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7

"T'he overall conclusion of the

reportis that investing in research

and development in society

contributes to creating knowledge,

emplovment, growth, innovation
and invention of products and
services to benefit people.”

Lars Rebien Sgrensen, Chairman, Board of Directors,

Novo Nordisk Foundation.

—0rewora

The Novo Nordisk Foundation has a vision to contribute significantly
to research and development that improves the lives of people and the
sustainability of society. Through our grant-awarding activities for public
research, we want to promote excellent research and innovation, devel-
opment of talent at all career stages and world-class education.

We are a Danish foundation with corporate interests. We see investment
in science in the public and private sector as vital to continuing growth
and for improving the health and welfare of people. One of our missions
is to develop knowledge-based environments in which innovative and
talented people can carry out research of the highest quality and trans-
late discoveries into new treatments and solutions. Through our invest-
ment in public research, we promote the creation of new knowledge, we
improve education, and we support innovation and the development of
new medicine, prevention and treatment to benefit people and society.

This Impact Report 2018 provides analyses about the outputs, outcomes
and impact of the research activities of our grant recipients. It documents

the results of the activities in 2018 and earlier years.

We hope you will enjoy reading the analysis.
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SSHMEFGOALS

The Novo Nordisk Foundation’s grant-awarding
activities lead to actions that address many of
the UN Sustainable Development Goals:

'm No Poverty

A {\' Good Health and Well-Being

-I Quality Education

& Industry, Innovation and Infrastructure
Reduced Inequalities

H& Sustainable Cities and Communities

@ Partnerships for the Goals
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The Impact Report 2018 at a glance

e |n 2018, our grant-awarding activity delivered the following results:

=  We paid out DKK 1.7 billion equivalent to an estimated 7% of the
expenditure on public research in Denmark.

=  We received 2614 applications and awarded DKK 3.9 billion in 463 grants.
= Our funds fully or partly supported 3000 people in science.

= Wefunded 8% of the PhD students in Denmark.

=  Our grant recipients reported 2876 new publications.

= 63 spin-outs supported by our innovation programmes (2007-2018)

employed more than 350 people and attracted DKK 3.3 billion in
additional funding.

e In 2017, our grant recipients published 6.8% of the journal articles originating
from Denmark.
e  Ofthejournal articles based on research that we have funded in 2018 and earlier:
= 23% were among the world’s 10% most frequently cited articles in 2014-2016.
= 53% were co-authored with international researchers.
= 11% were co-authored with researchers from industry.
= 5.8% were cited in patent documents in 1994-2017.

=  55% of grant recipients’ journal articles were published by interdisciplinary
research teams in 2015-2017.

= |Interdisciplinary research teams had a higher share of articles among the
world’s 10% most frequently cited articles.
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SUMMARY

Summarv

Chapters 1, 2 and 3 of the
Impact Report 2018

This summary recaps the broad findings in Chapters 1, 2 and
3 of the Impact Report 2018. Chapter 1 focuses on creation of
knowledge and research talent. Chapter 2 analyses the dis-
semination and use of knowledge in the public sector. The
focus is on the research community and the public health sec-
tor. Chapter 3 presents analyses of the private sector dissemi-
nation and use of Foundation-funded public research and the
impact of the innovation programmes of the Foundation.

The three chapters also present results from the following
in-depth analyses and evaluations

e analysis of interdisciplinary collaboration in Foundation-
funded journal articles;

e study on PhD students and postdoctoral fellows funded
by the Foundation;

e study on three cancer research projects;

e  citation peak analysis - how long journal articles take to
peak in citations;

e analysis of citation spread across open-competition grants;

e analysis on the disruptive content of Foundation-funded
research; and

e study on the Foundation’s pre-seed and exploratory
pre-seed grants.
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Figure 1

Chapter 1

Creation of knowledge
and research talent

Creation of knowledge: publications

The Foundation’s grant-awarding activities have historically focused on scientific purposes,
mainly for research in the medical and health sciences. The Foundation has increasingly con-
tributed to Denmark’s top placements in international research rankings with its substantial
share of public research funding. Researchers in Denmark published more journal articles per
million population than researchers in most other European countries in 2017. Only research-
ers in Switzerland published more articles per million population (Figure 1). The recipients of
Foundation grants published 329 publications per million population, which is 6.8% of the
journal articles from Denmark.

Number of publications per million population in selected countries, 2017
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Sources: Novo Nordisk Foundation/researchfish® and the European Commission (European Innovation Scoreboard).
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International research collaboration

In 2017, 2346 academic journal articles with international co-authors were published per
million population in Denmark, second to Switzerland (2946 per million population). The
number for Denmark includes 173 articles per million population by the recipients of Foun-
dation grants (Figure 2). Grant recipients account for 7.4% of the journal articles across all
scientific fields in Denmark. Moreover, 53% of their journal articles were co-authored with
international researchers in 2014-2018.

Figure 2 Journal articles with international co-authors per million population in selected countries, 2017
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Sources: Novo Nordisk Foundation/researchfish® and the European Commission (European Innovation Scoreboard 2018).
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Figure 3

Research talent: PhD students and postdoctoral fellows

In 2018, the Foundation’s grant-awarding activity fully or partly funded 2998 people within
science. This was 203 people more than in 2017. The Foundation’s direct support for people
within science has been steadily increasing since 2014, (Figure 3).

Number of people in science supported fully or partly by Foundation grants, 2014-2018
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Source: Novo Nordisk Foundation/researchfish®.




14 SUMMARY

Figure 4

In 2018, the Foundation fully or partly funded 506 PhD students and 719 postdoctoral fellows,
anincrease from 2014 (Figure 5). The Foundation currently funds about 8% of all PhD students
in Denmark. In 2017, the Foundation funded 14.1% within the medical and health sciences and

6.6% within the natural sciences.

Denmark has the second highest number of new PhD graduates per 1000 population in Eu-
rope. Figure 4 shows that the number of new PhD graduates per 1000 population 25-34 years
old in Denmark is higher than in all other countries except Switzerland in 2016 (data for 2017
or 2018 are not yet available). In 2016, Denmark produced 3.2 new PhD graduates per 1000
population. Of all new PhD graduates, the Foundation funded about 0.2 per 1000 population

(equivalent to 7% of all new graduates).

New PhD graduates per 1000 population 25-34 years old in selected countries in 2016

Number of people
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B Foundation-funded PhD students
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Sources: Novo Nordisk Foundation/researchfish® and European Commission (European Innovation Scoreboard 2018).
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Figure 5

Chapter 2

Dissemination and use of
knowledge within the public sector

Dissemination of journal articles within academia

Denmark ranks high worldwide in terms of the world’s 10% most frequently cited articles
per million population. In terms of cited articles, the Foundation’s grants support activities
that increases the average level in Denmark, since 21% of the grant recipients’ journal articles
(in 2015) are among the world’s 10% most frequently cited articles versus 13% for all journal
articles from Denmark (2015-figures). This overall share is higher for researchers in the Nether-
lands, United Kingdom and Switzerland (Figure 5).

Share of all journal articles in the top 10% most frequently cited articles worldwide in
selected countries, 2015

Em All publications of the countries == World average
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Figure 6

Figure 6 shows the trend in citation impact of Foundation-funded journal articles from 2008
to 2016. The share of journal articles of the grant recipients of the Foundation among the 10%
most frequently cited journal articles in the world increased from 20.6% in 2011-2013 to 23.4%
in 2014-2016. The share for 1% most frequently cited journal articles increased from 3.2% in
2011-2013 to 4.6% in 2014-2016.

Share of all journal articles by recipients of Foundation grants in the top 1% and top 10%
most frequently cited articles worldwide

—— PP(top 10%) == World average PP(top 10%)
Share of journal articles ——  PP(top 1%) ——World average PP(top 1%)
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Sources: Novo Nordisk Foundation/researchfish® and the Danish Centre for Studies in Research and Research Policy.
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Treatment of patients

Through the public-private partnership model of the Steno Diabetes Centers, the Founda-
tion will support the advancement of all aspects of diabetes care in Denmark throughout the
lifespan of people with diabetes. Until 2016, the Foundation supported the Steno Diabetes
Center, which treated 5500 people in 2016. In 2017, it became Steno Diabetes Center Copen-
hagen. In 2018, an additional three Steno Diabetes Centers were established in Aarhus, Aal-
borgand Odense. In 2018 the four centres treated 20,480 people with diabetes: 45% with type
1 diabetes, 44% with type 2 diabetes and 4% children and young people. A Steno Diabetes
Center will also be established in Region Zealand.

The services provided at the Steno Diabetes Centers include a wide range of diabetes health-
care services, including endocrinological examinations and diagnoses, treatment of diabetes,
eye scanning and examination, podiatry, dietary guidance and courses in a food laboratory.
The Steno Diabetes Centers conduct clinical research activities, health promotion and educa-
tion within diabetes.
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Chapter 3

Dissemination and use of
knowledge within the private sector

Academia-industry co-publications

Academia-industry co-publication and collaboration are important channels for disseminating
public research to companies. Researchers in Denmark publish more academia-industry
co-authored journal articles per million population than researchers in most other European
countries (Figure 7). In 2017, Denmark published 163 academia-industry co-authored journal
articles per million population; researchers in Switzerland had the highest production at 260
per million population. The recipients of Foundation grants published the equivalent of 26
academia-industry co-authored journal articles per million population based on Foundation
grants. The Foundation funded 16% of the Danish academia-industry publications.

Figure 7 Number of journal articles co-author by academia and industry per million populations in
selected countries, 2017

Number of journal articles per million population B Foundation-funded publications
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Kingdom

Sources: Novo Nordisk Foundation/researchfish® and European Commission, (European Innovation Scoreboard 2018).
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Figure 8

Use of public research in patents

The Foundation’s analysis shows that two-thirds of research-active companies in Denmark
depend on access to public research and collaboration with universities. Further, Founda-
tion-funded public research has led to 1 of 18 journal articles being cited in patents and pat-
ent applications - an indication of the quality, novelty and applicability. This share is three
times higher than the world average share within the scientific fields the Foundation supports
(Figure 8).

Percentage of journal articles cited by patent documents worldwide, 1994-2017

Share of journal articles
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3%

2%
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0%
Grant recipient journal articles Comparable journal articles worldwide

Note: The world average is based on a stratified random sample of 4842 journal articles matching the distribution of subject
categories of Foundation-funded journal articles.
Source: Novo Nordisk Foundation.
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Spin-outs from universities

and other institutions.

Origin of university spin-outs generated by exploratory pre-seed and pre-seed grants

Figure 9

Number of spin-out companies

The Foundation’s innovation grants have created 63 spin-outs; of which 89% exist today, with
total employment of 350 people in 2018. Figure 9 shows the distribution among universities
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Novo Nordisk Foundation/researchfish® and Accelerace.
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Figure 10

Background

Background on funding public research in Denmark

Trends in the Foundation’s grant-awarding and payouts

Since its beginning more than 90 years ago, the Foundation has primarily supported public
research at universities and hospitals in Denmark and the other Nordic countries. The duration
of a grant can vary from 1to 13 years. From 2014 to 2018, the amount paid out doubled. In 2017
and 2018 combined, the Foundation awarded grants totalling nearly DKK 10 billion and paid
out more than DKK 3 billion (Figure 10).

Grants and payouts from the Novo Nordisk Foundation, 2014-2018

El Grants
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Note: In 2018, the Foundation received 2614 applications and awarded DKK 3.9 billion in 463 grants.
Source: Novo Nordisk Foundation/researchfish®.
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Figure 11

The Foundation’s share of spending in public research in Denmark

Investment in public and private research in 2017 was DKK 66 billion, equivalent to 3% of
gross domestic product (GDP). DKK 22.4 billion was invested in public research. The payout
from the Foundation for public research amounted to 5.5% of the total investment in 2017.
This share was expected to increase to 7% in 2018. Across the fields of research, this amounts
to 15% of total public research spending in Denmark within the medical and health sciences,
7% within engineering and technical sciences, 3% within the natural sciences and 2% within
the humanities.

The Foundation is one of many private domestic foundations and organisations supporting
public research in Denmark. In 2017, their total share of funding for public research was 0.14%
of GDP, up from approximately 0.06% of GDP in 2007 (Figure 11). In 2018, the Foundation’s
share of public research is expected to be approximately 0.08% of GDP, or almost half of that
provided by the domestic foundations and organisations.

Expenditure in public research in Denmark as a percentage of GDP by funding source

Domestic foundations and organisations
Domestic companies

EU and other foreign sources

Domestic public sources

% of GDP
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Source: Statistics Denmark.
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Figure 1.1

1. CREATION OF KNOWLEDGE AND RESEARCH TALENT

The Foundation supports public research through a variety of grant types such as centres,
programmes, projects and individual fellowships. This chapter presents the creation of knowl-
edge and the support for research talent based on the Foundation’s grants. The increase in
grant amounts and payouts resulting from the Foundation’s Strategy 2014-2018 has affected
the level of activity, outputs and outcomes. In 2018, the Foundation paid out 30% more thanin
2017, comprising an estimated 7% of the expenditure on public research in Denmark.

11 Creation of knowledge: journal articles and collaboration across institutions,
fields of science and countries

111 Production of journal articles

Since 1927, the recipients of Foundation grants have published more than 23,500 publica-
tions of which more than 10,700 have been published from 2014 to 2018. Because recipients
of Foundation grants typically obtain additional funding and multiple authors contribute to a
publication, the Foundation does not exclusively fund all these publications.

Researchers supported by the Foundation are required to report annually on the outputs and
outcomes from the funded research. In January 2019 grant recipients reported 2876 new pub-
lications of which most were published in 2018. Of the publications published from 2014 to
2018 funded by Foundation grants, about 80% were journal articles (original research arti-
cles and reviews) and 20% were other types of publications, such as policy papers, technical
reports, letters and book chapters (Figure 1.1).

Total number of publications published by recipients of Foundation grants, 2014-2018

H Research articles

I Reviews

Number of publications Other
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1000
500
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Source: Novo Nordisk Foundation/researchfish®.
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Figure 1.2

Researchers in Denmark published more journal articles per million population in 2017 than
researchers in most other European countries. Only researchers in Switzerland published more
articles per million population (Figure 1.2). Grant recipients published 329 publications per
million population based on Foundation grants, or 6.8% of the journal articles from Denmark.

Number of publications per million population in selected countries, 2017

Number of publications per million population B Foundation-funded publications
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Sources: Novo Nordisk Foundation/researchfish® and the European Commission (European Innovation Scoreboard).

1.1.2  Fields of science for journal articles

Journal articles in the citation database Web of Science are registered according to the subject
category assigned to the journal of publication. The OECD has aggregated these detailed sub-
ject categories into fields of science and technology. Figure 1.3 and Figure 1.4 show the number
of Foundation-funded journal articles across the OECD-defined fields of science.

The number of journal articles increased substantially from 2008-2013 to 2014-2018. Because
of delayed reporting, the 2014-2018 production will continue to increase. In 2014-2018, med-
ical and health sciences (55%) was the most common field for Foundation-funded journal ar-
ticles to be published in followed by natural sciences (37%) and engineering and technology
(6%). The number of journal articles for the remaining fields (Figure 1.4) is very small, compris-
ing 2% of all Foundation-funded journal articles.
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Figure 1.3

Figure 1.4

Journal articles within the natural sciences, engineering and technology, and medical and
health sciences
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Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.

Journal articles within agricultural sciences, social sciences and humanities
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Note: Researchers within the humanities publish few journal articles. More often they publish books, book chapters, monographs
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Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.
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Figure 1.5

11.3 Co-authorship - sectoral and geographical collaboration

This section describes the co-authorship patterns of journal articles. The affiliations of the
co-authors are used here to identify the nature of the sectoral and the geographical collab-
oration. Collaboration is important for research outcomes. Research collaboration crosses
national borders and can involve both public researchers at such institutions as universities,
hospitals, and industrial researchers. Collaboration results from a search- and match process
between researchers with the main purpose of improving research outcomes. It can involve
collaboration between disciplines (interdisciplinary collaboration) and lead to cross-discipli-
nary research. It can improve the dissemination and wider use of the knowledge generated,
such as knowledge spillover from public sector research to private sector use and research
and vice versa.

The journal articles are divided into the following types of collaboration: 1) articles co-au-
thored with researchers from two or more national academic research institutions only, 2)
articles co-authored with researchers from international, academic research institutions, and
3) articles co-authored with industrial researchers employed in companies. The remaining
fourth group covers journal articles with a single author or with authors from the same organ-
ization (called “no cross-institutional co-authorship”). Figure 1.5 shows the number of articles
by type of co-authorship.

Number of journal articles by co-authorship

E  No cross-institutional co-authorship
B Co-authorship with national research institutions
Co-authorship with international research institutions
Number of journal articles Em  Co-authorship with industry
4000
2000
0
2018-2013 2014-2018

Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.
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Figure 1.6

Journal articles co-authored with researchers from international research institutions had the
largest increase in the number and percentage of journal articles involving co-authors from
2008-2013 to 2014-2018. This number nearly doubled, from 2207 to 3954 (see Figure 1.5),
and 53% of journal articles from 2014 to 2018 were published with international researchers.
This type of collaboration was also the most common type in both periods (see Figure 1.6).

Share of journal articles by co-authorship

Em  Co-authorship with industry

Co-authorship with international research institutions
Co-authorship with national research institutions
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Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.
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1.1.4 Benchmark of journal articles with international co-authorship

In 2017, 2346 academic journal articles with international co-authors were published per
million population in Denmark, second to Switzerland (2946 per million population) within all
scientific fields. The number for Denmark includes 173 (7.4%) articles per million population
by the recipients of Foundation grants (Figure 1.7).

Figure 1.7 Journal articles with international co-authors per million population in selected countries, 2017
Number of journal articles per million population Bl Foundation-funded publications
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Sources: Novo Nordisk Foundation/researchfish® and the European Commission (European Innovation Scoreboard 2018).
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Figure 1.8

1.2 Research talent: PhD students and postdoctoral fellows

The Foundation aims to promote the development of research talent at all career stages
through grants for research and education, including support for researcher education and
training for PhD students and postdoctoral fellows. This applies to research centre grants,
research programmes, project grants and investigator grants as well as individual PhD and
postdoctoral grants.

In 2018, the Foundation’s grant-awarding activity fully or partly funded 2998 people within
science. This was 203 people more than in 2017. The Foundation’s direct support for people
within science has been steadily increasing since 2008. Figure 1.8 shows the distribution be-
tween Foundation-funded postdoctoral fellows, PhD students and other persons in science
grants.

Number of people in science supported fully or partly by Foundation grants, 2008-2018
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Note: The numbers of team members were not collected before 2015 and are therefore estimated.
Source: Novo Nordisk Foundation/researchfish®.
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Figure 1.9

1.21 Research-based education for PhD students

The number of current PhD students fully or partly funded by Foundation grants has grown
from less than 100 in 2008 to more than 500 in 2018. By the end of 2018, 506 PhD students
are individual grant recipients or employed full time or part time by recipients of the Founda-
tion’s programme grants, project grants, investigator grants or four research centres. This is
19% more than at the end of 2017. The research centres employed 156 PhD students in 2018
(Figure 1.9).

Number of PhD students in progress supported by Foundation grants, 2008-2018
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Figure 110

1.2.2 Research training for postdoctoral fellows

The number of current postdoctoral fellows (a fellowship typically lasts 1-3 years) either fully
or partly funded by the Foundation has increased from less than 100 in 2008 to more than 700
in 2018 (Figure 1.10). At the end of 2018, 719 postdoctoral fellows were individual grant recip-
ients supported full time or part time by the Foundation’s project grants, programme grants,
investigator grants or four research centres. This is 30% more than in 2017. The research cen-
tres employed 286 postdoctoral fellows in 2018.

Number of postdoctoral fellows in progress supported by Foundation grants, 2008-2018
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Source: Novo Nordisk Foundation.
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Figure 1.11

1.2.3 PhD students in the six fields of science in Denmark in 2017

In 2017, Denmark had 6974 current PhD students across the six fields of science (OECD fields
of science and technology). In the same year, 426 current PhD students worked on individual
grants or were employed full time or part time by the Foundation’s programme grants, project
grants, investigator grants or four research centres. The Foundation funded or partly funded
14.1% of the PhD students within the health and medical sciences and 6.6% of the PhD stu-
dents within the natural sciences in Denmark (Figure 1.11).

Share of PhD students in progress supported by Foundation grants within the six fields of
science, 2017
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Sources: Novo Nordisk Foundation and Statistics Denmark.
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Figure 1.12

1.2.4 International benchmark of new PhD graduates

Denmark has the second highest number of new PhD graduates per 1000 population in
Europe. Figure 112 shows that the number of new PhD graduates per 1000 population is high-
er than in all other countries except Switzerland in 2016 (data for 2017 or 2018 are not yet
available). In 2016, Denmark produced 3.2 new PhD graduates per 1000 population. Of all new
PhD graduates, the Foundation funded an estimated 0.2 per 1000 population (equivalent to
6.2% of all new PhD graduates).

New PhD graduates per 1000 population in selected countries, 2016
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Sources: Novo Nordisk Foundation/researchfish® and European Commission (European Innovation Scoreboard 2018).
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1.2.5 A study of Foundation-funded PhD students and postdoctoral fellows

The Foundation-funded PhD students and postdoctoral fellows can receive a grant either
directly from the Foundation or indirectly. Those who are indirectly funded by the Foundation
can have a position in a research project or programme supported by the Foundation, receive
a grant from an organization supported by the Foundation, such as the Danish Diabetes Acad-
emy, or be working at a research centre supported by the Foundation. The Foundation has
tracked publication activities, citation impact and collaboration patterns of PhD students and
postdoctoral fellows benchmarked against all medical and health science PhD students from
Aarhus University and the University of Copenhagen in the period 2008-2015. The bench-
mark was chosen because most PhD students and postdoctoral fellows funded by the Foun-
dation work at these two institutions. This section presents the results.!

In the period analysed, 1715 individuals received funding for PhD studies or postdoctoral re-
search. Of these, 1284 (75%) were identified in Web of Science and analysed for their research
output and outcomes. Figures 113 and 1.14 show the number of PhD students and postdoc-
toral fellows for each year for each funding source. The main funding source for PhD students
and postdoctoral fellows is indirect funding through large grants such as project grants and
employment at Foundation research centres.

! The benchmark group consists of individuals who received a Danish health science PhD degree during the period analysed (2008-2015).
Some individuals may have continued in postdoctoral positions, as is also the case for the PhD students receiving a grant from the Foundation.
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Figure 113 Number of distinct PhD students, by type of source, 2008-2015
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Figure 1.14 Number of distinct postdoctoral fellows, by type of source, 2008-2015
I Postdoctoral fellows at the Novo Nordisk Foundation research centres
Postdoctoral fellows supported by Foundation-funded organizations
mm  Postdoctoral fellows in projects and programmes
Number of Postdoctoral fellows H Postdoctoral fellowship grants
300
250 .
200
100
) l
0 — . . . .
2008 2009 2010 20M 2012 2013 2014 2015

Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.
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Field of science

Applying the disaggregated version of the OECD classification of the fields of science and
technology (OECD field of science, minor field), Figure 1.15 shows the overall distribution of
scientific fields within which the supported individuals primarily conduct their research for the
PhD students and postdoctoral fellows funded by the Foundation and the benchmark group.

The benchmark group, all PhD students from Aarhus University and the University of Copen-
hagen, has published less within the biological sciences and a residual group of natural scienc-
es and more within clinical medicine.

Figure 1.15 Share of OECD minor fields covered by PhD students and postdoctoral fellows supported by
Foundation grants and the benchmark group

E Basic medical research
Chemical sciences B Biological sciences
B Health sciences Em Clinical medicine
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Sources: Novo Nordisk Foundation/ researchfish® and Danish Centre for Studies in Research and Research Policy.
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Figure 116

Publications

Figure 116 shows the proportion of PhD students and postdoctoral fellows who have published
at least one publication since 2017. The full height of the bar represents the proportion of
individuals funded in 2008-2015 still publishing in 2017 or later. The light blue represents in-
dividuals publishing only in 2017, and the dark blue represents individuals also publishing in
2018-2019.

Share of postdoctoral fellows and PhD students supported by Foundation grants with at least
one publication since 2017
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Share of PhD students and Postdoctoral fellows . 2017
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Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.
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Figure 1.17

Thereis alagin the Web of Science author classifications, explaining the low proportion of the
dark blue. The share of Foundation-funded PhD students who continue to publish in 2017 or
later, 48%, is close to the benchmark share, 52%. The Foundation-funded PhD students rela-
tively often start publishing during their grant period compared with the benchmark.

Most postdoctoral fellows remain active researchers during the first 5 years after their initial
publication. The PhD student sample is limited to those who had their first publication in 2013
at the latest, to enable the comparison. Postdoctoral fellows are more likely to continue pub-
lishing activities (Figure 117).

Share of postdoctoral fellows and PhD students supported by Foundation grants with no
more than 2 years without publications in the first 5 years since the first publication year
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Sources: Novo Nordisk Foundation/ researchfish® and Danish Centre for Studies in Research and Research Policy.
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Proportion of active researchers
Figure 118 shows the share of individuals having at least one publication in each year up to 5
years after their first publication. The PhD student group has the lowest share.

Figure 118 Proportion of active researchers among postdoctoral fellows and PhD students supported
by Foundation grants, years after first publication
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Sources: Novo Nordisk Foundation/ researchfish® and Danish Centre for Studies in Research and Research Policy.
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Figure 1.19

Citation impact

For all three groups in the analysis, the share of journal articles authored or co-authored by
post-doctoral fellows or PhD students cited among the 10% most frequently cited worldwide
within their research field, PP(top 10%), exceeds the 10% world average (Figure 1.19). For com-
parison the Foundation grant recipients have a PP(top 10%) at 23.4% within all sciences for
2014-2016.

Citation impact of postdoctoral fellows and PhD students supported by Foundation grants,
measured by PP(top 10%)

— Postdoctoral fellows
= PhD students
Share of journal articles = Benchmark

30%

w /m
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0%
2008 2009 2010 20m 2012 2013 2014 2015
Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.

Collaborations and co-authorship

Figures 1.20 and 1.21 show the shares of journal articles by funded PhD students and post-
doctoral fellows and by the benchmark group co-authored with industrial researchers and
international researchers, respectively.
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Figure 1.20

Figure 1.21
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Figure 1.22

Expanding on the analysis of collaboration, Figure 1.22 shows the median number of authors
per journal article across each of the three samples. The results of Figure 1.22 imply that 50%
of the postdoctoral fellows have 7.5 or fewer authors on their average journal article, and the
other 50% of the postdoctoral fellows have 7.5 or more authors on their average journal ar-
ticle. The PhD students typically have 7.6 authors on their average journal article, and the
benchmark articles have 7.

Median number of the average number of authors per journal article

Number of authors

8

o

o

N

Postdoctoral fellows PhD students Benchmark

Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.






46  CHAPTER2

LLV]I_)LC| 7/

Dissemination and use of
knowledge within the public sector




DISSEMINATION AND USE OF KNOWLEDGE WITHIN THE PUBLICSECTOR 47

2. DISSEMINATION AND USE OF KNOWLEDGE IN THE PUBLIC SECTOR

This chapter analyses the dissemination and use of Foundation-funded knowledge in the
public sector. It focuses on the dissemination and use of knowledge in public research com-
munities. Further, it presents the outcomes from Foundation-funded public research activities
related to public healthcare and findings from an evaluation of three completed cancer pro-
jects funded by the Foundation.

21 Dissemination and use of knowledge in academia

This section focuses on how knowledge created by the recipients of the Foundation’s research
grants is disseminated and used within academia. The Foundation’s research grant portfolio
comprises several types of grants. The duration of grants varies: for example, 1-4 years for
postdoctoral fellowships and projects, 3-7 years for investigator grants and programmes and
up to 13 years for research centres. The dissemination and use of the outcomes of different
types of grants should therefore be expected to vary. The analysis uses Leiden University’s
bibliometric indicators, which is an internationally recognized benchmarking system for cita-
tion analysis.
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Figure 2.1

211 Citation impact of journal articles reported by all grant recipients, according to type
of grant within all sciences

Figure 2.1 and Figure 2.2 present the share of Foundation-funded journal articles (all subject
categories, all fields of research) among the world’s top 10% and 1% most frequently cited
journal articles within 2008-2013 and 2014-2016 by all grant recipients according to the type
of grant. Project grants and investigator grants have a higher share of frequently-cited journal
articles in the period 2014-2016 compared with 2008-2013. The citation analysis is based on a
3-year citation period starting from the year of publication. The Foundation’s research centres
have the highest share of citations above the world average among type of grants. However,
this share was lower in 2014-2016 than in 2008-2013. The time lag (because of how citations
are measured) may explain some of the differences in the number of citations between the
two time periods.

Share of journal articles by recipients of Foundation grants among the top 10% most
frequently cited in the world by type of grant - PP(top 10%)

EE  PP(top 10%) 2008-2013 =~ World average
Share of journal articles B PP(top 10%) 2014-2016
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Foundation grants grants grants Center grants fellowships
research centres

0%

Note: Programme grants and postdoctoral fellowships in 2014-2016 have insufficient number of journal observations to calculate
PP(top 10%). The number of journal articles 659 for 2008-2013 and 1140 for 2014-2016.
Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.
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Figure 2.2

Share of journal articles by recipients of Foundation grants among the top 1% most
frequently cited in the world by type of grant - PP(top 1%)

HE PP(top 1%) 2008-2013 == World average
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Note: Programme grants and postdoctoral fellowships in 2014-2016 have insufficient number of journal observations to calculate

PP(top 1%). The number of journal articles 659 for 2008-2013 and 1140 for 2014-2016.
Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.
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Figure 2.3

2.1.2 Citation impact of journal articles by grant recipients related to grants within the
biomedical and health sciences

A benchmark of citation impact for the grant recipients of Foundation grants shows, that they
are just a few percentage points lower than the university with the highest citation impact
score in Europe for the 10% most frequently cited publications in 2014-2016 within the bio-
medical and health sciences (Figure 2.3). Further, the citation impact of the Foundation’s four
research centres is 3 percentage points lower than for articles from the university with the
highest citation impact score in the world and 18 percentage points lower than articles from
the Whitehead Institute, a leading independent research centre affiliated with the Massachu-
setts Institute of Technology (MIT).

Benchmark of citation impact of journal articles within the biomedical and health sciences -
PP(top 10%), 2014-2016

H PP(top 10%)

Share of journal articles ——World average
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40%
) :I l I I
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Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.
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The share of journal articles by recipients of Foundation grants among the top 1% most
frequently cited publications in the world (PP(top 1%)) in 2014-2016 is almost the same score
as the university with the highest percentage in Europe (University of Oxford) and about 4 per-
centage points lower than the university with the highest percentage in the world, MIT (Figure
2.4). The Foundation’s four research centres are close to the best university in the world and
about 6 percentage points lower than the Whitehead Institute.

Figure 2.4 Benchmark of citation impact of journal articles within the biomedical and health sciences -
PP(top 1%), 2014-2016

H PP(top 1%)
Share of journal articles == World average
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0% . .

Novo Nordisk Foundation Grant recipients University of Oxford MIT Whitehead Institute
research centres

Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.
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2.1.3 Citation impact by journal subject category, all sciences
The journal subject category assigned to an article follows the journal of publication. The
category of multidisciplinary sciences tends to be a catchall category for journals accepting

submissions from a range of scientific fields. These journals also include high-impact journals,

This section divides citation impact by journal subject category as defined by Web of Science.
such as Nature, that attract journal articles with frontline research regardless of subject category.

The share of Foundation-funded journal articles in the top 1% and top 10% most frequently

cited articles worldwide within the same scientific field and year is a way of tracking research

excellence. Figure 2.5, 2.6, 2.7 and 2.8 show the trend for citation impact of journal articles
among the grant recipients in general and across the journal subject categories. Citation im-

pact scores are weighted and normalized by journal subject category and publication year to
enable the citation impact of journal articles to be compared across journal subject categories

and published in different years.
Share of Foundation-funded journal articles by journal subject category among the top 10%

Figure 2.5
most frequently cited in the world - PP(top 10%), 2008-2016
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Figure 2.6

Figure 2.7

Share of journal articles by grant recipients of Foundation grants among the top 10% most
frequently cited in the world - PP(top 10%), 2008-2016
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Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.

Share of journal articles by grant recipients of Foundation grants among the top 1% most
frequently cited in the world - PP(top 1%), 2008-2016
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Figure 2.8 Share of journal articles by recipients of Foundation grants by journal subject category
among the top 1% most frequently cited in the world - PP(top 1%), 2008-2016

Il PP(top 1%)
Share of journal articles == World average
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Note: The subject categories are sorted according to the number of articles, descending from left to right.
Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.
Main results:

e Altogether, 23.4% of the grant recipient’s journal articles are among the world’s top 10%
and 4.6% in the world’s top 1% most frequently cited in 2014-2016.

e 18% of the journal articles by grant recipients are published within endocrinology &
metabolism. Of these, 19% are among the top 10% most frequently cited worldwide, and
3% are among the top 1% most frequently cited worldwide.

e In multidisciplinary sciences, which has the third largest number of journal articles, 28%
of the journal articles by grant recipients are in the top 10%, and 9% are in the 1% most
frequently cited worldwide.

e In general medicine and internal medicine, 29% of the journal articles by recipients of
Foundation grants are among the top 10% most frequently cited worldwide within their
field, and more than 5% are among the 1% most frequently cited.
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2.1.4 Interdisciplinary co-authorship in journal articles

This section divides citation impact by journal subject category as defined by Web of Science.
Interdisciplinarity is one of the grant-awarding principles of the Foundation. This principle im-
plies that the Foundation facilitates connectivity across disciplines to generate new ways of
discovery and to solve complex problems in the search for solutions to significant global and
societal challenges. The Foundation believes that interdisciplinary research will drive future
waves of discovery and innovation. Itadvocates and supports the removal of barriers between
traditional disciplines and fields of research.

This section investigates interdisciplinary collaboration on journal articles published by re-
cipients of Foundation grants. First, the background - academic specialization and field of sci-
ence - of the authors who have written an article together is investigated. Second, the citation
impact of journal articles with monodisciplinary co-authorship and interdisciplinary co-au-
thorship is analysed. The co-authors’ background on an article defines whether an article is
monodisciplinary or interdisciplinary.

The reader should bear in mind that investigating the social and cognitive phenomena in in-
terdisciplinary research is challenging and no single method captures the whole picture. The
analysis presented here does not investigate the interdisciplinary nature of the research car-
ried out, it solely investigates interdisciplinary collaboration by the background of the co-au-
thors on a journal article.
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Two definitions of interdisciplinary collaboration

e |Interdisciplinary collaboration can be said to take place if the co-au-
thors on a journal article have different academic specializations such
as endocrinology, microbiology, genetics, physiology, biotechnology,
chemistry and biochemistry.

e |Interdisciplinary collaboration can also be said to take place if the
co-authors on a journal article have a background from more than one
field of science according to OECD’s definition: medical and health
sciences, natural sciences, engineering and technology, agricultural
sciences, social sciences and humanities.

The analysed data comprises 914 journal articles randomly selected from 4569 Foundation-
funded journal articles published in 2015-2017. Only articles with 20 co-authors or less are
included in the analysis. The 914 articles had 6605 authors; the academic specialization was
identified for 96% of the authors resulting in 159 identified academic specializations such
as endocrinology, biotechnology and chemistry. The academic specializations were further
mapped to the six field of science defined by the OECD: medical and health sciences, natural
sciences, engineering and technology, agricultural sciences, social sciences and humanities.
The Foundation’s Impact Report 2017 (http://impact.novonordiskfonden.dk/wp-content/up-
loads/NNF_impact_report.pdf) describes the methods used to identify, harmonize and map
the backgrounds of authors.
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Figure 2.9

Diversity in the number of authors writing a journal article

In the sample, the average number of authors writing a journal article is 10 and the most
frequent number of authors writing an article is 6, ranging from 1 to 20. Most frequently, 5-6
co-authors write an article (Figure 2.9). One third of the teams only have authors from institu-
tions or other organizations in Denmark.

Number of journal articles by number of authors in a sample of Foundation-funded journal
articles, 2015-2017

E Teams only with Danish co-authors
Number of journal articles B Teams not only with Danish co-authors
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Sources: Novo Nordisk Foundation and DAMVAD Analytics.
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The co-authors’ academic specializations and fields of science

The most common academic specializations among the co-authors are endocrinology,
cardiology and epidemiology (Figure 2.10). Looking at the fields of sciences overall, 72% of
the authors’ academic specializations are within the medical and health sciences and 23%
within the natural sciences, engineering and technology, and social sciences and humanities

comprise 5%.

Figure 2.10 Number of authors within the 20 most common academic specializations

BN Natural sciences

Academic specialization E Medical and health sciences
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Number of authors

Sources: Novo Nordisk Foundation and DAMVAD Analytics.
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Figure 2.1

Diversity of the co-authors’ academic specializations and fields of science for articles

Figure 2.11 shows the number of journal articles co-authored by the numbers of academic
specializations among co-authors. For 7% of the journal articles published between 2015 and
2017, all authors have the same academic specialization. About 65% of journal articles involve
authors with two to five academic specializations. The co-authors on journal articles are cat-
egorized as teams with all co-authors from Denmark (“teams only with Danish co-authors”)
and teams with at least one co-author from outside Denmark (“teams not only with Danish
co-authors”). The greater the diversity in the academic specializations among the authors, the
more often the teams only have co-authors from Denmark.

Journal articles by number of academic specializations among co-authors in a sample of
Foundation-funded journal articles

E Teams only with Danish co-authors
Number of journal articles B Teams not only with Danish co-authors
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Sources: Novo Nordisk Foundation and DAMVAD Analytics.
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Figure 212

Figure 2.12 shows the number of journal articles by number of fields of science among the
authors. In 55% of the journal articles the authors are from two to four fields of science. The
greater the diversity among the co-authors, the more often the teams do not only have Danish
authors. It is very rare to observe journal articles with authors from five or six fields of science.

Journal articles by number of fields of science among co-authors in a sample of Foundation-
funded journal articles

E Teams only with Danish co-authors
Number of journal articles B Teams not only with Danish co-authors
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1 2 3and4
Number of fields of science among co-authors

Sources: Novo Nordisk Foundation and DAMVAD Analytics.

Citation analysis

The citation analysis of the 914 journal articles shows, that journal articles involving collabo-
ration between co-authors from at least two fields of science have higher citation impact than
journal articles published by co-authors from the same field of science (Figures 2.13 and 2.14).

The share of journal articles in the world’s 10% most frequently cited articles is 31.5% for
journal articles published by authors from two or more fields of science and 25.1% for journal
articles published by authors within the same field of science.



DISSEMINATION AND USE OF KNOWLEDGE WITHIN THE PUBLICSECTOR 61

Figure 213

Figure 214

PP(top 10%) by number of fields of science among co-authors in a sample of Foundation-
funded journal articles, 2015-2017
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Sources: Novo Nordisk Foundation and Danish Centre for Studies in Research and Research Policy.

PP(top 1%) by number of fields of science among co-authors in a sample of Foundation-
funded journal articles, 2015-2017
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The citation impact changes with the number of academic specializations among the authors.
PP(top 10%) is higher for journal articles published by co-authors with more than one aca-
demic specialization (Figure 2.15). Figure 2.16 shows no clear correlation between the number
of academic specializations among co-authors and the PP(top 1%) score.

Figure 215 PP(top 10%) by number of academic specializations among co-authors, 2015-2017
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Sources: Novo Nordisk Foundation and Danish Centre for Studies in Research and Research Policy.
Figure 2.16 PP(top 1%) by number of academic specializations among co-authors, 2015-2017
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Sources: Novo Nordisk Foundation and Danish Centre for Studies in Research and Research Policy.
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Figure 217

2.1.5 Peakyear of annual citations and the three-year citation window

This section analyses how long it takes articles to receive the peak number of citations within a
year. This approach to citations compared with the standard citation analysis presented else-
where in the report shows a different side of the absorption and recognition of knowledge
since it considers the time perspective. The approach demonstrates that many journal articles
take more than 3 years to reach peak annual citations. Because many journal articles take more
than 3 years to reach peak annual citations, the validity of the 3-year citation window used in
the citation analysis above is addressed. The analysis in this section uses all journal articles by
grant recipients published in 2012 or earlier to observe delayed citation peaks.

Figure 2.17 shows the distribution of articles by the number of years between the publication
year and the year a journal article receives its peak annual citations. 56% have a citation peak
at most 3 years after the publication year. The share of articles peaking within 5 years is 79%.
Two years is the most common period in which annual citations peak.

Number of years before a journal article by a grant recipient reaches its peak annual citation year

Share of journal articles
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16% 16%
15%
13%
10%
10% 99
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Time lag in years to peak in annual citations

Note: The data include a sample of Foundation-funded journal articles published in 2012 and earlier.
Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.
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Figure 218

Figure 2.18 shows the share of journal articles that are among the top 10% most frequently
cited worldwide. The weighted average for all articles (published in 2012 or earlier), regardless
of peak citation year, is 19% based on the standard 3-year citation window. This aggregated
share is broken down into shares for articles according to their time lag to peak citation. The
result shows that articles that peak after 2 years contribute positively to PP(top 10%), while
articles peaking after 1 year or in 3 to 7 years are somewhat above or below the 19% average
share.

Share of journal articles by grant recipients among the 10% most frequently cited worldwide,
according to citation time lag peak

Share of journal articles == PP(top 10 %) average across time lags
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Note: The data include a sample of Foundation-funded journal articles published in 2012 and earlier.
Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.
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Figure 2.19

This suggests that the 3-year citation-window somewhat also captures the performance of
articles that have not peaked within the first 3 years of being published. By comparing the
median values of the cumulative citations from publication to peak year with the total number
of citations they receive, Figure 2.19 shows that:

e the total number of citations tends to be higher for articles that peak later rather than
earlier; and

e |ooking across the years required to reach peak-level citations, the cumulative citation

share of total citations grows steadily from 25% for articles peaking in year 1 after being
published to +77% for articles peaking in year 8.

Median number of citations of journal articles by grant recipients in the peak year and
median number of total citations

B Cumumlated citations at peak
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Note: The data include a sample of journal articles published in 2012 and earlier.
Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.

This suggests that the 3-year citation window picks up trends from articles that peak late,
because the cumulative citation shares build up steadily (as they contribute considerably to
the citation impact score), and the 3-year citation window also picks up articles thatare rapidly
cited or absorbed by the research community (since they increase the average citation score).
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2.1.6 Developing or disruptive research: An application of a new theory for identifying

the nature of research
This section applies a new theory for the identification of the nature of research according to
the developing or disruptive tendency in the content of journal articles.! A so-called “disrup-
tion score” is calculated for each journal article (call it the reference article). The score varies
from -1 to +1, from developing to disruptive, and expresses the degree of overlap in citations
made by the reference article and other articles that cite the reference article.

For example, if a reference article is cited by newer journal articles and the reference article
and the journal article citing the reference article have no citations to previous literature in
common, the article receives a score of 1. Wu et al. (2019) argue that such an article contains
disruptive research which starts new strains of research. At the other end of the scale, a refer-
ence article will receive a score of -1 if the journal articles citing that reference article also cite
the previous literature that the reference article cites. Wu et al. (2019) argue that such an article
contains research that further develops an existing strain of research. Therefore, the disruption
score varies from complete overlap in the citations made by a reference article and articles
citing that reference article (developing article) to reference articles with a 50% overlap of
citations (neutral articles) to a reference article with no citations in common with articles citing
that reference article (disruptive article).

" Wu L, Wang D, Evans JA. Large teams develop and small teams disrupt science and technology. Nature 2019; 566:378-382
(https://www.nature.com/articles/s41586-019-0941-9).
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Figure 2.20

Publication year

Figure 2.20 sums up the two extreme cases of no and complete citation overlap, respectively,
and the case of a neutral article. The actual scores lie in between these three article examples.
Most articles in the global sample from Wu et al (2019) are centred relatively far from -1and +1
and thus close to zero. The cut-off score for the highest top 1% scores is +0.063, and the cut-off
score for the world’s lowest 1% scores is -0.049.

Degree of overlap in citation pattern between a reference article and literature that cites the
reference article determines its disruption score

Developing article Neutral article Disruptive article

Literature cited Literature cited
by the reference by the reference
article article

Newer literature Newer literature Newer literature
citing the citing the citing the
reference article reference article reference article

Neutral
1 1 1
T T T
-1 Developing <0 0 Disruptive > 0 1 Disruption score
— >
O = Reference article Bottom 1% Top 1%
Source: Wu L, Wang D, Evans JA. Large teams develop and small teams disrupt science and technology. Nature 2019;566:378-382

(https://www.nature.com/articles/s41586-019-0941-9).
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Wu etal (2019) address a recent discussion concerning novelty in research.? The findings of Wu
etal (2019) highlight a tendency of more disruptive articles coming from small research teams
defined as the number of authors of an article, and more developing articles from large re-
search teams. They further highlight a strong tendency for “Nobel Prize articles” to be disrup-
tive (top 2%). However, the disruption score does not express research quality. As an example,
the authors highlight an article by K. B. Davis et al (1995)* on Bose-Einstein condensate with a
disruption score of -0.58, a strong indication of developing content. This article represented
a refined experimental study that further developed a well-established theory dating back to
the 1920’s proving, that the Bose-Einstein condensate could be created. In 2001, Wolfgang
Ketterle, last author on K. B. Davis et al (1995) and head of the lab of the discovery, received
one-third of the Nobel Prize for this breakthrough in science “for the achievement of Bose-Ein-
stein condensation in dilute gases of alkali atoms, and for early fundamental studies of the
properties of the condensates” (Nobel Prize website).*

Table 2.1 shows the placement of journal articles by grant recipients relative to the worldwide
distribution of disruption scores. The sample is limited to 2000-2014, when the disruption
scores are available for funded journal articles by grant recipients. An estimated three journal
articles by grant recipients are in the top 1% most disruptive worldwide, 0.04% of the funded
journal articles by grant recipients. A total of 149 journal articles by grant recipients are among
the top 10% worldwide (1.9%). Journal articles by grant recipients are therefore less frequent-
ly represented among the 1% and the 10% most disruptive journal articles than the world
average. An underlying and potentially important cause may be unknown details about the
distribution by field of science in the Foundation sample compared with the full sample from
Wu et al (2019) in the data for this analysis.

2 See also Stephan P, Veugelers R, Wang J. Reviewers are blinkered by bibliometrics. Nature 2019, 544, 411-412

* Davis K. B., Mewes M. -O., Andrews M. R., van Druten N. J., Durfee D. S., Kurn D. M., and Ketterle W. Bose-Einstein Condensation in a Gas of
Sodium Atoms. Physical Review Letters 1995, 3969

4 https://www.nobelprize.org/prizes/physics/2001/ketterle/facts/
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Table 2.1

Disruptive content of journal articles by recipients of Foundation grants

Percentage of journal
Journal articles by grant recipients: Number of journal articles articles by grant recipients
Among the top 1% disruption scores worldwide 3 0.04%
Among the top 10% disruption scores worldwide 149 1.9%
With positive disruption scores 739 9.6%
Worldwide percentage of journal articles with positive disruption scores 26.4%
Note: James Evans & Lingfei Wu generously provided the disruption scores from the original article. The Foundation is solely

responsible for the further interpretation and calculations it performs. Data cover journal articles published in 2000-2014.
Th global sample from Wu et al (2019) covers 7.33 million publications within the period, while the Foundation sample covers

7609 journal articles and 106 citable letters.

Sources: Wu L, Wang D, Evans JA. Large teams develop and small teams disrupt science and technology. Nature 2019;566:378-382
(https://www.nature.com/articles/s41586-019-0941-9); Novo Nordisk Foundation/researchfish®; Danish Centre for Studies in

Research and Research Policy and CWTS Leiden.

As mentioned, positive scores indicate that the research behind the journal article has more
disruptive content than development content. Of the journal articles examined for recipients
of Foundation grants, 739 (9.6%) published in 2000-2014 have positive disruption scores. The
percentage for journal articles by grant recipients with positive disruption scores is about half
the worldwide percentage (26.4%). The scores of articles by grant recipients are more com-
pressed than the worldwide distribution of scores: ranging from -0.31 to +0.019, with a vari-
ance one tenth of the worldwide distribution but with a similar mean and median. However,
the tails of the distributions matter greatly for the estimated differences in variance.
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Table 2.2

2.1.7 Citation score dynamics from the grant team perspective

Citation analysis in general shows that most journal articles are rarely cited, a few are relatively
frequently cited and a few of the frequently cited articles are disproportionately highly cit-
ed. The citation impact results in the previous sections do not reveal how the various articles
linked to Foundation grants contribute to the overall distribution of all Foundation-funded ar-
ticles. Does a subset of highly successful grants or a broad range of grants deliver high-impact
articles? Answering this question requires data that link grant recipients to journal articles and
team members of the grant recipient’s funded research team, their academic titles and how
team members are represented in the articles reported for a specific grant.

The analysis uses a sample of 316 open-competition grants that have been concluded be-

tween 2013-2017 with grant amounts between DKK 100,000 and DKK 11 million. Table 2.2
sums up the sample distribution of grants, articles and funding.

Distribution of grants and articles, and the funding size in the analysed sample

Funding, MDKK
Grant type Share of grants, # (%) Share of articles, # (%) Min. Median Max.
Project grants 274 (71.0%) 1482 (66.4%) 015 0.8 10
Investigator grants 74 (19.2%) 606 (27.2%) 015 25 n
Innovation grants 17 (4.4%) 62 (2.8%) 0.5 25 3.0
Other 21(5.4%) 82 (3.7%) 013 25 39
Note: The total number of grants in the analysed sample is 316. The total number of grants in the table, 386, reflects that 61 grants
share 74 journal articles.
Source: Novo Nordisk Foundation/researchfish®

The cap of DKK 11 million ensures the inclusion of the five-year Hallas-Mgller Investigator
grant. All other grants are at most DKK 10 million with 89% below DKK 5 million and 70%
below DKK 1 million.

The grant recipients in this sample have reported 1992 journal articles, 96% of which were
published in 2012-2016. The grants cover 963 researchers funded through the 316 grants of
which 647 were team members and 316 were the reporting principal investigators.
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Figure 2.21

Variation in citation scores of journal articles across and within grants

The citation scores vary substantially both across and within grants. A small group of highly
successful grant recipients produces most of the disproportionately highly cited journal arti-
cles (normalized citation score above 5); however, more than half the grants deliver at least
one article cited among the top 10% most frequently cited worldwide (most of which have
normalized citation scores below. Further, not all grants result in frequently cited journal ar-
ticles, and many of the grants deliver both frequently cited and infrequently cited or uncited
journal articles.

Figure 2.21 shows the distribution for 93% of the sample journal articles that have a normal-
ized citation score of less than 5 times the world average. The peak of the density curve (the
mode) indicates the most common scores in the distribution. The journal articles to the left of
the vertical line at 1 have a normalized citation score below the world average score (of 1). A to-
tal of 49% of the journal articles have a citation score below 1and are centred around 0.4 to 0.6.

Distribution of journal articles by recipients of open-competition grants by normalized
citation score, benchmarked against world distribution

Density
0.8 ‘
| —— World average score (1)
i —— World distribution of journal articles
within Foundation-funded field
0.6 /

- -~ PP(top10%) minimum score for 95% of
Foundation-funded journal articles (1.64)

0.4 /

49% below the
world average of 1

0.2 i
3 27% in PP(top10%)
0.8 T : T T T T
0 1 2 3 4 5
Normalized citation score
Note: The figure shows the distribution of the journal articles according to normalized citation score. A score of 1 indicates the world

average score. For 95% of the articles, the minimum score for being cited among the 10% most cited worldwide within a Web
of Science subject category is 1.64. However, the cut-off varies across subject categories. The world distribution is based on
4914 journal articles sample based on a stratification that matches the distribution of Foundation-funded journal articles
according to subject categories.

Sources: Novo Nordisk Foundation/researchfish®, Web of Science, CWTS Leiden and Danish Centre for Studies in Research and
Research Policy.
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Figure 2.22

The share of Foundation grants with at least one PP(top 10%)-article

Of all journal articles by recipients of open-competition Foundation grants, 27% are among
the 10% most frequently cited worldwide(Figure 2.22) - a sign of research excellence. How-
ever, these articles originate from 61% of the grants, demonstrating that Foundation-funded
success is based on a broad range of grants and not only a small subset of especially successful
grants.

61% of the grant teams deliver at least one PP(top 10%) journal article
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Note: These results are based on the analysed sample of 309 open-competition grants that led to 1957 journal articles.
Sources: Novo Nordisk Foundation/researchfish®, Web of Science, CWTS Leiden and Danish Centre for Studies in Research and
Research Policy.
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Figure 2.23

Zero-citation journal articles are also distributed on multiple grants. Of the 316 grants analysed,
86 grants (27%) produced at least one of the 143 of the 1992 (7%) journal articles in the sample
with zero citations. Of the 86 grants that produced at least one zero-citation article, 63 or 20%
also produced articles in the PP(top 10%) (Figure 2.32).

20% of the grant teams deliver at least one journal article in PP(top 10%) and at least one
journal article with zero citations
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Note: These results are based on the analysed sample of 309 open-competition grants that led to 1957 journal articles.
Sources: Novo Nordisk Foundation/researchfish®, Web of Science, CWTS Leiden and Danish Centre for Studies in Research and
Research Policy.
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Figure 2.24

First or last author of Foundation-funded journal articles

Many of the journal articles by grant recipients are in the biomedical and health sciences and
the natural sciences. Here the sequence of authors matters somewhat, since the first author is
usually the main author and the last author often heads the research activity. Figure 2.24 shows
that 32% of the principal investigators (the grant recipients) are listed as the first or last author
of journal articles that are among the 10% most frequently cited worldwide. Other team mem-
bers from 8% of the grant teams are also listed as the first or last author of journal articles that
are among the 10% most frequently cited worldwide. These other team members were either
postdoctoral fellows or PhD students.

Share of principal investigators and share of open-competition grants with team members
listed as the first or last author of PP(top 10%) journal articles

Team member 8%

Prindpal inveStigator

Listed first or lastin author list Not listed first or last in author list

Sources: Novo Nordisk Foundation/researchfish®, Web of Science, CWTS Leiden and Danish Centre for Studies in Research and
Research Policy.

These results indicate that the principal investigator tends to have a more secondary role in
the research behind frequently cited publications arising from two thirds of the grants. How-
ever, because this type of analysis requires information on how and who is funded for the
research conducted (grant recipient or team member), there is no well-defined benchmark
for the results.
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Figure 2.25

Figure 2.25 compares the PP(top 10%) shares for journal articles in which the principal investi-
gators are the first or last author with other reported journal articles in the PP(top 10%). A total
of 25% of journal articles with the principal investigator as the first or last author are among the
10% most frequently cited worldwide, whereas the corresponding number for journal articles
without the principal investigator as the first or last author is higher, at 29%.

Within-group share of journal articles based on grants in open competition in PP (top 10%)
categorised according to the principal investigator’s position in the sequence

Share of journal articles

35%

30%

25%

20%

25%

15%

10%

5%

0%

All Principal investigator for Principal investigator

first or last author NOT first or last author
Note: Based on 536 journal articles among the 1957 articles analysed in the open-competition sample of 309 grants.
Sources: Novo Nordisk Foundation/researchfish® and Danish Centre for Studies in Research and Research Policy.
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Figure 2.26

2.2 Public healthcare

2.21 Contributions to practice, guidelines and advisory functions

Some recipients of Foundation grants act as experts who advise, or present evidence to
government institutions and other authorities because they are engaged in research activities
and can provide new knowledge. They contribute to training practitioners and researchers
and they contribute by developing and revising clinical guidelines with recommendations for
clinicians on diagnosing, treating and managing diseases.

Grant recipients reported 115 such contributions for 2017 and 2018: 28% related to being a
member of a guideline committee, 26% participating in an advisory committee, 5% partici-
pating in a national consultation and 22% training practitioners or researchers. The remaining
activities cover a wide field of advisory functions, such as working as a health or scientific ex-
pert in guidelines or being cited in clinical reviews and specific guidelines, policy documents
etc. (Figure 2.26).

Contributions to practice, guidelines and advisory functions by grant recipients, 2017-2018

mm Citation in clinical guidelines 4%
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N