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Preface

This report was commissioned by the Research Council of Neay (RCN) as part
of the evaluation of the Norwegian Centres of Excellence scheme (SFF). rEseilts
of the quantitative analyses presented here are meamb serve as background in-
formation for the international scientific committee appointed to evaluatethe
scheme.

I AAT OAET ¢ O 2#.60 OANOEOAI AT 6Oh HEEO OADI 00
notably bibliometrics and register-based career tracking.The report should be
seen in conjunction with a parallel qualitative analysisof the impact of the SFF
scheme on the Norwegian research system (Borlaug et 2019). Both reports deal
with many of the same questions, but with different data and approaches.

The members of the project team behind this report were Gunnar Sivertsen
(project leader and author of ctapter 2), Espen Solberg, Pal Bgring and Solveig
Hillesund (responsible for chapter 3) and Fredrik Piro (responsible for chapter 4).

The team would lke to thank our colleagues Hebe Gunnes, Kaja Wendt and
Bjgrn Magne Olsen for their help in extracting andleaning data for the career
tracking analysis.We also thank Inge Ramberg for carrying out the webased
study of the international visibility of SFRL (presented in Annex 1).

Finally, we thank the Norwegian Research Council for initiating the project and
financing the study.

Oslo,2 December 2019

Sveinung Skule Siri B. Borlaug
Director Deputy Head of Research
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Summan

In 2002, the Norwegian scheme of Centres of Excellence (SR#s established to
promote quality in Norwegian research Parts of the background was a sis 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 fotexible and long
term funding for a period of 10 years. Since its irgption, four generations of SFF
centres have seen the light, including 44 centres and more than 4300 researchiers
postdocs and Phlellows have been diliated with the centres. The centres vary
in size, are found in different fieldsz some highly interdisciplinary z and are
hosted by different types of institutions.

The scheme is currently being evaluated, and this report is one of the sod-
ports commissioned bythe Research Council of Norway (RCN) in order to inform
the international scientific committee responsible for the evaluation. This partic-
ular sub-report describes a registerbased analysis, focusing on bibliometrics and
the impact of the SFF A1 A T 1T DAOOEAEDAT 006 AAOAAO AAOAII
ping). Thereport should be read in context with thesecond subreport on the im-
pacts of the SFF scheme on the Norwegian research system (Borlaug et al, 2019)

Main findings

At the outset, the measurabl@utputs of the scheme are quite significaniThetotal
SFFfunding invested from RCN amounts to approximtely 1 per cent of total pub-
lic allocations to R&D in Norwayfrom 2004 to 2017. This report shows thatduring
the same periodSFFresearchershave beeninvolved in

1 21,5 per cent of Norwegian scientific articles, published in Web of Science

 275percentdE . T OxAUBO O1 OAI EECEI U AEOAA AOOEAIl AC
1 opht PAO AAT O T &£ .1 0xAUB8O OI B AEOAA AOOGEAI AO
1

45 per cent of Norwegian ER@rants (during the period 2007-2018)

1 This number relates to the first lists provided by RCN. The complete list used as a startmgjnt for
the career analyses included 4604 unique names.
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tion and visibility in the international research frontier. At the same time, this re-
port reveals several aspects that modify and put these reklis in perspective:

Firstly, the measurable results are rather skewed, as often2 centres in each
generation account for a large share of both publications, citations and ERfants.
Secondly, vhere this is possible to observe, we see that many of thesearchers
involved in SFFs alsavere high performing researchers before they entered the
centres. Thirdly, the centres in question are oftennternational consortia and in-
clude many researchers whose actual involvement in the centres is partiad mar-
ginal. A fourthpoint is that a relatively large share of SFFesearchers seem to stay
in temporary positions long aftertheir engagement in the centresThis rather sur-
prising finding may have several explanations, but it raises questions concerning
the schem& O AAE]I EOU O1 OAAOOA 111¢ OAOI OOAAT A OA«
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 SEEheme, analyses of the
scientific publications related to the centres represent an important part of the
study. Our bibliometric analyses are based 087,000 scientific articles related to

the first three generations of SFFAIthough bibliometric methods have several

well-known limitations, our findings shed light on several questions raised in the
evaluation of the SFF scheme:

1 To what extent do the centres produce growhdeaking research?

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

There arealso 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 asthe Norwegian averagea few centres are even performing
below the Norwegian averageThis means that ®me centresin each generation
are probably producing groundbreaking research. The probability is higher for
SFthan for Norwegian research in generha
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1 To what extent are the researchers at SFF centres internationally recognised and
competitive?

High numbers of top cited and highly cited articles aralsoindications of interna-
tional recognition. We find that the high-performing SFF 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 itherefor: Most SFFs in edcgener-
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 owtnfr Norwegian re-
seachers in general as well as froma comparable group ofreceivers of other
highly competitive funds (FRIPRQO)

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

Again, there are large variations among the centres gach generationThe 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 SFEFhave contributed postively to their Nor-
wegian research environments.

Hence, he SFB seem to have helped the enhancement of scientific quality in
Norwegian research. Bibliometrics usually cannot telhow such possible improve-
ments happen, but we see @learindication from the increased collabration with
leading and top universities abroad.

1 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 SEIStand 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 @n therefore conclde that the SFE have indeed steered the general Nor-
xACEAT ET OAOT AGETT AT AT 11 AAT OAGETT PDPAOOAOT EI
fluential institutions in research. At the same time, the national and local collabo-
ration patterns remain stable, indicding that the SFE are not moving away from
close collaborations with theirlocal research environments.

9 (0 Report2019:31



Career tracking

Attracting and developing future research talents has been another main purpose
of the SFFscheme, ever since theirkt generation of centres in 2002. Two ques-
tions raised in the terms of reference are of particular importancéor this part of
the analysis

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

The gender balance of SFF staffgenerally 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) thathe overall Norwegian regarch
system did in the same time period. Phiellows 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 researctystem. 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 reflas 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 appeansith a rela-
tively low pro portion 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 recruitng future researchers is e of the main objectives of the
scheme, the share of completed PhDs in the first year of employment must consid-
ered relatively high8 4EEO ET AEAAOAO OEAO A O0ES$ AiI 1T OOEOO!
NOAT EAEAAOQET T 6 OEtdnh, and thadfBrthe 8RS Ahe fiostdo©de-A OU
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 entt 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 SF€areers with a for-
eign degree are still active researbers in the Norwegian research system. This in-
dicates that the SFFscheme has been able to recruit and maintain foreign re-
searchers in the Norwegian research system.

10 w Report2019:31



1 What impactdoes the SFF scheme have on the career of stgdemi other em-
ployees oftie centres?

Among those who have started their careers as Phfellows at SFFs, we find that
90 per cent of PhDfellows from SFF1 have completed their degrees by 2017. The
completion rates are also above 80 per cent for all SKkElated PhDfellows who
started their PhD prior to 2015.Compared to general PhD completion patterns in
Norway, this indicates a rather high rate 6completion.

In terms of sectoral mobility, we find that most SFF researchers pursue careers
within the same sector as the one they weren 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 assue 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 diculties in obtaining permanent academic po-
sitions in the Norwegian Higher education sector after they complete theiPhDs.

In fact, PhD holders from SFFs seem less likely to obtain such positions than Nor-
wegian doctorate holders in general. These diffidties are particularly pro-
nounced in the old universities, and among researchers within humanities and to
some extentnatural scienceg¢ mathematics. It is likely that these findings reflect a
combination of i) a scarcity of permanent positions in certain arts 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 SHfesearchers in general, ad a
corresponding willingness to endure temporary employment while waiting for
OOEA OECEO Pl OEOEI 168

Among SFF resealters 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 expectedaceers in the Norwegian business enterprise
sector is by far the most common pathway among Norwegian researchers who
have left the core Nowegian research system. More surprisingly, we find that SFF
researchers registered with a noANorwegian 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 Ekprogrammes

While the SFFscheme 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 wwolved in the centres.
Hence, this report also includes a study 8SFFOAOAAOAEAOO8 AAEI EOU Ol
competitive grants from the EU Framework programmes in general and the Euro-
pean Research Council (ERC) in particular. Since the main focus of this analis
the European Research Council (ERC), we only matched data from FP7 and Hori-
zon 2020. These programmes covehe period from 2007 to present, which is rel-
evant to see in relation to the duration of the SFEcheme.
In total, we find that the 44 SFFs ha been actively involved in Ekprojects
during the course of EUs 7 framework programme and Horizon 2020 More than
300 EUprojects can be connected to Principal investigators with an affiliation to
SFFs. This number may also be underestimated as dptdjects where SFFe-
searchers participate as partners are not included in these analyses.
In general, we see that th&sFFs contribute to counterbalance the total profile
I £ .1 0xAUBO %5 DAOOEAEPAOGEI T8 &EOOOI Uh xEEI A
programmes addressing societal challenges and less well within the excellence
programmes, the SFFs display an opposite pit#. 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 SK- patrticipation in EU-projects is however rather skewed. With the excep-
tion of SFF3 (where at least five centres appear to be quite activekit-projects),
we find that 2-3 centres stand for more than half of all EAprojects. These patterns
reflect much ofthe same skewness identified in the bibliometric part of this study
&ET Al 1T Uh OEAOA OAAT O O1 AA 1 EOfeite AOEAAT AA 1
researchers join an SFF. In fact, for the two Sigenerations were such compari-
sons are possible, we findhat many of the researchers in question had already
retrieved EU-funding before they joined the centre. Data on SkElated EUfund-
ing is therefore not sufficient to establish a causal relation between SFFs and in-
creased EU funding. Instead, there is rean to conclude that the centres have been
able to attract a large number of researchers with sufficient competencies and ca-
pacities to be sucessful in the competition for prestigious Ekfrants and projects.
Furthermore, given the high number of Ekprojects related to SFFs, we can con-
Al OAA OEAO 3&& OAOAAOAEAOO EAOA [ AAA OECT EZEEA/
performance in the Excellence flar within EU-programmes.
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1.1

Introduction

This section provides a brief background for the project and points toosne gen-
eral aspects concerning the data and approaches used in this study. For a broader
presentation of the SFFscheme and its role in the Navegian research system, we
refer to the sub-report | (Borlaug et al, 2019) issued in parallel with this sukre-
port.

Background

In 2002, the SFF scheme was established to promote quality in Norwegian re-
search through supporting leading Norwegian researchrgups with the potential
of contributing to the international research frontier. Flexible and longterm fund-
ing is granted for a period of 10 yeas through a highly competitive call. Since its
inception, four generations of SFF centres have seen the ligihttluding 44 centres
and more than 4300 researchers, postdocs and PhDellows have been affiliated
with the centres. The centres vary in size, are found in different fieldg some
highly interdisciplinary z and are hosted by different types of institutiams.

The scheme is currently being evaluated, and this report is one of the sod-
ports commissioned bythe 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 analysisfocusingon bib-

liometrics and the impacti £ OEA 3&& OAEAI A 11 DAOOEAEDPAT 006

(career mapping). The analysishould beread in context with the second subre-
port which focuseson the impacts of the SF scheme on the Norwegian research
system(Borlaug et al, 2019). These two subreports are complementaryin scope
and partly in methodology, but alsooverlapping as they shed light on many of the
same research questionsvith different data and methods

While this report is based onregister data, the other subreport relies mainly
on qualitative evidence, including judgements from SFFesearchers and other
stakeholders.

2 This number relates to the first lists provided by RCNThe complete list used as a starting point for
the career analyses included 4604 unique names.
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1.2

1.3

Research questions

According to the terms of referencefor this project, this regider-based study
should seek to answer the following research questions:

1 To wha extent do the centres produce groundbreaking research?
1 To what extent are the researchers at SFF centres internationally recognised and

competitive?

1 Has the SFF scheme help® enhance scientific quality, and if so, how?
I What impact has the scheme had on scientific collaboration (locally, nationally

and internationally)?

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

reer mapping)

1 What impact doegshe SFF scheme have on the careers of students and other em-

ployees of the centres?

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

While all these questions are underpinning the studies described in thigport, 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 sotee
The report is therefore not entirely restricted to the questions raised above.

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 SFIScheme 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 researters involved in the centresAs 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 tine dimension represents a chllenge as the SFBcheme has been
in operation for nearly two decades and with different centres active at different

14 w Report2019:31



points in time. Hence, the window for conducting quantitative expost analyses of
the scheme is limited and difers between the four geneations of SFFs.

The figure below illustrates thisgeneralchallenge 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 approhes used to handle these dilenges

will be further d escribedin each chapter.

SFF 1

13 centresf1,6 BillNOK/1614 persons

N = -
.
Ny
‘\ SFF 3

13 centres2,1 BillINOK/1332 persons

SFF 4
10 centres/1 5 BillNOK/481 persons

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 ink@d in the centres. This
means that our findings rely on persorbased information which is sometimes in-
complete or missing. In these cases, our analyses will havdlitait certain aspects

to the groups for which we have available datagven though all regarchers in-
volved in SFFs ray be equally relevant in principle Furthermore, the total number

of SFF researchers differs somehow between the chapters because the full list of
SFFpersonnel has been cleaned and reorganised for different purposes

1 In chapte 2 the list of persons wascleaned and linked to publication data re-
sulting in a total number of 3,384 scientists related to the first three genera-
tions of SSF.

1 Inchapter 3 the starting point was the full list of all SFF personnel reported by

RCN, amourihg to 4604 unique persons

1 Inchapter 4 the list was inked to ECORD#data, based on a list with app. 4300
SFF researchers.

A fourth aspect concerns two additional approaches and data sources which have
been testedwith more limited results:
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1.4

1 One approach consisted in exploring the R& funding profile of SFF hostle-
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 maifind-
ings from this approach is instead briefly described in appendix 1.

1 Another approach consisted in exploring the reputation and vigility of the
centres byconducting searches for names of centres andentre leadersfrom
SFF1in 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 isherefore briefly described in appendix
2.

Report structure

This report is primarily organised around three main approaches and data

sources. These are described in separate chapters as follows:

1 Chapter 2 describes the bibliometric study of the scientific publications re-
lated to the SFFs

1 Chapter 3 presents the findings from the registerbasedanalyses of careers
and profile of SFF researchers

1 Chapter 4 describes the participation and success of SFF researchers in the EU
framework programmes

1 Appendix 1 and 2 briefly presents findings fronthe two additional approaches
described above

1 Main findings and conclusions are presented at the end of each chapter and
summarised in the executive summary.

1 Since methodological aspects and data sources are closely linked to each ap-
proach, the descriptions of daa are presented in the introductory part of each
chapter.
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2 Bibliometric analysi

2.1 Introduction

Given the strong emphasis on academic quality of the SEEheme, analyses of the
scientific publications related to the centres represent an important part of th
empirical material for the evaluation of the sbeme.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 ltlge RCN as particularly
relevant to be addressedartly with the help of bibliometric analysis:

1 To what extent do the centres produce growhdeaking research?

1 To what extent are the researchers at SFF centres internationally recognised and
competitive?

1 Has the SFF scheme helped to enhance scientifidity, and if so, how?

1 What impact has the scheme had on scientific collaboration (locally, nationally
and internationally)?

The aim of this chapter is to answer these questiorgto the extent thatthey 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
AEOAOOO OAlI AGAT O 1 PAOADGAARET QAEKODEDBAED AiE OQ
focus on citation indicators. We then present our solutions with regard to data
sources, delineations and time series, and methods and indtoas.
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2.1.2 Operational definitions and solutions

03 A E NiOQ@ EafsOAT ® I-beebkig O A O A Arédbriedpts that reflect some of

OEA 1 AET PI1EAU AEI O T &£ OEA 3&& OAEAI A8 7EEI A

AEOAOOOAA ET OA1T AOGEIT O1 AEAIEI I AOCOEA ET AEAAOI

breakingresearc 8 EAO 11 08 ) O OAdtdtiéhindidathrdviold ET x AOAOh OE

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

7R OOAOO xEOE OEA OAI AGEI T AAOxAAT OOAEAT OE EEA
In the Centre for Researh Quality and Policy Impact Studies (IRQUEST), the

concept of scientific qualityis regardedas multi-dimensional (originality; scien-

tific impact; societal impact; solidity and research integrity) and contextlepend-

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

was also underlined in arecent 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. 5%1). When connecting this

framework for understanding scientific quality to the literature on bibliometric

methods, we will find that:

9 Citations are regarded as expressing scientific impact, but not the other dimensions
of scientific quality (originality; societal impact; solidity and research inégrity)

1 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 Sivertserf2016A; 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 refleet with important limitations? aspects related @

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 site@pmeasures and more easy evaluation

metei AO AT A OAOAAOAEAOOE OANOAOO &£ O AAEO AT A Al
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 analysig SFF as a national funding instrument rather than an
evaluation of the individual centresz it is possible to apply robust citation analysis
as the main bibliometric tool to come closesto the questions given for the biblio-
metric part of the tender. However, threeimportant limitations should be men-
tioned:
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SFFrepresenting 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 esablished SSE

While we measure the scietific 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

7A 171 x 0001 OF OEA bi OOEAA EEAICA GRAIGA AIORE-GA AT AC

tation indicators.
The notion of ground-breaking research has almost never been discussed in the
bibliometric literature. As an example, the core journal in bibliometricsScien-

tometrics, has published 5,629 articles since 1975. Fh OA O1 -OTOABHEIACSE 1 O

OCOi OT AIAORAEAO 1T AAOOOAA ET 111U & 00
them, the term is not used in connection with bibliometric indicators. In the other
two, the authors claim that the concept is measured by studyg 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.

4EA 1700 OAI AGAT O AAOI E-Brexking @éedd BD O

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-
Centres d Excellence (Krull et al. 2013). In their bibliometric analysis for the re-
port, Schneider & Costas (2013) responded to the requirement by exploring new

OEAAI

¢)

E &£

bibliometric methods. They assumeddEAO OAOAAEOEOI OCE AOOEAI A0S |

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

xT Ol A6 O A OOE AWeh 6f SeencdainBabe. ThdyEhkrifiltered out the
articles that were referring to other highly cited articles and assumed that these

xAOA OA&I 111 xA008 O%x EBDAA COBADD DAOGAAEDEOI OCES

articles. They could indeed identify some such articles from the Danish CoE, but
OEAEO DPOI Bi OOET 1
cited articles in general.

They concludedthat 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 herebecause a database simildp the Leiden

I £ OEA xtiie@rophriiod of AghQE AT A O

xAO E

ET

database with a coverage DEA x1 O1 A6 O AOOEAI AO EO 110 AOAEI A
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2.1.3

Although we will identify and study articles with particularly high impact, our
main solution is to regard groundbreaking as agualitative term that expresses the
aims and the possible results of a researdianding 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 midterm evaluations or selfevaluations of scietific impact provided

by some of the SF&for the RCN are examples of this method.

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

xA xEI1T OOA OEA OAIi A AGPOAOOEIT AO EO OOAA
skningsrtBAAO 1T ¢ OEOAT @&1AaPA1l EC EOAI EOADS
Fagmiljger pa hgyt internasjonalt niva (som) utvikler helt ny kunnskap og banebry-
tende Igsninger.

[Internationally high-level research environments that develop completely new
knowledge and breakthrough solutions.]

We have used this definition as a guideline tpay particular attention in the cita-
tion analysis to indicators representingproportions of highly cited articlesWe will
return to these indicators below.

We still maintain that although an article is extreméy highly cited, the extent to
which it represents ground-breaking research will need to be determined by
other, more quaitative methods. Publications can be highly cited for many other
reasons, e.g. useful methods, useful reviews of the state of artniclal guidelines,
large project scale, many international ceauthors, good timing, republication in
OABOAT T E O leffedisQdnd confrdvérdies.

Two other notions in the four main questions for the bibliometric analysis are
OET OAOT ACETAAMIATUA OWAITBCAEEOEOAS AT A OEI
OET 168 #EOAOETT ET AEAAOQI OO /Juiohsodhe @i U
of these notions, but here, we include an analysis of the level of publishing (where
they publish) and collaboration patterns (who they cepublish with) as well. Col-
laboration patterns are directly relevant for the second notion.

> v
b
> O

Data ®urces 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 Mational Citation Re-
port for Norway (NCR)which is updated annuallyand delivered by Clarivate Ana-
lytics with data from Web of Science (WoSlt covers all articles with at least one
author address inNorway 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 tlis WoS database is not the time span,
but the basis for counting citations in the most recent years. Citations are counted
until to the end of 2018 in the database. Generally, citations to publications can
only be counted after 12 years after the publicaton year. Given the high aggregate
level of our study, we decided to include publications from 2017 in the analysis,
allowingforami Ei 01 1T £ 1T A UAAO8O AEOEI ¢ OEI As8

For the allocation of articles to the SF$; 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 ime, we decided to allocate
publications to anactive SFF from thesecond gar afterit was startedand until two
years after it ended Whenever possible, we also study the performance of an SFF
beforeand after it was ended by allocating articles to thesame persons who were
employed in the SFF. We chose to limit these periodls five years before or after
For each of the four generations of SEFwe were then given these options:

1 SFF 1 (20032012): Before:publications from 1998-2003. Active: Publications
from 2004-2014. After: Publications from 2015-2017.

1 SFF 2 (20072017): Before:Publications from 2003-2007. Active: Publications
from 2008-2017.

1 SFF 3 (20132022): Before:Publications from 2009-2013. Active:Publications
from 2014-2017.

1 SFF 4 (20172026): Bibliometric analysis is not possible in the active period.

The fourth generation of SFF is not included in this bibliometric report-urther-
more, the name of an SFF does not systematically occur in the published author
addresses in scientific journ&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; REAMHJRZUA, FE.

The RCN does not have a list of publications from the S-Fstead, we were
provided with a list of the 4,300 persons (1,700 PhDellows, 1,000 post docs,
1,600 professors) who had been affiliated with one or more SBR&t different times.
There was even information for each year about whether they were affiliatedr
not.

RCN could also provide a list 356 FRIPRO granteerepresenting 1,288 differ-
ent FRIPRO grants. These grantees gpeincipal investigators supported by the
RCN funding sheme for independent projects since 2002VNe used the list to es-
tablish a st of scientific articles that can be compared to those related to the
SFFDOnNly a few FRIPRO projects were awarded in 2002 and 2003. Taking publish-
ing time into account, we chos®004 as the first year of publications from FRIPRO.
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We decidedto 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 indiv OAT DB OT EAAO 11 Al AAO OCA
as with the SFF)One cauld 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 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 comlined these four data sources:

1 The list of 4,300 SFF researchers and the list 86 FRIPRO grantees provided
by NCR

T .)&5860 2AOAA0OAE 0AOOITTAI 2ACEOOAO j202qQq xEO
affiliations and careers in higher education and research in Nway.

9 The Norwegian Science Inelx (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 sintar WoS records.

1 The abovementioned 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.

Norwegian

research

ersonnel i Aot
SFF researche pregister publications publications

(RPR)

Figure 2.1: Fourata sources at the level of indidual researchers

Source: NIFU
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Most of the timespentfor developing this bibliometric report was used in the first
step for establishing a database of cleaned data.

Not all scientists in the SFKfirst 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 researchainly in the social
sciences and humanitiesComparing WoSo NSI, we find that Wd covers 82per
centof the publications in the life sciences, 8per centin the biomedical sciences,
76 per centin the physical sciences, 4fer centin the engineering sciences, 2fer
cent in the social sciencesand 13 per centin the humanities. Explanations for
these differences in WoS coverage are given in Sivertsen (2016) and in Aksnes and
Sivertsen (2019).The matching procedureggave these results

9 3,384 scientists related to the first three generations of SSkere found as au-
thors in WoS A total of 36,942unique scientific articles from 1998-2017 could
be attributed to these authors.

9 825 scientistswho had been granted byrRIPRO were found as authors in WoS.
A total of 23,335 unique scientific articles from 20042017 could be attributed
to these authors.

From these rumbers, the FRIPRO granteamay seem to be more productive than
researchers affiliated withan SFFHowever, the FRIPRO grantees are only princi-
pal investigators while the SFF researchers represent all members of the team
cluding a large number of PhDdn addition, the second and third generations of
SFF were established later than FRIPRA.third factor is that publications are al-
located to FRIPRO grantees irrespective of the actual project granting period.

The main units ofanalysis 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 SKithin 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 tk funding instrument has woiked 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)

= =4 4 A
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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 andechmology (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

=A =4 =4 -4 4 —a -—a -

The eight institutions are not treated separatly, anly as a group, in the analysis.

Using the most appropriate period for comparison (comparable size of the
funding schemes) the latest five years 20132017, our database of WoS publica-
tions has a total of 66,154 scientific articles from Norway. Of #se:

1 46,856 articles (70,8per cenf) can be attributed to the SFF host institutions

1 14,251 articles (21,5per cent) can be attributed toresearchers inthe first three
generations of SFF

1 12,986 articles (19,6per cenf) can be attributed to FRIPR@rantees

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

2.1.4 Four SF¥are not included in the analysis

Not all journal articles registered in the Norwegian Science Index have also been
indexed for Web of Scienceseesection 2.1.3 aboveOf 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 thandg® centfor four SFF,

all of them publishing mainly in the umanities or in law (see Table2.1 below):
CASTI(The Centrefor Advanced Study in Theoretical Linguistics) an€@MSCentre

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

ism in Society across the Lifespan) anBluricourts (Centre for the Studyof the Le-
gitimate Roles of the Judiciary in the Global Order) in generation SFF3. Data cov-
erage, as well as fieldlependent citation practices, determine the validity of bib-
liometric indicators based on data from the WoS (Sivertsen026).
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2.2

We found the \alidity questionable for these four SFE, 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 thee four SFBE from the main analysis as hey
have very few publications in WoS.

Indicators

We usefour main groups of bibliometric indicators. They cover:

Thematic research profiles
Citation impact

Level of publishing
Collaboration

= =4 4 =4

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

Thematic research profiles

Thematic research profiles can be described on the basis of where the researchers
affiliated to the SFIS publish, more specifically in what journals they piblish. The
databasecontainsa 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 indidaespe-
cific interdisciplinary or specialized research activities of SFHn a way that pre-
defined disciplinary categories may not capture. Such research profiles of the SFF
can be compared to each other and to the profiles of research at more aggregated
levels, such as the H&t institutions.

Table 2.1 shows the main area of esearch 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 resarch

are constructed by grouping the 251 journal ategories in the database.

25 ) Report2019:31



Table2.1. Thematic research profiles. The main research area and the three most
frequent WoS journal categories that each SFhtributes to, according to the
number ofarticles 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, Multidisciplinay; Oceanography; Meteorology &tmospheric Sci-
ences

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

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

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

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

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

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; Eanomics

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, Info
mation Systems

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

SFF2 CCB Biomedical sciences  Oncology; Cell BiologyBiochemistry & 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 Biolay; Cell Biology

SFF2 CSMN Humanities Philosophy; Ethics; Linguistics

SFF2 CTCC Physical sciences Chemistry, Physical; Physics, Atomic, Molecular & Chemical; Chemistry, Multidisc

linar

SFF2 ESOP Socialsciences Econgmics; Political Science; Environmeal Studies

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

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

SH-3 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 & Atmo
pheric Sciences

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

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

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

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

SFF3 MultiLing Humanities Linguistics; Language & Linguistics; Audiology & Speedlanguage 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 levelsTable 22compares thepercentage shares among the six major areas of research

in each SFF genetdn 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 relativelynore 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. Boeial sci-
ences and humanities appear with relatively small shares.
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2.3.2

This is mainly due to more limited coverage of these areas in the WoS. The four
SSE in humanities and law that we exclded from the citation analysis are in-
cluded in Table 22

Table2.2. Shares of articles among six major areas of research at different aggre-
gate levels.

‘ SFF1 ‘ SFF2 SFF3 FRIPRO‘Hostinst Norway

Engineering sci 15,4 % 4,8 % 8,8 % 8,5 % 10,9 % 11,4 %
Physical sci 47,9 % 29,8% 329% | 276% | 238% 22,9 %
Life sciences 9,3 % 20,8 % 128% | 11,7 % 11,1 % 11,4 %
Biomedical sci 20,0 % 32,6 % 374% | 433 % 40,2 % 38,8 %
Social sciences 6,1 % 9,7% 6,9 % 79 % 114% 13,0 %
Humanities 1,2% 22% 1,2 % 1,0 % 2,5% 25%

Note: Each generation of SFF imeasured within its active period. The other aggregate levels are
measured by their articles from 20042017. The percentages should only be compared within
each area of research. The social sciences and humanities are underrepresdrin Web of Sci-
encez see the discussion in sections 2.1.3 and 2.1.4

Citation impact

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 lo¢r 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 thesame extent as it actuajl

DOAI EOEAO ET AAAE ZEAI A8 4EEO OET AEOEAC
ing profiles of the SSF, which are often interdisciplinary and specialized on certain
topics at the same time. Our normalization method also distguishes 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.

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 welestablished sciencebased
citation indicators that they apply. We willdiscuss three of them angresent the
two used in this report.
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https://www.leidenranking.com/information/indicators

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 behith the Leiden ranking, usd to name this indicator the
O#01 xT )T AEAAOQI 088 4EAU 11 x AAI1T EO -.#3 jiAA
MNCS value of two for instance means that the publications of a university have
been cited twice above the average of thefield and publicatonyeA 086 4 EA AOAOACA
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 averageisnotquiteli 1 ET A xEOE OEA & AOO 11 OAGAAIIT AT A}
main questions for this bibliometric report (research quality, groundbreaking re-
search). Citations are extremely skewed among publications: A few publications
receivemany citations while mostpublications 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:

 1lpercentmostcited. 4 EA DOl BT OOETT T £ A OTEOC6O DPOAI EAA
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 Leidenranking.7 A AET OA >O0& El O AOD®ITO O Aiilil x £ O A
AOO 11 -KGOAEATAC OAOAAOAESS8 '1T AgAiBPI A 1T £ OEA
given Figure 2below.

§ 10percent mostcited. 4 EA DOIT BT OOETT 1T £ A O1 EOG80O0 pOAI EAA

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

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

OEA , AEAAT OATEEI Cc8 7A AEI OA OEEO OAOI AAAOS E
resentation (less dependent on dew publications peryear) of highly cited ar-

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

is givenin Figure 3below.

For the examples, we show the performance tfie group of host institutionsersus

Norwayin all twenty years 19982017.We observe that the host institutions (with

71lpercenti £ . T OxAUBO AOOEAI AOGQq PAOAEI Oi OAOU OEI EI A
general. This may seem surprising since the host institutions are among the largest

and most internationally influential in Norwe gian 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 highereducation sector.
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Proportion of publications among the
1 percent most frequently cited publications
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Figure2.1. Example of the per centcitation indicator: Proportion of publications
among the 1per centmost frequently cited publications in the world (Web of Sci-
ence, 1998017). SFRost institutions ale compared to Norway and the world.

Host inst Norway e= = \World |

Proportion of publications among the 10 percent most
frequently cited publications
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Figure2.2. Example of the 1@er centcitation indicator: Proportion of publications
among the 1Qper centmost frequently cited publications in thevorld (Web of Sci-
ence, 1998017). SFF host institutions are compared to Norway and the world.

Host inst

Norway e= = World |

Figures 23 and 2.2 also show an improvement in performance for the host insti-
tutions and Norway over the years, espéally on the 1per centindicator. 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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2.3.3

In the next sections with results, we will only compare the SFF with FRIPR@da
the host institutions since we alreadyshowed that the host institutions are repre-
sentative for Norwegian research in general.

SFF contributions to highly cited articles

7A OOAOO x E OE pebEnindidatoOwhibhgiked the more robust rep-
resentation (less dependent on a few publidéons per year) of highly cited articles
and of scientific impact in general. For comparison, Figures4-2.6 below present
the results for all three generations of SFmione sequenceThe actual numbers of
10 per centhighly cited articles in the activeperiod of each of the generatioaare:

1 1,639 articles in SFF1 (20042014)
I 1,151 articles in SFF2 (2008017)
9 917 articles in SFF3 (20142017)

These highly cited articles represent 27,5percentl £ . 1 OxAU8 O O OAI
articles by the same indicato 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 thiindica-
tor. Note that most of the articles related to the funding schemes are alsccloded
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 diffidtito
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 beoemctive which
continues during the active period. In contrast, SFF1 and SFF3 seenmrdalize a
potential that was already there during the selection process.

All three generations show improvements during most of the active periods and
have markedly higter citation impact than their host institutions and Norwegian
research in general.
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SFF3 proportion of top 10 per cent most frequently cited

articles
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SFF contributions to top cited articles

4 EA O1 Allpéricenindidator 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 5%p cited articles in 2015, 32 top cited
articles in 2016, and 59 top cited articles in 2017 behind the extrae values and
fluctuations for SSF1 in this period (Figure2.7). The actual numbers of Jper cent

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

1 243 articles in SFF1 (20042014)
9 202 articles in SFF2 (2008017)
1 178 articles in SFF3 (20142017)

These top cited articles represent 31,percentl £ . 1T OxAU8 O O1 OAI
cles by the same indicator in the same period.

The measurement by the lper cent indicator shows that there might be
ground-breaking research emanating fron the SFF. The scores are often higher
than for articles relatedto the FRIPRO scheme and clearly higher than for the host

institutions and Norwegian research in general.
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SFF1 proportion of top 1 percent most frequently cited articles
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2.3.5

SFF3 proportion of top 1 percent most frequently cited articles
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Variations among the SEF

There are large variations among the SFF in citation impact. Twelve of the thirty
SFKE we measure here have very high impact according to the X&r centindica-
tor. All of them belong tothe SFF1 and SFF3 generation&nother 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 generatidhree centres
in the S-F1 generation, two centres in the SFF2 generation and tveentres in the
SFF3 generation have citation impact below the average of the host institutions
and Norway.

Table2.3 shows the 10per centindicator for each SFF in the active years and in
the yeas before and after. Most SFfollow the increasing trends shown in the
Figures above, but there are some clear deviations. Large variations are also seen
here.
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Citation impact
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Figure2.9. Variations in citation impact mong the SF$: The centregcodedfor an-
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within each generation.
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Table2.3. Citation impact by the 1@er centindicator for each SFF in the active
years and in the years before arafter. Each SFF is represented by an anonymous
code.

Generation Centre Before Active After

SFF1 SFF1l 25,0 % 322% 25,0 %
SFF1 SFF1D 16,2 % 25,3 % 15,8 %
SFF1 SFF1J 17,9% 21.2% 22,0 %
SFR SFF1F 19,1 % 19,7 % 20,1 %
SFF1 SFF1B 15,8 % 19,4 % 15,2 %
SFF1 SFF1E 174 % 13,7 % 12,1 %
SFF1 SFF1C 8,5 % 13,6 % 132 %
SFF1 SFF1K 19,5 % 135% 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 155 % 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 143 % 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 125 % 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 Twocurated 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 SFEare OET OAOT ACET T A1 1 U OARABCT BODHE AATOD ADIOI B A BOE
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 pulishing, we define two sets of prestigiougournals
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 ImpacEactors to define the journal sets.

One ofthe journal sets is named\ordic level Zin 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 ppcedures 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 represemtround
one fifth of the articlesworldwide 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 tathe top level. More information about the
selection procedures are given in each of these webpages:

1 Denmark: https://bfi.fi.dk/
 Finland: https://www.julkaisufoorumi.fi/en
1 Norway: https://npi.nsd.no/

The other set of journals, theNature Indexpublished by Springer Nature, was rec-
ommended for this study by he RCN. It includes a narrower selection of280f the
most prestigious scientific journals in the world, mainly from the natural sciences.
The list of 82 journals can be found heréittps://www. natureindex.com/fag#sub-

jects. We quote from he selection principles:

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

OEOOOh ET AAPAT AAT O1T U T &£ . AOOOA 2A0AAOAES8 4EA
perceptions of jounal quality, rather than using quantitative nreasures such as

Impact Factor. It is intended that the list of journals amounts to a reasonably
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consensual upper echelon of journals in the natural sciences and includes both
multidisciplinary journals and somef 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 fdose 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 leel 2 has a more balanced representation. THegher
shares inlevel 2 inthe 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 Scienc&.o control for the imbalances, particularly in Na-
ture Index, it is important to compare with the thematic research profiles pre-
sented inTable2.1 above.SFK with a thematic profile in the physical sciences will
have relatively higher chance of havingheir articles in Nature Index.

Talle 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 Share of Nordic Share of to-
articles  Nature Index total Level 2 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 % 149 454 %
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 asnost prestigious. The SFF2 and
SFF3 generations also publishbove the FRIPRO average, but all three generations
can be said to have an ambitious publishing profile.
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SFF1: Share of publications in Nordic level 2
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Figure2.10. SFF1: Share of publicatioimsjournals in Nordic level 2.

SFF2: Share of publications in Nordic level 2
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Figure2.11. SFF2: Share of publications in journals in Nordic level 2.
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SFF3: Share of publications in Nordic level 2
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Figure2.12. SFF3: Share of publications in journaidNordic 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 cleast above with increasing trends as well for
SFF1 and SFF2. keever, 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 institutioimsgeneral. See table 2.

SFF1: Share of publications in Nature Index journals
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Figure2.13. SFF1: Share of publications in journals in Nature Index journals.
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SFF2: Share of publications in Nature Index journals
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Figure2.14. SFF2: Share of publications in joats in Nature Index journals.

SFF3: Share of publications in Nature Index journals
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Figure2.15. SFF3: Share of publications in journals in Nature Index journals.

Variations among the SIEF

We find large variations between the SFFwith regard to their ambitions in levels
of publishing, as shown in Figure 7. Most ofthe variations on the Nature Index
indicator are due to differences in thematic research profiles.
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Share of publications in Nordic Level 2
and in Nature Index journals
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Figure2.16. Level of publishing measured as share of publications in Nordic Level 2
journals and in N&ure Index journalsEach SFF is represented by an anonymous
code.
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Table2.5. Share of publications on Nordic Level 2 before, during afteér the ac-
tive SFFEach SFF is represented by an anonymous code.

Generation SFF Before Active After
SFF1 SFF1D 38,5% 42,0 % 46,6 %
SFF1 SFF1l 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 % 254 % 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 S-F2B 16,7 % 25,7 %

SFF2 SFF2H 23,0% 24,8 %

SFF2 SFF2D 26,0 % 232 %

SFF3 SFF3B 46,2 % 43,1 %

SFF3 SFF3H 375% 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% 235%

SFF3 SFF3K 23,9 % 22,2 %

SFF3 SFF3D 29,4 % 20,0 %

SFF3 SFF3C 17,8 % 16,7 %
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2.5

2.5.1

2.5.2

Collaboration

Oollaboration andthe focus of the evaluation

Indicators of collaboration are relevant for two of the generhquestions for this

O000AUd O7EAO EIi PAAO EAO OEA OAEAI A EAA

OAE

OETTAITU ATA EROAOT AOGEADARDOAE O ADA OEA OAOGAAO

OO0AO ET OAOT AGETT AT T U OAAT CT EOAA odhbch AT I DAOEOEC

entific impact and groundbreaking research in this analysisthis chapter puts
more emphasison international tan national collaboration. As can be seen ifable
26, there is a clear relation between citation impact and collaboration. Publica-

tionsAAOAA 11 ET OAOT AGET T AT AT11AAT OAQEI T h

research organizations, are more citedl'he 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.

Table2.6. Articles from Norway 2002017 andtheir citation impact in different in-
ternational collaboration relations. Top and leading universities are defined below.

10% 1%

citation citation
Number Share of total indicator 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 aomational and local
collaboration is important because the answers can say something about the local
effects and the effects on théNorwegian research systemOur results are pre-
sented in section 2.5.7.

Indicators of internationalcollaboration

We chose to use the CWTS Leiden Ranking to differentiate between research or-
ganizations abroad, partly because the data from the ranking argenly 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
2014z2017. There are five Norwegian universities in the ranking the same five
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that appear as host instutions in our study. They are of course not included in our
analysis of collaboration with other organizations abroad.

Among the 958 remaining universites, we used the 1 and 10er centindicators
to select the most highly cited universities. () First, we used a threshold of 1,per
cent on the 1per centindicator and of 12 per centon the 10 per centindicator.
These thresholds were applied both in geeral (all areas combined) and in each of
five main areas used in the ranking (Biomedical and healstiences, Life and earth
sciences, Mathematics and computer science, Physical sciences and engineering,
Social sciences and humanities) to allow for spedized research profiles. A total
of 273 universities were above these thresholds. This group of urevsities is
namedleading universitiedn the following.

Then we applied a threshold of 1,6er centon the 1per centindicator and of
16 per centon the 10 per centindicator. Only 42 universities were above these
thresholds. We name themop universitiesin the following. They are presented in
Table2.7.

3 Here, we used the 1 and 10 pecent citation indicators as they are published for the ranking by
CWTS. Their indicators are in principle the same as we userg, but CWTS base them on fractional
counting and field-normalize the indicators with reference to the averages in 4,535 micrtevel fields

of science (not available in our data). Hence, the scores we used for the thresholds are not directly
comparable tothe scores we use elsewhere in this study.
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Table2.7. The selected 42 top universities for the study of international collabor

tion.

University

Country

Massachusetts Institute of Technology
Harvard University

Stanford University

California Institute of Technology
Princeton University

University of Chicago

University of California, Berkeley

Yale University

University of California, Santa Barbara
Northwestern University

University of Oxford

New York University

University of California, Irvine
University of Pennsylvania

University of California, Santa Cruz
Columbia University

Rice University

Ecole PolytechniqueFédérale de Lausanne
University of Exeter

City University of Hong Kong

University of California, Los Angeles
University of Cambridge
Eidgendssische Technische Hochschule Ziirich
Weizmann Institute of Science
University of Washington- Seattle
Washington University in St. Louis
University of Geneva

University of California, San Francisco
London School of Hygiene & Tropical Medicine
Shenzhen University

University of Leeds

University College London

University of North Carolina, Chapel Hill
University of California, San Diego
Duke University

Cornell University

University of Texas at Austin

University of Colorado, Boulder

Brown University

Hong Kong University of Science anflechnology
Imperial College London

Utrecht University

United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United Kingdom
United Sates
United States
United States
United States
United States
United States
Switzerland
United Kingdom
China

United States
United Kingdom
Switzerland
Israel

United States
United States
Switzerland
United States
United Kingdom
China

United Kingdom
United Kingdom
United States
United States
United States
United States
United States
United States
United States
China

United Kingdom
Netherlands

Examples of the collaboration indicators are presented ifrigure 2.18 (host institutions)
andFigure2.19(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 genat.
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Host institutions' international collaboration:
Percentages of all scientific publications in WoS
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Figure2.17. Host institutions. Shares of articles with internatiah collaboration in
general, collaboration with 273 leading universities, and collaboration with 42 top
universities.

Norway's international collaboration:
Percentages of all scientific publications in WoS
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Figure2.18. 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 collaborationin general

All three generations of SFF have relatively more international collaboration than
their host institutions and FRIPRO grantees. Apafrom this, the trends are simi-
lar, as seen in Figure®.10-2.22,
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SFF1: International collaboration
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Figure2.19. SFF1 and international collaboration (external-eathors) measured as
share of all articles.

SFF2: International collaboration
80%
70%
60%
50%
40%
30%
20%
10%

0%
20032004 20052006 2007 2008 200920102011 201220132014 20152016 2017

SFF2 - before == SFF2 - active e====FR|PRO e=Host inst |

Figure2.20. SFF2 and international collaboration (external-eathors) measured as
share of allarticles.
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SFF3: International collaboration
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Figure2.21. SFF3 and international collaboration (external-aathors) measued as
share of all articles.

Gollaboration with 273 leading universities

Over time, there is a clear trend towards redtively more collaboration with lead-
ing universities abroad bothin Norwegian researchin generaland 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 abowoth FRIPRO
and SFFrelated articles follow this trend on a higher level, as measured by shares
of articles. There is a steper increase for the SFFs from 2010 onwards followed
by a stabilization four years later. This is @eviation from the trends for FRIPRO
and the host institutions.
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