
 

Bibliometric analysis and career    
mapping of the SFF scheme 

Sub-report II to the SFF evaluation panel 

Gunnar Sivertsen, Espen Solberg, Pål Børing, Solveig Hillesund and Fredrik Piro 

Report 

2019:31 



 

 

  



 

  

Report 

2019:31 

Bibliometric analysis and career    
mapping of the SFF scheme 

Sub-report II to the SFF evaluation panel 

 

Gunnar Sivertsen, Espen Solberg, Pål Børing, Solveig Hillesund and   Fredrik Piro 

 



 

Report 2019:31 
 
Published by Nordic Institute for Studies in Innovation, Research and Education 
Addresse P.O. Box 2815 Tøyen, N-0608 Oslo. Visiting Address: Økernveien 9, N-0653 Oslo. 
 
Project No. 21068 
 
Customer The Research Council of Norway 
Address Skriv inn adresse til oppdragsgiver 
 
Fotomontage NIFU 
 
ISBN 978-82-327-0444-6 (online)  
ISSN 1892-2597 (online)  

Copyright NIFU: CC BY-NC 4.0  
 
 
www.nifu.no 



3 ω Report 2019:31 

This report was commissioned by the Research Council of Norway (RCN) as part 

of the evaluation of the Norwegian Centres of Excellence scheme (SFF). The results 

of the quantitative analyses presented here are meant to serve as background in-

formation for the international scientific committee appointed to evaluate the 

scheme. 

!ÃÃÏÒÄÉÎÇ ÔÏ 2#.ȭÓ ÒÅÑÕÉÒÅÍÅÎÔÓȟ ÔÈÉÓ ÒÅÐÏÒÔ ÉÓ ÂÁÓÅÄ ÏÎ ÑÕÁÎÔÉÔÁÔÉÖÅ ÁÎÁÌÙÓÅs, 

notably bibliometrics and register-based career tracking. The report should be 

seen in conjunction with a parallel qualitative analysis of the impact of the SFF 

scheme on the Norwegian research system (Borlaug et al. 2019). Both reports deal 

with many of the same questions, but with different data and approaches. 
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In 2002, the Norwegian scheme of Centres of Excellence (SFF) was established to 

promote quality in Norwegian research. Parts of the background was a series of 

disappointing evaluations of Norwegian research, pointing at low ambitions, var-

ying quality and few contributi ons to the international research frontier. The es-

tablishment of SFF was a concrete answer to these challenges. 

Through highly competitive calls, the scheme has allowed for flexible and long-

term funding for a period of 10 years. Since its inception, four generations of SFF 

centres have seen the light, including 44 centres and more than 4300 researchers1, 

postdocs and PhD fellows have been affiliated with the centres. The centres vary 

in size, are found in different fields ɀ some highly interdisciplinary ɀ and are 

hosted by different types of institutions. 

The scheme is currently being evaluated, and this report is one of the sub-re-

ports commissioned by the Research Council of Norway (RCN) in order to inform 

the international scientific committee responsible for the evaluation. This partic-

ular sub-report describes a register-based analysis, focusing on bibliometrics and 

the impact of the SFF scÈÅÍÅ ÏÎ ÐÁÒÔÉÃÉÐÁÎÔÓȭ ÃÁÒÅÅÒ ÄÅÖÅÌÏÐÍÅÎÔ ɉÃÁÒÅÅÒ ÍÁÐȤ

ping). The report  should be read in context with the second sub-report on the im-

pacts of the SFF scheme on the Norwegian research system (Borlaug et al, 2019). 

Main findings 

At the outset, the measurable outputs of the scheme are quite significant. The total 

SFF-funding invested from RCN amounts to approximately 1 per cent of total pub-

lic allocations to R&D in Norway from 2004 to 2017. This report shows that during 

the same period SFF-researchers have been involved in 

¶ 21,5 per cent of Norwegian scientific articles, published in Web of Science 

¶ 27,5 per cent oÆ .ÏÒ×ÁÙȭÓ ÔÏÔÁÌ ÈÉÇÈÌÙ ÃÉÔÅÄ ÁÒÔÉÃÌÅÓ ɉρπϷ ÍÏÓÔ ÃÉÔÅÄɊ 

¶ σρȟτ ÐÅÒ ÃÅÎÔ ÏÆ .ÏÒ×ÁÙȭÓ ÔÏÐ ÃÉÔÅÄ ÁÒÔÉÃÌÅÓ ɉρϷ ÍÏÓÔ ÃÉÔÅÄɊ 

¶ 45 per cent of Norwegian ERC-grants (during the period 2007-2018) 

 
1 This number relates to the first lists provided by RCN. The complete list used as a starting point for 

the career analyses included 4604 unique names. 

Summary 



8 ω Report 2019:31 

Arguably, these findings ÉÎÄÉÃÁÔÅ ÓÉÇÎÉÆÉÃÁÎÔ ÃÏÎÔÒÉÂÕÔÉÏÎÓ ÔÏ .ÏÒ×ÁÙȭÓ Ðarticipa-

tion and visibility in the international research frontier. At the same time, this re-

port reveals several aspects that modify and put these results in perspective: 

Firstly, the measurable results are rather skewed, as often 2-3 centres in each 

generation account for a large share of both publications, citations and ERC-grants. 

Secondly, where this is possible to observe, we see that many of the researchers 

involved in SFFs also were high performing researchers before they entered the 

centres. Thirdly, the centres in question are often international consortia and in-

clude many researchers whose actual involvement in the centres is partial or mar-

ginal. A fourth point is that a relatively large share of SFF-researchers seem to stay 

in temporary positions long after their engagement in the centres. This rather sur-

prising finding may have several explanations, but it raises questions concerning 

the schemeȭÓ ÁÂÉÌÉÔÙ ÔÏ ÓÅÃÕÒÅ ÌÏÎÇ ÔÅÒÍ ÓÔÁÂÌÅ ÒÅÓÅÁÒÃÈÅÒ ÃÁÒÅÅÒÓ ÉÎ ÔÈÅ .ÏÒ×ÅȤ

gian system. 

In the following, we summarize some of the main findings and conclusions from 

each chapter. These point are also summarized at the end of each chapter.  

Bibliometric analyses 

Given the strong emphasis on academic quality of the SFF-scheme, analyses of the 

scientific publications related to the centres represent an important part of the 

study. Our bibliometric analyses are based on 37,000 scientific articles related to 

the first three generations of SFF. Although bibliometric methods have several 

well-known limitations, our findings shed light on several questions raised in the 

evaluation of the SFF scheme:    

 

¶ To what extent do the centres produce ground-breaking research? 

Some SFFs in each of the three generations, particularly in the first and third gen-

erations, have relatively large proportions of highly cited and top cited articles. 

The relatively high number of top cited articles emanating from the SFF might in-

dicate ground-breaking results, but this needs to be validated by experts in the 

field.  

There are also large variations within each generation with regard to citation 

impact. Although each generation as a group performs clearly above their host in-

stitutions  as well as the Norwegian average, a few centres are even performing 

below the Norwegian average. This means that some centres in each generation 

are probably producing ground-breaking research. The probability is higher for 

SFFs than for Norwegian research in general. 
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¶ To what extent are the researchers at SFF centres internationally recognised and 

competitive? 

High numbers of top cited and highly cited articles are also indications of interna-

tional recognition. We find that the high-performing SFFs publish relatively large 

proportions of their articles in collaboration with top and leading universities 

abroad, and that high shares of their articles are published in the most prestigious 

journals.  

A tentative answer to the second question is therefor: Most SFFs in each gener-

ation have international collaboration and publishing profiles indicating that the 

researchers are indeed internationally recognized and competitive. In this respect, 

researchers at some SFFs in each generation clearly stand out from Norwegian re-

searchers in general as well as from a comparable group of receivers of other 

highly competitive funds (FRIPRO). 

 

¶ Has the SFF scheme helped to enhance scientific quality, and if so, how? 

Again, there are large variations among the centres in each generation. The trends 

are generally positive for those with high performance and for each generation in 

general. The positive trends concur with similar trends for Norwegian research in 

general, perhaps indicating that the SFFs have contributed positively to their Nor-

wegian research environments. 

Hence, the SFFs seem to have helped the enhancement of scientific quality in 

Norwegian research. Bibliometrics usually cannot tell how such possible improve-

ments happen, but we see a clear indication from the increased collaboration with 

leading and top universities abroad.  

 

¶ What impact has the scheme had on scientific collaboration (locally, nationally 

and internationally)? 

International collaboration has been increasing steadily in the period studied here, 

both from a Norwegian and an international perspective. The SFFs stand out from 

the general Norwegian pattern with a rapid increase since 2009 in the share of 

articles with top universities (mainly in the USA). This trend reaches a peak 

around 2013.  

We can therefore conclude that the SFFs have indeed steered the general Nor-

×ÅÇÉÁÎ ÉÎÔÅÒÎÁÔÉÏÎÁÌ ÃÏÌÌÁÂÏÒÁÔÉÏÎ ÐÁÔÔÅÒÎ ÉÎ ÔÈÅ ÄÉÒÅÃÔÉÏÎ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÍÏÓÔ ÉÎȤ

fluential institutions in research. At the same time, the national and local collabo-

ration patterns remain stable, indicating that the SFFs are not moving away from 

close collaborations with their local research environments. 
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Career tracking 

Attracting and developing future research talents has been another main purpose 

of the SFF-scheme, ever since the first generation of centres in 2002. Two ques-

tions raised in the terms of reference are of particular importance for this part of 

the analysis: 

 

¶ What impact has the scheme had on recruitment to Norwegian research? 

The gender balance of SFF staff is generally in line with the balance in the Norwe-

gian research system, although with moderate variations between the four gener-

ations of SFFs. In terms of age, we find that SFFs have recruited a significantly 

higher share of young researchers (below 35) than the overall Norwegian research 

system did in the same time period. PhD-fellows and postdocs are also more fre-

quent in the SFFs than elsewhere in the system, which confirms the role of SFFs as 

a means to recruit future researchers to the Norwegian research system. At the 

same time, we find that young SFF researchers are more likely to pursue careers 

outside Norway or outside the core research system compared with older and 

more established colleagues. 

The disciplinary profile of the SFF staff largely reflects the thematic profile of 

the SFFs, with a stronghold in mathematics/natural sciences as well as medicine 

in all four generations of SFF. Social sciences make up a significant share in SFF4, 

while technology was quite important in SFF1. Humanities appears with a rela-

tively low proportion of staff through all four generations. 

For the three selected years of comparison, we see that around half of all SFF 

researchers had completed a PhD before their first year of employment in the cen-

tre. Given that recruiting future researchers is one of the main objectives of the 

scheme, the share of completed PhDs in the first year of employment must consid-

ered relatively highȢ 4ÈÉÓ ÉÎÄÉÃÁÔÅÓ ÔÈÁÔ Á 0È$ ÃÏÎÓÔÉÔÕÔÅÓ ÍÏÒÅ ÏÆ Á ȰÍÉÎÉÍÕÍ 

ÑÕÁÌÉÆÉÃÁÔÉÏÎȱ ÔÈÁÎ ÅÌÓÅ×ÈÅÒÅ ÉÎ ÔÈÅ ÓÙstem, and that for the SFFs, the postdoc po-

sition may be considered an equally important recruitment position.  

As expected, researchers with a Norwegian doctorate degree are more likely to 

pursue careers in the Norwegian system compared to those who entered SFFs 

with foreign degrees. Nevertheless, we find that a substantial number of research-

ers with foreign degrees choose to stay in the Norwegian research system. By 

2017, more than half of the researchers who started their SFF-careers with a for-

eign degree are still active researchers in the Norwegian research system. This in-

dicates that the SFF-scheme has been able to recruit and maintain foreign re-

searchers in the Norwegian research system. 
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¶ What impact does the SFF scheme have on the career of students and other em-
ployees of the centres? 

Among those who have started their careers as PhD-fellows at SFFs, we find that 

90 per cent of PhD-fellows from SFF1 have completed their degrees by 2017. The 

completion rates are also above 80 per cent for all SFF-related PhD-fellows who 

started their PhD prior to 2015. Compared to general PhD completion patterns in 

Norway, this indicates a rather high rate of completion. 

In terms of sectoral mobility, we find that most SFF researchers pursue careers 

within the same sector as the one they were in when they started their career as 

SFF researchers. However, although the SFFs are primarily academically oriented 

and hosted by universities, the majority of those who switch sectors seem to move 

towards careers in the research institute sector. We assume that the prospects of 

finding full time research positions as well as permanent positions are important 

factors behind this sectoral mobility. 

The latter point relates to the observation that doctorate holders with an SFF-

background seem to have more difficulties in obtaining permanent academic po-

sitions in the Norwegian Higher education sector after they complete their PhDs. 

In fact, PhD holders from SFFs seem less likely to obtain such positions than Nor-

wegian doctorate holders in general. These difficulties are particularly pro-

nounced in the old universities, and among researchers within humanities and to 

some extent natural sciences/ mathematics. It is likely that these findings reflect a 

combination of i) a scarcity of permanent positions in certain parts of Norwegian 

academia; ii) strong competition within the research areas where SFFs operate, 

driven in part by the success the SFFs have had in recruiting talented researchers; 

and iii) high academic ambitions among young SFF-researchers in general, and a 

corresponding willingness to endure temporary employment while waiting for 

ȰÔÈÅ ÒÉÇÈÔ ÐÏÓÉÔÉÏÎȱȢ 

Among SFF researchers with careers outside the core Norwegian research sys-

tem, we find that the largest share pursue careers in the business enterprise sec-

tor. More than 200 of the 720 researchers we investigated are traced with an oc-

cupation in this sector. As expected, careers in the Norwegian business enterprise 

sector is by far the most common pathway among Norwegian researchers who 

have left the core Norwegian research system. More surprisingly, we find that SFF-

researchers registered with a non-Norwegian nationality or residence at their 

time in SFF are slightly more likely to have found jobs in the Norwegian business 

enterprise sector than abroad. 
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Participation in EU-programmes 

While the SFF-scheme constitutes a competitive grant in itself, there is reason to 

expect that researchers involved in the centres also are able to attract additional 

grants, both during and after the period they have been involved in the centres. 

Hence, this report also includes a study of SFF-ÒÅÓÅÁÒÃÈÅÒÓȭ ÁÂÉÌÉÔÙ ÔÏ ÁÔÔÒÁÃÔ 

competitive grants from the EU Framework programmes in general and the Euro-

pean Research Council (ERC) in particular. Since the main focus of this analysis is 

the European Research Council (ERC), we only matched data from FP7 and Hori-

zon 2020. These programmes cover the period from 2007 to present, which is rel-

evant to see in relation to the duration of the SFF-scheme. 

In total, we find that the 44 SFFs have been actively involved in EU-projects 

during the course of EUs 7th framework programme and Horizon 2020. More than 

300 EU-projects can be connected to Principal investigators with an affiliation to 

SFFs. This number may also be underestimated as EU-projects where SFF-re-

searchers participate as partners are not included in these analyses. 

In general, we see that the SFFs contribute to counterbalance the total profile 

ÏÆ .ÏÒ×ÁÙȭÓ %5 ÐÁÒÔÉÃÉÐÁÔÉÏÎȢ &ÉÒÓÔÌÙȟ ×ÈÉÌÅ .ÏÒ×ÁÙ ÇÅÎÅÒÁÌÌÙ ÆÁÒÅÓ ×ÅÌÌ ×ÉÔÈÉÎ 

programmes addressing societal challenges and less well within the excellence 

programmes, the SFFs display an opposite profile. In fact, we can observe that SFF 

researchers based in Norway contributes to nearly half of all Norwegian ERC-

grants, which in turn indicates that the centres have been able to recruit and co-

operate with a substantial number of research talents. 

The SFF participation in EU-projects is however rather skewed. With the excep-

tion of SFF3 (where at least five centres appear to be quite active in EU-projects), 

we find that 2-3 centres stand for more than half of all EU-projects. These patterns 

reflect much of the same skewness identified in the bibliometric part of this study  

&ÉÎÁÌÌÙȟ ÔÈÅÒÅ ÓÅÅÍÓ ÔÏ ÂÅ ÌÉÔÔÌÅ ÅÖÉÄÅÎÃÅ ÏÆ Á ȰÂÏÏÓÔȱ ÉÎ %5 ÐÒÏÊÅÃÔÓ Áfter the 

researchers join an SFF. In fact, for the two SFF-generations were such compari-

sons are possible, we find that many of the researchers in question had already 

retrieved EU-funding before they joined the centre. Data on SFF-related EU-fund-

ing is therefore not sufficient to establish a causal relation between SFFs and in-

creased EU funding. Instead, there is reason to conclude that the centres have been 

able to attract a large number of researchers with sufficient competencies and ca-

pacities to be successful in the competition for prestigious EU-grants and projects. 

Furthermore, given the high number of EU-projects related to SFFs, we can con-

ÃÌÕÄÅ ÔÈÁÔ 3&& ÒÅÓÅÁÒÃÈÅÒÓ ÈÁÖÅ ÍÁÄÅ ÓÉÇÎÉÆÉÃÁÎÔ ÃÏÎÔÒÉÂÕÔÉÏÎÓ ÔÏ .ÏÒ×ÁÙȭÓ ÔÏÔÁÌ 

performance in the Excellence pillar within EU-programmes. 
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This section provides a brief background for the project and points to some gen-

eral aspects concerning the data and approaches used in this study. For a broader 

presentation of the SFF-scheme and its role in the Norwegian research system, we 

refer to the sub-report I (Borlaug et al, 2019) issued in parallel with this sub-re-

port. 

1.1 Background 

In 2002, the SFF scheme was established to promote quality in Norwegian re-

search through supporting leading Norwegian research groups with the potential 

of contributing to the international research frontier. Flexible and long-term fund-

ing is granted for a period of 10 years through a highly competitive call. Since its 

inception, four generations of SFF centres have seen the light, including 44 centres 

and more than 4300 researchers2, postdocs and PhD fellows have been affiliated 

with the centres. The centres vary in size, are found in different fields ɀ some 

highly interdisciplinary ɀ and are hosted by different types of institutions. 

The scheme is currently being evaluated, and this report is one of the sub-re-

ports commissioned by the Research Council of Norway (RCN) in order to inform 

the international scientific committee responsible for the evaluation.  

This particular sub-report describes a register-based analysis, focusing on bib-

liometrics and the impact ÏÆ ÔÈÅ 3&& ÓÃÈÅÍÅ ÏÎ ÐÁÒÔÉÃÉÐÁÎÔÓȭ ÃÁÒÅÅÒ ÄÅÖÅÌÏÐÍÅÎÔ 

(career mapping). The analysis should be read in context with the second sub-re-

port which focuses on the impacts of the SFF scheme on the Norwegian research 

system (Borlaug et al, 2019).  These two sub-reports are complementary in scope 

and partly in methodology, but also overlapping as they shed light on many of the 

same research questions with different data and methods. 

While this report is based on register data, the other sub-report relies mainly 

on qualitative evidence, including judgements from SFF-researchers and other 

stakeholders.   

 
2 This number relates to the first lists provided by RCN. The complete list used as a starting point for 

the career analyses included 4604 unique names. 

1 Introduction  
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1.2 Research questions  

According to the terms of reference for this project, this register-based study 

should seek to answer the following research questions: 

 

¶ To what extent do the centres produce groundbreaking research?  

¶ To what extent are the researchers at SFF centres internationally recognised and 

competitive?  

¶ Has the SFF scheme helped to enhance scientific quality, and if so, how?  

¶ What impact has the scheme had on scientific collaboration (locally, nationally 

and internationally)? 

¶ What impact has the scheme had on researcher training and recruitment? (ca-

reer mapping) 

¶ What impact does the SFF scheme have on the careers of students and other em-

ployees of the centres?  

¶ What impact has the scheme had on recruitment to Norwegian research?  

 

While all these questions are underpinning the studies described in this report, it 

is important to note that data sometimes prove to be insufficient to answer all as-

pects of such broad questions. At the same time, the data may serve to reveal other 

aspects that are equally relevant for understanding the effects of the SFF scheme. 

The report is therefore not entirely restricted to the questions raised above. 

1.3 Main approach and data coverage 

At the outset, it is important to bear in mind the following aspects regarding the 

scope, approach and data coverage for this study. 

Firstly, the evaluation of the SFF scheme is primarily an evaluation of the entire 

scheme, and not the individual 41 centres. This means that individual centres are 

rarely mentioned in our analyses. Instead, we focus on the four generations of SFFs 

and different groups or cohorts of researchers involved in the centres. As a result, 

our findings and observations are often presented on a more general and aggre-

gate level than what would be the case if the evaluation had focused on individual 

centres. 

Secondly, the time dimension represents a challenge as the SFF-scheme has been 

in operation for nearly two decades and with different centres active at different 



15 ω Report 2019:31 

points in time. Hence, the window for conducting quantitative ex-post analyses of 

the scheme is limited and differs between the four generations of SFFs.  

The figure below illustrates this general challenge, notably the limited time for an-

alysing the effects of activities related to SFF3 and SFF4, as these are respectively 

ongoing and in an early phase. The approaches used to handle these challenges 

will be further described in each chapter. 

 

Figure: Overview of SFF generations: 

Thirdly, both our bibliometric data and registries use persons as the unit of analy-

sis, more precisely all researchers that have been involved in the centres. This 

means that our findings rely on person-based information which is sometimes in-

complete or missing. In these cases, our analyses will have to limit certain aspects 

to the groups for which we have available data, even though all researchers in-

volved in SFFs may be equally relevant in principle. Furthermore, the total number 

of SFF researchers differs somehow between the chapters because the full list of 

SFF-personnel has been cleaned and reorganised for different purposes:  

¶ In chapter 2 the list of persons was cleaned and linked to publication data re-

sulting in a total number of 3,384 scientists related to the first three genera-

tions of SSF. 

¶ In chapter 3 the starting point was the full list of all SFF personnel reported by 

RCN, amounting to 4604 unique persons 

¶ In chapter 4 the list was inked to ECORDA-data, based on a list with app. 4300 

SFF researchers. 

A fourth aspect concerns two additional approaches and data sources which have 

been tested with more limited results: 
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¶ One approach consisted in exploring the R&D funding profile of SFF host de-

partments according to their reported thematic profile over time. Due to in-

consistencies in reporting and thematic categories the development over time 

proved to be difficult to analyse with the necessary precision. The main find-

ings from this approach is instead briefly described in appendix 1.  

¶ Another approach consisted in exploring the reputation and visibility of the 

centres by conducting searches for names of centres and centre leaders from 

SFF1 in relevant publications and media sources. While these findings were 

relevant for the study, the findings provided little ground for exploring this 

aspect further. This part of the study is therefore briefly described in appendix 

2. 

1.4 Report structure 

This report is primarily organised around three main approaches and data 

sources. These are described in separate chapters as follows: 

¶ Chapter 2 describes the bibliometric study of the scientific publications re-

lated to the SFFs 

¶ Chapter 3 presents the findings from the register-based analyses of careers 

and profile of SFF researchers 

¶ Chapter 4 describes the participation and success of SFF researchers in the EU 

framework programmes 

¶ Appendix 1 and 2 briefly presents findings from the two additional approaches 

described above 

¶ Main findings and conclusions are presented at the end of each chapter and 

summarised in the executive summary. 

¶ Since methodological aspects and data sources are closely linked to each ap-

proach, the descriptions of data are presented in the introductory part of each 

chapter. 
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2.1 Introduction 

Given the strong emphasis on academic quality of the SFF-scheme, analyses of the 

scientific publications related to the centres represent an important part of the 

empirical material for the evaluation of the scheme. This chapter presents the find-

ings from a bibliometric study of 37,000 scientific articles related to the first three 

generations of SFF. 

2.1.1 Aims 

Four specific questions have been identified in advance by the RCN as particularly 

relevant to be addressed partly with the help of bibliometric analysis: 

 

¶ To what extent do the centres produce ground-breaking research? 

¶ To what extent are the researchers at SFF centres internationally recognised and 

competitive? 

¶ Has the SFF scheme helped to enhance scientific quality, and if so, how? 

¶ What impact has the scheme had on scientific collaboration (locally, nationally 

and internationally)? 

 

The aim of this chapter is to answer these questions ɀ to the extent that they can 

be enlightened by bibliometric methods. 

Bibliometric methods have some strengths and limitations that need to be 

taken into consideration. In relation to the four questions, we have been asked to 

ÄÉÓÃÕÓÓ ÒÅÌÅÖÁÎÔ ÏÐÅÒÁÔÉÏÎÁÌ ÄÅÆÉÎÉÔÉÏÎÓ ÏÆ ȬÇÒÏÕÎÄ-ÂÒÅÁËÉÎÇ ÒÅÓÅÁÒÃÈȭ ÁÎÄ ȬÓÃÉÅÎȤ

ÔÉÆÉÃ ÑÕÁÌÉÔÙȭȢ  7Å ÓÔÁÒÔ by approaching this important discussion with a particular 

focus on citation indicators. We then present our solutions with regard to data 

sources, delineations and time series, and methods and indicators. 

2 Bibliometric analysis 
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2.1.2 Operational definitions and solutions 

Ȭ3ÃÉÅÎÔÉÆÉÃ ÑÕÁÌÉÔÙȭ and ȬÇÒÏÕÎÄ-breaking ÒÅÓÅÁÒÃÈȭ are concepts that reflect some of 

ÔÈÅ ÍÁÉÎ ÐÏÌÉÃÙ ÁÉÍÓ ÏÆ ÔÈÅ 3&& ÓÃÈÅÍÅȢ 7ÈÉÌÅ ȬÓÃÉÅÎÔÉÆÉÃ ÑÕÁÌÉÔÙȭ ÈÁÓ ÏÆÔÅÎ ÂÅÅÎ 

ÄÉÓÃÕÓÓÅÄ ÉÎ ÒÅÌÁÔÉÏÎ ÔÏ ÂÉÂÌÉÏÍÅÔÒÉÃ ÉÎÄÉÃÁÔÏÒÓ ÁÎÄ ÔÈÅÉÒ ÉÎÔÅÒÐÒÅÔÁÔÉÏÎȟ ȬÇÒÏÕÎÄ-

breaking researcÈȭ ÈÁÓ ÎÏÔȢ )Ô ÓÅÅÍÓ ÃÌÅÁÒȟ ÈÏ×ÅÖÅÒȟ ÔÈÁt citation indicators  would 

be most relevant type of bibliometric indicators in relation to the two concepts. 

7Å ÓÔÁÒÔ ×ÉÔÈ ÔÈÅ ÒÅÌÁÔÉÏÎ ÂÅÔ×ÅÅÎ ȬÓÃÉÅÎÔÉÆÉÃ ÑÕÁÌÉÔÙȭ ÁÎÄ ÃÉÔÁÔÉÏÎ ÉÎÄÉÃÁÔÏÒÓȢ 

In the Centre for Research Quality and Policy Impact Studies (R-QUEST), the 

concept of scientific quality is regarded as multi-dimensional (originality; scien-

tific impact; societal impact; solidity and research integrity) and context-depend-

ent (field and purpose of research; context and purpose of the evaluation). This 

was also underlined in a recent report to the Ministry of Higher Education and 

Science in Denmark in which these aspects of scientific quality are shortly ex-

plained and illustrated (Gornitzka et al., 2019, p. 59-61).  When connecting this 

framework for understanding scientific quality to the literature on bibliometric 

methods, we will find that: 

¶ Citations are regarded as expressing scientific impact, but not the other dimensions 

of scientific quality (originality; societal impact; solidity and research integrity)  

¶ The validity of citations as a measurement of scientific impact also depends on the 

context (e.g. less valid in evaluations for recruitment of young teaching personnel 

in the humanities) 

Limitations with regard to context are discussed in Sivertsen (2016A; 2016b). 

Limitations with regard to dimensions have recently been covered in a review of 

the international bibliometric literature from R -Quest (Aksnes et al., 2019):   

We conclude that citations reflectɂwith important limitationsɂaspects related to 

scientific impact and relevance, but there is no evidence that citations reflect other 

key dimensions of research quality. There is no obvious road to better handle the ten-

sion between administrative needs for simple measures and more easy evaluation 

metÈÏÄÓ ÁÎÄ ÒÅÓÅÁÒÃÈÅÒÓȭ ÒÅÑÕÅÓÔ ÆÏÒ ÆÁÉÒ ÁÎÄ ÃÏÍÐÒÅÈÅÎÓÉÖÅ ÁÓÓÅÓÓÍÅÎÔÓ ÏÆ ÓÃÉÅÎÔÉÆÉÃ 

quality. Citation-based indicators cannot provide sufficiently nuanced or robust 

measures of quality when used in isolation. 

Given these limitations, we still think that for the purpose of the SFF evaluation as 

well as its level of analysis ɀ SFFs as a national funding instrument rather than an 

evaluation of the individual centres ɀ it is possible to apply robust citation analysis 

as the main bibliometric tool to come closest to the questions given for the biblio-

metric part of the tender. However, three important  limitations should be men-

tioned: 
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¶ SFFs representing research in the humanities and the social sciences will need spe-

cial attention with the coverage of their literatures in the data source and also with 

regard to the validity of citation analysis 

¶ The time lag needed to measure the citation impact of an article after it is published 

represents a limitation in the study of newly established SSFs 

¶ While we measure the scientific impact of articles, the scientific quality of the re-

search that they represent will need to be determined by more qualitative methods 

used in the evaluation 

7Å ÎÏ× ÔÕÒÎ ÔÏ ÔÈÅ ÐÏÓÓÉÂÌÅ ÒÅÌÁÔÉÏÎ ÂÅÔ×ÅÅÎ ȬÇÒÏÕÎÄ-ÂÒÅÁËÉÎÇ ÒÅÓÅÁÒÃÈȭ ÁÎÄ ÃÉȤ

tation indicators. 

The notion of ground-breaking research has almost never been discussed in the 

bibliometric literature. As an example, the core journal in bibliometrics, Scien-

tometrics, has published 5,629 articles since 1975. ThÅ ÔÅÒÍ ȬÇÒÏÕÎÄ-ÂÒÅÁËÉÎÇȭ ÏÒ 

ȬÇÒÏÕÎÄÂÒÅÁËÉÎÇȭ ÈÁÓ ÏÃÃÕÒÒÅÄ ÉÎ ÏÎÌÙ ÆÏÕÒ ÁÒÔÉÃÌÅÓȭ ÔÉÔÌÅÓ ÏÒ ÁÂÓÔÒÁÃÔÓȢ )Î Ô×Ï ÏÆ 

them, the term is not used in connection with bibliometric indicators. In the other 

two, the authors claim that the concept is measured by studying co-citation net-

works or the ten per cent most cited articles, but these measurements are usually 

related to other concepts (field analysis, citation impact) in bibliometric research. 

4ÈÅ ÍÏÓÔ ÒÅÌÅÖÁÎÔ ÅÁÒÌÉÅÒ ÁÔÔÅÍÐÔ ÔÏ ÉÄÅÎÔÉÆÙ ȬÇÒÏÕÎÄ-breaking researÃÈȭ ×ÉÔÈ 

citation indicators was a commissioned study in Denmark with a very similar pur-

pose to the one we present here. The study was required by Danish National Re-

search Foundation to identify ȬÂÒÅÁËÔÈÒÏÕÇÈ ÒÅÓÅÁÒÃÈȭ in the evaluation of Danish 

Centres of Excellence (Krull et al. 2013). In their bibliometric analysis for the re-

port, Schneider & Costas (2013) responded to the requirement by exploring new 

bibliometric methods. They assumed ÔÈÁÔ ȬÂÒÅÁËÔÈÒÏÕÇÈ ÁÒÔÉÃÌÅÓȭ ÍÕÓÔ ÂÅ ÁÍÏÎÇ 

the extremely highly cited articles in the world and selected these among the 

×ÏÒÌÄȭÓ ÁÒÔÉÃÌÅÓ ÉÎ ÔÈÅ ,ÅÉÄÅÎ Web of Science database. They then filtered out the 

articles that were referring to other highly cited articles and assumed that these 

×ÅÒÅ ȬÆÏÌÌÏ×ÅÒÓȭ ×ÈÉÌÅ ÔÈÅÒÅ ×ÏÕÌÄ ÂÅ ȬÎÏÖÅÌÔÙȭ ÏÒ ȬÂÒÅÁËÔÈÒÏÕÇÈȭ ÉÎ ÔÈÅ ÒÅÍÁÉÎÉÎÇ 

articles. They could indeed identify some such articles from the Danish CoE, but 

ÔÈÅÉÒ ÐÒÏÐÏÒÔÉÏÎ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÁÒÔÉÃÌÅÓ ×ÁÓ ÊÕÓÔ ÁÓ ÈÉÇÈ ÁÓ the proportion of highly 

cited articles in general.  

They concluded that the method was an interesting experiment but did not try 

to validate the results, and their method has not been used since then. We are not 

able to provide a similar experiment here because a database similar to the Leiden 

database with a coverage of ÔÈÅ ×ÏÒÌÄȭÓ ÁÒÔÉÃÌÅÓ ÉÓ ÎÏÔ ÁÖÁÉÌÁÂÌÅ ÔÏ ÕÓȢ  
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Although we will identify and study articles with particularly high impact, our 

main solution is to regard ground-breaking as a qualitative term that expresses the 

aims and the possible results of a research funding instrument or a funded organ-

ization. The term can be used by experts to explain why a publication is highly 

cited or as an assessment of a particular achievement by a research group or a 

centre. The mid-term evaluations or self-evaluations of scientific impact provided 

by some of the SFFs for the RCN are examples of this method.   

For our definition of this qualitative term in relation to research organizations, 

×Å ×ÉÌÌ ÕÓÅ ÔÈÅ ÓÁÍÅ ÅØÐÒÅÓÓÉÏÎ ÁÓ ÉÓ ÕÓÅÄ ÂÙ 2#. ÉÎ ÉÔÓ ÉÎÆÏÒÍÁÔÉÏÎ ÁÂÏÕÔ Ȭ&ÏÒȤ

skningsråÄÅÔ ÏÇ ÖÉÔÅÎÓËÁÐÅÌÉÇ ËÖÁÌÉÔÅÔȭ 2019:  

Fagmiljøer på høyt internasjonalt nivå (som) utvikler helt ny kunnskap og banebry-

tende løsninger.  

 

[Internationally high-level research environments that develop completely new 

knowledge and breakthrough solutions.] 

We have used this definition as a guideline to pay particular attention in the cita-

tion analysis to indicators representing proportions of highly cited articles. We will 

return to these indicators below. 

We still maintain that although an article is extremely highly cited, the extent to 

which it represents ground-breaking research will need to be determined by 

other, more qualitative methods. Publications can be highly cited for many other 

reasons, e.g. useful methods, useful reviews of the state of art, clinical guidelines, 

large project scale, many international co-authors, good timing, re-publication in 

ÔÅØÔÂÏÏËÓȟ ȬÓÎÏ×ÂÁÌÌȭ effects, and controversies.  

Two other notions in the four main questions for the bibliometric analysis are 

ȬÉÎÔÅÒÎÁÔÉÏÎÁÌÌÙ ÒÅÃÏÇÎÉÓÅÄ ÁÎÄ ÃÏÍÐÅÔÉÔÉÖÅȭ ÁÎÄ ȬÉÍÐÁÃÔ ÏÎ ÓÃÉÅÎÔÉÆÉÃ ÃÏÌÌÁÂÏÒÁȤ

ÔÉÏÎȭȢ #ÉÔÁÔÉÏÎ ÉÎÄÉÃÁÔÏÒÓ ÃÁÎ ÐÁÒÔÌÙ ÂÅ ÂÉÂÌÉÏÍÅÔÒÉÃ ÏÐÅÒÁÔÉÏÎÁÌÉÚations of the first 

of these notions, but here, we include an analysis of the level of publishing (where 

they publish) and collaboration patterns (who they co-publish with) as well. Col-

laboration patterns are directly relevant for the second notion. 

2.1.3 Data sources, time series, and units of analysis 

Given the four main questions for this bibliometric report, citation analysis must 

be at the core, and a citation database is needed. We use the National Citation Re-

port for Norway (NCR), which is updated annually and delivered by Clarivate Ana-

lytics with data from Web of Science (WoS). It covers all articles with at least one 

author address in Norway and now has a total of almost 300,000 journal articles 

from 1981-2018.  
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For our purposes here, the limitation of this WoS database is not the time span, 

but the basis for counting citations in the most recent years. Citations are counted 

until to th e end of 2018 in the database. Generally, citations to publications can 

only be counted after 1-2 years after the publication year. Given the high aggregate 

level of our study, we decided to include publications from 2017 in the analysis, 

allowing for a miÎÉÍÕÍ ÏÆ ÏÎÅ ÙÅÁÒȭÓ ÃÉÔÉÎÇ ÔÉÍÅȢ 

For the allocation of articles to the SFFs, we also had to consider that it may take 

1-2 years from research is performed until it is published. Considering the options 

and limitations with regard to publishing and citing time, we decided to allocate 

publications to an active SFF from the second year after it was started and until two 

years after it ended.  Whenever possible, we also study the performance of an SFF 

before and after it was ended by allocating articles to the same persons who were 

employed in the SFF. We chose to limit these periods to five years before or after. 

For each of the four generations of SFFs, we were then given these options: 

 

¶ SFF 1 (2003-2012): Before: publications from 1998-2003. Active: Publications 

from 2004-2014. After: Publications from 2015-2017. 

¶ SFF 2 (2007-2017): Before: Publications from 2003-2007. Active: Publications 

from 2008-2017. 

¶ SFF 3 (2013-2022): Before: Publications from 2009-2013. Active: Publications 

from 2014-2017. 

¶ SFF 4 (2017-2026): Bibliometric analysis is not possible in the active period. 

 

The fourth generation of SFF is not included in this bibliometric report. Further-

more, the name of an SFF does not systematically occur in the published author 

addresses in scientific journal articles. The names of the host institutions will often 

occur, but with different spelling variations, e.g. Norwegian Life Sci; Norwegian 

Univ Life Sci or Univ Oslo; Univ Olso. Author names will also appear with spelling 

variations, e.g. REVECO, FE; REVECO-URZUA, FE.   

The RCN does not have a list of publications from the SFFs. Instead, we were 

provided with a list of the 4,300 persons (1,700 PhD fellows, 1,000 post docs, 

1,600 professors) who had been affiliated with one or more SFFs at different times. 

There was even information for each year about whether they were affiliated or 

not.  

RCN could also provide a list of 956 FRIPRO grantees representing 1,288 differ-

ent FRIPRO grants. These grantees are principal investigators supported by the 

RCN funding scheme for independent projects since 2002. We used the list to es-

tablish a set of scientific articles that can be compared to those related to the 

SFFs.Only a few FRIPRO projects were awarded in 2002 and 2003. Taking publish-

ing time into account, we chose 2004 as the first year of publications from FRIPRO. 
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We decided to include all articles from 2004-2017 that can be attributed to 

FRIPRO grantees in any of these years, irrespective of the actual project granting 

period, which may be different for each indiviÄÕÁÌ ÐÒÏÊÅÃÔ ɉÎÏ ÃÌÅÁÒ ȬÇÅÎÅÒÁÔÉÏÎÓȭȟ 

as with the SFF). One could say that our FRIPRO data represents the publications 

of highly esteemed Norwegian researchers in general. 

We used the two lists of persons as the starting point for allocating articles to 

each SFF and to the parallel FRIPRO funding instrument. It had to be done by 

matching person names to author names in WoS. In most cases, it was useful to 

match with two other data sources that are given in the list below and illustrated 

in Figure 1. We combined these four data sources: 

 

¶ The list of 4,300 SFF researchers and the list of 956 FRIPRO grantees provided 

by NCR. 

¶ .)&5ȭÓ 2ÅÓÅÁÒÃÈ 0ÅÒÓÏÎÎÅÌ 2ÅÇÉÓÔÅÒ ɉ202Ɋ ×ÉÔÈ ÄÁÔÁ ÁÂÏÕÔ ÐÅÒÓÏÎÓ ÁÎÄ ÔÈÅÉÒ 

affiliations and careers in higher education and research in Norway. 

¶ The Norwegian Science Index (NSI) in Cristin, covering almost 180,000 scien-

tific publications from Norwegian research organizations (HEI, institutes, 

health sector) 2011-2018. Here, persons have full names and standardized af-

filiations, while publication data may be matched to similar WoS records. 

¶ The above-mentioned National Citation Report for Norway (NCR), delivered by 

Clarivate Analytics and based on Web of Science, with almost 300,000 journal 

articles from Norway 1981-2018.  

 

 

Figure 2.1: Four data sources at the level of individual researchers. 

Source: NIFU 
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Most of the time spent for developing this bibliometric report was used in the first 

step for establishing a database of cleaned data. 

Not all scientists in the SFF (first three generations) and FRIPRO lists could be 

found as authors in the WoS database in the relevant periods. The main reason for 

this is the limited coverage in WoS of some areas of research, mainly in the social 

sciences and humanities. Comparing WoS to NSI, we find that WoS covers 82 per 

cent of the publications in the life sciences, 81 per cent in the biomedical sciences, 

76 per cent in the physical sciences, 46 per cent in the engineering sciences, 26 per 

cent in the social sciences, and 13 per cent in the humanities. Explanations for 

these differences in WoS coverage are given in Sivertsen (2016) and in Aksnes and 

Sivertsen (2019). The matching procedures gave these results: 

 

¶ 3,384 scientists related to the first three generations of SSF were found as au-

thors in WoS. A total of 36,942 unique scientific articles from 1998-2017 could 

be attributed to these authors.   

¶ 825 scientists who had been granted by FRIPRO were found as authors in WoS. 

A total of 23,335 unique scientific articles from 2004-2017 could be attributed 

to these authors.  

 

From these numbers, the FRIPRO grantees may seem to be more productive than 

researchers affiliated with an SFF. However, the FRIPRO grantees are only princi-

pal investigators while the SFF researchers represent all members of the team in-

cluding a large number of PhDs. In addition, the second and third generations of 

SFF were established later than FRIPRO. A third factor is that publications are al-

located to FRIPRO grantees irrespective of the actual project granting period. 

The main units of analysis in this bibliometric report are the three generations 

(SFF1, SFF2, SFF 3) in the years before, while, and after they are active. We have 

chosen the generations as the main units because the focus is on the funding in-

strument itself, not the individual SFF. However, each SFF within the generation is 

also a unit of analysis whenever the purpose is to show variations within the gen-

eration. The three generations are also compared to each other. The purpose of 

this is to give a dynamic picture of how the funding instrument has worked over 

time. 

Articles from each generation of SFF is compared to articles from other units of 

analysis in each relevant period: 

 

¶ FRIPRO grantees 

¶ Host institutions 

¶ Norway 

¶ The world average (for citation indicators only) 



24 ω Report 2019:31 

 

The host institutions of the first three generations of SFF are the five largest Nor-

wegian universities (in terms of scientific output in WoS) and three research insti-

tutes:  

 

¶ Norwegian University of Life Sciences (NMBU) 

¶ Norwegian University of Science and Technology (NTNU) 

¶ University of Bergen (UiB) 

¶ University of Oslo (UiO) 

¶ UiT The Arctic University of Norway 

¶ Norwegian Geophysical Institute (NGI) 

¶ Peace Research Institute Oslo (PRIO) 

¶ Simula Research Laboratory 

 

The eight institutions are not treated separately, only as a group, in the analysis. 

Using the most appropriate period for comparison (comparable size of the 

funding schemes), the latest five years 2013-2017, our database of WoS publica-

tions has a total of 66,154 scientific articles from Norway. Of these: 

 

¶ 46,856 articles (70,8 per cent) can be attributed to the SFF host institutions 

¶ 14,251 articles (21,5 per cent) can be attributed to researchers in the first three 

generations of SFF 

¶ 12,986 articles (19,6 per cent) can be attributed to FRIPRO grantees 

¶ 5,382 articles (8,1 per cent) overlap and can be attributed to both SFF and 

FRIPRO 

2.1.4 Four SFFs are not included in the analysis 

Not all journal articles registered in the Norwegian Science Index have also been 

indexed for Web of Science, see section 2.1.3 above. Of all journal articles that can 

be related to SFF in NSI, 85 per cent can be matched to WoS. We calculated this 

share for each SFF and found that the share was less than 50 per cent for four SFF, 

all of them publishing mainly in the humanities or in law (see Table 2.1 below): 

CASTL (The Centre for Advanced Study in Theoretical Linguistics) and CMS (Centre 

for Medieval Studies) in generation SFF1, and Multiling  (Centre for Multilingual-

ism in Society across the Lifespan) and Pluricourts (Centre for the Study of the Le-

gitimate Roles of the Judiciary in the Global Order) in generation SFF3. Data cov-

erage, as well as field-dependent citation practices, determine the validity of bib-

liometric indicators based on data from the WoS (Sivertsen, 2016).  
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We found the validity questionable for these four SFFs, and decided to exclude 

them from the main analysis based on WoS. Before the exclusion, we also found 

that it makes very little difference to the general results at generation level 

whether we include or exclude these four SFFs from the main analysis, as they 

have very few publications in WoS. 

2.1.5 Indicators 

We use four main groups of bibliometric indicators. They cover: 

 

¶ Thematic research profiles 

¶ Citation impact 

¶ Level of publishing 

¶ Collaboration 

 

The indicators will be presented and explained in each main section below. 

2.2 Thematic research profiles 

Thematic research profiles can be described on the basis of where the researchers 

affiliated to the SFFs publish, more specifically in what journals they publish. The 

database contains a field classification with 251 categories of journals. An analysis 

of articles per journal gives an indication of the thematic research profile of each 

SFF and of each generation of SFF. These research profiles may indicate the spe-

cific interdisciplinary or specialized research activities of SFFs in a way that pre-

defined disciplinary categories may not capture. Such research profiles of the SFFs 

can be compared to each other and to the profiles of research at more aggregated 

levels, such as the host institutions. 

Table 2.1 shows the main area of research that each SFF is active in. In addition, 

the three most frequent WoS journal categories for each SFF are named to give a 

more specific indication of the thematic profiles. The six main areas of research 

are constructed by grouping the 251 journal categories in the database. 
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Table 2.1. Thematic research profiles. The main research area and the three most 
frequent WoS journal categories that each SFF contributes to, according to the 
number of articles in each area and category. 

 Centre Area Profile  

SFF1 APC Life sciences Fisheries; Marine & Freshwater Biology; Agriculture, Dairy & Animal Science 

SFF1 BCCR Physical sciences Geosciences, Multidisciplinary; Oceanography; Meteorology & Atmospheric Sci-
ences 

SFF1 CASTL Humanities Language & Linguistics; Linguistics; Psychology, Experimental 

SFF1 CBM Biomedical sciences Neurosciences; Biochemistry & Molecular Biology; Physiology 

SFF1 CESOS Engineering sciences Engineering, Civil; Engineering, Mechanical; Engineering, Ocean 

SFF1 CIPR Physical sciences Geosciences, Multidisciplinary; Mathematics, Applied; Engineering, Chemical 

SFF1 CMA Physical sciences Astronomy & Astrophysics; Mathematics, Applied; Mathematics 

SFF1 CMBN Biomedical sciences Neurosciences; Biochemistry & Molecular Biology; Cell Biology 

SFF1 CMS Humanities History; Medieval & Renaissance Studies; Language & Linguistics 

SFF1 CSCW Social sciences Political Science; International Relations; Economics 

SFF1 ICG Physical sciences Geosciences, Multidisciplinary; Geochemistry & Geophysics; Geography, Physical 

SFF1 PGP Physical sciences Geochemistry & Geophysics; Geosciences, Multidisciplinary; Mineralogy 

SFF1 Q2S Engineering sciences Engineering, Electrical & Electronic; Telecommunications; Computer Science, Infor-
mation Systems 

SFF2 CBC Physical sciences Mathematics, Applied; Mechanics; Engineering, Biomedical 

SFF2 CCB Biomedical sciences Oncology; Cell Biology; Biochemistry & Molecular Biology 

SFF2 CEES Life sciences Ecology; Evolutionary Biology; Marine & Freshwater Biology 

SFF2 CGB Physical sciences Geosciences, Multidisciplinary; Microbiology; Geochemistry & Geophysics 

SFF2 CIR Biomedical sciences Immunology; Biochemistry & Molecular Biology; Cell Biology 

SFF2 CSMN Humanities Philosophy; Ethics; Linguistics 

SFF2 CTCC Physical sciences Chemistry, Physical; Physics, Atomic, Molecular & Chemical; Chemistry, Multidisci-
plinary  

SFF2 ESOP Social sciences Economics; Political Science; Environmental Studies 

SFF3 AMOS Engineering sciences Automation & Control Systems; Engineering, Electrical & Electronic; Engineering, 
Civil 

SFF3 BCSS Physical sciences Astronomy & Astrophysics; Meteorology & Atmospheric Sciences; Geosciences, 
Multidisciplinary  

SFF3 CAGE Physical sciences Geosciences, Multidisciplinary; Oceanography; Geochemistry & Geophysics 

SFF3 CBD Life sciences Ecology; Evolutionary Biology; Zoology 

SFF3 CCBIO Biomedical sciences Oncology; Biochemistry & Molecular Biology; Cell Biology 

SFF3 CEED Physical sciences Geochemistry & Geophysics; Geosciences, Multidisciplinary; Meteorology & Atmos-
pheric Sciences 

SFF3 CEMIR Biomedical sciences Immunology; Cell Biology; Biochemistry & Molecular Biology 

SFF3 CERAD Physical sciences Environmental Sciences; Physics, Particles & Fields; Astronomy & Astrophysics 

SFF3 CISMAC Biomedical sciences Public, Environmental & Occupational Health; Infectious Diseases; Nutrition & Die-
tetics 

SFF3 CNC Biomedical sciences Neurosciences; Biochemistry & Molecular Biology; Cell Biology 

SFF3 MultiLing Humanities Linguistics; Language & Linguistics; Audiology & Speech-Language Pathology 

SFF3 NORMENT Biomedical sciences Psychiatry; Neurosciences; Physics, Particles & Fields 

SFF3 Pluricourts Social sciences Political Science; Law; International Relations 

Source: NIFU, based on WoS 

Thematic research profiles may also be used for comparison with and among more aggre-

gate levels. Table 2.2 compares the percentage shares among the six major areas of research 

in each SFF generation with the shares at the three other aggregate levels in this study. 

Selecting the host institutions for an example of comparison, we see that the first genera-

tion of SFF was relatively more focused on the physical and engineering sciences. This focus 

disappeared in the second generation and reappeared in the third generation only for the 

physical sciences. The second generation gave more room for the life sciences. The shares 

for the biomedical sciences have been increasing for each new generation. The social sci-

ences and humanities appear with relatively small shares.  
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This is mainly due to more limited coverage of these areas in the WoS. The four 

SSFs in humanities and law that we excluded from the citation analysis are in-

cluded in Table 2.2 

 

Table 2.2. Shares of articles among six major areas of research at different aggre-
gate levels.  

  SFF1 SFF2 SFF3 FRIPRO Host inst  Norway  

Engineering sci 15,4 % 4,8 % 8,8 % 8,5 % 10,9 % 11,4 % 

Physical sci 47,9 % 29,8 % 32,9 % 27,6 % 23,8 % 22,9 % 

Life sciences 9,3 % 20,8 % 12,8 % 11,7 % 11,1 % 11,4 % 

Biomedical sci 20,0 % 32,6 % 37,4 % 43,3 % 40,2 % 38,8 % 

Social sciences 6,1 % 9,7 % 6,9 % 7,9 % 11,4 % 13,0 % 

Humanities 1,2 % 2,2 % 1,2 % 1,0 % 2,5 % 2,5 % 

Note: Each generation of SFF is measured within its active period. The other aggregate levels are 
measured by their articles from 2004-2017. The percentages should only be compared within 
each area of research. The social sciences and humanities are underrepresented in Web of Sci-
ence ɀ see the discussion in sections 2.1.3 and 2.1.4 

2.3 Citation impact 

2.3.1 Normalization of citation indicators 

Citation indicators are incomparable across fields and years unless they are nor-

malized. In our data, each article is compared to other articles (worldwide) in the 

field and year it is published. The classification mentioned above of all WoS jour-

nals into 251 subject fields is the basis for the normalization. An SFF will be com-

pared to all of the fields it actually publishes in to the same extent as it actually 

ÐÕÂÌÉÓÈÅÓ ÉÎ ÅÁÃÈ ÆÉÅÌÄȢ 4ÈÉÓ ȬÉÎÄÉÖÉÄÕÁÌÉÚÅÄȭ ÍÅÔÈÏÄ ÉÓ ×ÅÌÌ ÁÄÏÐÔÅÄ ÔÏ ÔÈÅ ÐÕÂÌÉÓÈȤ

ing profiles of the SSF, which are often interdisciplinary and specialized on certain 

topics at the same time. Our normalization method also distinguishes by publica-

tion type. Review articles (generally more frequently cited) are compared to other 

review articles and original articles are compared to other original articles. 

2.3.2 The chosen indicators: shares of highly and top cited articles 

The Leiden ranking (https://www.leidenranking.com/information/indicators ) 

has an information page with an overview of the well-established science-based 

citation indicators that they apply. We will discuss three of them and present the 

two used in this report. 

https://www.leidenranking.com/information/indicators
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Traditionally, field -normalized citations have been measured as the average of the 

unit of analysis compared to the average of the larger dataset it is compared to. 

CWTS, the organization behind the Leiden ranking, used to name this indicator the 

Ȭ#ÒÏ×Î )ÎÄÉÃÁÔÏÒȭȢ 4ÈÅÙ ÎÏ× ÃÁÌÌ ÉÔ -.#3 ɉÍÅÁÎ ÎÏÒÍÁÌÉÚÅÄ ÃÉÔÁÔÉÏÎ ÓÃÏÒÅɊȡ Ȱ!Î 

MNCS value of two for instance means that the publications of a university have 

been cited twice above the average of their field and publication yeÁÒȢȱ 4ÈÅ ÁÖÅÒÁÇÅ 

MNCS for the world in the dataset will always be 1,00. 

We tested this indicator in our data and found that it gives little extra infor-

mation compared to the other indicators we tested. We also find that measuring 

the average is not quite iÎ ÌÉÎÅ ×ÉÔÈ ÔÈÅ ÆÏÃÕÓ ÏÎ ȬÅØÃÅÌÌÅÎÃÅȭ ÔÈÁÔ ÉÓ ÁÓËÅÄ ÆÏÒ ÉÎ ÔÈÅ 

main questions for this bibliometric report (research quality, ground-breaking re-

search). Citations are extremely skewed among publications: A few publications 

receive many citations while most publications are seldom cited (Seglen, 1992). It 

is easier to express the focus on highly cited articles with two other indicators. 

These indicators are also more readily understood. Both are used in the Leiden 

ranking as well: 

 

¶ 1 per cent  most cited.  4ÈÅ ÐÒÏÐÏÒÔÉÏÎ ÏÆ Á ÕÎÉÔȭÓ ÐÕÂÌÉÃÁÔÉÏÎÓ ÔÈÁÔȟ ÃÏÍÐÁÒÅÄ 

with other publications in the same field and in the same year, belong to the top 

1% most frequently cited in the world. This indicator is called PP(top 1%) in 

the Leiden ranking. 7Å ÃÈÏÓÅ ÔÈÉÓ ȬÎÁÒÒÏ×ȭ ÉÎÄÉÃÁÔÏÒ ÔÏ ÁÌÌÏ× ÆÏÒ Á ÐÏÓÓÉÂÌÅ ÆÏȤ

ÃÕÓ ÏÎ ȬÇÒÏÕÎÄ-ÂÒÅÁËÉÎÇ ÒÅÓÅÁÒÃÈȭȢ !Î ÅØÁÍÐÌÅ ÏÆ ÔÈÅ ÕÓÅ ÏÆ ÔÈÅ ÉÎÄÉÃÁÔÏÒ ÉÓ 

given Figure 2 below. 

¶ 10 per cent  most cited.  4ÈÅ ÐÒÏÐÏÒÔÉÏÎ ÏÆ Á ÕÎÉÔȭÓ ÐÕÂÌÉÃÁÔÉÏÎÓ ÔÈÁÔȟ ÃÏÍÐÁÒÅÄ 

with other publications in the same field and in the same year, belong to the top 

10% most frequently cited in the world. This indicator is called PP(top 10%) in 

ÔÈÅ ,ÅÉÄÅÎ ÒÁÎËÉÎÇȢ 7Å ÃÈÏÓÅ ÔÈÉÓ ȬÂÒÏÁÄÅÒȭ ÉÎÄÉÃÁÔÏÒ ÔÏ ÇÉÖÅ Á ÍÏÒÅ ÒÏÂÕÓÔ ÒÅÐȤ

resentation (less dependent on a few publications per year) of highly cited ar-

ticles and of scientific impact in general. An example of the use of the indicator 

is given in Figure 3 below.  

For the examples, we show the performance of the group of host institutions versus 

Norway in all twenty years 1998-2017. We observe that the host institutions (with 

71 per cent ÏÆ .ÏÒ×ÁÙȭÓ ÁÒÔÉÃÌÅÓɊ ÐÅÒÆÏÒÍ ÖÅÒÙ ÓÉÍÉÌÁÒÌÙ ÔÏ .ÏÒ×ÅÇÉÁÎ ÒÅÓÅÁÒÃÈ ÉÎ 

general. This may seem surprising since the host institutions are among the largest 

and most internationally influential in Norwegian research. The explanation is that 

the Norwegian hospital sector and institute sector in general perform better ac-

cording to bibliometric indicators than the higher education sector. The host insti-

tutions are mainly from the higher education sector. 
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Figure 2.1. Example of the 1 per cent citation indicator: Proportion of publications 
among the 1 per cent most frequently cited publications in the world (Web of Sci-
ence, 1998-2017). SFF host institutions are compared to Norway and the world. 

 

Figure 2.2. Example of the 10 per cent citation indicator: Proportion of publications 
among the 10 per cent most frequently cited publications in the world (Web of Sci-
ence, 1998-2017). SFF host institutions are compared to Norway and the world. 

Figures 2.3 and 2.2 also show an improvement in performance for the host insti-

tutions and Norway over the years, especially on the 1 per cent indicator. Some of 

this improvement may be due to an expansion of the Web of Science during the 

years by adding more journals from less cited countries.  
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In the next sections with results, we will only compare the SFF with FRIPRO and 

the host institutions since we already showed that the host institutions are repre-

sentative for Norwegian research in general. 

2.3.3 SFF contributions to highly cited articles 

7Å ÓÔÁÒÔ ×ÉÔÈ ÔÈÅ ȬÂÒÏÁÄÅÒȭ ρπ per cent indicator which gives the more robust rep-

resentation (less dependent on a few publications per year) of highly cited articles 

and of scientific impact in general. For comparison, Figures 2.4-2.6 below present 

the results for all three generations of SFF in one sequence. The actual numbers of 

10 per cent highly cited articles in the active period of each of the generations are: 

 

¶ 1,639 articles in SFF1 (2004-2014) 

¶ 1,151 articles in SFF2 (2008-2017) 

¶ 917 articles in SFF3 (2014-2017) 

 

These highly cited articles represent 27,5 per cent ÏÆ .ÏÒ×ÁÙȭÓ ÔÏÔÁÌ ÈÉÇÈÌÙ ÃÉÔÅÄ 

articles by the same indicator in the same period. 

We observe that the SFF scheme and the FRIPRO scheme both fund researchers 

that performs above the average of the host institutions according to this indica-

tor. Note that most of the articles related to the funding schemes are also included 

in the articles from the host institutions. Some of the positive developments for 

the host institutions may be linked to the two funding schemes, but it is difficult to 

isolate such effects from other influences on research performance (Langfeldt, 

Bloch & Sivertsen, 2015).   

SFF2 differs from the two other generations with a slightly lower citation im-

pact, but also with an increase in impact after the SFF have become active which 

continues during the active period. In contrast, SFF1 and SFF3 seem to realize a 

potential that was already there during the selection process.  

All three generations show improvements during most of the active periods and 

have markedly higher citation impact than their host institutions and Norwegian 

research in general.   
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Figure 2.3Φ {CCмΥ tǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ мл per cent most frequently cited arti-
cles. 

 

Figure 2.4Φ {CCнΥ tǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ мл per cent most frequently cited arti-
cles. 

 

0%

5%

10%

15%

20%

25%

SFF1 - proportion of top 10 percent most frequently cited articles

SFF1 - before SFF1 - active SFF1 - after

FRIPRO Host inst World

0%

5%

10%

15%

20%

25%

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

SFF2 - proportion of top 10 per cent most frequently cited 
articles

SFF2 - before SFF2 - active FRIPRO Host inst World



32 ω Report 2019:31 

 

Figure 2.5Φ {CCоΥ tǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ мл per cent most frequently cited arti-
cles. 

2.3.4 SFF contributions to top cited articles 

4ÈÅ ȬÎÁÒÒÏ×ÅÒȭ 1 per cent indicator largely confirms the results above but show 

more fluctuations because relatively few articles contribute to the numerator of 

the fraction. As an example, there are 55 top cited articles in 2015, 32 top cited 

articles in 2016, and 59 top cited articles in 2017 behind the extreme values and 

fluctuations for SSF1 in this period (Figure 2.7). The actual numbers of 1 per cent 

highly cited articles in the active period of each of the generations are: 

 

¶ 243 articles in SFF1 (2004-2014) 

¶ 202 articles in SFF2 (2008-2017) 

¶ 178 articles in SFF3 (2014-2017) 

These top cited articles represent 31,4 per cent ÏÆ .ÏÒ×ÁÙȭÓ ÔÏÔÁÌ ÈÉÇÈÌÙ ÃÉÔÅÄ ÁÒÔÉȤ

cles by the same indicator in the same period. 

The measurement by the 1 per cent indicator shows that there might be 

ground-breaking research emanating from the SFF. The scores are often higher 

than for articles related to the FRIPRO scheme and clearly higher than for the host 

institutions and Norwegian research in general.  
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Figure 2.6. SFF1: Proportion of tƘŜ ǿƻǊƭŘΩǎ м per cent most frequently cited articles. 

 

Figure 2.7Φ {CCнΥ tǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ м per cent most frequently cited articles. 
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Figure 2.8. SFFоΥ tǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ м per cent most frequently cited articles. 

2.3.5 Variations among the SFFs 

There are large variations among the SFF in citation impact. Twelve of the thirty 

SFFs we measure here have very high impact according to the 10 per cent indica-

tor. All of them belong to the SFF1 and SFF3 generations. Another five SFFs have 

large proportions of top cited articles according to the 1 per cent indicator. Four 

of them are in the SFF3 generation and one in the SFF1 generation. Three centres 

in the SFF1 generation, two centres in the SFF2 generation and two centres in the 

SFF3 generation have citation impact below the average of the host institutions 

and Norway.  

Table 2.3 shows the 10 per cent indicator for each SFF in the active years and in 

the years before and after. Most SFFs follow the increasing trends shown in the 

Figures above, but there are some clear deviations. Large variations are also seen 

here.  
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Figure 2.9. Variations in citation impact among the SFFs. The centres (coded for an-
onymity) are ranked by generation (first to third) and by the 10 per cent indicator 
within each generation.   
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Table 2.3. Citation impact by the 10 per cent indicator for each SFF in the active 
years and in the years before and after. Each SFF is represented by an anonymous 
code. 

 Generation  Centre Before Active After 

SFF1 SFF1I 25,0 % 32,2 % 25,0 % 

SFF1 SFF1D 16,2 % 25,3 % 15,8 % 

SFF1 SFF1J 17,9 % 21,2 % 22,0 % 

SFF1 SFF1F 19,1 % 19,7 % 20,1 % 

SFF1 SFF1B 15,8 % 19,4 % 15,2 % 

SFF1 SFF1E 17,4 % 13,7 % 12,1 % 

SFF1 SFF1C 8,5 % 13,6 % 13,2 % 

SFF1 SFF1K 19,5 % 13,5 % 21,8 % 

SFF1 SFF1A 25,0 % 11,8 % 6,0 % 

SFF1 SFF1G 11,4 % 11,0 % 8,9 % 

SFF1 SFF1H 14,0 % 10,8 % 4,6 % 

SFF2 SFF2F 11,9 % 15,6 %   

SFF2 SFF2E 15,5 % 15,5 %   

SFF2 SFF2C 3,7 % 15,4 %   

SFF2 SFF2D 14,9 % 14,5 %   

SFF2 SFF2G 10,4 % 14,1 %   

SFF2 SFF2A 11,7 % 13,8 %   

SFF2 SFF2H 14,3 % 9,6 %   

SFF2 SFF2B 11,7 % 9,5 %   

SFF3 SFF3B 40,0 % 27,6 %   

SFF3 SFF3A 15,8 % 24,9 %   

SFF3 SFF3I 16,4 % 23,0 %   

SFF3 SFF3E 16,6 % 20,6 %   

SFF3 SFF3F 18,3 % 18,4 %   

SFF3 SFF3J 18,2 % 18,0 %   

SFF3 SFF3G 13,0 % 17,4 %   

SFF3 SFF3H 12,0 % 15,5 %   

SFF3 SFF3C 12,5 % 14,1 %   

SFF3 SFF3D 9,9 % 9,1 %   

SFF3 SFF3K 13,6 % 8,6 %   
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2.4 Level of publishing 

2.4.1 Two curated sets of prestigious journals 

Journals can be more or less prestigious and influential. The analysis of the level 

of publishing may give a partial answer to the main question concerning whether 

the SFFs are ȬÉÎÔÅÒÎÁÔÉÏÎÁÌÌÙ ÒÅÃÏÇÎÉÓÅÄ ÁÎÄ ÃÏÍÐÅÔÉÔÉÖÅȭȢ !Ô ÔÈÅ ÓÔÁÒÔ ÏÆ ÔÈÅ ÍÉÌȤ

lennium, before the first SFF generation was launched, several evaluations of Nor-

wegian research had pointed at a lack of ambitions in the publishing profile. 

To describe the level of publishing, we define two sets of prestigious journals 

and measure the share of articles published in the journals. Following the advice 

of RCN, we chose to use curated journal sets (based on qualitative judgments by 

expert panels) rather than Journal Impact Factors to define the journal sets. 

One of the journal sets is named Nordic level 2 in this study. It consists of 1,337 

journals that disciplinary panels in Denmark, Finland and Norway agree to rank 

on the highest level in the national journal evaluation procedures for the biblio-

metric indicator systems for institutional funding (Sivertsen, 2016). The journals 

in the set need to be highly ranked in all three countries to be included.  

In all three countries, the journals on the high level can only represent around 

one fifth of the articles worldwide in each field of research. The share can be ex-

pected be somewhat higher in WoS since the indicators also include journals out-

side of WoS. The restriction to one fifth implies that there will be a balanced rep-

resentation of all areas of research at the top level. More information about the 

selection procedures are given in each of these webpages: 

 

¶ Denmark: https://bfi.fi.dk/  

¶ Finland: https://www.julkaisufoorumi.fi/en  

¶ Norway: https://npi.nsd.no/  

 

The other set of journals, the Nature Index published by Springer Nature, was rec-

ommended for this study by the RCN. It includes a narrower selection of 82 of the 

most prestigious scientific journals in the world, mainly from the natural sciences. 

The list of 82 journals can be found here: https://www. natureindex.com/faq#sub-

jects. We quote from the selection principles: 

 

The journals included in the Nature Index are selected by a panel of active scien-

ÔÉÓÔÓȟ ÉÎÄÅÐÅÎÄÅÎÔÌÙ ÏÆ .ÁÔÕÒÅ 2ÅÓÅÁÒÃÈȢ 4ÈÅ ÓÅÌÅÃÔÉÏÎ ÐÒÏÃÅÓÓ ÒÅÆÌÅÃÔÓ ÒÅÓÅÁÒÃÈÅÒÓȭ 

perceptions of journal quality, rather than using quantitative measures such as 

Impact Factor. It is intended that the list of journals amounts to a reasonably 

https://bfi.fi.dk/
https://www.julkaisufoorumi.fi/en
https://npi.nsd.no/
https://www.natureindex.com/faq#subjects
https://www.natureindex.com/faq#subjects
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consensual upper echelon of journals in the natural sciences and includes both 

multidisciplinary journals and some of the most highly selective journals within 

the main disciplines of the natural sciences. The journals included in the Nature 

Index represent less than 1% of the journals covering natural sciences in the Web 

of Science (Clarivate Analytics) but account for close to 30% of total citations to 

natural science journals. 

 

Nature Index does not cover the main areas of research in a balanced way. As seen 

in Table 2.4 below, the highest share of articles in Nature Index is found in the 

physical sciences. Nordic Level 2 has a more balanced representation. The higher 

shares in level 2 in the social sciences and humanities here can be explained by the 

fact that the more frequently used national journals in these areas of research are 

not covered by Web of Science. To control for the imbalances, particularly in Na-

ture Index, it is important to compare with the thematic research profiles pre-

sented in Table 2.1 above. SFFs with a thematic profile in the physical sciences will 

have relatively higher chance of having their articles in Nature Index. 
 

Table 2.4. Total articles in each are of research in the active periods of SFF1, SFF2 
and SFF3, and the shares of these articles that are in journals in Nature Index and in 
Nordic Level 2. 

  
Total 

articles  Nature Index  
Share of 

total  
Nordic 
Level 2 

Share of to-
tal  

Engineering sci 2127 12 0,6 % 444 20,9 % 

Physical sci 7734 1516 19,6 % 2376 30,7 % 

Life sciences 2937 181 6,2 % 646 22,0 % 

Biomedical sci 6029 512 8,5 % 1462 24,2 % 

Social sciences 1579 13 0,8 % 601 38,1 % 

Humanities 328 0 0,0 % 149 45,4 % 

Total 20734 2234 10,8 % 5678 27,4 % 

2.4.2 Publications in Nordic level 2 

Both FRIPRO researchers and SFF researchers publish relatively more frequently 

in the journals nominated by Nordic scientists as most prestigious. The SFF2 and 

SFF3 generations also publish above the FRIPRO average, but all three generations 

can be said to have an ambitious publishing profile. 
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Figure 2.10. SFF1: Share of publications in journals in Nordic level 2. 

 

Figure 2.11. SFF2: Share of publications in journals in Nordic level 2. 
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Figure 2.12. SFF3: Share of publications in journals in Nordic level 2. 

2.4.3 Publications in Nature Index journals 

This indicator, based on publishing in 82 top natural science journals, shows an 

even more distinct picture for the SFF compared to FRIPRO and the host institu-

tions. All three generations are clearly above with increasing trends as well for 

SFF1 and SFF2. However, it is important to bear in mind that the Nature Index is 

biased towards the physical sciences. SFF1 and SFF3 are more focused on the 

physical sciences than FRIPRO and the host institutions in general. See table 2.1  

 

 

Figure 2.13. SFF1: Share of publications in journals in Nature Index journals. 
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Figure 2.14. SFF2: Share of publications in journals in Nature Index journals. 

 

Figure 2.15. SFF3: Share of publications in journals in Nature Index journals. 

2.4.4 Variations among the SFFs 

We find large variations between the SFFs with regard to their ambitions in levels 

of publishing, as shown in Figure 2.17. Most of the variations on the Nature Index 

indicator are due to differences in thematic research profiles.  
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Figure 2.16. Level of publishing measured as share of publications in Nordic Level 2 
journals and in Nature Index journals. Each SFF is represented by an anonymous 
code. 
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Table 2.5. Share of publications on Nordic Level 2 before, during and after the ac-
tive SFF. Each SFF is represented by an anonymous code.  

Generation SFF Before Active After 

SFF1 SFF1D 38,5 % 42,0 % 46,6 % 

SFF1 SFF1I 53,8 % 38,4 % 32,8 % 

SFF1 SFF1B 31,3 % 35,3 % 34,1 % 

SFF1 SFF1F 30,4 % 31,1 % 39,2 % 

SFF1 SFF1H 22,4 % 29,3 % 20,9 % 

SFF1 SFF1E 38,4 % 28,3 % 20,7 % 

SFF1 SFF1A 25,0 % 25,4 % 32,0 % 

SFF1 SFF1J 21,3 % 25,3 % 28,4 % 

SFF1 SFF1G 23,6 % 17,3 % 15,0 % 

SFF1 SFF1C 21,8 % 16,5 % 17,2 % 

SFF1 SFF1K 6,6 % 8,4 % 4,0 % 

SFF2 SFF2A 51,7 % 52,4 %   

SFF2 SFF2C 34,6 % 44,1 %   

SFF2 SFF2F 28,5 % 29,5 %   

SFF2 SFF2E 27,7 % 27,0 %   

SFF2 SFF2G 31,3 % 26,8 %   

SFF2 SFF2B 16,7 % 25,7 %   

SFF2 SFF2H 23,0 % 24,8 %   

SFF2 SFF2D 26,0 % 23,2 %   

SFF3 SFF3B 46,2 % 43,1 %   

SFF3 SFF3H 37,5 % 42,4 %   

SFF3 SFF3A 26,8 % 38,0 %   

SFF3 SFF3I 32,1 % 37,6 %   

SFF3 SFF3F 28,1 % 32,8 %   

SFF3 SFF3J 28,7 % 31,0 %   

SFF3 SFF3E 22,6 % 26,8 %   

SFF3 SFF3G 29,5 % 23,5 %   

SFF3 SFF3K 23,9 % 22,2 %   

SFF3 SFF3D 29,4 % 20,0 %   

SFF3 SFF3C 17,8 % 16,7 %   
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2.5 Collaboration 

2.5.1 Collaboration and the focus of the evaluation 

Indicators of collaboration are relevant for two of the general questions for this 

ÓÔÕÄÙȡ Ȱ7ÈÁÔ ÉÍÐÁÃÔ ÈÁÓ ÔÈÅ ÓÃÈÅÍÅ ÈÁÄ ÏÎ ÓÃÉÅÎÔÉÆÉÃ ÃÏÌÌÁÂÏÒÁÔÉÏÎ ɉÌÏÃÁÌÌÙȟ ÎÁȤ

ÔÉÏÎÁÌÌÙ ÁÎÄ ÉÎÔÅÒÎÁÔÉÏÎÁÌÌÙɊȩȱ ÁÎÄ Ȱ4Ï ×ÈÁÔ ÅØÔÅÎÔ ÁÒÅ ÔÈÅ ÒÅÓÅÁÒÃÈÅÒÓ ÁÔ 3&& ÃÅÎȤ

ÔÒÅÓ ÉÎÔÅÒÎÁÔÉÏÎÁÌÌÙ ÒÅÃÏÇÎÉÓÅÄ ÁÎÄ ÃÏÍÐÅÔÉÔÉÖÅȩȱȢ 'ÉÖÅÎ ÔÈÅ ÇÅÎÅÒÁÌ ÆÏÃÕÓ on sci-

entific impact and ground-breaking research in this analysis, this chapter puts 

more emphasis on international tan national collaboration. As can be seen in Table 

2.6, there is a clear relation between citation impact and collaboration. Publica-

tions ÂÁÓÅÄ ÏÎ ÉÎÔÅÒÎÁÔÉÏÎÁÌ ÃÏÌÌÁÂÏÒÁÔÉÏÎȟ ÐÁÒÔÉÃÕÌÁÒÌÙ ×ÉÔÈ ÔÈÅ ×ÏÒÌÄȭÓ ÌÅÁÄÉÎÇ 

research organizations, are more cited. The distinction we make here between in-

ternational collaboration in general and collaboration with the leading and top in-

stitutions in the world (according to citation impact) will be further explained be-

low. 

Table 2.6. Articles from Norway 2004-2017 and their citation impact in different in-
ternational collaboration relations. Top and leading universities are defined below. 

  Number  Share of total  

10%  
citation 

indicator  

1 %  
citation 

indicator  
In collaboration with 42 top uni-
versities 14,907 10,5 % 29,5 % 7,4 % 
In collaboration with 273 leading 
universities 49,135 34,6 % 20,0 % 3,8 % 

In international collaboration 84,311 59,4 % 15,6 % 2,6 % 

Total articles 141,839 100,0 % 11,9 % 1,7 % 

The question about the impact of the SFF funding scheme on national and local 

collaboration is important because the answers can say something about the local 

effects and the effects on the Norwegian research system. Our results are pre-

sented in section 2.5.7.  

2.5.2 Indicators of international collaboration 

We chose to use the CWTS Leiden Ranking to differentiate between research or-

ganizations abroad, partly because the data from the ranking are openly available 

and partly because we are confident in the methods by which the ranking is cre-

ated. The Leiden Ranking 2019 includes 963 universities worldwide that were se-

lected by a minimum number of Web of Science indexed publications in the period 

2014ɀ2017. There are five Norwegian universities in the ranking ɀ the same five 
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that appear as host institutions in our study. They are of course not included in our 

analysis of collaboration with other organizations abroad.  

Among the 958 remaining universities, we used the 1 and 10 per cent indicators 

to select the most highly cited universities.3  () First, we used a threshold of 1,2 per 

cent on the 1 per cent indicator and of 12 per cent on the 10 per cent indicator. 

These thresholds were applied both in general (all areas combined) and in each of 

five main areas used in the ranking (Biomedical and health sciences, Life and earth 

sciences, Mathematics and computer science, Physical sciences and engineering, 

Social sciences and humanities) to allow for specialized research profiles. A total 

of 273 universities were above these thresholds. This group of universities is 

named leading universities in the following. 

Then we applied a threshold of 1,6 per cent on the 1 per cent indicator and of 

16 per cent on the 10 per cent indicator. Only 42 universities were above these 

thresholds. We name them top universities in the following. They are presented in 

Table 2.7. 

  

 
3 Here, we used the 1 and 10 per cent citation indicators as they are published for the ranking by 

CWTS. Their indicators are in principle the same as we use here, but CWTS base them on fractional 

counting and field-normalize the indicators with reference to the averages in 4,535 micro-level fields 

of science (not available in our data). Hence, the scores we used for the thresholds are not directly 

comparable to the scores we use elsewhere in this study. 
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Table 2.7. The selected 42 top universities for the study of international collabora-
tion. 

University  Country  
Massachusetts Institute of Technology United States 
Harvard University United States 
Stanford University United States 
California Institute of Technology United States 
Princeton University United States 
University of Chicago United States 
University of California, Berkeley United States 
Yale University United States 
University of California, Santa Barbara United States 
Northwestern University United States 
University of Oxford United Kingdom 
New York University United States 
University of California, Irvine United States 
University of Pennsylvania United States 
University of California, Santa Cruz United States 
Columbia University United States 
Rice University United States 
Ecole Polytechnique Fédérale de Lausanne Switzerland 
University of Exeter United Kingdom 
City University of Hong Kong China 
University of California, Los Angeles United States 
University of Cambridge United Kingdom 
Eidgenössische Technische Hochschule Zürich Switzerland 
Weizmann Institute of Science Israel 
University of Washington - Seattle United States 
Washington University in St. Louis United States 
University of Geneva Switzerland 
University of California, San Francisco United States 
London School of Hygiene & Tropical Medicine United Kingdom 
Shenzhen University China 
University of Leeds United Kingdom 
University College London United Kingdom 
University of North Carolina, Chapel Hill United States 
University of California, San Diego United States 
Duke University United States 
Cornell University United States 
University of Texas at Austin United States 
University of Colorado, Boulder United States 
Brown University United States 
Hong Kong University of Science and Technology China 
Imperial College London United Kingdom 
Utrecht University Netherlands 

 

Examples of the collaboration indicators are presented in Figure 2.18 (host institutions) 

and Figure 2.19 (Norway). The trend is increased international collaboration in all relations. 

This is in itself an international trend which is also seen in other countries. The degree of 

collaboration is almost the same for the host institutions and for Norway in general. 
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Figure 2.17. Host institutions. Shares of articles with international collaboration in 
general, collaboration with 273 leading universities, and collaboration with 42 top 
universities. 

 

Figure 2.18. Norway. Shares of articles with international collaboration in general, 
collaboration with 273 leading universities, and collaboration with 42 top universi-
ties. 

2.5.3 International collaboration in general 

All three generations of SFF have relatively more international collaboration than 

their host institutions and FRIPRO grantees. Apart from this, the trends are simi-

lar, as seen in Figures 2.10-2.22.  
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Figure 2.19. SFF1 and international collaboration (external co-authors) measured as 
share of all articles. 

 

Figure 2.20. SFF2 and international collaboration (external co-authors) measured as 
share of all articles. 
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Figure 2.21. SFF3 and international collaboration (external co-authors) measured as 
share of all articles. 

2.5.4 Collaboration with 273 leading universities 

Over time, there is a clear trend towards relatively more collaboration with lead-

ing universities abroad, both in Norwegian research in general and at the host in-

stitutions. By relatively more, we mean that these increases are steeper than for 

international  collaboration in general, as seen in section 2.5.2 above. Both FRIPRO 

and SFF-related articles follow this trend on a higher level, as measured by shares 

of articles. There is a steeper increase for the SFFs from 2010 onwards followed 

by a stabilization four years later. This is a deviation from the trends for FRIPRO 

and the host institutions. 
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