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1. Introduction

Literature-based data provide quantitative indicators of
outcomes of scientific research. For décades, publications have
been regarded as a useful indicator for assessing the
productivity of  scientific research, to be  complemented with
other information and peer judgments. The  development of
bibliographie information data  bases has permitted the
génération of indicators to measure further aspects of
scientific  research such as the impact of agiven piece of  work
on the international research front and scientists' cooperation
patterns.
This paper presents some data  which are obtainable for
assessing productivity and international impact of Nordic
scientific research and scientists' international
collaboration; international collaboration has been measured
by the volume of  cross-country co-authorship. Ail data
originate from the Science Citation Index (SCIy..
2. International publication  productivitv
The publication data are based on the 1973 composition of the
Science Citation Index  source journals, altogether 2300
publications. The  majority of these are journals; monographs
and  report series have  been excluded. The  publications and
citations have been fractionated among the  countries of co-
authors (on the basis of the addresses on articles). The data
base searches relatively few national journals from the Nordic
countries; this IS especially true for Finland and Norway.
1 The Science Citation Index is run by the Institute for
Scientific Information (ISI), Philadelphia. This paper uses
SCI data as compiled by Computer Horizons  Inc. (CHI).
The  publication and citation data were obtained by courtesy
of John Irvine and Ben Martin, SPRU, the University of
Sussex; the co-authorship data have been further proceSS.ed by
the Laboratoire d'Evaluation et de Prospective
Internationales at the Centre National de le Recherche w

Scientific (CNRS/LEPI MEV-MAC data pase).



Therefore, the  number  of papers in the SCI and CHI data bases
by the Nordic countries reflects their international

publication activity. Figure 1 gives the development of the
volume of papers by Nordic2 authors in the CHI data base as a
percentage of world publications in fields of natural, medical
and  tcch."101ogical sciences (absolute figures are given in

Appendix 1).

Figure 1. Share of Nordic papers of world publications, 1793-
84 (Source: CHI data  pase)
The share of papers by Nordic authors increased slightly during
the  period studied, with  the exception of  Norwegian papers
which had a level growth. Sweden was the |argest producer of
papers  among the Nordic countries, which was  expected
considering the large research volume in Sweden. Danish
scientific research produced relatively more international
Iceland was excluded from the analysis due to a.small
number of papers in the data base. Country affiliation ?s

determined by the address of the authors ...
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papers than Finnish or Norwegian research; international
publications by Danish scientists were more numerous than those
by Finnish or  Norwegian scientists whereas the total number
research scientists and engineers (in full-time equivalents)
and their number in the higher education sector was smaller
Denmark than in  Finland or Norway N 1983, as seen in Table 1.
In the 70s the volume of Danish research personnel was close
that of Finland and Norway.
Table 1. R_esearch scientists and engineers (full-time
equivalents) in  1983.
Total research Research  scientists
scientists and and  engineers in the
engineers higher education  sector
Source: OECD Science and Technology Indicators Report No. 3:
D, production and Diffusion  of Technology. Paris: OECD, 1989,
p. 17 and 27. ’
*Excluding social sciences and humanities.
Figures 2 ad give the distribution of Nordic papers by field
of  science. Papers are attributed to fields using a journal
classification scheme developed by CHI.  General scientific
journals, e.g. Science and Nature, have been fractionated into
several fields by approximate proportion of the field
distribution of their articles.
The explanation of the abbreviations:

CLIN MED - clinical medicine

BIOM - biomedicine

BIOL-  biology

CHEM - chemistry - '
PHYS - physics

ES- earth and space

E T=  engineering and  technology
MATH - mathematics
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Eigure 2. Nordic papers by field of  science in the CHI data
ase






In all four countries medical papers, especially clinical
pape" v-xpri c-ed a  major part of their total international
publication activity. This reflects the fact that  Nordic
medical research s internationally oriented and produces a lot
Vfoe=- (Gl 2. In medicine the data base covers a reasonably
large proportion of the total publication activity of the field
due to the publication habits of médical scientists. In other
fields, the coverage varies a great deal. Without further
information of the total publication output we are not entitled

to draw any conclusions about the relative productivity of the
fields. Such conclusions would also require information of the

resources invested.

3. International impact

Citation  counts are often used as indicators of qualitative
aspects of research performance. Citation analysts use the word
impact to describe what citations measure: the actual attention

a given piece of work attracts. The motivations and reasons for
citing and the information contents of  citations are not
uniform; in addition communication and publication factors
affect the accumulation of citations and do not justify their
interpretation as a perfect measure  of quality. Citations
reflect many factors besides quality: citation  conventions of
research fields, types  Of papers  (theoretical VS.  empirical or
methodological), the size of the  specialty, the size of the
journal  audience, previous  reputation of authors and their

institutions etc.

Since the citation indexing by the Institute  for Scientific

Information uses source journals which include few national
publications from  small and non-English speaking countries,

citation counts measure international impact, and benefit
Anglo-American publications.

Figure 3 gives the relative citation rate of Nordic research

in il fields of science in 1981-84 compared with the world
mean and  corresponding figures for select other countries. The

Swedish papers had the highest relative citation rate among the
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Nordic  countries. All the Nordic countries fared relatively

well in international comparison.

The  country codes wused in Figure 3 are as follows:

AUT -  Austria FRA -  France

BEL - Belgium GBR - Great Britain

CAN- Canada JPN - Japan

CHE - Switzerland NLD - The Netherlands

DEU- West  Germany NOR - Norway

DNK -  Denmark SWE - Sweden

FIN - Finland USA- USA

Figure 3. Relative citation rates of Nordic papers and of those

of select other countries, 1981-84 (Source: CHI data  base)'
National averages are the combined result of the merits of
individual work and the communication and publication patterns
of scientists. Publication in less visible and little esteemed
journals as well as in journals with  limited audiences is  apt
to  accumulate few citations. Therefore, we cannot draw any
clear-cut conclusions about the reasons for the citation

records observed.

9 Thése data are based on the 1981 composition of the

SCl.  They were obtained by courtesy of  Gunnar Siever csen,
NAVF's  utredningsinstitutt.



The share of citations by Nordic papers in the CHI data base
has becn r2latively stable in  1973-84; Denmark increased its
share  somewhat (Figure 4). The decrease in the share of
citations by Finnish and  Norwegian authors at the peginning of
the  perio3 observed is difficult to explain and may be due to
technical matters (their small number and subsequent
fluctuations in the time  series).

Figure 4. Share of Nordic citations of world citations.
Citations by year of  citing (Source: CHI data base)

Figures 5 a-d consider citation rates by field. As in  Figure 2,
fields have been classified by journal. Citation counts have
been related to the world mean in the respective field. The

figures give an index  number,  Wwith number one representing the



world mean.

The abbreviations used are as follows:
CLIN MED- clinical medicine

BIOM - biomedicine

BIOL - biology

CHEM - chemistry
PHYS - physics
E S- earth and space

E T-  engineering and  technology
MATH -  mathematics

Figure 5. Relative citation rates of  Nordic papers
science. Averages of 1973-84.

by

field

of
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Swedish  authors had a citation rate which was above the world

mean in ail fields of science, and the relative differences in
the citation rates across fields were fairly small. The other
Nordic countries had more variation in their citation rates

across fields. Danish physics, chemistry, and  engineering and
technology had higher relative citation rates  than the
corresponding fields in the other Nordic countries, with  Danish
physics having the Nordic citation "peak". In Finland physics
and in Norway and Sweden mathematics  had the highest relative
citation rates: in Norway also earth and space science and
chemistry were  agmong the most highly cited fields.

Figures 6 a-f compare the relative citation rates of  Nordic
papers across countries  in select fields. Even though Swedish
clinical medicine, biomedicine, and biology were not the  most
highly cited fields in the  national context, they were  more
highly cited than the respective fields in the other Nordic

countries.
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Figure 6. Relative citation rates of  Nordic papers in  select
field-- by _ni)nt_ry_ Averages of 1973-84.
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We have to remember that the  average citation rates of fields
cover large variation across subfields, and low field averages
do not preclude high citation rates by subfields. For example,
Finnish clinical medicine had a relatively low average citation

rate, whereas  Finnish  cancer research (which is included in
clinical medicine in the CHI classification) had a very high
relative  citation rate, though not  quite as  high as that of
Swedish cancer research (Table 2).

Table 2. Relative citation rate of cancer research in 1973-84.
(Source: CHI data  base)

Relative citation rate in 1973-84
by year Of citing

Source: Terttu Luukkonen-Gronow Pirjo Suutarinen:
Bibliometric Analysis of Nordic Cancer Research: A report of
Study Data.  FPR-publication no. 8. Nordic Council of Ministers,

Copenhagen 1988.

4. International cooneration

Scientists' international cooperation has been measured by the
volume  of their cross-country co-authorship. Co-authorship
implies active cooperation and exchange of information which
makes it an advanced form of collaboration.

The data on co-authored papers are drawn from the CNRS/LEPI
MEV-MAC data base. It is based on the Computer Horizons  Inc.
data which comprise the SCl  source journals for 1981
(approximately 3000 journals) and cover the years 1981-86. When
counting the  volume of cross-country co-authorship the

addresses of ail authors have been taken into account. The
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address that the author has given has  been decisive for
determining the  country affiliation. The "MEV-MAC" data base
includm codes for 72 countries.

The proportion of internationally co-authored papers in
relation  to all  papers produced by @ given  country does not
indicate a clear linear variation with other factors such as
the size of the country. Table 3 presents the percentage of
internationally co-authored papers for select countries in
1981-86. Différent patterns  may be discerned. The USA had a
relatively small  percentage of co-authored papers, presumably
due to the large size of its national scientific couununity. The
Soviet Union had a very small percentage, which  mjight be the
result of both a large size and a closure of its national
scientific community. The other East-European countries in
Table 3 had percentages comparable Or  nearly comparable to
those  of West-European countries. Also Japan had a small
percentage, presumably due to the same factors as the Soviet
Union.

West-European countries had a range of 179 % (for Great
Britain) to 40.2 % for  Switzerland, the  percentage  typically

being between 20-30  %. The high percentage for Switzerland most
probably was the product of CERN and the international
scientific community  conducting research at CERN. The Nordic
countries, with  the  exception of Iceland, had a percentage of
co-authored papers corresponding to that of the other West-
European countries.

Less  developed countries  had small absolute  numbers of  papers
in the data base. The high average percentage of  co-authored
papers by these countries, though with a wide scatter,
apparently was due to less developed scientific traditions and
little international scientific production. Internationally co-
authored papers  might have been the product of visits to
scientific institutions in other countries. Nevertheless, we
have to remember that papers co-authored by scientists during
their (longer) visits to other countries might bear the address
of the institute to which the visit was paid, and be attributed
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underestimates the extent of international collaboration by US
scientists.
Table 3. Share of internationally co-authored papers in  select
countries  in 1981-86 (Source: CNRS/LEPI MEV-MAC data base).
Country co- all Country co- all

authored papers authored papers

'papers papers

tN

4.1. Nordic co-authorship flatterns b3 field
Figures 7 a-d give the  proportion of co-authored papers of ail
papers in  scientific fields in 1981-86. Ail  four Nordic
countries had similar patterns: the proportion of
internationally co-authored papers ~ Was |argest in physics, then
in earth and space science, followed by biomedical research or
mathematics. In Norway mathematics had a slightly larger
proportion of internationally co-authnred papers  than earth and
space science. In both physics and earth and space science,
international accelerators or observatories presumably answer
for a large proportion of the collaborative efforts, a factor
to be determined by more in-depth studies. There is some
variation across  Nordic countries as to the proportion of
internationally co-authored papers by field (Figures 8 a-e).
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For  eAc2itip-L=, mathematics in Norway had a j|arger proportion of
internationally co-authored papers than mathematics in the
othgj St countries; physics in Norway and Denmark had a
higher percentage of co-authored papers than physics in  Finland

or Sweufen; tne  percentage was lowest in Finland.

Figure 7. Share  of internationally co-authored papers in
s:;ientitic fields, 1981-86 (Source: CNRS/LEPI MEV-MAC  data

base).
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Figure 8. Share  of internationally co-authored papers  in  select
fields by country  (Source: CNRS/LEPI ~MEV-MAC data pase)
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When we  compare the relative citation rates of scientific
fields (Figures 5 ad) and the  proportion of internationally
co-authored papers in  these fields (Figures 7 a-d), we may
conclude that these indicators measure different aspects of
international orientation; with the exception of  physics in
Denmark  and  Finland, and  perhaps, mathematics i Norway, they
do not converge. A field that has a high  relative citation rate
does not necessarily have a Jarge volume of international co-
authorship.
4.2. Nordic co-authorship patterns bv country
For ail the four Nordic countries, scientists  from the USA were
the most important collaborative partners when all fields were
grouped together  (Appendix 2). As Figures 9-12  indicate, there
iS some variation when fields are considered separately, with
scientists from Sweden being leading collaborative partners for
clinical medicine in Denmark and Norway. Also  scientists from
Great  Britain, Federal Republic of  Germany, France, and the
other Nordic countries played an important role in
collaborative efforts.
The country codes used:
AUS -  Australia GBR - Great Britain
CHE -  Switzerland ITA - Italy
DEU -  Federal Republic NLD - The Netherlands

of  Germany NOR -  Norway
DNK -  Denmark SUN - USSR
FIN - Finland SWE - Sweden

FRA - France USA - USA
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Figure 9. Denmark. Internationally co-authored papers by
country of  the collaborative partner. Six most important
collaborative countries in select fields, 1981-86 (Source-

CNRC * "™ -1 -vt_, -n rdata base)
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Figure 10.  Finland. Internationally co-authored papers by
country of the collaborative partner. Six most important
collaborative countries in select fields, 1981-86 (Source:

CNRS/LEPI MEV-MAC data base)
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Figure 11. Norway. Internationally co-authored papers by
country of the collaborative partner. Six  most important
collaborative countries in select fields, 1981-86 (Source:

CNFS/LFPI MEV-MAC data base)
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Figure 12. Sweden. Internationally co-authored papers by
country ~ of  the  collaborative partner. Six  most  important
n7 ?h rati.,p (",""1mtries in select fields, 1981-86 (Source:

CNRS/LZT1 MZ7h"AC data  pase)
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The relative importance of the Nordic countries  vis-a-vis each

other in co-authorship collaboration is  manifested by Table 4.
Table 4. Share of Nordic co-authorship of all co-authored
papers, 1981-86 (Source: CNRS/LEPI  MEV-MAC data  base).

Swedish scientists were the most important Nordic partners for
scientists from ail the other Nordic countries; for Swedish
scientists, Denmark  provided the most  important Nordic  partner.

5. Concluding remarks

The three types of literature-based indicators revealed
different aspects of international visibility and impact of
Nordic scientific research. Sweden and Denmark produced most
papers quantitatively; Swedish and Danish papers were also more
highly-cited than  the  papers by the Finnish  and Norwegian
scientists. However, Denmark and Norway had the highest
proportion of internationally co-authored papers. When
considered by field, the indicators produced discrepant
findings, which is a further indication of their multi-

dimensionality.

The indicators of the volume  of international co-authorship are
highly influenced by the size of the national scientific
production in the collaborating countries. The relative
importance of various countries in international collaboration

will change when the size factor is taken into account. This
could not be done in this study, but  will be a topic for

further analyses.



33

Appendix 1. Nordic publications in the CHI data base. Absolute
numbers.

The reasons for fractional articles are two-fold:

1) articles are apportioned among the countries of co-authors;

2) some journals which include articles from several subfields

are  apportioned among those subfields approximately according

to the share of the journal devoted to each subfield.
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Appendix 2. Nordic co-authorship  patterns by country and field
(Source: CNRS/LEPI MEV-MAC data base).
The  country codes used:

DENMARK



FINLAND

35



NORWAY
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SWEDEN
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