
1992 457 4 10 24
1993 456 3 9 41
1994 546 5 6 40
1995 556 4 13 51
1996 684 3 7 61
1997 814 1 11 69
1998 838 0 27 75
1999 892 0 20 86
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collaboration where, commonly, the scientific background is not fair enough. Let
us focus on the type of collaboration when united efforts of specialists from dif-
ferent disciplines, institutions and even countries are directed towards a timely
solving the complex scientific tasks of mutual and more general interest.

Internationality of research is mainly meant as international collaboration and
sharing of costs and efforts through national specialization or differentiation. The
following items are of practical interest when the international scientific commu-
nications are concerned: a) number of papers in a given journal in a given year
(individual, collective); number of authors per paper; number of thematically dif-
ferent institutions in a paper and as a whole in a given journal in a given year; b)
number of papers by authors from abroad in a given journal in a given year; num-
ber of papers co-authored by domestic and foreign authors; number of countries

Table 3: Institutionalization of research on “memory and learning” in SCI CDE
(1980-1999) 

Year Title word /
Basic 

(since ‘91)

Author’s 
address

“learning”

Author’s 
address 

“memory”

Author’s 
address 

“l. and m.”

Author’s 
address 

“l. or m.”
1980 26 35 12 0 47
1981 22 40 11 0 51
1982 24 30 18 0 48
1983 17 29 32 1 60
1984 29 29 33 12 50
1985 38 47 48 23 72
1986 43 46 37 13 70
1987 46 56 43 32 67
1988 56 55 52 28 78
1989 48 70 52 37 85
1990 66 82 67 43 106
1991 426 77 89 35 131
1992 520 69 72 29 112
1993 540 71 63 24 110
1994 632 68 76 34 110
1995 670 86 89 34 141
1996 761 114 139 57 196
1997 908 97 151 49 199
1998 964 130 160 53 237
1999 1012 151 166 64 253
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of foreign authors – per paper; per journal, etc.; c) number of journals published
by a given country in a given year where the editors and associate editors are from
abroad – analysis by number of foreign editors; number of countries of foreign
editors in a given journal (in the same or in previous years); d) number of jour-
nals published in a given country that contain some of the following words in
their title: "International", "European", "World", "African", etc.; number of arti-
cles by national and by international collectives in these journals in a given year.
The combinations of these subgroups and their dynamic following-up help the
precise identification of the specificity of concrete communication features in a
given field and subfield. A given country could thus be characterized as predomi-
nantly "open" or predominantly "closed" to the world community. Therefore, in-
ternationalization of research is characterized by the effective collaboration
between authors from different countries, the publication of: i) monographs and
textbooks by international authors' collectives and publishers; ii) manuscripts in
foreign journals and congress proceedings; iii) journals of international nature as
indicated not only by their titles but also by the presence of foreign editors and
editorial-board members, the organization of international scientific meetings,
the translation of scientific texts into foreign languages, the dissemination of na-
tional and foreign scientific information through information centres' data-bases

Table 4: Comparative characteristics of memory-research internationalization in 
two European neuroscience forums 

Parameters Berlin 1998 Brighton 2000
Plenary reports 1 1
Countries of authors 1 1
Symposia 1 1
Reports 4 4
Oral communications 6 6
Countries of authors 3 5
Poster sessions 1 5
Poster communications 100 112
Countries of authors 25 24
Internationally co-authored poster communications 17 16
% of internationally co-authored poster communications 17 14,3
Countries of authors in international collectives 14 18
Countries of authors in international collectives only 3 4
Total number of countries of authors 26 25
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and other secondary sources, the interpersonal communications through tele-
communication network systems such as Internet, etc. 

Interdisciplinarity aims at achieving the integrated knowledge of the modern
world in its most intimate details and as a whole. Interdisciplinarity is the direct
or indirect use of knowledge, methods, techniques, devices (or other ‘products’)
as a result of scientific and technological activities in other fields.17 

The constellations of a series of thematic oriented scientometric distributions
enable the identification of interesting regularities in modern science develop-
ment consisting in the following: a) some countries are involved in the research
communication system mainly through the journals edited by their own (or by
foreign) editors and published in them; b) numerous countries participate mainly
by their authors but rarely – by their own journals, and 3) several countries take
part in research and journals' publishing both. There exists no country in the
world, which research and publishing policies could ensure coverage of the whole
scope of both narrow and broad interdisciplinary topics. Therefore, research poli-
cy makers in many smaller countries have to evaluate and then to reconsider, rear-
range and, eventually, reorient the national research potential either to the free,
yet not-occupied micro-topics ("emerging research fronts"), or to the most active
and fully occupied topics in order to achieve international visibility through ef-
fective bi- or multinational collaboration and to gain timely recognition.

The regular publishing of review articles characterizes the maturity of a given
field. An accumulated theoretical and applied knowledge needs a proper concise
interpretation reflecting the dynamics of the corresponding paradigm. The pub-
lishing of book reviews, letters to the editor and/or comments proves the vitality
of scientific critique within the interdisciplinary and mainly international com-
munity.25 The publishing of meeting abstracts by the eminent scientific journals
illustrates the awareness of the importance of the world-wide dissemination of
this kind of very new information. No problem-oriented bibliometric analysis
that emphasizes the significance of identifying the individual communicative pat-
terns of these particular document types has been reported yet. 

In our opinion, studying this specific communication parameters’ set could
help the better understanding of the accelerated information flows taking place in
promising research topics. Involvement of both large and small countries in this
particular publication output deserves special future investigations by scientome-
tricians and sociologists of science. Besides investigators from the small countries
in Europe and Asia increasingly try to publish their papers in world-prestige jour-
nals. That is why the mutual interest between the economically powerful science
centres and the enthusiastic science periphery stimulates a more effective interna-
tional co-operation. In this aspect, our comprehensive bibliographic data could
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successfully help improving the communication patterns and the research policy
in the less significant countries such as Bulgaria. Facing the requirements of inter-
disciplinarity, both institutionalization and internationalization of contemporary
research built-up a promising fundament of science theory and practice. The
present study confirms our own concept of the unity of the interdisciplinarity, in-
stitutionalization and internationalization of research and university education.21

The effective tools of contemporary computerized scientometrics should be more
actively applied for complex evaluation of the interdisciplinarity, institutionaliza-
tion and internationalization of basic and applied sciences.
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Continuity and Discontinuity 
of Collaboration Behaviour since 1800 – 
From a Bibliometric Point of View

Abstract*

Time-series of collaboration trends indicated through co-authorships are examined from
1800 to presence in mathematics, logic, and physics. In physics, the share of co-authored
papers expands in the second half of the 19th century, in mathematics in the first decades
of the 20th century, in logic in the second half of the 20th century. Subdisciplines of
mathematics, of physics, and areas of logic show large differences in their respective pro-
pensities to collaborate. None of the existing explanatory approaches meets this heteroge-
neity; the most salient feature is a propensity to collaborate in fields where theoretical and
applied research is combined.

Necessities and riddles of collaboration

That collaboration and teamwork are among the most important necessities of
scientific and technological work today is beyond doubt. But it is also of no doubt
in my eyes that both topics themselves deserve scientific reflection and interest as
this workshop vividly demonstrates. I hope that it is no misperception if I say that
those reflections since D. Beaver's and R. Rosen's investigations1-3 deliver a con-
tradicting and theoretically not satisfying picture of the process. (Cf., e.g., the
review4.) A satisfying theoretical approach should consider inter alia economic as
well as sociological concepts to explain different forms of collaboration in terms
of a cognitive economy to take up a concept of N. Rescher, and in terms of the
allocation of cognitive resources. It should explain how the process of specializa-
tion, a secular trend of the last two centuries, is connected in the case of scientific
work with increasing cooperation and collaboration and why this differs so much
in different scientific disciplines and areas.

* An extended version of this paper is published in Scientometrics.
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Apart from those explanatory aims it has to be said that even the simple
empirical historiography of collaboration is not established, despite several case
studies, at least as far as I can see. Is it really correct that scientific collaboration
began to expand significantly since World War II as it is suggested so often, is
this true for all (natural) sciences, and what happens in the presence? The situa-
tion concerning empirical data is characterized through a lack of comprehensive-
ness and a lack of retrospective validity and sensibility. Studies giving an
empirical picture of collaboration in a certain scientific area in a certain time
interval deserve genuine interest. Because thousands of scientific areas exist apart
from different time intervals and geographic areas, those studies can augment
beyond limits. However, to which extent is theoretical progress connected with
that augmentation?

In what follows I would like to propagandize a comparative synchronic
approach to the study of collaboration, on the one hand, and a diachronic, histo-
riographic approach, on the other hand. If I understood it correctly both
approaches are characteristic for Donald deB. Beavers work, but too less scien-
tometricians followed his steps. In addition, there is a scientific discipline which
is far too less an object of scientometric interest, viz. mathematics. It is a com-
monspread prejudice concerning mathematics that collaboration plays no major
role in this discipline the heart of which is purely theoretical.

The outline of my sketch is as follows: First I would like to present represent-
ative data with regard to collaboration in mathematics from 1800 to presence.
This will be contrasted with physics which is supposed to be a collaborating dis-
cipline par excellence. The results I would like to compare with a major subdisci-
pline of mathematics, namely mathematical logic. How similar is the time path
of collaboration in this mathematical subdiscipline to the development of the
whole? In addition, some subareas of logic itself will be compared to logic and
mathematics as a whole. This gives a diachronic picture of collaboration.

A synchronic comparison of the amount of collaboration in all about 60
major mathematical subdisciplines follows. Considered will be the world-wide
output of mathematical papers with publication year 1985. This is compared
with a similar investigation of the most important 19th-century mathematical
areas. Again, this will be contrasted with physics.

The empirical material will be the background for some considerations con-
cerning the most commonspread explanatory concepts regarding collaboration.

Before I come to the points I should make clear that I consider scientific col-
laboration as being indicated in coauthorships. Those coauthorships will
embrace all forms of collaboration, from teamwork to loose forms of cooperation
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and contribution in all varieties. Despite coauthoring does not cover all coopera-
tion, it will fulfil the purpose as a rough indicator.5

Collaboration 1800 to presence I: mathematics and physics

The expansion, institutionalization and professionalization of pure mathematics
is a venture rooting in the 19th century. Were its literary output in the first years
of the 19th century some dozens papers per year, this amounted to some hundreds
of papers in the last years of the 19th century, growing to several ten thousands
annual papers nowadays. Let us consider the amount of coauthoring in that ab-
stract discipline. Data of 19th-century mathematics is based on the exploitation
of the comprehensive Catalogue of Scientific Papers delivered by the Royal Society
of London.6 Data concerning 20th-century mathematics is based on the Zentral-
blatt für Mathematik und ihre Grenzgebiete which is a review journal covering
mathematical literature in a world wide manner similar to the Mathematical Re-
views, but beginning as early as 1931 and summing up to far over 1 mio. publica-
tions. I considered only journal papers, using the CD-ROM edition.

As Figure 1 for the period of 1800 to 1998 in moving five-year averages
shows, the level of coauthored papers remains with no more than two per cent in
the first half and no more than one per cent in the second half of the 19th cen-
tury extremely low. 

Not the slightest increasing trend can be observed (Figure 2). The period
between 1900 and 1930 is not covered by the Catalogue or the Zentralblatt,
respectively, but obviously exactly in that period a distinct increase in the per-
centage of coauthored papers has to be supposed. This strong growth continues
in the next decades, and in the last years of the 20th century the threshold of 50
per cent is exceeded. We record that the time after World War II witnesses not a
sudden increase of collaboration, at least not in mathematics, rather that the
trend begins much earlier. And that modern mathematicians tend to work for
their own or that mathematics is not suitable for collaboration seems to be a
mere fable.

Now I would like to compare these findings with the situation in another dis-
cipline which is, as I already mentioned, the paradigm for large-scale cooperative
endeavours in science, namely physics. To be exact I would like to detect whether
the collaboration behaviour in 19th-century physics as reflected in coauthored
publications shows early peculiarities and deviates from mathematics or whether
both show similar low dispositions to collaborate. Again I exploited the Cata-
logue of Scientific Papers, in this case the physics index which includes mechanics
and embraces about 75,000 papers.7



200 ROLAND WAGNER-DÖBLER

Figure 1: Percentage of papers with coauthors in mathematics, 1800-1998.
Moving 5-year averages. Sum about 1,3 mio papers. Sources: see text. Exact figures of
all papers: See also Ref. 6, 9

Figure 2: The same as in Figure 1, only for the 19th century.
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Figure 3 shows the percentage of coauthored papers in moving five-year aver-
ages. There is no doubt that physics is a different case: Here a distinct growth of
coauthoring begins in the second half of the 19th century. In the first half, how-
ever, there is, apart from some fluctuations, a more or less constant level of about
2 per cent of coauthored papers. I cannot present data for the 20th century here,
but one can nevertheless conclude that the secular increase of collaboration in
physics began not in the 20th century, not with World War II, but in the second
half of the 19th century.

Collaboration 1800 to presence II: a mathematical subdiscipline

Mathematics is a huge discipline with dozens of subdisciplines. How similar is the
collaborative behaviour of a larger mathematical subdiscipline in the course of the
last decades compared to the whole? Mathematical logic belongs to the most ab-
stract and theoretical areas of a discipline which as such is rated as most abstract
and theoretical. However, logic was a scientific nobody in the 19th century, amor-

Figure 3: Percentage of coauthored papers in 19th-century physics.
Moving five-year averages. Sum: about 75.000 papers. Source: See text. Exact figures
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phous stuff of some philosophizing mathematicians or mathematicizing philoso-
phers, without any scientific or practical importance beyond those circles. It took
several decades until logic reached institutionalization and an output of a hundred
papers or so per year in the middle of our century. That was the time when logic
suddenly gained unexpected usefulness and outraging importance: as a mathe-
matical tool for constructing computing devices. Since when do the reasoners col-
laborate? At least long before World War II. Figure 4 shows the percentage of
coauthored publications (including books in this case) of all logic publications
from the beginning to 1990 in moving five-year averages. The data is based on an
authoritative logic bibliography.8 

As the graph reveals, coauthor publishing in logic began in the first years of
the 20th century; before no coauthored publications at all appeared. For compar-
ative purposes the graph for the total of mathematics is shown again. One can
observe a roughly parallel development with logic on a lower level, following the
overall trend in mathematics with a time lag of ten to fifteen years. Let us take a
glance at an esoteric subarea inside the esoteric: constructive and intuitionistic
logic. The graph shows an upspring in the pioneering years of that branch in the

Figure 4: Percentage of coauthored publications (including books in this case) in
mathematical logic from the beginning to 1990 in moving five-year
averages. 
For comparison: Complete mathematics; constructive and intuitionistic logic. Exact
figures in Ref. 8.
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twenties, connected with the name of Brouwer. The activities seemed to have
taken place in isolation since then until the sixties, where collaboration begins
anew with a markedly increasing trend towards conformity to logic as a whole.
One has to pay regard here to the interest of computer scientists in constructivis-
tic and intuitionistic mathematical logic.

Of course, after the comparison of time series of mathematics, logic, and intu-
itionism we cannot come to a general conclusion. The only general conclusion is
that also the different parts of mathematics show an increasing trend to collabo-
ration; and that the respective trends are similar, but not identical in their devel-
opment. One can suppose that this might be transferred to all subdisciplines of
mathematics. In the investigation of the following section, this idea will be sup-
ported indirectly.

Collaboration in mathematical and physics subdisciplines: 
synchronic comparisons

We now take a look at mathematics not from a diachronic, but from a synchronic
perspective and want to compare the tendency to collaborate for all major math-
ematical subdisciplines. Here I prefer the Mathematical Reviews because its classi-
fication system is more suitable than the classification system of the Zentralblatt.
All about 50,000 journal publications with publication year 1985 covered by the
1982-1987 CD-ROM version of the Mathematical Reviews are considered. The
first two digits of the classification code lead to 60 subdisciplines.

In Table 1, the names of the respective mathematical subdisciplines are listed
together with the number of all papers of an area in publication year 1985; the
second column gives the number of coauthored papers in per cent of all papers of
the respective area. The areas are ranked according to their tendency to publish
coauthored papers.

We can see that the first ranks are not hold by pure mathematics; e.g. (in the
order of ranking): Systems and Control; Thermodynamics; Information and
Communication, followed by a couple of areas of mathematical physics; then
comes Real Functions; Computer Science and so on. Obviously, the upper ranks
are occupied by subdisciplines of applied mathematics, whereas areas belonging
to pure mathematics occupy lower ranks. However, the amount of collaboration
in pure mathematics lies in a region between 35 per cent and under 20 per cent
in the least collaborative areas.
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Table 1: Papers with more than one author in mathematics, publishing year 1985 as
percentage of all papers of that year
(n = 31,600; bibliographical source: Mathematical Reviews, CD-ROM edition 1980-

1987; only the main classification codes ("pc") are considered)

      Papers
% co-  

authored     cc
   

   Field description
894 54.47 93 Systems, Control
117 52.99 80 Classical Thermodynamics, Heat Transfer
423 52.96 94 Information and Communications, Circuits, Automata
737 52.37 82 Statistical Physics, Structure of Matter

1833 51.99 81 Quantum Mechanics
846 50.95 76 Fluid Mechanics
162 50.00 33 Special Functions
450 49.56 92 Biology and Behavioral Sciences
865 49.13 83 Relativity
201 48.26 78 Optics, Electromagnetic Theory
645 47.13 73 Mechanics of Solids

1001 46.05 5 Combinatorics
232 44.83 26 Real Functions
809 44.75 68 Computer Science

50 44.00 85 Astronomy and Astrophysics
1414 43.14 65 Numerical Analysis
1662 42.42 90 Economics, Operations Res., Programming, Games
1546 41.66 62 Statistics

262 41.60 70 Mechanics of Particles and Systems
274 41.24 15 Linear and Multilinear Algebra; Matrix Theory
209 40.66 45 Integral Equations

1200 38.42 58 Global Analysis, Analysis on Manifolds
501 38.32 49 Calculus of Variation and Optimal Control
181 37.57 52 Convex Sets and Geometric Inequalities

73 36.99 44 Integral Transforms, Operational Calculus
300 34.33 22 Topological Groups, Lie Groups
934 33.94 34 Ordinary Differential Equations

1572 33.40 35 Partial Differential Equations
250 32.40 6 Order, Lattices, Ordered Algebraic Structures
678 31.42 53 Differential Geometry

87 31.03 86 Geophysics
1294 30.99 60 Probability Theory and Stochastic Processes

165 30.91 55 Algebraic Topology
642 30.84 30 Functions of a Complex Variable
434 29.72 16 Associative Rings and Algebra
728 29.12 47 Operator Theory
318 28.93 41 Approximations and Expansions
111 28.83 18 Category Theory, Homological Algebra
205 28.78 28 Measure and Integration

85 28.24 8 General Mathematical Systems
223 27.80 13 Commutative Rings and Algebras

36 27.78 4 Set Theory
269 27.51 51 Geometry

95 27.37 12 Field Theory, Polynomials, Algebraic Number Theory
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If one can conclude from the amount of publishing activities of areas to the
amount of financial support – a conclusion that is not totally absurd at first
sight –, small areas should reveal less collaboration. But it is obvious without
computation that the correlation between the two rankings of Table 1 will be
negligible.

Let us go back to 19th-century mathematics and take a glance to a ranking
list of 25 major areas of that blossoming science. We again take into account all
journal articles based on the Catalogue of Scientific Papers mentioned above.

In Table 2 we can see that number one in collaboration – on an extremely low
level, however – is the only area of those 25 fields amidst pure mathematics
which could be called applied: Calculating Machines and Other [similar] Instru-
ments. One should not think that in analogy to our present-day experience this
area had some importance then; on the contrary, the level of publishing was
extremely low with no increasing trend compared to other expanding areas of
mathematics (cf. Ref. 6, p. 304), all this reflecting the negligible economic
importance of calculating machines in the 19th century. Three areas bring up the
rear in collaboration: The area of "Philosophy" of mathematics with no collabo-
rative papers at all, next Differential Geometry and then Universal Algebra with
just one collaborative paper each. Mathematical logic did not exist as an
acknowledged field of its own as I already mentioned; rather, its ideas were par-
tially hidden in the two areas of "Philosophy" and Universal Algebra. It took a

816 27.33 46 Functional Analysis (from MR year 1973 on)
217 26.73 17 Nonassociative Rings and Algebras
359 26.46 14 Algebraic Geometry
125 25.60 39 Finite Differences and Functional Equations
580 25.51 54 General Topology
364 25.27 42 Fourier, Abstract Harmonic Analysis
832 25.12 20 Group Theory
940 24.15 11 Number Theory
300 24.00 57 Topology, Geometry of Manifolds (from MR years 1959-72)
63 23.81 40 Sequences, Series, Summability
99 23.23 31 Potential Theory

453 22.96 32 Several Complex Variables and Analytic Spaces
76 22.37 0 General

794 18.77 3 Logic and Foundations
79 17.72 43 Abstract Harmonic Analysis

490 17.34 1 History and Biography

Table 1: Papers with more than one author in mathematics, publishing year 1985 as
percentage of all papers of that year
(n = 31,600; bibliographical source: Mathematical Reviews, CD-ROM edition 1980-

1987; only the main classification codes ("pc") are considered)



206 ROLAND WAGNER-DÖBLER

hundred years until those isolated and seemingly anti-cooperative occupations
nourished the most important mathematical substance of computer science,
which itself is the scientific substance of one of the leading technologies of our
time, viz. calculating machines.

Let us now inspect that logic subdiscipline again, now in a synchronic man-
ner. How does a ranking list of all its major areas look like with concern to col-
laboration?

Table 2: Papers with more than one author in 25 main areas of 19th-century
mathematics as percentage of all contributions to that area 
(number of all 25 areas papers n = 36,565 i.e. more than 90% of all papers; including

coauthors contributions; bibliographical source: mathematical index of the Catalogue of

Scientific Papers, 1800-1900; a hundred or so papers before 1800 are included, also some

anonymous papers; minor differences to the database used in Ref. 6; to a small extent

multiple classifications occur) 

Papers
% co-

authored    Field description with classification codes
418 1,20 Calculating Machines and Other Instruments (0080)

2126 1,08 Transformations and Algebraic Configurations (8000-8100)
1776 0,96 Probability and Statistics (1630, 1635)

520 0,96 Foundations of Arithmetic (0400-0430)
1997 0,90 Geometry of Conics and Quadrics (7200-7260)

580 0,86 Theory of Groups (1200-1230)
490 0,82 Applications of Analysis to Physics (5600-5660)

2236 0,81 Algebraic Functions (4000-4070)
3123 0,74 Elementary Geometry (6800-6840)
1777 0,62 Linear Substitutions (2000-2070)
2265 0,57 Algebraic Curves and Surfaces of Degree > 2 (7600-7660)
1059 0,57 Foundations of Geometry (6400-6430)

363 0,55 Differential Forms and Invariants (5200-5240)
618 0,49 Theory of Functions of Complex Variables (3600-3640)

1966 0,46 Theory of Equations (2400-2470)
247 0,40 Other Special Functions (4430-4470)

2839 0,39 Quadratic Forms (2830, 2840)
1287 0,39 Elements of Algebra (1600-1625, 1640)
3258 0,34 Foundations of Analysis (3200-3280)
2607 0,19 Infinitesimal Geometry (8400-8490)

562 0,18 Functions of Euler, Legendre, and Bessel (4410, 4420)
2289 0,17 Differential Equations (4800-4880)

857 0,12 Universal Algebra (0800-0870)
1175 0,09 Differential Geometry (8800-8870)

130 0,00 Philosophy (0000)
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Table 3: Publications (articles and books) with more than one author in 64 main
areas of mathematical logic 1874-1985 
(n = 35,450 publications; multiple counts because of multiple classification codes; as per-

centage of all contributions of an area, including coauthors contributions; the percentages

for the collaborative intensity would be somewhat higher if related to publications, not to

contributions, which does not touch, however, the ranking between the areas; biblio-

graphical source: Müller, Gert H., ed., Omega-Bibliography of Mathematical Logic, Vol.

1-6, Berlin, Springer, 1987; described in Ref. 8)

    Papers
% co-

authored
    

    cc    Field description
626 24.28 B52 Fuzzy Logic
546 23.81 D80 Applications of Recursion Theory

2248 23.75 B75 Logic of Algorithmic and Programming Languages
1068 23.50 E72 Fuzzy Sets
2591 21.42 D05 Automata and Formal Grammars
1212 21.04 B35 Mechanization of Proofs and Logic Operations
1788 20.58 D15 Complexity of Computation
1681 17.97 E05 Combinatorial Set Theory
1058 17.86 D10 Turing Machines
277 17.33 C10 Quantifier Elimination
351 17.09 B51 Quantum Logic
888 16.67 E55 Large Cardinals

1557 16.57 HXX Nonstandard Models
196 16.33 F25 Relative Consistency and Interpretations

1182 16.16 E50 Continuum Hypothesis
3539 16.13 GXX Algebraic Logic
565 15.93 D45 Theory of Numerations
423 15.60 C57 Recursion-Theoretic Model Theory

2300 15.48 C05 Equational Classes, Universal Algebra
660 15.30 D40 Word Problems
369 15.18 D03 Thue and Post Systems
173 15.03 B80 Other Applications of Logic

1645 14.65 C60 Model-Theoretic Algebra
643 14.62 C20 Ultraproducts
705 14.61 E45 Constructibility

1064 14.47 B25 Decidability
347 14.12 B46 Relevanz and Entailment

1626 13.96 D20 Recursive Functions
2301 13.91 E75 Applications of Set Theory
795 13.84 C62 Models of Arithmetic and Set Theory

1215 13.83 E35 Consistency and Independence Results
1332 13.81 E07 Relations and Orderings
715 13.71 B40 Combinatory Logic and Lambda-Calculus
628 13.69 C90 Nonclassical Models

1715 13.58 B50 Many-Valued Logic
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In Table 3 one can see that number one in collaboration is an area with an
enormous development since its invention some thirty years ago or so, namley
fuzzy logic. It is followed by fields which seem to be strongly connected with
computer science. Lowest collaboration seems to appear in logic fields with most

170 13.53 D70 Inductive Definability
839 13.35 D35 Undecidability and Degrees of Sets of Sentences
968 12.60 D25 Recursively Enumerable Sets
382 12.57 C25 Model-Theoretic Forcing
630 12.06 C40 Interpolation, Preservation, Definability
660 11.97 F35 Second- and Higher-Order Arithmetic
531 11.86 B15 Higher-Order Logic and Type Theory
643 11.35 C35 Categoricity and Completeness
293 11.26 D75 Abstract and Axiomatic Recursion Theory

1047 11.17 D55 Hierarchies
101 10.90 F20 Complexity of Proofs
604 10.76 C75 Other Infinitary Logic

1113 10.69 B05 Classical Propositional Logic
973 10.69 E70 Nonclassical Set Theories
147 10.20 C70 Logic on Admissible Sets
700 10.14 B10 Classical First-Order Logic

1073 9.69 F30 First-Order Arithmetic and Fragments
884 9.50 E25 Axiom of Choice
487 9.45 B48 Probability and Inductive Logic

1344 9.22 F50 Metamathematics of Constructive Systems
778 9.13 B20 Fragments of Classical Logic

2258 9.12 B45 Modal and Tense Logic
399 8.52 F60 Constructive Recursive Analysis
797 8.03 E30 Axiomatics of Classical Set Theory
387 8.01 B28 Classical Foundations of Number Systems
861 7.90 E10 Ordinal and Cardinal Numbers
352 7.67 B55 Intermediate and Related Logics
381 7.09 F05 Cut Elimination
393 5.60 F55 Constructive and Intuitionistic Mathematics

Table 3: Publications (articles and books) with more than one author in 64 main
areas of mathematical logic 1874-1985 
(n = 35,450 publications; multiple counts because of multiple classification codes; as per-

centage of all contributions of an area, including coauthors contributions; the percentages

for the collaborative intensity would be somewhat higher if related to publications, not to

contributions, which does not touch, however, the ranking between the areas; biblio-

graphical source: Müller, Gert H., ed., Omega-Bibliography of Mathematical Logic, Vol.

1-6, Berlin, Springer, 1987; described in Ref. 8)
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distance to application. The difference between the most and the least collabora-
tive fields is about five fold.

A similar synchronic investigation of collaboration intensity of 19th-century
physics can be found in an extended version of this paper.10

Some concluding considerations

If we compare different areas of mathematics of the 19th century, of 1985, of log-
ic, and of physics with regard to collaboration we detect massive differences be-
tween the mathematical areas, between the logic areas, and between physics areas.
It is hard to believe that the differences can be explained through differences in
financial support which was suggested by some collaboration researchers. Even if
we leave out the possibility that financial support of a field is reflected directly
through the quantity of its publication output the influence seems not to be plau-
sible. In pure logic, for example, with few exceptions no differences in financial
support will exist; but marked differences in collaborativeness.

Another concept often mentioned in connection with the increasing trend of
collaboration is increasing specialization. But this remains only a slogan as long
as it is not shown that, e.g., mathematicians working in Abstract Harmonic
Analysis are far less specialized than mathematicians working in Lie Groups who
collaborate twice as much as the former. Also the concept of professionalization
seems not to be suitable here.

A physics historian could better judge about the influence of large machines
and other devices on collaboration in the 19th century. However, one trend at
least was confirmed: If mathematicians approach reality through experiments
they tend to collaborate; and in a similar manner, if logicians come into touch
with working devices as computers, they also tend to collaborate. The heart of
the often cited inter- or multidisciplinarity which leads to collaboration as it is
maintained seems to lie in combinations of experimental or application oriented
sciences, on the one hand, and theoretical sciences, on the other hand.

It will be a long way until collaboration is understood in terms of the alloca-
tion of cognitive resources and as concomitant of the cognitive division of
labour. To be sure, there have to join further aspects: sociological, psychological,
geographical, among others. Obviously, the development of such a systemic,
comparative, time-sensible, and differential picture deserves collaborative efforts.
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and Commonwealth of Australia:
An Analysis of Scientific and Technical Papers
Co-authored by Chinese and Australian

Abstract

The status and trend of scientific and technical (S&T) collaboration between China and
Australia are investigated based on the retrieval results from two databases, CSTPC and
SCI. The trend of S&T collaboration between China and Australia is analysed based on
the change of the paper amount year after year. The focused fields and their changing
trends are investigated according to the subject distribution of the papers. The most pro-
ductive Chinese authors and institutes in the S&T collaboration with Australia and the
provincial distribution of the most productive authors and institutes are also discussed.

Introduction

The scientific and technical (S&T) collaboration between China and Australia
has some foundation now. The S&T papers co-authored by Chinese and Austral-
ian can reflect the status of the collaboration, such as the subject distribution, the
productive authors and institutions. This paper is based on the retrieval results
from two databases, CSTPC (Chinese Scientific and Technical Papers and Cita-
tions) of ISTIC (Institute of Scientific and Technical Information of China) and
SCI (Science Citation Index) of ISI (Institute for Scientific Information of US),
to analyse the status and trend of S&T collaboration between China and Aus-
tralia.
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The results were obtained by analysing two data sets:

1. Data Set 1, derived from CSTPC, contains 374 papers, which were pub-
lished in China's core S&T journals during 1991-1998 and co-authored by
Chinese as the first author and Australian.

2. Data Set 2, derived from SCI, contains 165 papers, which were published in
SCI source journals in 1998, and co-authored by Chinese and Australian, no
matter who is the first author. The Chinese authors come from the Mainland
China, not including those from Hongkong, Macao and Taiwan.

Results

1. The amount of the S&T papers co-authored by Chinese and Australian

Figure 1 shows the amount of papers published in Chinese journals year by year
from 1991 to 1998. The data comes from Data Set 1. 

It can be seen from Figure 1 that the amount was fluctuated during 1991-
1995 and reached the lowest point in 1995. The amount of paper was increasing
year by year after 1995. It can be concluded that the S&T collaboration between
China and Australia has been enhanced in recent years.

2. The subject distribution of papers co-authored by Chinese and Australian

The focused fields in the collaboration between China and Australia are investi-
gated by the subject distribution of the papers in Data Set 1 and Data Set 2.
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Data Set 1 involves the following 29 subjects, which are geoscience (Geosci.),
basic medicine (Basic Med.), agriculture (Agr.), biology (Biol.), clinical medicine
(Clin. Med.), chemistry (Chem.), veterinary (Vet.), electronics, communication
and automatic control (Elect.), mechanics (Mech.), physics (Phys.), chemical en-
gineering (Chem. Eng.), mathematics (Math.), preventive sanitation (Prev. San-
it.), pharmacology (Pharm.), material science (Mat. Sci.), mechanical engineer-
ing (Mech. Eng.), computing technology, textile, light industry, traditional Chi-
nese medicine, forestry, energy and electricity (Energ.), environmental science,
fishery, metallurgy and metal, nuclear science, architecture, information, system-
atic science and power science.

Data Set 2 involves 25 subjects, which are physics, mathematics, geoscience,
biology, clinical medicine, basic medicine, preventive sanitation, chemistry, mili-
tary medicine, material science, astronomy, power science, chemical engineering,
mechanics, veterinary, mining, electric communication and automatic control,
pharmacology, agriculture, metallurgy and metal, energy and electricity, comput-
ing technology, textile, light industry, aerospace and administration.

2.1. The focused fields in the S&T collaboration between China and Australia 

2.1.1. Based on the CSTPC papers

The 374 papers in Data Set 1 are sorted according to their subjects. The amount
of papers in each subject and their proportion in the whole papers are accounted
to get the order of the focused fields of the S&T collaboration between China and
Australia. The first 8 focused fields are shown in Table 1. It is a general result from
1991 to 1998.

 It can be seen from Table 1 that the first 8 focused fields, geoscience, basic
medicine, agriculture, biology, clinical medicine, chemistry, veterinary, electric
communication and automatic control contribute 76.2% to the total papers. It
can be concluded that these 8 fields are active in the S&T collaboration between
China and Australia in 1991-1998.

2.1.2. Based on SCI papers

The 165 papers in Data Set 2 are also sorted according to subject. The amount of
papers and their proportions of the first 8 focused fields are shown in Table 2. 

The papers on the first 8 focused subjects contribute 78.8% to the all papers.
It can be seen from Table 1 and Table 2 that the focused fields reflected by Data
Set 1 and Data Set 2 are different. Physics and mathematics, which are not in-
cluded in the first 8 focused fields based on the papers from the Chinese S&T
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journals, are the first two focused fields based on the papers from SCI resource
journals. However, agriculture and veterinary, which are the 3rd and 7th in the
order of focused fields based on Chinese journal papers respectively, are not in-
cluded in the first 8 focused fields based on SCI papers. One main reason for
these differences is that too few Chinese journals are selected as SCI resource
journals. The second one is that the SCI resource journals pay more attention to
theoretic research. The third one comes from the difference of the indicators
used to retrieve the papers from the two databases, CSTPC and SCI. Data Set 2
contains all the papers whose authors include Chinese and Australian at the same
time and published in 1998. Data Set 1 only contains papers whose first authors
are Chinese co-authored by Australian, and published in 1991-1998. Moreover,
Chinese authors may prefer to contribute to Chinese journals because of the ob-
stacle of languages.

Table 1: Focused fields based on CSTPC papers (1991-1998) 

No. Subject Paper Amount Proportion (%) 

1 Geosci. 57 15.2 

2 Basic Med. 54 14.4 

3 Agr. 41 11.0 

4 Biol. 40 10.7 

5 Clin. Med. 39 10.4 

6 Chem. 26 7.0 

7 Vet. 16 4.3 

8 Elect. 12 3.2 

Table 2: Focused fields based on SCI papers (1998) 

No. Subject Proportion (%) 

1 Phys. 24.2 

2 Math. 10.9 

3 Geosci. 10.3 

4 Biol. 9.7 

5 Clin.Med. 8.5 

6 Basic Med. 7.3 

7 Prev. Sanit. 4.2 

8 Chem. 3.6 
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2.2. The trend of the focused fields 
in the S&T collaboration between China and Australia

The first 8 focused fields in each year of 1991-1998 are ordered according to Data
Set 1 to show the trend of the focused fields in the S&T collaboration between
China an Australia. The results are shown in Table 3.

The comparison of the order of focused fields in 1998 based on CSTPC pa-
pers (Table 3) and the order based on SCI papers (Table 2) shows that the fo-
cused fields are different even the both orders are for 1998. The causes have been
discussed.

It can be seen from Table 3 that the first 8 focused fields have changed from
year to year during 1991-1998. But the changes are not prominent. However,
the orders of the first 8 focused fields changed from year to year prominently.
These changes indicate the trend of focused fields in the S&T collaboration be-
tween China and Australia.

The first 5 focused fields are geoscience, basic medicine, agriculture, biology
and clinical medicine. The proportions of papers on each subject to the total pa-
pers are calculated year by year. The results are shown in Figure 2.

It can be seen from Figure 2 that the proportion of papers in each field
changed year by year, and the fluctuations were different from subject to subject.

Table 3: Focused fields from 1991 to 1998 based on CSTPC papers 

No. Total 1991 1992 1993 1994 1995 1996 1997 1998 

1 Geosci. 
Basic 
Med. 

Basic 
Med. 

Basic 
Med. 

Basic 
Med. Geosci. Geosci. Geosci. 

Clin. 
Med. 

2 
Basic 
Med. Agr. Biol. Geosci. Chem. 

Clin. 
Med. 

Basic 
Med. 

Clin. 
Med. Agr. 

3 Agr. Biol. Geosci. Chem. Biol. Agr. Chem. Agr. 
Basic 
Med. 

4 Biol. Chem. Vet. 
Clin. 
Med. Geosci. 

Chem. 
Eng. 

Clin. 
Med. Biol. Geosci. 

5 
Clin. 
Med. Pharm. Agr. Biol. 

Clin. 
Med. Mat. Sci. Agr. Elect. Biol. 

6 Chem. Mech. Chem. Agr. Agr. 
Basic 
Med. 

Mat. Sci. Chem. Vet. 

7 Vet. Phys. Mech. Mech. Math. Chem. Biol. 
Basic 
Med. Phys. 

8 Elect. Vet. 
Chem. 
Eng. 

Chem. 
Eng. Vet. Biol. Energ. Vet. 

Mech. 
Eng. 
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However, it can be seen from the data of 1996 to 1998 that the focused subjects
were showing a changing trend. 

 The collaboration in geoscience was still very active, the proportion of papers
on geoscience to the total papers was very high. However, the proportion was de-
clined year by year from 1996 to 1998. It can be concluded that the collabora-
tion on geoscience between China and Australia is declining compared with
other fields though the collaboration is still active. The collaboration on basic
medicine and biology is pointing to an enhancing trend while the collaboration
on agriculture and clinical medicine is becoming increasingly strong.

3. The productive institutions and individuals 
in the S&T collaboration between China and Australia 

The productive institutions and individuals are correlative to the focused fields.
Data Sat 1 and Data Set 2 are used to find the productive institutions and indi-
viduals in the focused fields respectively. Even in the same field, the most produc-
tive institutions and individuals reflected from the two data sets are different. It is
because of the different retrieval indicators between Data Set 1 and Data Set 2,
the contribution trend of Chinese authors as well as that too few Chinese journals
are selected as SCI resource journal.

It can be seen from Data Set 1 that the institutes subordinated to Chinese
Academy of Sciences are the most productive in the research institutions. Tongji
Medical College is the most productive in the universities, while the 1st hospital
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subordinated to Zhongshan Medical College and Beijing Fuwai Hospital are the
most productive hospitals.

4. The regional distribution of Chinese authors involving 
in the S&T collaboration with Australian

It can be seen from Data Set 1 that the most productive provinces in the S&T col-
laboration with Australia are Beijing (26%), Shanghai (10%), Jiangshu (10%),
Guangdong (7%), Hubei (7%), Zhejiang (5%) and Yunnan (4%). The above 6
provinces contribute 69% papers co-authored by Chinese and Australian.

Discussion

It can be seen from above discussions that most of the focused fields in the S&T
collaboration between China and Australia are basic sciences, and the most pro-
ductive institutions are research institutions and universities, no company was in-
volved.

China has been puzzled by the commercialization of S&T results for a long
time and has tried to improve it. The situation is changed in some extent, but it
is still a big problem. Australia has such a problem too and has tried to solve it by
setting up "Cooperative Research Centers (CRCs)" and "Technology Diffusion
Foundation". China and Australia should enhance the collaboration in such
fields as research system and S&T policy.

There is large potential in the collaboration on applied research fields and
such collaborations can bring benefit to both sides. Recently, China has en-
hanced the collaboration with Australia in the applied fields such as information
technology, energy and environmental protection. Australia can find a large mar-
ket for its mature technology in these fields while China can advance a lot in
these fields by the cooperation.

The governments of China and Australia have set up a special fund for S&T
cooperation between two countries, which began from July 1st, 2000. The over-
all objective of the fund is to develop and support joint projects drawing on com-
plementary technology strengths in China and Australia. This fund pays more
attention to build alliances between business communities of two countries as
well as the research institutions and encourage the commercialization of research
by Chinese/Australian industry. It can be forecasted that the S&T collaboration
between the two countries will be enhanced a lot in the near future.
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Conclusions

1. The S&T collaboration between China and Australia has some foundation
and is enhancing in the recent years.

2. The focused fields for the collaboration are geoscience, basic medicine, agri-
culture, biology, clinical medicine, chemistry, physics and mathematics.

3. The collaboration on geoscience between China and Australia is declining
compared with other fields though the collaboration is still active. The col-
laboration on basic medicine and biology is pointing to an enhancing trend
while the collaboration on agriculture and clinical medicine is becoming
increasingly strong.

4. There are productive authors and institutions in each above-mentioned
focused field. The institutes subordinated to Chinese Academy of Sciences
are the most productive in the research institutions. Tongji Medical College
is the most productive in the universities. Beijing, Shanghai and Jiangshu are
the most productive provinces in the S&T collaboration with Australia.

5. Most of the existing S&T collaborations between China and Australia are in
basic research. It is suggested that the collaboration in applied research and
S&T policy should be enhanced too to benefit the two countries.
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Complex systems in natural science and humanities

Abstract1

In this paper specifics of the research subject within the natural sciences and humanities
are supposed to be well-known. These specifics set limits to communication between
scholars and natural scientists. In particular this leads to critical situations in cases if both
participants have to collaborate within a common interdisciplinary research work. The
modern conception of complex system as subject of investigation for both natural sciences
and humanities have in this context an integrating function. The term ‘complex system’ is
now recognized as a transdisciplinary matter of research. Despite of the well-known differ-
ences between two fields of modern science one can find on this condition a number of
mechanisms which are generating also common properties of them.

Introduction 

It is generally known that communication between natural scientists, on the one
hand, and social scientists and humanities scholars, on the other, is not always the
best. Open conflict commonly arises when the latter groups take the natural sci-
ences and technology as a research area. Here it is not unusual that, despite initial
good will and shared views, the two groups eventually turn against each other.

In the following I will try in particular to point out the special integrating
function of complex systems as a research subject within the natural sciences and
humanities.

 The so-called complex system is a conceptual structure which has emerged in
the context of modern science and focuses natural science and the humanities on
one object of research.

 In dealing with complex systems within both fields of science the following
aspects become relevant to my topic:

1. This paper will also be published in the journal Scientometrics.
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I. What are the prominent properties of complex systems from the perspective
of the humanities?

II. What is a non-classical ideal of rationality in the post-modern natural sci-
ence?

III. What are the common features of both the natural sciences and humanities?
For despite the well-known differences between the two fields of science, one
can find certain mechanisms which are generating also common properties of
them.

In the following I would like to give a brief run-down of this main three points.

I.

First of all I would like to describe some special features of the research subjects
within the humanities.

The humanities as a research field of the social and cultural sciences are
younger as the natural science. Emergence of the humanities at the 19th century
involved such new research subjects as human being, life, society, language and
the science itself in the research field of science.

 A scientific approach to the science revealed the fundamental difference
between the new research field of the humanities and the research field of estab-
lished natural science. In contrast to the natural science human being is a part of
the research subject within the humanities.

 More correctly we should say that this situation has at least a double-faced
implication because a human being here is a creator and in the same time a crea-
tion (of the culture, of the nature, of the society etc.). In consequence the
humanities constitute a part of the phenomena that must be investigated.

 To understand the exceptional position of human beings within the science
and in particular within the humanities one has to understand the functions and
the role of thinking in process of cognition in general and especially in process of
scientific cognition.

In this context to think is to use signs that present to consciousness the con-
tents of thought:

“If we seek the light of external facts, the only cases of thought which we can find
are of thought in signs. Plainly, no other thought can be evidenced by external facts.
But we have seen that only by external facts can thought be known at all. The only
thought, then, which can possibly be cognized is thought in signs. But thought
which cannot be cognized does not exist. All thought, therefore, must necessarily be
in signs” (Peirce /3/, Vol. 5, p. 251).
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It means that profound understanding of human nature is among others condi-
tioned by understanding the semiotics, that is, the syntax, the semantics and the
pragmatics of any language interpreted as a system of signs used as a means of
thinking.

 Here we have a knot of problems at the intersection of culture, consciousness
and language. Without investigating some concepts of culture, consciousness and
language in an appropriate form we will not determine both the nature of the
human cognition of the world and the general structure of the world recognizable
for human being.

In the language of the natural science it means to us that any research subject
of the humanities is a complex system because the basic characteristics of this
research subject are self-reference and non-reversibility.

II.

The second point I would like to consider is the non-classical ideal of rationality
of the post-modern natural science.

Since antiquity all self-referential concepts were excluded from the mathemat-
ics and the exact sciences because these concepts led to contradictions or paradox.
Such concepts have been emerging in the natural science only at the beginning of
the 20th century. This indicated a fundamental change of research subjects
within the natural science. 

Unfortunately even nowadays natural science is often misinterpreted accord-
ing to the classical ideal of the 19th century. The modern science created by Gal-
ilei and Newton as a deterministic science of the isolated elements was idealized
in the 19th century first of all because of the successful applications of the scien-
tific results.

 For that reason the natural science keeps its privileged position within the
post-modern societies too. I want to designate this way of thinking as a classical
ideal of rationality.

It was in fact an epistemological crisis of science as about hundred years ago
some non-classical scientific theories have been emerging such as quantum
mechanics or non-classical logics. Some new concepts (for example ‘jumping
electrons’) and non-predictability of some types of motion gave rise to the new
non-classical way of thinking. 

The basic attribute of this new type of scientific rationality is to think a re-
search subject as a wholeness without taking it to pieces. Such research subjects
are systems which should be regarded as being complex where each one element
is in general non-linear connected with all others.
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Climate change, growth of population, economic activity, interdependencies
between various forms of cultural organization and the environment, between cli-
mate change and human activities are real phenomena described and analysed
nowadays as complex systems.

Meanwhile it is a well-known scientific fact that the future of our civilisation
now depends on the answer to the question if the technological development in
the post-industrial countries is ecologically sustainable. In addition, taking into
consideration that post-industrial societies are increasingly confronting with phe-
nomenon of globalisation relating not only natural environment, but also busi-
ness, trade, industry and knowledge in general, there is no doubt that global
problems demand global conceptions to conceive this problems.

 Global problems involve as a rule two different points of view concerning two
different fields of human experience namely the nature and the culture. Thereby
efficiency of a scientific approach to the global problems is determined by effi-
ciency of gain from different scientific conceptions concerning the nature and the
culture.

III.

For this reason the last point I would like to consider is necessity of scientific col-
laborating.

As I mentioned earlier it is a well-known fact that there is some kind of com-
munication gap between natural scientists and scholars. In particular this leads to
critical situations if both participants have to collaborate within the scope of an
interdisciplinary research work. Fifty years ago this special relation between natu-
ral scientists and scholars led Charles Peter Snow /6/ to the thesis about two dif-
ferent scientific cultures. Divergent development of science within the post-
modern world seems to confirm this thesis.

In the same time one leaves out of account that the answer to essential global
problems of the world can be found only in collaboration between natural scien-
tists and scholars. Dealing with global problems of such a kind as global environ-
mental change and its effect on social and cultural relationships it will be
necessary to treat the problem of the scientific knowledge production as a con-
certed process of scientific cognition and communication between the natural
scientists and scholars. 

Indeed the basic step in our approach to the novel type of scientific tasks is to
point out how can be generated a shared understanding within a research group
of involved natural scientists and scholars.
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In this connection it seems reasonable to me to recall the features of science
common to both types of it. Taking it as a basis we can try to persue a holistic
approach to reality.

First of all it is a process of scientific cognition which shows the same structure
both within natural science and humanities. Charles S. Peirce pointed out that
scientific cognition correlates in general with the mechanism of semiosis. Indeed,
scientific cognition involves interpretationen and is thereby a relation not of two
but of three elements namely object, subject and interpretation:

“Now a sign has, as such, three references: first, it is a sign to some thought which
interprets it; second, it is a sign for some object to which in that thought it is equiv-
alent; third, it is a sign, in some respect or quality, which brings it into connection
with its objects” (Peirce /3/, Vol. 5, p. 283).

The next common feature of natural science and humanities is refering to the
structuring function of scientific discourse: discourse gives shape to scientific cog-
nition by putting it in the existing linguistic structure in an appropriate way. At
discourse level some conceptual structures common to natural science and hu-
manities have been emerging. Such structures as ‘system’ or ‘code’ are examples of
successful transfer of certain terms from the natural science to the humanities
within the scientific discourse.

The last common feature of natural science and humanities is refering to the
special conceptual structure: complex system. Language, society, weather, climate
etc. demand the same methodological approach to tackle these different research
subjects within present-day science because of the common fundamental struc-
tural feature of these systems: the wholeness of each system is more than the sum
of its elements. 

This abstract model of the wholeness was successfully applied as well in the
mathematics and natural sciences (v. Mandelbrot /1/, Prigogine and Stengers /4/)
as in humanities (v. de Saussure /5/, Mead /2/).

Therefore the research subjects of humanities and post-modern non-classical
natural science have the same structure namely the structure of complex system.
The term ‘complex system’ is more and more recognized as a transdisziplinary
matter for research. This common cognitive structure can be used as a common
basis to overcome limited insights of natural scientists and scholars and to sup-
port the emergence of their shared understanding.
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