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Foreword

For 20 years, the Research Council of Norway has
published the Report on Science and Technology indi-
cators for Norway («The Indicator Report») as a col-
lection of indicators, statistics and analysis of the
Norwegian research and innovation system. The full-
length version (in Norwegian) presents a larger set of
indicators and analyses. Contributions from that
report have been adapted and abridged to make up
this biennial English version. The report has evolved
over time, but has preserved its raison d’étre;
Innovation and knowledge development depends on
many factors that must interact to reach the goals.
Policy design and insight into what works must be
based on the best data we are able to collect and ana-
lyse, and there are many elements that need to be con-
sidered at the same time.

Data are important, but analysis and solid under-
standing of the indicators’ possibilities and limitations
are necessary companions. The indicator report has its
strength in providing a thorough and comprehensive
presentation and assessment of methodology, data
quality and, not least, international comparability.
Comparisons with developments in other countries
are essential for assessing one’s own position and rate
of change. The underlying data are also made avail-
able to researchers who can conduct a more thorough
causal analysis of the relationships between efforts
and results in research and innovation.

An anniversary edition like this gives the opportu-
nity to take the long view. Changes are often not visi-
ble from one year to the next year, but stand out in a
longer perspective. The report presents, to the extent
that the available data allow, the development over the
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past 20 years. This is a good and necessary basis for
the reorientation of the Norwegian economy and the
global challenges facing us. As an innovation in the
anniversary edition, a separate chapter on economic
restructuring has been included.

A fundamental trend over the 20 years under scru-
tiny is the digitisation of virtually all areas of society.
This poses new requirements for organising all types
of businesses, including research itself. In addition, it
provides new opportunities for generating, analysing
and publishing statistics and indicators.

Throughout its lifetime, the Indicator Report has
maintained a parallel web publication that will
become the main channel for publication from now
on. The broad and thorough perspective of the paper
version will be retained, along with good explanations
and thorough analyses. There will also be better
opportunities for analysis, visualisation, faster publif
cation and access to interactive use of the underlying
material in the web publication.

The report is produced as a collaboration between
NIFU, Statistics Norway and the Research Council of
Norway. Innovation Norway, SIVA and the University
of Oslo are also represented on the editorial commit-
tee. | want to thank the editors and all other contribu-
tors for their efforts. | hope the resulting book and
online information will be of use for foreign and
national readers.

John-Arne Rattingen
Chief Executive
Research Council of Norway
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Introduction

The main report in Norwegian

This report presents a selection of science and techno-
logy (S&T) indicators for Norway. It is based on the
more comprehensive Norwegian report, which has
been published annually since 1997, making this
year’s Norwegian report the 20th anniversary edition.
The abridged English report has been published bien-
nially since 2001, aiming at providing useful informa-
tion and perspectives on a range of S&T issues for
foreign readers who may not be familiar with the
Norwegian S&T system and its context. Thus, it com-
plements the full version, which can be found online
(in Norwegian).

R&D and innovation statistics

As stated above, this report is the latest in a series
going back to 1997. Thus, the 20-year perspective has
been emphasised. However, it also draws on measure-
ments and indicators with a much longer history and
time series. Statistics on resources devoted to research
and experimental development (R&D) in Norway, in
terms of expenditure, full-time equivalents and per-
sonnel, have been compiled since 1963. This report
continues the series’ original aim of presenting a wide
range of relevant statistics and indicators and of
ensuring their ongoing development. Norwegian
R&D statistics are based on the guidelines of the
OECD Frascati Manual, which were revised in 2015.
The classifications are updated to be in line with the
latest edition.

Indicators relating to patents, bibliometric analyses
and advanced technology have been included with
data back to the 1980s. Innovation studies were first
introduced in the 1990s, and the range of innovation
indicators has been considerably extended following
the revision of the Oslo Manual in 2005. A further
revision of the Oslo Manual is in progress.

The full-length Norwegian report presents a more
extensive set of indicators and commentary, divided
into international, national and regional sections, with
sections on results, effects and cooperation on rese-
arch and innovation. It also includes a separate section

Currency rates

As of 2015 (year average):
1 Euro = 8.9 NOK (Norwegian kroner)
1US$=8.1 NOK
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with detailed tables. The executive summary in this
English report is a full-length English translation of
the text in the Norwegian report and therefore has a
slightly broader scope than the English version of
chapters 1-6, which consists of selected sub-chapters
etc. from the Norwegian edition.

Structure of the report

Even so, this abridged English report offers informa-
tion across a wide range of topics. The executive sum-
mary is followed by a short description of the
Norwegian system of education, research and innova-
tion, and an overview of Key Indicators. Chapter 1
presents the main international trends with results
from R&D surveys, as well as comparisons over time
and between countries of statistics on scientific publi-
cations and citations, educational level, and doctoral
degrees. Chapter 2 draws on national R&D statistics
for the three research-performing sectors in Norway:
the industrial sector, the institute sector and the higher
education sector. Data for health trusts are also pre-
sented separately. Chapter 3 presents available data on
knowledge sharing and cooperation, including indica-
tors of Norwegian participation in the European rese-
arch programme/Horizon 2020, cooperation on scien-
tific publishing and on innovation. Chapter 4 presents
results and effects of research and innovation activi-
ties, while Chapter 5 includes selected regional indi-
cators for R&D and innovation. Chapter 6 is new in
the 2017 edition and offers a few more indicators on
structural change and adaptability in a broader per-
spective.

While less extensive than the original Norwegian
report, this English edition includes more «fact
boxes» and more short comment pieces from experts
in «focus boxes» than its predecessors. The latter are
signed by the authors and views are on their account.
We should also mention that this abridged report does
not feature full references. These can be found in the
Norwegian report, which is available online, together
with a complete set of updated tables: http://www.
forskningsradet.no/indikatorrapporten

As of November 2017;
1 Euro = 9.5 NOK
1 US$=8.2 NOK



Excecutive summary

Main trends and developments

Research and innovation are long term activities.
Hence the need for long time series for analyses and
monitoring in this area. As 2017 marks the 20th anni-
versary of the Report on Science & Technology
Indicators for Norway. This year’s report focuses on
trends and developments during the last two decades,
both in the Norwegian R&D and innovation system
and beyond.

R&D growth and emerging economies

Over the past 20 years, the world’s total R&D invest-
ment has more than doubled. Global R&D expendi-
ture now accounts for 1.7 per cent of GDP against 1.4
per cent in 1995. Furthermore, we see a strong growth
in the production of scientific articles, increasing from
500,000 articles in 1981 to 1,500,000 in 2015. This
expansion is partly explained by the fact that more
journals are captured in the databases, but the num-
bers also reflect a significant real growth in the
world’s scientific production.

Although the United States is still the world’s lar-
gest R&D nation, the western countries” hegemony
shows a weakening trend, mainly due to the remarka-
ble rise in Chinese R&D investment. Since 1995,
China’s R&D spending has increased by 30 times,
while the number of scientific articles has increased
by 22 times. Countries such as Korea, India and Iran
have also expanded their research efforts significantly
over the past 20 years. A similar pattern can be seen
also in Europe, where major R&D nations such as
UK, Germany and France show moderate and partly
weak R&D growth trends, while smaller nations,
especially new EU members from Eastern Europe
have increased their R&D efforts, though from a very
low starting point.

However, these trends do not necessarily imply
that the world’s R&D is moving towards a more dis-
tributed pattern. By 2015, the ten largest R & D nati-
ons accounted for a larger share of world R & D than
the ten largest in 1995. The main difference is that the
largest R&D “superpowers” no longer consist of only
western countries.

Increased formalised research cooperation in
Europe

From the mid-1990s we have also seen a significant
strengthening of European research cooperation, dri-
ven primarily by the growth of EU research program-
mes. Until the Seventh Framework Programme in
2007, these programmes were relatively limited joint
programmes with a major emphasis on technology

and applied research. Since then, budgets have increa-
sed significantly and the portfolio of programmes and
support mechanisms now embraces a wider set topics,
purposes and performing sectors. The current Horizon
2020 has a total budget of around €70 billion for the
period 2013-2020.

Hence, the EU Framework Programme has now
become an important source of funding for many
countries and a driving force for European research
cooperation. This is also the case for Norway, where a
number of measures have been put in place to strengt-
hen Norway’s participation in the programmes. By
June 2017, about 1.8 per cent of the announced funds
in Horizon 2020 have been granted to Norwegian
researchers and institutions. This return is slightly
below the official target of retrieving 2 per cent of
total EU funding.

Fewer and larger units in the Norwegian higher
education sector
Looking at the Norwegian system, the higher educa-
tion sector has changed significantly during the last 20
years. In 1994, 98 district colleges were converted to
26 state colleges. In addition, several colleges have
upgraded their status to university or university col-
lege. In recent years, the current government has
encouraged and facilitated a large-scale process of
mergers between universities and university colleges,
resulting in a new institutional landscape with fewer
and larger higher education institutions:
e In 1997, Norway had 4 universities, 10 university
colleges and 26 state colleges
e By 2017, Norway has 8 universities, 8 university
colleges and 8 state colleges

During the same period, the Norwegian higher
education sector has experienced a significant expan-
sion. The number of R&D full-time equivalents (FTE)
has almost doubled, from more than 7,000 in 1997 to
almost 14,000 in 2015. This means that more research
is performed by fewer institutions, and that the gap
between research-intensive and less-research-inten-
sive higher education institutions is reduced.

Institute sector: Gradual structural changes

Structural changes in the Norwegian institute sector*
have been less extensive than in the higher education

t Due to the strong role of research institutes in the Norwegi-
an system, Norwegian R&D statistics operates with a speci-
fic sector encompassing all research institutes and actors
outside higher education and industry. See also chapter 2.x
for further definitions and data.
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sector, and followed a more diverse pattern, often
based on assessments of individual institutes or groups
of institutes. A significant change in the 1990s was the
incorporation of several industry research institutes in
SINTEF, which has made SINTEF one of the largest
research institutes in Northern Europe. Furthermore, a
number of agricultural and fisheries research institutes
have been subject to mergers and reorganisation
processes, resulting in a landscape with a handful of
large institutes, some of which combine research in
fisheries, aquaculture and agriculture. Some social
science institutes have also merged with higher educa-
tion institutions, although to a lesser extent than the
mergers of sectoral institutes with universities in
Denmark. The Norwegian institute sector still compri-
ses more than 50 dedicated research institutes, acco-
unting for 24 per cent of total R&D in Norway.

Signs of quality improvement, but still behind
the very best

Increased research quality has long been one of the
main objectives of Norwegian research policy. Recent
data show that Norway is among the western countries
with the strongest growth in article production. At the
same time, the Norwegian articles are increasingly
cited. Norway has now reached the same level as
Finland and Sweden as regards the number of citations
per article, but Denmark, the Netherlands and
Switzerland are still well ahead. Also in terms of the
proportion of highly-cited articles, Norwegian research
has shown significant progress. Citation is, however,
not a sufficient measure of scientific quality.

Internationalisation is increasing

Another key trend over the past two decades is the
increasing internationalisation of Norwegian research.
Today, more than two thirds of Norwegian scientific
articles have a foreign co-author, compared with only
17 per cent in the early 1980s. International co-aut-
horship has now become the rule rather than the
exception. The increase in foreign PhD students
reflects the same trend towards more internationalisa-
tion. Twenty years ago, only 10 percent of Norwegian
doctoral degrees were awarded to foreigners, while
this proportion has now increased to 38 percent.

More innovative and research-active enterprises
The number and frequency of R&D and innovation-
active enterprises is also important for the structure of
the R&D and innovation system. In the last 20 years,
three major trends are worth highlighting:
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First, an increasing share of business R&D is car-
ried out in service industries. Some of this is due to
reclassification of business activities between indus-
tries, but some is also related to real changes in the
industrial structure and R&D intensity. Second, R&D
investment in the business enterprise sector has incre-
ased steadily throughout the 20-year period, except
during the first couple of years after the financial cri-
sis in 2008. However, the crisis was short-lived in
Norway, and from 2010 onwards, industry’s R&D
efforts have again shown stable and significant
growth. Third, an increasing proportion of Norwegian
enterprises report that they are engaged in innovation.
Due to changes in the Norwegian survey methodo-
logy, it is difficult to compare innovation activity over
time. The most recent innovation survey (CIS) for
2014-2016 shows that almost two thirds of
Norwegian enterprises are innovation-active, which is
far above the levels we have seen in previous surveys.
Overall, it seems that business research and innova-
tion activities are more frequent and more widespread
than 20 years ago. This can be explained both by bet-
ter measurement methods and by a real increase in
knowledge development and renewal.

Prepared for transition?

Although Norway is a well-functioning society, there
is broad consensus that there will be a need for rene-
wal and transition in many areas of society in the
coming years, first and foremost related to the need to
develop sources of value creation other than oil and
gas. This concern is both an issue of economic and
environmental sustainability. New figures in this
year’s report show that Norway has invested heavily
in both petroleum-related R&D and more environ-
mentally-friendly energy. After the downturn in oil
prices in 2014, petroleum research seems to decline,
but there are so far few signs of a corresponding
increase in renewable energy research. Transition is
also about handling and preparing for major shifts in
the working life. Although the consequences of digiti-
sation and automation are still unknown, many work
tasks will undoubtedly change content, which in turn
means that large parts of the workforce will need to
change their methods, exploit new technology and
learn new things. In this respect, most international
comparisons show that Norway is well positioned.



The Norwegian system of education, research and innovation

The Norwegian system of education, research and innovation

Parliament (Stortinget) Inter-
v national
The Government o ST
Educa- || Agricult.|| Local Health Trade, Petrol. &
tion & & Gov. & & Care || Ind. & & Defence|| Other County EU
Research|| Food || Modern.||Services |Fisheries | Energy Councils

I
v 7

The Research
Council of Norway v -
c
m =
) . =
o |13 3 g S5 Innovation SIVAL . 3
o |lzg T § Norway — o O
The system of education 2 11°% £<l a8 \ e g
o ||Ta =5 & s S
< Q =} 8 g
. i %]
Upper Universities %
secondary & &
& other i
compulsory higher
education | | education | | |Health || Research Industrial
trusts institutes sector J
= o
3
<
Legend: NGOs >
Authority R&D Funding > 2
—> 1 . . 3
SIVA - The Industrial Development Corporation of Norway g
~/ =

The Norwegian research and innovation system includes a large number of institutions with different roles. It is
common to distinguish between three levels: the political, the strategic and the performing level. Extensive
internationalisation also applies to Norwegian research, and contributes an increasingly important dimension to
all parts of the Norwegian R&D system.

The figure above provides a simplified picture of the organisation and the division of labour in the R&D and
innovations system. The description is limited to research and research-based innovation. The system can be
characterised by considerable pluralism at the political level. According to the «sector principle», all 18 minis-
tries are responsible for financing both short-term and long-term research within their respective sectors.

Hence, public research funding and science policy involves extensive coordination.

At the same time R&D budgets are fairly concentrated, as five ministries account for 85 per cent of total
R&D funding. The Ministry of Education and Research alone allocates approximately half the funding and has
a coordinating role in R&D policy. The main funding streams consist of 1) basic funding to universities and uni-
versity colleges with an integrated R&D component and 2) funds allocated via the Research Council of Norway.

The strategic level may be described as institutionally more unified, and has two main coordinating institu-
tions. The establishment of one unified Research Council of Norway in 1993 is internationally unique.
Furthermore, the innovation agency «Innovation Norway» fulfils functions which in many other countries are
shared between several institutions.

At the performing level, there is a broad variety of institutions, including 8 universities, 18 state university
colleges (in 2015) and a number of private higher education institutions. At the same time, research activity is
concentrated, as universities, including university hospitals, accounted for more than 80 per cent of the higher
education sector’s total R&D expenditure in 2015. Compared with other countries, a relatively high share of
Norwegian R&D is performed by research institutes. The Norwegian institute sector is rather heterogenous, in
terms of institute size, profile and legal status. The sector includes both public sector oriented and industrial sec-
tor oriented institutes, of which the latter group plays an important role in carrying out contract research for
Norwegian and foreign companies. Even though the industrial sector accounts for nearly half the R&D expendi-
ture in Norway, the proportion of research performed in this sector is low compared with other countries. Given
the resource-based structure of the economy;, there are relatively few large R&D-intensive companies in Norway.

8 Report on Science & Technology Indicators for Norway 2017



Key indicators

Key indicators

The following two tables present a set of key indica- The second table compare the status of Norway to that
tors. The intention is to introduce essential trends of of the other Nordic countries, the EU, and the OECD.
Norwegian research and innovation in a concise form.  See also the indicators in the appendix of this report.
The first table shows main trends in Norway.

Key indicators for R&D and innovation in Norway in 2009, 2011,
2013, 2014 and 2015.

2009 2011 2013 2014 2015

Resources for R&D and innovation

R&D expenditure as a percentage of GDP 1.72 1.63 1.65 171 1.93
R&D expenditure per capita in constant 2010-prices (NOK) 8,674 9,174 9,990 10,486 11,599
R&D expenditure funded by government as a percentage of total R&D expenditure 46.4 46.1 455 . 4.7
R&D expenditure funded by industry as a percentage of total R&D expenditure 419 42.6 415 . 413
R&D expenditure in the higher education sector as a percentage of total R&D expenditure 32.0 314 315 31.0 311

Human resources

Percentage of the population with higher education 37.0 38.0 40.0 41.8 2.7
R&D full-time equivalents per 1,000 capita 7.5 7.5 7.6 7.8 8.2
R&D full-time equivalents per qualified researcher/scientist per 1,000 capita 5.4 55 56 5.7 5.9
Percentage doctoral degree holders among qualified researchers/scientists 29.6 32.0 33.7 343 345
Percentage women among qualified researchers/scientists 35.2 36.2 36.1 374 374

Cooperation in R&D and innovation

Extramural R&D expenditure compared to intramural R&D expenditure in the industrial sector (%) 31 27 27 26 24
Companies involved in cooperation on R&D as a percentage of all R&D companies 39 34 33 . 38
Companies involved in cooperation on innovation as a percentage of all innovative companies 3 312 47 43 3%
Articles in international scientific journals co-authored by Norwegian and foreign researchers as a 56 57 60 62 61
percentage of all articles by Norwegian researchers

Results of R&D and innovation

Percentage innovative companies in the business enterprise sector 27 23 35¢ 36 5034
Percentage of turnover of new or substancially altered products in the industrial sector 4.5t 5.2? 6.8 5.9 6.8%¢
Number of articles in international scientific journals per 100,000 capita 198 224 238 247 253
Number of patent applications to the European Patent Organization per million capita® 104 113 108 95

1 2008.

2 2010.

s 2016.

4 Break i series.

5 By inventor address and by application date, European applications only (EP-A).

Sources: NIFU, Statistics Norway, OECD, Eurostat
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Key indicators for R&D and innovation in last available year with
comparable data in Norway, Sweden, Denmark, Finland, EU and
OECD.

Year ~ Norway  Sweden Denmark  Finland OECD EU 28

Resources for R&D and innovation

R&D expenditure as a percentage of GDP 2015 1.93 3.28 2.96 2.90 2.38 1.96
R&D expenditure per capita (NOK) 2015 11,599 15,188 14,035 11,859 9,464 7,342
R&D expenditure funded by the government as a percentage of total R&D .

expenditure 2015 449 28.3 29.4 28.9 26.2

R&D expenditure funded by the husiness enterprise sector as a percentage of
total R&D expenditure

R&D expenditure in the higher education sector as a percentage of total R&D
expenditure

2015 442 61.0* 59.4 54.8 62.2

2015 311 26.7 334 244 17.6 232

Human resources

Percentage of the population with higher education 2015 2.7 39.8 37.1 2.7 3BT 32.5
R&D full-time equivalents per 1,000 capita 2015 8.2 8.4 105 9.2 . 5.6
R&D full-time equivalents per qualified researcher/scientist per 1,000 capita 2015 59 6.7 75 6.8 3.7 3.6

Cooperation in R&D and innovation
Companies involved in cooperation on innovation as a percentage of all

innovative companies 2014 44 33 38 38 . 33
Companies involved in cooperation on innovation s a percentage of innovative
companies in manufacturing and mining 2014 47 33 42 40 . 314

Results of R&D and innovation

Percentage of innovative companies in the business enterprise sector 2014 46 44 38 48 . 36.8
Percentage of innovative companies in manufacturing and mining 2014 35 50 40 54 . 473
Percentage of turnover of new or substantially altered products in the business
enterprise sector 204 62 6.2 70 93 " 134
Percgr!tage of turnover of new or substantially altered products in Manufacturing 2014 115 95 11 11 ) 203
or Mining
Number of articles in international scientific journals per 100,000 capita 2015 253 281 326 243 83 1048
IC\I;F:nItgAer of patent applications to the European Patent Organization per million 2013 108 306 21 201 98 114
1 2013.
2 EU 22.
3 EU 27.

4 By inventor address and by application date, European applications only (EP-A).

Sources: NIFU, Statistics Norway, OECD, Eurostat, DG Enterprise
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Highlights
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International main trends in R&D

= Over the last twenty years, the world’s R&D spending has doubled, amoun-
ting to over $1,800 billion in 2015. During this period, the world’s R&D share
of GDP has increased from 1.4 per cent to almost 1.7 per cent.

« In the same way as global economic growth is highest outside OECD coun-
tries, it is also such countries which account for the strongest growth in R&D
spending.

= The United States and Europe’s shares of the world’s R&D have decreased to
less than 50 per cent in the previous twenty-year period, while Asia and
especially China’s shares have increased.

= The United States is still the world’s largest R&D nation, followed by China,
which was number eight in 1995. Norway is ranked 29th in absolute R&D in
2015.

= Norwegian R&D has grown more strongly than the R&D of the other Nordic
countries in the past decade, but the R&D share of GDP is still lowest among
the Nordic countries by 1.93 per cent in 2015.

« For most OECD countries, the business enterprise sector’s share of total R&D
has increased over the last twenty-year period and is between 60 and 70 per
cent of total R&D. In Norway, the share was 54 per cent in 2015, the same
as in 1995 after it had reached 60 per cent in 2001.

= For OECD countries, the share of public funding for R&D has fallen from 34
to 26 per cent from 1995 to 2015. For Norway, it has been around 45 per
cent for many years.

= Compared with the other Nordic countries, R&D efforts in the Norwegian
business enterprise sector is characterised by a high proportion of services
and oil and gas industries.

Human resources

= UNESCO estimates that there is a total of over 8 million researchers world-
wide measured in R&D full-time equivalents (FTE). The corresponding figure
in 1996 was 4.6 million. Nearly 80 per cent of the world’s researchers work
in North America, Europe, Asia, and the Pacific.

= The research density in Norway is among the world’s highest with around
6,000 researchers per million capita. The other Nordic countries, Israel,
South Korea, and Singapore are also at the top of this indicator.

Measuring innovation

= In international innovation rankings, Norway scores higher on broad political
and economic indicators, while the other Nordic countries are at the top of
innovation rankings with countries such as Switzerland and Singapore.

< In the EU’s European Innovation Scoreboard 2017, Norway is for the first
time in 12th place of 36 countries, considered to be in the «strong innova-
tor» group. Some of the explanation for the higher ranking is of a methodo-
logical nature due to the introduction of a separate national research survey.

* The latest Innovation Survey (CIS) shows that the Norwegian industrial sec-
tor is not so different from the Nordic region, regarding either the level of
innovation or types of innovation.

Intellectual property rights

= While the number of patent applications from the Nordic countries and other
European countries is relatively stable, the number of patent applications
from other countries is increasing.

Scientific publishing

e The United States accounts for over 19 per cent of all international scientific
publications, followed by China with nearly 14 per cent. Growth in the num-
ber of publications in China is, however, many times stronger. Measured in
publications per capita, Norway, together with the other Nordic countries, is
a world leader.
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Introduction

Figure 1.1
Average annual real change in R&D expenditure in the World. 1995-2015 or

last available year.?

Average annual
real change 1995-2015

1 Not available

H Over 10 per cent

B From 5 to 10 per cent
B From 3 to 5 per cent
B From 2 to 3 per cent
@ From 0,1 to 2 per cent
O From -0,1 to 0,1 per cent
[J Under —0,1 per cent

1Only countries with updated data after 2011 and minimum data for 7 years, are included in the chart.
Source: UNESCO Institute for Statistics, OECD — MSTI 2017:1

How to measure the international development?

The anniversary edition of the Indicator Report 2017
presents key trends for research, education and inno-
vation developments over the last 20 years. In this
chapter, we look at the international trends in the
period and Norway’s position in relation to these. It is
challenging to compare the efforts in these areas. For
some indicators and countries, we lack time series
over 20 years, but we present a selection of the most
robust indicators in the field. Several indicators pro-
vide different pieces to the picture: we look at R&D
investments, human resource developments and con-
tributions from different sectors of society in the form
of scientific publishing and intellectual property
rights.

In this chapter, we first look at international trends
for economics and R&D expenditure, then present
trends in human resources. Furthermore, an overview
of Norway'’s position in international innovation ran-
kings, from the EU’s Community Innovation Survey
(CIS), the European Innovation Scoreboard (EIS) and
other measurements of innovation and competitive-
ness. Thereafter, data on Norway’s internationalisa-
tion of patents are presented. The last section deals
with international trends in scientific publishing and
citation. The chapter ends with a focus box on the
international trends science, technology and innova-
tion politics.
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Shift in the allocation of R&D

During the twenty-year period there has been strong
growth in global R&D expenditure. At the same time,
we have seen major changes in the distribution of
world R&D. Until the 1990s, the United States alone
accounted for about half of the world’s R&D expendi-
ture. Despite continued growth, the United States,
Japan and Europe’s shares of the world’s R&D decli-
ned over the past 20 years, while Asia’s and China’s
share rose more sharply. The biggest change has taken
place in the past ten years. At the same time, the
growth rate in world R&D spending is slower than in
the years before the financial crisis (2008). It is espe-
cially publicly-funded R&D that has lower growth,
although the latest figures on OECD state R&D bud-
gets again indicate growth.

Highest economic growth outside the OECD

Over the last 20 years, countries outside the OECD
had the highest economic growth, and this is also
where the OECD expects the highest growth in the
years to come. In the years following the 2008 finan-
cial crisis global economic growth has been lower
than in the decade before. A possible reason for this is
lower productivity growth, which can be due both to
fewer technological innovations or to a slower spread
of innovation. In the next couple of years, the OECD
expects a slightly higher economic growth than in the
previous years (OECD Economic Outlook, Volume
2017 Issue 1).
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1.1 International main trends
1.1.1 International economy

Figure 1.2
Average annual real growth in GDP by selected countries and groups of countries. 2016—1995.
Per cent
15 ~ = China
Outside
OECD
World
10 total
Euro-
area
OECD-
5 A )
countries
USA
Norway:
0 Total
|. Norway:
g Main
] land
-5

Source: OECD

Investments in research and other knowledge develop-
ment are closely linked to general economic develop-
ments. Knowledge development requires resources,
and new knowledge is often a prerequisite for econo-
mic growth. Figure 1.2 shows GDP (gross domestic
product) growth for the world, certain areas and coun-
tries from 1995 to 2016. Worldwide there has been
real growth throughout the period, except for a decline
in 2009 because of the financial crisis. Growth has
been stable at just over 3 per cent in the last 5-6 years.

Growth in non-OECD countries has been clearly
stronger than in the OECD area in almost every year
in the current period. The difference was highest
around the financial crisis. The crisis had relatively
little impact for non-OECD countries, and GDP
growth was about 6 percentage points higher than in
the OECD area during this period. The euro area has
had slightly weaker growth than the OECD area.

China is contributes to the high growth outside of
the OECD. The annual growth rate has been well over
10 per cent over the past few years, but has declined
to 6 per cent in recent years. This is still high compa-
red with other countries. India and Indonesia also
have with high GDP growth in the period.

GDP growth in Norway was clearly higher in the
1990s than in the OECD area, but lately this has
varied. In periods of low oil prices, growth has been
weaker than in the OECD. Growth in mainland
Norway has been higher than for overall GDP for
Norway in recent years.

Complex business cycle to come

According to Statistics Norway’s (SSB) analyses,
higher growth in the international economy is expec-
ted in the future. Overall, it is assumed that Norway’s
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trading partners have passed the trough of the busi-
ness cycle. However, the economic upturn in the
OECD area is still expected to be moderate. Very low
investments in the OECD area combined with a gene-
rally high debt level and low demand have helped to
reduce production potential and trend growth after the
financial crisis. The lower growth, on the other hand,
means that less growth is needed before we get a
cyclical upturn. The transformation of China into a
more consumer-driven economy is expected to have
the same effect. Growth is expected to decline gradu-
ally to around 5 per cent by 2020. However, a gradual
rise in commaodity prices and improved international
trends are expected to lead to a slight recovery in
other emerging economies.

The international picture of economic growth is
complex. While economic growth took place in the
euro area and Japan in the last part of 2016 and into
2017, the rate of growth has fallen back in many other
countries. The first quarter of 2017 growth fell in both
the United States and the United Kingdom — in the
United States after one year of high growth and in the
UK after a continuous period of relatively high
growth. In China, growth in the first quarter of 2017
was 5.3 per cent, the lowest in eight years and down
from just under 7 per cent the previous year. There are
indications of a slowdown in growth also in India at
the beginning of 2017. In the manufacturing econo-
mies of Russia and Brazil, the situation now appears
to have reversed. Annual growth rates in Russia are
now positive, and in Brazil, the economy began to
grow again in the first quarter of 2017, after falling
coincidentally for almost two years. In both countries,
inflation has recently shrunk. This has created room
for expansive monetary policy. The period of falling
GDP, therefore, appears to be over for the time being.
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1.1 International main trends
1.1.2 Development in R&D expenditure

Figure 1.3
World R&D expenditure by region. 1996—-2014.
Per cent
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Table 1.1

Geographical shift of R&D

By 2015, more than PPP$ 1,800 billion was spent on
R&D in the world. Over the last 20 years, the world’s
global R&D capacity has more than doubled. In the
same period, the share spent on R&D increased from
1.40 to 1.69 per cent of GDP. In the period 1996-2014
there has been a clear shift of world spending on R&D
from North America and Western Europe to Asia. It is
especially the development in China, but also South-
Korea and Taiwan, which has contributed to the high
Asian growth. In 1996, R&D expenditure in North
America and Western Europe accounted for 65 per
cent and in the Asia and Pacific region for 26 per cent
of the world’s R&D. By 2015, the proportions were
48 and 43 per cent, respectively. For other parts of the
world, there have been only minor changes.

Stronger concentration of R&D

Although the R&D effort is more evenly distributed
between the West and Asia, there is still a strong con-
centration on some key countries. By the middle of the
1990s, the top ten countries accounted for 76 per cent
of the world’s R&D; by 2014/2015 the top ten R&D
accounted for 83 per cent. Table 1.1 shows that with
PPP$ 500,000, the US is still the country that spends
the most on R&D, followed by China with almost
PPP$ 410,000. China’s R&D activity was ranked 8th
in 1995, reaching 2nd place in 2015. Other countries
that have climbed many places are Turkey, India,
Singapore and Taiwan. Among the countries that have
descended on this ranking are several Western
European countries, including Finland, Sweden and
Denmark. Norway has also gone down from 27th
place in 1995 to 29th place in 2015. Norway’s share of
world R&D expenditure has remained stable between
0.3 and 0.4 per cent over the last 20 years.
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R&D expenditure in selected countriesl in 2015
or last available year. Mill. PPP$ and rank 1995
and 2015.

Rank 2015 Country Total R&D PPP$ 2015 Rank 1995
1 USA 502,893 1
2 China 408,829 8
3 Japan 170,003 2
4 Germany 114,778 3
5 South Korea 74,051 7
6 India 67,700 11
7 France 60,819 4
8 United Kingdom 46,260 5
9 Brazil 39,704 6
10 Russia 38,136 12
11 Taiwan 33,653 16
12 Italy 30,102 9
13 Canada 27,071 10
14 Australia 23,134 13
15 Spain 19,735 18
16 Switzerland 17,688 17
17 Netherlands 16,910 14
18 Turkey 16,604 28
19 Sweden 15,372 15
20 Austria 13,321 20
21 Israel 13,024 21
22 Belgium 12,625 19
23 Mexico 11,563 24
24 Poland 10,240 25
25 Singapore 10,102 30
26 Denmark 8,236 23
27 Czech Republic 6,927 31
28 Finland 6,712 22
29 Norway 6,218 27
30 Argentina 5,577 29
31 South Africa 4,975 26

1 Countries with most R&D among the countries that the OECD
collects statistics, in addition to Brazil and India. In 1995,
Ukraine and Romania were also on the list, in 2015, Malaysia,
Egypt and Thailand are among the 31 countries with most R&D
in the World.

Source: OECD — MSTI 2017:1, Unesco Institute for Statistics,
Global R&D Funding Forecast
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1.1 International main trends
1.1.2 Development in R&D expenditure

Figure 1.4
R&D expenditure as a share of GDP and per capita in 1995 and 2015.
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Large changes in R&D volume

Figure 1.4 shows the development in countries’ R&D
efforts related to GDP and per capita in 1995 and

1

of GDP, although there has been a clear growth from
1995.

2015. The US dominates the picture in both years
while China, with its formidable R&D growth, has
approached the US position year by year. The growth
rate in China has slowed somewhat and is no longer
two-digit, but still over 2—3 times as high as in the
United States and the OECD countries. The countries
with the highest R&D as a share of GDP in 2015 were
Israel, South Korea, Japan, Austria, and Taiwan, as
well as the Nordic countries, except Norway.
Although Norway’s R&D effort is now close to 2 per
cent of GDP, it remains among the half of the coun-
tries in the figure that spend the least on R&D as a
share of GDP.

In China, strong R&D growth, but yet low per
capita

When R&D efforts are related to the number inhabi-
tants, Singapore, Switzerland and the United States
have the highest effort. Measured in this way, Norway
spends PPP$ 1,200 per capita, well above the average
for the OECD countries and the EU 28 countries in
2015, but also for this indicator, somewhat below the
level in the other Nordic countries. China’s contribu-
tion here is far lower than when measuring the share

About the data sources for international
R&D statistics

In this chapter, we are using data from OECD
— MSTI (Main Science and Technology
Indicators) 2017: 1, Eurostat and the UNESCO
Institute for Statistics (UIS). NIFU and
Statistics Norway report R&D statistics for
Norway to the OECD and Eurostat. UNESCO
conducts an annual survey among statistical
bodies (OECD, Eurostat, RYCIT, etc.) and indi-
vidual countries. The update of international
data takes a long time, and in some cases, we
do not have 2015 figures - this is true, for
example, for regional total numbers, where
2014 is the last year with data.

All statistical bodies work to ensure quality
and timeliness of reported R&D data on human
and financial resources and type of R&D. It is
continuously sought to utilise existing and new
data for best possible indicators. The indica-
tors are important for policy design and for
evaluating national innovation systems. The
data can be used to say something about
whether the investments are at the desired
level or going in the desired direction, and
whether the distribution on industries, fields of
science and sectors is appropriate.
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1.1 International main trends
1.1.3 R&D expenditure by sector and source of funding
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The strong global growth in R&D expenditure has Figure 1.5

occurred in all R&D performing sectors, but to a
varying degree. Access to funding, where research is
conducted and societal changes and economy affect
the distribution. This is in many ways a two-way
influence, where knowledge production offers solu-
tions for societal challenges regarding demography,
health and climate. At the same time, technological
development itself represents societal challenges, as
increased robotisation and distribution of research
results affect future work opportunities.

The business enterprise sector is the largest
R&D sector in most countries

The distribution of R&D performance by sector varies
between countries. The distribution is affected both by
the design of the research system, historical develop-
ment and economic development. Looking at the
countries where the business enterprise sector acco-
unts for most of the performed R&D (70-80%), it
appears that these are the same countries with a high
R&D as a share of GDP: Israel, Japan, Taiwan and
South Korea.

For most of the countries in which the business
enterprise sector accounted for more than 60 per cent
of R&D in 2015, this proportion was high already in
1995. China, Denmark and Israel are the only coun-
tries below 60 per cent in 1995, but well over in 2015.

For two thirds of the countries, the business enter-
prise sector’s share has increased over the twenty-year
period. Norway, together with Russia, Canada, South
Africa and Sweden, belongs to the group of countries
with a decreasing share of R&D performed in the
business enterprise sector during the period. In
Norway, the business enterprise sector’s share of
R&D was 55 per cent in 1995, rising to almost 60 per
cent in 2001, but by 2015 the proportion had reduced
to 54 per cent, and Norway is thus among the coun-
tries in the lower part of Figure 1.5.

Share of R&D expenditure performed in the
business enterprise sector in selected coun-
tries. 1995 and 2015.1

Israel

Japan
Taiwan
South Korea
China
Belgium
USA

Austria
Sweden
Switzerland
OECD
Germany
Finland
United Kingdom
France
Denmark
EU 28
Singapore
Russia
Australia
Netherlands
Italy

Czech Republic
Norway
Spain
Canada
Turkey
Poland
South Africa
India
Mexico
Argentina

100
Per cent

1 Deviation years, 2014: Singapore, 2013: South Africa,
Australia.

Source: OECD — MSTI 2017:1

International sector classification

According to OECD guidelines (Frascati
manual) the production of R&D statistics is to
be based on four performing sectors:

= Business enterprise sector

< Government sector

- Private non-profit sector; PNP sector

e Higher education sector

In Norway, the business enterprise sector
includes, in addition to the enterprises, busi-
ness-oriented institutes that primarily serve
business. The government sector comprises

units in the institute sector which are govern-
ment-related, as well as other public institu-
tions. PNP-sector is small in Norway and only
included as an R&D funding sector. The higher
education sector is identical in national and
international statistics.

In terms of R&D-funding, own revenues and
public and private parts of the general univer-
sity funds are classified differently in national
and international statistics, which may cause
minor discrepancies. Both sectoral division and
sources of funding in national statistics deviate
somewhat from international R&D statistics.

Report on Science &Technology Indicators for Norway 2017
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1.1 International main trends

1.1.4 R&D activity in the business enterprise sector in the Nordic countries and the EU

Finland: Norway:

Figure 1.6
R&D expenditure in the Nordic countries in 2015 by main industry.
Sweden: € 10,300 mill. Denmark:
€ 5,143 mill.

B Manufacturing
M Services
Other Industries

(o)
Iceland: € 214 mill. 76 % ‘ 7%
V70

€ 4,047 mill. € 3,625 mill.

Source: Eurostat

The EU average of R&D expenditure as a share of
GDP was almost 2.0 per cent in 2015. In Norway, the
corresponding proportion was a little lower at 1.93 per
cent.

Looking at R&D expenditure in the business enter-
prise sector as a share of GDP in 2015, Norway’s
level was lower than both the EU and the other
Nordic countries. The Norwegian business enterprise
sector’s share is 1.05 per cent, while the share for the
EU 28 is 1.3 per cent. Finland, Sweden and Denmark
use around 2 per cent on R&D in this sector. But in
recent years, the trend has risen for Norway and
decreased for the other Nordic countries.
Traditionally, the Norwegian business enterprise sec-
tor has a relatively low share of total R&D compared
with the other Nordic countries. This is related to the
fact that the Norwegian business enterprise sector is
relatively commodity-based, with low production in
industries with high R&D intensity.

In the international context, the growth in the busi-
ness enterprise sector’s R&D activity in Norway has
been strong over the last two years. R&D FTESs in the
Norwegian business enterprise sector increased by
7-8 per cent for each of the previous two years (2013
and 2014). For the EU 28, the corresponding growth
was 2-3 per cent. Developments in the other Nordic
countries have also been weaker. Both Sweden and
Denmark have had a slight growth, around 1.5 per
cent from 2014, while it is unchanged for Finland fol-
lowing a further negative trend for the Finnish busi-
ness enterprise sector. For the whole 2010-2015
period, Norway’s growth was higher than for the
EU 28, and clearly higher than that of the other
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Nordic countries. The growth in R&D costs measured
in national currency shows the same picture, but mea-
sured in euro, the development is weaker for Norway
in recent years due to exchange rates.

Regarding the distribution of R&D expenditure by
type of industry, Norway and Iceland stand out with a
much smaller proportion of R&D expenditure in
manufacturing industries, see Figure 1.6. Compared
with the other Nordic countries Norway has a higher
share of R&D activity in other industries, including
oil and gas extraction and fish farming, while indus-
tries other than manufacturing and services are insig-
nificant in the other Nordic countries, except for
Iceland. Services represent the largest R&D activity in
Iceland and Norway. In comparison with Denmark,
which also has significant R&D activity in services,
Norway has relatively much R&D activity in informa-
tion and communication technology and scientific and
technical services (including scientific research and
development). Denmark has a relatively high share in
financial and insurance activities. Sweden and
Finland have a relatively similar structure, with a high
overweight of R&D activity in manufacturing at
about 70 per cent.

It can be problematic to compare R&D by industry
between countries. The distinction between manufac-
turing and service production can be unclear, thus it
becomes equally unclear how R&D activity is classi-
fied. There may also be differences in how much
R&D activity is classified under the NACE group of
research and development and what is classified in the
industries where the R&D is applied.
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1.2 Human resources on R&D
1.2.1 R&D full-time equivalents (FTE)

UNESCO estimates that there is a total of 8 million
researchers in the world (2014), measured as R&D
FTE. This implies a growth of 74 per cent from 1996,
when the corresponding figure was 4.6 million. The
distribution between regions is shown in Figure 1.7.
We see that East Asia and the Pacific have had the
strongest growth (140%). Together, researchers in
East Asia and the Pacific, North America and Europe
account for over 6 million R&D FTE, equivalent to
almost 80 per cent of human resources in World
R&D.

Looking at countries, Figure 1.8 shows that the
highest research density in the population was in
Israel, South Korea, Taiwan, Singapore and the
Nordic countries. Norway is in 7th place among the
countries in the figure, with nearly 6,000 FTE perfor-
med by researchers per million capita. The average
for OECD countries was 3,700 researcher FTES per
million inhabitants.

The highest percentage growth from 1995 to 2015
is found in Turkey, Singapore, the Czech Republic
and China. China revised its annual figures down in
2009, but in the last twenty-year period China had the
largest absolute increase with almost 1.1 million rese-
archer FTEs. The US had a growth of 560,000 resear-
cher FTEs, or 70 per cent, slightly lower than the per-
centage growth for the OECD countries of 79 per
cent.

Figure 1.8

Figure 1.7
Researcher (R&D FTE) by region. 1996 and
2014.
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Among the Nordic countries, Denmark had the
highest growth in researcher FTES by nearly three-
fold, followed by Finland, Sweden and Norway, all
with a doubling in the number of R&D FTEs perfor-
med by researchers.

Researchers (R&D FTE with higher education) per million inhabitants in 2015 and percentage
growth in number of researchers. 1995—-2015 or last available year.?
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1.3 International comparisons of innovation
1.3.1 Norway’s ranking on international innovation indicators

Table 1.2
Indicator systems for innovation, competitive ability, level of education and living conditions.
2005—-2016.*
Type of Number of | Number of | Top 3 Norway | Norway | Norway | Norway | Norway
Study indicator indicators | countries 2016 | 2015| 2014| 2013| 2005
Global Innovation Index 2017: Cornell | Composite indicator based on 57 hard 81 127 | 1. Switzerland 19 20 14 16 25
University, INSEAD, and the World Intel- | variables, 19 composite indicators and 5 2. Sweden
lectual Property Organization (WIPO) survey questions 3. Netherlands
Innovationsindikator (2015) Composite indicator, business, society, 38 35 | 1. Switzerland 14 14 7 9
(BDI Deutsche Telekom Stiftung) research, education, government 2. Singapore
3. Belgium
European Innovation Scoreboard (2017) | Composite indicator 27 36 | 1. Switzerland 12 16 16 17 16
2. Sweden
3. Denmark
Global competitiveness report Composite indicator with three sub-indexes: 114 144 | 1. Switzerland 11 1 1 11 6
(2016-2017) basic factors, efficiency improvements, 2. Singapore
innovation and sophistication factors 3. USA
World Competitiveness Scoreboard 2017 | 2/3 hard data (economy etc.) 260 63 | 1. Hong Kong 11 9 7 10 15
World Competitiveness Yearbook, IMD | 1/3 survey data, leaders in business 2. Switzerland
3. Singapore
World Economic Forum Human Capital | Levels of education, learning, skills, work, 46 130 | 1. Finland 2 2 . 7
Index 2016 demography 2. Norway
3. Switzerland
Bloomberg Global Innovation Index 2017 | 7 equally weighted goals: R&D, industry, 7 50 | 1. South Korea 14 14 15 14
(Global business and news firm) productivity, high-tech, education, resear- 2. Sweden
cher density, patents 3. Germany
FN Human Development Index 2016 Expected life expectancy, average number 4 195 | 1. Norway 1 1 1 1 1
of years at school, expected number of 2. Australia
years at school, GNI per capita 3. Switzerland
WB BNP per capita 2016 GDP per capita, PPP$ 1 237 | 1. Qatar 9 10 8 7 9
2. Luxemburg
3. Macao
WB Ease of doing business (EDB) General conditions for doing business, 11 190 | 1. New Zealand 6 9 6 9 6
2017 11 sets of indicators (start-up, credit, 2. Singapore
taxes, laws, electricity, etc.) 3. Denmark
Global Talent Competitiveness Index Composite indicator with 6 pilars. Input: 65 118 | 1. Switzerland 10 8 11 12 6
2017, INSEAD, Adecco and human enable, attract, grow and keep talents. 2. Singapore
capital leadership institute Output: technical and global skills 3. United Kingdom

1 Last available year. Type of indicator and number of all indicators and country are based on the most recent innovation survey.

Source: Internett, NIFU

Norway best on general conditions and living

conditions

There are many international scoreboards and ratings
of innovation and competitiveness. Composite indica-
tors simplify complicated relationships, but they are
also controversial.

The rankings can focus on the strengths and weak-
nesses of different innovation systems. The country’s
placement varies somewhat from measurement to
measurement; both dependent on the country and
indicator selection, weighting and other methodologi-
cal conditions. At the same time, it is striking that the
same countries score the highest on different rankings;
Switzerland, Sweden, Singapore and the United States
are often on top. Norway is often among the 5-10 best
countries, with good results for indicators of social
conditions and framework conditions etc.
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The Global Innovation Index (GII) measures 127
countries on 81 indicators, and Norway is ranked in
19th place. Norway is attracting local competition,
credit opportunities, knowledge absorption, export of
ICT services and use of trademarks, but scores in the
same measure as number one on infrastructure and
number five on its institutional framework conditions.
GlI has included a digital competitive ranking this
year: Norway is ranked 9th, while Singapore, Sweden
and the United States are at the top. Generally, in
several of the measurements, the key role of the
public sector, education and investment in knowledge
is emphasised.

The number of measurements is increasing and
they change frequently. Long time series are therefore
rare. For the ten years the table shows, there is no
clear trend for the Norwegian score.
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1.3 International comparisons of innovation
1.3.2 Norway in the European Innovation Scoreboard (EIS)

Figure 1.9

Norway’s rank in the European Innovation Scoreboard 2017 relatively to EU 28 by type of
indicator. Norway’s rank in each category to the right of the columns.
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Figure 1.9 shows Norway'’s score relative to the EU:

The pillars show the score compared with the EU in

2010 (= 100), while the dots shows the score relative
to the EU in 2016.

Best on research system and innovation culture

Norway has relatively high values in terms of human
resources and open, excellent research systems. The
proportion of international scientific co-publications
is high. This is because Norway is a small R&D
nation with a natural need to collaborate with foreign
researchers.

Norway also scores high on innovation-friendly
environment, innovation culture and conditions for
innovation, where the degree of opportunity-driven
entrepreneurship is highest among all countries in the
ranking. It can be read as an expression of innovation
culture, but also reflects that Norway has a sound
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labour market where few need to start their own busi-
ness to survive. Norway is also at the top when it
comes to share of enterprises providing ICT training.
This new indicator is intended to capture aspects rela-
ted to the digitisation of working life.

Norway scores low on indicators of intellectual
assets, especially trademark applications and design
applications. The lowest scores are for Medium and
high-tech product exports. In return, Norway is
among the top in terms of knowledge-intensive servi-
ces exports.

A large part of the explanation is the Norwegian
industrial structure with high value creation in com-
modity-based industries. Second, many of the indica-
tors are measured in relation to GDP or total turnover,
which makes Norway’s high GDP and strong econ-
omy slow down the results. Several of the new indica-
tors reflect structural conditions in the workplace,
where Norway generally is at the forefront.
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1.3 International comparisons of innovation

1.3.3 European comparisons of innovation activity

Figure 1.10
Type of innovation activity in the Nordic
countries and the EU. 2012—-2014.
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Nordic comparisons of innovation activity

The coordination of the European countries’ innova-
tion surveys is conducted through the European inno-
vation survey, the Community Innovation Survey
(CI1S), coordinated by the EU statistical agency,
Eurostat. The survey is conducted every two years
and gives the opportunity to compare innovation acti-
vity in Norway with that in other EU and
EU-associated countries. The results presented here
are based on the 9th Innovation Survey, CIS 2014,
which was conducted by a total of 35 countries for the
period 2012-2014.

Such a comparison of innovation activity is intere-
sting because it is not possible to set an exact target
for the level of innovation efforts or for the expected
or desired results. Innovation takes place as part of the
enterprises’ competition in the markets, which means
that the appropriate level of innovation efforts — and
innovation results — are largely determined by what
the competitors are doing. Given that large humbers
of Norwegian enterprises are exposed to international
competition and that international competitiveness
provides economic opportunities, international inno-
vation measurements are a relevant comparison basis
for how much similar enterprises invest and achieve.
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Although the surveys should be equal, differences
in coverage of industries and in compilation methods
of results, may pose a challenge when comparing
innovation activity across national statistical publica-
tions. Therefore, the figures are also reported to
Eurostat in a manner that is intended to be directly
comparable.

The Norwegian Innovation Survey was previously
conducted as a part of the R&D survey for the indus-
trial sector, resulting in a significantly lower propor-
tion of innovation-active enterprises than in the other
Nordic countries. In the survey covering the period
2010-2012, there was a 14 percentage points lower
proportion of enterprises with PP innovation activity
in Norway than in Sweden and Finland, while
Denmark was in between.

However, as of CIS 2014 covering the period from
2012 to 2014, the Norwegian survey has been con-
ducted as a stand-alone innovation survey, considered
to be better for international comparison. In the
Nordic countries, Sweden and Finland have separate
innovation surveys, while Denmark has a joint survey
that alternates between having a focus on R&D and
innovation every two years.

Norway, a slow innovator?

The results from the last innovation survey (2012—
2014) change the previous image of Norway as a
clear underdog among the Nordic countries regarding
the proportion of enterprises with innovation and inn-
ovation activity, see Figures 1.10 and 1.11. In the
broader picture, we can now say that the level of inno-
vation is relatively similar between the Nordic coun-
tries. This also applies distinguishing between manu-
facturing and service industries. With 58 per cent of
enterprises, Norway scores highest on the total num-
ber of enterprises with at least one form of innovation
activity. Sweden has 54 per cent, Finland 55 per cent
and Denmark 50 per cent. The average for the EU 28
is 49 per cent.

Norway also has the largest share of enterprises
with market innovation. Finland has the highest pro-
portion of product and process innovators and the hig-
hest proportion of PP innovation-active enterprises.
Denmark has the lowest proportion of product and
process innovators. Considering that the results are
associated with some uncertainty, it is hard to con-
clude that there are significant differences in the inno-
vation activity between the countries. The exception
here is the proportion of product innovators that
appears to be significantly lower in Denmark, which
in turn affects both the overall innovation activity and
the proportion of PP innovation-active enterprises.
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1.3 International comparisons of innovation

1.3.3 European comparisons of innovation activity

Figure 1.11
Enterprises with innovation activity, all types.
2012-2014.
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Figure 1.12
Enterprises with product innovation by level
of novelty and country. 2012—-2014.
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Increase in all forms of innovation in Norway

Compared with the previous innovation survey, there
are relatively small differences in innovation activity
in the other Nordic countries — within a few percent-
age points. The Norwegian figures show a significant
increase in all types of innovation activity, and espe-
cially for innovation activities related to products or
processes (PP innovation). Here the results are 15 per-
centage points or 48 per cent higher in 2012-2014
than in 2010-2012. The increase can mainly be
ascribed to the change in the way in which the
Norwegian survey is carried out, but also an increased
innovation focus in Norway’s industrial sector may
have contributed significantly here.

For overall innovation activity, Norway has moved
from well below the EU average in the previous sur-
vey to reach a clear overall increase of more than 13
percentage points. Switzerland has the largest share of
innovation-active enterprises with 75 per cent. The
EU 28 average is almost unchanged with 49 per cent.
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Source: Eurostat, CIS

Many Norwegian product innovations are new to
the market

The proportion of Norwegian enterprises reporting
product innovation, in either goods or services, incre-
ased from 19 per cent in the previous survey to 33 per
cent in the period 2012—-2014. This is among the hig-
hest shares of product innovation in Europe.
Especially innovations that were new only for the
enterprise, but not new to the market, have risen
sharply, see Figure 1.12. In the previously combined
R&D survey for 2010-2012, the Norwegian share
was among the lowest in Europe with 3.8 per cent of
all enterprises, now the figure is just below the ave-
rage for the EU 28 countries by 11 per cent.

These findings help to strengthen the assumption
that a separate innovation survey captures more of
incremental or small-scale innovation than combined
surveys.
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1.3 International comparisons of innovation

1.3.3 European comparisons of innovation activity

Figur 1.13
Innovation investments as a share of total turnover by country. 2012—-2014.
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Innovation and the company’s most important
market

The Norwegian innovation survey has previously
shown a correlation between the markets in which the
enterprises operate and the innovation frequency;,
where larger and more internationalised markets
increase the probability of being innovative.

It is not possible to make this distinction of enter-
prises in the figures from Eurostat, but it is possible to
distinguish between enterprises with product and
process innovation activities and other enterprises,
and which markets the companies state to be most
important. The trend here is the same, namely that the
more important domestic and foreign markets are for
the enterprises, the greater the chance that they have
product or process innovation. This can be an indica-
tor of the companies’ ambition level as well as of the
competition in the markets in which they operate.
Innovations can provide opportunities to compete
effectively in larger geographic areas, and can explain
some of this effect. At the same time, greater ambi-
tions make enterprises face stronger competition in
local and regional domestic markets, which may
necessitate innovation to maintain market share.

Increased innovation investment compared with
other countries

If the Norwegian innovation survey traditionally has
shown weak results for the share of innovators in
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enterprises, the figures have been even worse looking
at quantitative indicators that try to measure the
resource input for innovation (innovation investment).
However, this has also changed since the transition to
a separate innovation survey.

As shown in Figure 1.13, in 2014, the total contri-
bution to innovation in Norway was 1.6 per cent as a
percentage of enterprises’ total turnover, up from 1.1
per cent in 2012. As a share of turnover, Swedish
enterprises have the highest share of innovation
investment in Europe, at 3.9 per cent, which is an
increase compared with the previous survey. Denmark
and Finland also have larger shares of investment than
Norway, respectively 1.9 and 2.3 per cent of total
turnover, but both countries have had a relative
decline in innovation investment.

Apparent weak for revenue from innovations

Also in terms of the economic results of the innova-
tions, the level of Norwegian enterprises has tradition-
ally been lower than the other countries in the survey.
For the share of enterprises’ turnover in the reference
year that is a result of innovative products — that is,
from new or significantly improved products (goods
or services) introduced during the last three-year
period — Norway ranked in 2012 among the lowest in
Europe, with 5.2 per cent of total turnover.
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1.3 International comparisons of innovation

1.3.3 European comparisons of innovation activity

Figure 1.14
Public grants for the development of product
- and process innovations. 2012-2014.

Figure 1.15
Enterprises with public procurement
contracts. 2012—-2014.
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Public support for innovation is high in Norway

A higher share of Norwegian innovators report
receiving public financial support for the development
of their product and process innovations than most
other countries, see Figure 1.14. Norwegian enter-
prises state that public support often is provided by
central authorities, which is probably partly explained
by Norway being among the countries with rights-
based tax incentives for R&D (SkatteFUNN). Finland
also provides public funding for relatively many of its
innovators, while Sweden belongs to the group of
countries that rarely reports that they receive such
support.

EU funding is relatively uncommon in the
Norwegian industrial sector, like other non-member
countries. However, many of the EU’s major econo-
mies also have a relatively low proportion of innovators
who receive EU funding, and the highest figures are
reported from countries in Eastern Europe. This may be
an effect of EU programmes that allocate development
funds to Eastern Europe. Furthermore, the economies
of Eastern Europe are less developed and less innova-
tive, thus their enterprises may rely more on EU sup-
port in order to carry out their innovation projects.
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Source: Eurostat, CIS

Innovation potential in public procurement

Norway’s public consumption of goods and services
amounted to 15 per cent of GDP in 2015, and public
procurement represents a significant element of the
economy in Europe. If such purchases allow for or
require innovative solutions, this can be a powerful
tool for innovation, hence there has been great interest
in measuring this.

The latest innovation surveys have included ques-
tions about public procurement, and whether this has
contributed to innovation. For the countries that have
reported such data, the responses indicate that it is sel-
dom the case. This is also true in Norway, but
Norwegian enterprises are among the most frequent in
Europe to innovate in the context of public supply
contracts, see Figure 1.15.

The results of the questions on innovation coope-
ration may also indicate that the public sector has an
untapped potential for public procurement in Europe;
both in terms of using the public sector’s significant
procurement of goods and services to stimulate inno-
vation in the industrial sector, and in terms of provi-
ding residents with innovative goods and services.
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1.4 Norwegian patenting in an international context

1.4.2 Norwegian patenting in an international context

Figure 1.16
International patenting: patents filed at the
EPO by country of origin.? 1999—-2014.

Figure 1.17
Relative change in international patenting
(EPO).* 1999—-2013.
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Source: NIFU based on OECD.stat data (2017) and
Patstat (2017a). Incomplete counts for 2014 due to
36 month publication period.

Norwegian domestic patenting has fallen by about
10 per cent since 2001. At the same time, Norwegians
have increased their filings abroad, particularly via the
PCT (Patent Cooperation Treaty) and/or the EPO
(European Patent Office) route. There were about
1.17 foreign applications per domestic application in
2001. By 2015 there were about four foreign applica-
tions for each domestic filing. The growth is mainly
driven by PCT applications, which is a relatively
inexpensive route for filings in multiple jurisdictions.

When European applications (EP-A) are distin-
guished from all other filings, we see that fewer
Norwegian applications go through EPO cooperation
as a share of all international filings now (11%) than
before Norway joined EPO in 2008 (15%). There is
also an increase in EP applications per domestic appli-
cation; from 0.31 domestic applications per EP appli-
cation in 2001 to 0.44 in 2014. A larger proportion of
Norwegian inventions are sought in Europe now than
before the EPC membership, although developments
are characterised by annual variations.

In 2014, more than 130,000 patent applications
were filed in Europe, most of which (122,000) origi-
nated from European and other OECD countries. The
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1 Applications (EP-A) at The European Patent Office
(EPO), country based on inventor address, year based
on application year.

Source: NIFU based on OECD.stat data (2017) and
Patstat (2017a).

data for 2014 are not final, but they indicate that
growth from the previous years has declined. Figure
1.16 presents the number of patent applications of
EPO after origin. The figure compares the Nordic
countries with other EU 28 and OECD countries and
shows another important dimension in the internatio-
nalisation of patenting. While the number of applicati-
ons originating from the Nordic countries and EU 28
countries is relatively stable, filings from other coun-
tries increased, both inside and outside the OECD.

Figure 1.17. presents the relative growth in
European filings by applicants in the Nordic region.
The Nordic countries accounted for about 4.2 per cent
of all OECD country EPO applications in 2014. The
proportion seems to fall significantly below the ave-
rage, which has been stable at five per cent since
Norway joined 2008.

The figure shows that European patenting has
increased strongly for Norway during the period, and
approaches Denmark in the figure. However, the
increase in Norwegian patenting in Europe is prima-
rily an effect of Norway becoming a full member of
the EPC later than its Nordic neighbours.
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1.5 Scientific publishing globally
1.5.1 Scientific publishing globally

In the period 1981-2015, a total of about 30 million
scientific journal articles were published globally.
World production has increased throughout the period
from almost 500,000 articles in 1981 to over
1,500,000 in 2015. Also, Norwegian production has
grown significantly over these years. In 1981,
Norwegian researchers published almost 2,500 arti-
cles. By 2015, this number had risen to almost 13,000.
Growth reflects the large expansion that has taken
place in knowledge production during the period, but
also that the journal coverage of the database, the
number of journals included, has increased. A signifi-
cantly increasing proportion of these «Norwegian»
articles have author addresses from other countries as
well. In 2014, 62 per cent of the articles involved
international co-authorship.

Norway — a small player in international
research

There are major differences between the different
countries in terms of article production. The United
States is by far the largest research nation worldwide
with over 400,000 publications in 2015. This repre-
sented 19.2 per cent of world scientific knowledge
production, measured as the sum of all countries’ out-
put. China is the world’s second largest knowledge
producer with almost 290,000 articles and a share of
13.7 per cent, see Table 1.3. Second, United Kingdom
and then Germany follow with about 100,000 articles
each. Norwegian researchers published 12,890 arti-
cles in 2015 and rank as the 32nd largest research
nation in the world. Norway’s share was 0.61 per
cent, which is almost identical to the shares in 2013
and 2014. Of the Nordic countries, Sweden is by far
the largest research nation with 50 per cent more arti-
cles than number two (Denmark). Norway'’s article
numbers are marginally lower than Finland’s.

Measured in relation to the population, Norway
has 2.53 articles per thousand inhabitants and then
ranks as number five of the countries in Table 1.3.
Switzerland is the country which has the highest pro-
ductivity with 3.73 per thousand capita. Then
Denmark and Sweden follow, both of which have
higher productivity figures than Norway, with 3.26
and 2.81 articles per thousand inhabitants respecti-
vely.

Differences in population size do not necessarily,
however, reflect differences in research effort. A better
indicator would therefore be to calculate the relation-
ship between article production and input factors such
as R&D expenditure and R&D FTEs. However, it is
problematic to say something about such productivity
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Table 1.3

Scientific publishing in 2015 in selected coun-
tries (over 8,000 articles in 2015). Number and
per cent.

% average | % average
Number

. Percentage annual annual

Number | of articles . :
of artices | per 1,000 of World in-crease | - increase
2015 inhab- produc- in number in number
itants! tion? | of articles | ~ of articles
Country 1995-2005° | 2005-2015°
USA 403,110 1.27 19.20 16 33
China 286,640 0.21 13.70 455 29.8
United Kingdom| 117,529 1.83 5.60 2.1 48
Germany 107,639 131 5.13 40 40
Japan 77,223 0.60 3.68 29 0.0
France 74,313 113 3.54 2.7 36
Canada 67,750 1.93 323 2.7 5.3
Italy 67,081 1 3.19 58 6.3
Australia 62,053 2.63 2.96 49 12.6
India 60,823 0.05 2.90 6.4 14.3
Spain 58,324 1.25 2.78 9.1 8.6
South Korea 57,877 1.15 2.76 35.0 11.9
Brazil 43,054 0.21 2.05 19.9 14.8
Netherlands 39,950 231 1.90 4.0 6.5
Russia 34,951 0.24 1.66 0.7 39
Switzerland 29,937 3.73 143 4.9 7.5
Iran 29,579 0.38 141 93.1 525
Turkey 28,823 0.38 1.37 44.9 10.2
Poland 27,589 072 131 8.3 9.7
Sweden 27,034 2.81 1.29 3.0 5.7
Taiwan 26,496 113 1.26 14.0 6.4
Belgium 22,562 2.03 1.07 5.9 6.8
Denmark 18,322 3.26 0.87 4.1 9.9
Austria 15,533 1.83 0.74 6.6 7.2
Israel 14,370 1.78 0.68 2.6 3.2
Portugal 14,314 1.37 0.68 21.9 16.4
Saudi-Arabia 13,604 0.45 0.65 -0.6 88.2
Mexico 13,598 0.11 0.65 13.4 8.9
Singapo-re 13,296 2.46 0.63 22.6 10.5
Finland 13,215 243 0.63 43 57
South Africa 12,924 0.25 0.62 3.1 16.9
Norway 12,887 2.53 0.61 5.0 9.4
Czech Republic 12,881 1.23 0.61 74 114
Malaysia 11,409 0.39 0.54 157 60.6
Greece 10,733 097 0.51 134 36
Egypt 10,113 0.12 0.48 37 24.2
New Zealand 9,554 2.13 0.46 53 72
Argentina 9,136 0.22 0.44 8.8 7.7
Ireland 8,045 1.74 0.38 111 9.0

1 Number of articles in 2015 per 1,000 inhabitants in 2013.

2 Share of World production calculated from total production from
all countries.

3 Growth in number of publications is also caused by the expansi-
on of the Web of Science-database, whose scope has increased
significantly, especially after 2008.

Source: Data: Clarivate Analytics, Web of Science. Computations:
NIFU.

differences, partly due to differences between coun-
tries in the scientific specialisation profile.
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Recent trends in STI policy

Following more than 8 years of weak economic performance since the burst of the 2009 financial crisis, global growth has
finally picked up in several advanced countries, driven by a noticeable rebound in consumer demand, industrial production,
global trade and investment. However, this performance remains modest by pre-crisis standards and many countries are
still facing unprecedented challenges, in particular growing income inequalities, population ageing, climate change, resour-
ces depletion and digitally-induced structural change. Although governments increasingly acknowledge the key role that
research and innovation activities can play in alleviating these economic and societal challenges, the persistent budgetary
austerity has often limited their capacity to support these activities. Moreover, while recovery plans in many countries
included research and innovation initiatives as counter-cyclical measures during the crisis, a slowdown or retraction of
public R&D budgets and a change towards more market-friendly, business-oriented and «neutral» policy approaches (in
particular various forms of R&D tax concessions) has been observed in recent years. A growing share of public spending is
allocated to the business sector as policy makers are more and more focused on improving the innovation ability of firms,
in particular start-ups and SMEs, which have suffered the most from the contraction of external sources of funding.
Although still relatively marginal, governments also increasingly put in place «no-spending» initiatives such as public procu-
rement for innovation and facilitation of unconventional forms of funding (crowdfunding, valuation of intellectual assets,
etc.), especially in areas of pressing societal needs.

Public research is also affected by these changes. Research in higher education institutions and public research organi-
sations is increasingly financed through competitive funding and performance-based approaches, even in countries where
institutional «block» funding remains high. Several governments have also found ways to better align the latter to national
agendas and societal challenges, including through various forms of contractual arrangements (performance contracts) and
«hybrid» means of financing (e.g. additional block funding allocated to institutions implementing «relevant» projects; cen-
tres of excellence, etc.). In the current budgetary context, governments tend to partner with non-state actors such as
business (via public-private partnerships and different forms of consortia), NGOs and philanthropists in order to share costs
and risks.

It is still too early to identify clear policy trends led by the growing concerns of policy makers about future disruptions
triggered by «the Next Production Revolution» at the confluence of new digital technologies, new materials and processes.
At this early stage, the level of uncertainty and the scope of consequences in terms of redistribution of economic value
have called for both a strengthening of strategic intelligence, not the least foresight, to feed into policy making and a multi-
plication of experimental initiatives. In parallel to a few flagship digital programmes, many countries have set up signifi-
cant measures to support the dissemination of new ICT technologies to industry (in particular to SMEs, including via exten-
sion services) to ensure that they benefit from this emerging revolution.

Societal challenges have moved higher up on the research and innovation agenda and are addressed through different
mixes of basic research (e.g. in health) and customer-oriented programmes involving a range of stakeholders depending
on the country. Interdisciplinary and network approaches are central to these initiatives, as reflected in the restructuring
of research agencies to reduce “silos”, the changes in request-for-proposal procedures, the knowledge transfers between
programmes, etc. Open science is also now firmly established in many countries, particularly as a means to address socie-
tal challenges as well as various digital initiatives, most often led by research agencies. Reforms of existing legal fram-
eworks are also being launched to support the sharing of research results and data and to foster more inclusive participa-
tion in the development of science policy itself (from priority-setting to selection of proposals and monitoring of projects).

Improving governance is a permanent priority across all countries. Budget pressure is again a major driver for all
types of rationalisation of public spending (streamlining of research programmes and innovation instrument portfolio, sim-
plification of policy delivery, etc.). STI policy evaluation and impact assessment have also gained more policy attention to
ensure the efficiency and effectiveness of policy instruments. In some countries, their scope has been widened to cover
entire components of innovation systems or policy portfolio (systemic evaluations). As a result of both the growing
acknowledgement of the importance of innovation, inter-ministerial coordination has become a key priority. The solutions
found to cope with this challenge are very specific to national institutional settings, ranging from various high-level councils
and committees, with different scope, mandate and dedicated resources, to the merger of research agencies and the laun-
ching of large-scale cross-cutting programmes.

It is likely that the above trends will continue to prevail in the coming years. Fiscal pressure will persist at a high level
and most probably even rise, led by long-term demographic shifts, which will place considerable pressure on public social
expenditure. The costs of the adjustments needed to tackle global warming and other environmental issues will further
add to these rising costs. Although they will not displace national competitiveness goals, these societal challenges will
become more prominent on policy agendas. Governments will more frequently implement «soft» policy approaches to
support research and innovation in general, while remaining the largest investors in public research and engaging in large,
challenge-focused initiatives that will be international in scale. The process of digitisation is crossing a new threshold and
governments will continue to deploy dual policy approaches: creating favourable conditions for leading firms to invest in
frontier technologies while also supporting the wider digital transformation of SMEs. Research and research policy will
become increasingly open to the participation of stakeholders, which however could gradually affect research orientations
away from public goals.

Andrew W. Wyckoff, Director OECD Directorate for Science, Technology and Innovation
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Highlights

Resources for R&D and innovation

= From 2014 to 2015 there was strong growth in Norway’s R&D efforts. R&D
expenditure increased by NOK 6.4 billion, which corresponds to a real growth
of 9 per cent. Growth was about the same magnitude in all three R&D per-
forming sectors from 2014 to 2015 and far higher than from 2013 to 2014.

« In 2015, R&D expenditure’s share of GDP is calculated at 1.93 per cent. This
is a sharp increase from 2014, when the share was 1.72 per cent.

* In the twenty-year period 1995-2015, the higher education sector has had
the highest growth in R&D efforts, followed by the industrial sector. The low-
est real growth rate is found in the institute sector. Public sources finance a
significantly higher proportion of R&D expenditure by 2015 than twenty
years earlier.

= Medical and health sciences — with almost 6 per cent average annual real
growth — had the greatest growth in R&D efforts in the period 1995 to 2015,
with the most modest growth in R&D related to agricultural sciences at 0.7
per cent.

= R&D efforts in the higher education sector have increased sharply in recent
years: some structural changes have contributed, among other things. The
sector accounted for 26 per cent of total R&D in Norway in 1995 and 31 per
cent in 2015.

The institute sector’s share of total R&D has fallen slightly over the last
twenty years, from 28 per cent in 1995 to 23 per cent in 2015. In the same
period, industry’s share of R&D funding in this sector shows a corresponding
decline.

= Health trusts and private hospitals had R&D expenditures of NOK 4 billion in
2015, accounting for almost 7 per cent of the total R&D expenditure in Nor-
way this year.

= For the second consecutive year there is a sharp increase in industrial sector
R&D activity. By 2015, industrial sector R&D amounted to almost NOK 28 bil-
lion, and at the same time, the share of R&D-performing companies
increased.

Manufacturing industries’ overall R&D efforts have been sustained for a long
time, but manufacturing’s share of R&D costs has fallen from 59 per cent in

1995 to 36 per cent in 2015. Conversely, services have increased their share
of R&D efforts from 31 to 52 per cent in the same period.

= 65 per cent of Norwegian enterprises covered by the innovation survey
reported innovation activity in 2014—2016, a clearly higher share than in the
period 2012—-2014.

Grants and funds

e 2017 is the fifth fiscal year in a row with a significant real growth in the gov-
ernment budget allocations for R&D (GBARD). Part of the growth in the 2017
budget relates to investments in university buildings and research vessels.

Human resources

e The number of researchers in Norway almost doubled from 1995 to 2015,
from almost 27,000 to more than 52,000. The proportion of women
increased from 24 to 37 per cent in the period.

e The number of doctorates has more than doubled in the last half of the
1990s, now 1,400-1,500 doctoral degrees are administered annually, with
about the same number of women as men. Now there are 7 times more for-
eigners who defend theses than twenty years ago.

* In 2014, a quarter of the researchers and the academic staff at Norwegian
universities, colleges, research institutes and health enterprises were immi-
grants or descendants of immigrants.

= The number of students is rising — from 181,000 in 1997 to around 273,000
in 2016, and students choose other disciplines now than 20 years ago.
Except in STEM subjects and economics, there is now a predominance of

female candidates in all subjects.
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Introduction

Chapter 2 presents the status and developments of the
national R&D and innovation system. We focus on
the development of R&D resources from the mid-
1990s and twenty years onwards, corresponding to
the period the Report on Science & Technology
Indicators for Norway has existed. The descriptions
largely follow the division into the research-perform-
ing sectors used in the Norwegian R&D statistics;
business enterprise, institute and higher education

sectors. Hospitals, which are included in the R&D sta-

tistics in the higher education sector and the institute
sector, are given their own review.

The Norwegian government’s new long-term
R&D priority areas are included in the R&D surveys
for the first time, so that we get a starting point to look
at developments in the R&D resources over time. The
latest survey on innovation in the industrial sector is
presented. Last in the chapter we have included new
statistics on diversity, more specifically a description
of the researcher population at Norwegian universi-
ties, university colleges, research institutes and health
trusts that are immigrants or descendants of
immigrants.
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Research and experimental development (R&D)
comprise creative work undertaken on a syste-
matic basis in order to increase the stock of
knowledge, including knowledge of man, culture
and society, and the use of this stock of know-
ledge to devise new applications.
The term R&D covers three activities:
= Basic research is experimental or theoreti-
cal work undertaken primarily to acquire new
knowledge of the underlying foundation of

particular application or use in view.

< Applied research is also original investiga-
tion undertaken in order to acquire new
knowledge. It is, however, directed primarily
towards a specific aim or objective.

= Experimental development is systematic
work drawing on existing knowledge gained
from research and/or practical experience,

The OECD definition of research and experimental development (R&D)

phenomena and observable facts, without any

which is directed to producing new materials,

products or devices, to installing new proces-

ses, systems or services, or to improving
substantially those already produced or
installed.

The basic criterion for distinguishing R&D
from related activities is the presence in R&D of
an appreciable element of novelty and the reso-
lution of scientific and/or technological
uncertainty.

More on the definition and distribution of R&D
in the Frascati manual. Proposed Standard Prac-
tice for Surveys on Research and Experimental
Development (OECD, 2002). A new edition of
the manual was published October 2015. From
the 2016 surveys, guidelines in revised manual
are used. This will not cause significant changes
in the statistics.

The OECD definition of innovation

The terms innovation, innovative and innovation
activity are used about product or process inno-

processes. The innovation survey of 2004 also
mapped organisational and marketing innova-
tion. However, unless otherwise stated, innova-
tion in this context refers to PP innovation. The

ovation survey are:

that is either new or significantly improved
with regard to its characteristics, technical
specifications, built-in software or other
immaterial components or its user-friendli-
ness. The innovation must be new to the
enterprise, but not necessarily new to the
market.

< Process innovation includes new or signifi-
cantly improved production technology/
methods and new or significantly improved

vations (PP innovation) that include the introduc-
tion of new or considerably improved products or

definitions of the different terms used in the inn-

= Product innovation is a product or a service

methods for delivery of goods and services.
The innovation should be new to the enter-
prise, but the enterprise does not necessarily
have to be the first to introduce this process.

= Organisational innovation is the imple-
mentation of a new or significantly changed
structure in the enterprise or new or signifi-
cantly changed managerial strategies in order
to increase the enterprise’s use of knowledge,
the quality of goods and services or the effici-
ency of working processes.

< Marketing innovation means introduction
of a new or significantly changed design, in
addition to the introduction of new or signifi-
cantly changed sales methods in order to
make the products of the enterprise more
attractive or to open up new markets.

OECD (2005): Oslo Manual. Guidelines for
collecting and interpreting innovation data/ a
joint publication of OECD and Eurostat. 3rd ed.
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2.1 Total R&D in Norway

Norway'’s total expenditure on research and develop-
ment (R&D) amounted to more than NOK 60 billion
in 2015. In current prices, this increases the R&D
effort of NOK 6.4 billion from 2014, corresponding to
a real growth of almost 9 per cent.

Large growth in all sectors

The results from the R&D surveys in 2015 thus show
a significant growth in Norway’s total R&D expendi-
tures from 2014 to 2015. Adjusted for wage and price
inflation, real growth in R&D expenditure was highest
in industrial sector (9.0%), closely followed by the
higher education sector and the institute sector with
8.8 and 8.1 per cent, respectively, real growth.

The health trusts, which in the R&D statistical
context are part of the higher education sector (uni-
versity hospitals) and the institute sector (other health
and private hospitals) had a real increase in R&D
expenditure of 13.4 per cent from 2014 to 2015. Some
of the growth was due to technical conditions, see
Chapter 2.4. Adjusted for this, real growth in health
enterprises was about 4 per cent.

During the twenty-year period 1995-2015, there
have been several changes in the Norwegian R&D sys-
tem. R&D efforts measured in R&D expenditure has
increased significantly, while the relationship between
the three R&D sectoral contributions to Norway’s
total R&D has changed. Figure 2.1 shows the increase
in R&D expenditures from 1995 to 2015 per sector at
fixed prices; it is noticeable that the level of the indus-
trial sector has been fluctuating over time. Looking at
the entire period, the growth in R&D efforts has been
highest for the higher education sector and the grea-
test in the period 2003-2008 and from 2014 to 2015.

Table 2.1

Figure 2.1
Total R&D expenditure by sector of perfor-
mance.! 1995-2015. Fixed 2010 prices.

Mill. NOK
25,000
Industrial sect7
20,000
15,000 Highey/

ed
sector

10,000 Institute
sector
5,000
Health trusts
O T T T T T T T T T T

1995

1997 1
1999 1
2001 -
2003 -
2005 +
2007 -
2009 A
2011 A
2013 A
2015

1 *Health trusts with university hospital functions’ is also
included in the higher education sector, and ‘other
health trusts’ is a part of the institute sector.

Source: Statistics Norway/NIFU, R&D statistics

In 1995, the institute sector’s level of R&D was
slightly over that of the higher education sector.
Between 1995 and 2015 the institute sector has had
the lowest average annual real growth rate of the three
sectors, and ends well below the level of higher edu-
cation sector in 2015. However, for this sector, there
has also been a significant increase in the latter part of
the period. The industrial sector had strong growth in

Total R&D expenditure in Norway by sector of performance/type of institution. 1995, 2014 and

2015. Mill. NOK and per cent.

Share of total Share of total Average an-

R&D R&D Real growth® | nual real growthl

Sector of performance/type of institution 1995 2014 2015 1995 (%) 2015 (%) | 2014-2015 (%) | 1995-2015 (%)

Industrial sector 7,341 24,802 21,782 46.0 46.1 9.0 3.2

Higher education sector 4,139 16,720 18,709 25.9 313 8.8 4.1

Of which health trusts with university functions 527 2,701 3,186 3.3 5.3 14.7 5.6

Institute sector 4,490 12,345 13,718 28.1 228 8.1 2.1

Of which other health trusts 37 736 821 0.2 14 8.6 127

Total 15,970 53,867 60,209 100.0 100.0 8.7 32
Total fixed 2010 prices 27,422 46,990 51,092

1 Changes in the monitoring system for R&D in the Health trusts from 2007 means that some of the growth in the health trusts R&D
expenditures is due to technical causes. This applies mainly to other health trusts (included in the institute sector) which before 2007

was based on estimates of R&D activity.

Source: Statistics Norway/NIFU, R&D statistics
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2.1 Total R&D in Norway

Table 2.2
Total R&D expenditure in Norway by sector of performance, and source of funds. 2015. Mill. NOK.
Total Industry Government Other Abroad
Total | Min,, county, |  Research sources* Total | Of which: EU
municipality council of Comm.

Sector of performance/type of institution Norway*
Industrial sector 21,782 21,690 1171 618 553 1315 3,607 118 0
Higher education sector 18,709 586 16,674 13,891 2,782 887 561 409 2
Of which health trusts with university functions 3,186 38 2,915 2,697 a7 197 36 12 §
Institute sector 13,718 2,563 9,040 6,031 3,010 741 1,374 432 N
Of which other health trusts 821 2 756 734 2 39 2 1
Total 60,209 24,839 26,885 20,540 6,345 2,943 5,542 960

1

2

Numbers are based on information from R&D performing units. This will deviate from numbers from budgetary authorities. The devia-
tion is the biggest for the industrial sector. This is primarily due to two factors; a) The funds from the Research Council are distribu-
ted to contract partners and not to individual partners in a project that may be in different sectors. b) R&D-performing entities may
have difficulty specifying where the funds originate and may understate government funds.

Includes private funds, gifts, own funds and the tax deducting fund «SkatteFUNN>» in industrial sector.

Source: Statistics Norway/NIFU, R&D statistics

R&D expenditure from 1999 to 2001, a real decline
from 2003 to 2004 and from 2008 to 2010 (financial

crisis) and in recent years (2013-2015), a significantly
greater focus on R&D. More detailed descriptions of

the sectors follow later in this chapter.

In 2015, about 45 per cent, corresponding to

almost NOK 27 billion of Norway’s total R&D
expenditure, was financed from public sources, see

Table 2.2. Of this over NOK 6 billion came from the

Research Council of Norway. The business sector
contributed nearly NOK 25 billion, of which
NOK 21.7 billion was used in its own sector. Other

Norwegian performing sectors for R&D
In Norway, national R&D statistics are catego-
rised according to three basic sectors:

The industrial sector: Companies and
enterprises aimed at commercial production of
goods and services for sale at an economically
significant price.

The institute sector: Private-non-profit
research institutes mainly serving industry
(the business enterprise sector in the OECD
classification); research institutes and other
R&D-performing institutes (other than higher
education) mainly controlled by and funded by
the government (government sector in OECD’s
classification)(PNP); and health trusts not con-
ducting education and PNP hospitals.

The higher education sector: Units pro-
viding higher education; universities, speciali-
sed university institutions, state university col-
leges and university hospitals.

To highlight the R&D activities in health
trusts these are presented separately where
appropriate and possible (data from 2007).

OECD's sector classification, is used in
Chapter 1.

sources — including funds from private gifts, charita-
ble organisations in addition to SkatteFUNN — funded
just under NOK 3 billion of R&D activities, while the
funds from abroad, including the European
Commission, amounted to around NOK 5.5 billion.

R&D funding sources

< Industrial sector: Funds from private
enterprises. Most go to R&D in own
enterprises.

= Government sources: Funding from
ministries’ budgets. Mostly institutional
grants, for example general university
funds, and funds distributed through the
Research Council of Norway, but there are
also funds for programmes and projects by
ministries and other state institutions. A
smaller portion comes from counties, muni-
cipalities, state banks etc.

< Other sources: Own revenues at universi-
ties and research institutes; private foun-
dations and gifts, loans, funds from NGOs
and SkatteFUNN. SkatteFUNN is in principle
public funding, but according to internatio-
nal guidelines (OECD Frascati manual) any
tax incentive schemes are classified as own
funding of the relevant sector. This is
because the tax incentives are very diffe-
rent, and in many countries, there are
period-related discrepancies between
actual R&D activity and the associated tax
benefits.

< Abroad: Funds from foreign enterprises
and institutions, funds, EU, Nordic and
other international organisations. Abroad
includes both public and private funding,
but often classified as private funds when
total financing is divided into two main
categories, public and private.

Report on Science & Technology indicators for Norway 2017
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2.1 Total R&D in Norway

Figure 2.2
Total R&D expenditure in Norway by source of funds. 1995—-2015. Fixed 2010 prices.
Mill. NOK
60,000 EU comm.
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Source: Statistics Norway/NIFU, R&D statistics

Public funding has increased its importance to
research

In absolute amounts, public funding had the largest
growth in the twenty-year period 1995-2015. At the
beginning of this period, the contribution from indus-
try was clearly higher than funding from public sour-
ces. 2007 was the first year the picture was the oppo-
site, with a slight predominance of R&D funding
from the public sector. This coincides with a higher
priority of research in health trusts, and the introduc-
tion of a new method for measuring the R&D resour-
ces in these institutions. Until 2015, the share of
public funding has increased more than funding from
industry and contributed NOK 2 billion more than pri-
vate sources this year.

Figure 2.2 shows the growth in funding from the
various sources related to Norwegian R&D activities.
From 1995 to 2015 «Other sources» has the biggest
increase with an 8 per cent annual real growth rate.
Growth started from 2001 to 2003, after the Skatte-
FUNN scheme was established and classified under
«Other sources». «Abroad» and funds from the
European Commission have also increased significantly
over the period, with over 6 per cent annual real growth.
Industry’s contribution has had the lowest real growth
from 1995 to 2015 by just over 2 per cent per year.

Medical and health-related R&D has significant
growth

Over time, R&D resources for the different fields of
science have evolved differently, see Figure 2.3. From
1995 to 2015, social sciences and medical and health
sciences have increased the most, with slightly above
4 and almost 6 per cent, respectively, of average

34

annual real growth in the twenty-year period.
Engineering and technology, natural sciences and
humanities all have about 2 per cent real growth per
year, while agricultural sciences, with 0.7 per cent
average annual real growth, have had the most modest
increase in R&D expenditures over the period. The
efforts of health trusts to research during this period
have contributed to the strong growth in R&D expen-
ditures for medicine and health care.

Figure 2.3

Current expenditure in the higher education
sector and the institute sector by field of
science.* 1995—-2015. Fixed 2010 prices.

Mill. NOK
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1 Industrial sector R&D is not distributed by field of
science.Source: NIFU, R&D statistics

Source: NIFU, R&D statistics
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2.2 R&D in the higher education sector

Figure 2.4

R&D expenditure in the higher education
sector. 1995-2015. Current and fixed prices.
Average yearly real change in per cent.
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Source: NIFU, R&D statistics

R&D of nearly NOK 19 billion in 2015

In 2015, the R&D survey in the higher education sec-
tor included 47 educational institutions, consisting of
eight universities, five specialised university institu-
tions, three private academic institutions, 18 state uni-
versity colleges and 13 other educational institutions/
university colleges. The sector also includes six health
trusts with university hospital functions. In 2015,
R&D amounted to NOK 18.7 billion in the sector.
University hospitals accounted for NOK 3.2 billion or
17 per cent of the sector’s R&D expenditures.
Between 2014 and 2015 there was a real growth in the
sector’s R&D expenditure of almost 9 per cent, corre-
sponding to the growth in total R&D expenditures in
Norway.

Structural changes in the higher education sector have
contributed to a sharp increase in R&D efforts in
recent years; from 26 per cent of total R&D in 1995 to
31 per cent of total R&D in 2015. More and more
public research is taking place in the higher education
sector, which has had higher R&D expenditures than
the institute sector since 1997. From 1995 to 2015, the
higher education sector has had the highest real
growth in R&D expenditures in Norway, with 4.1 per
cent average annual real growth, followed by the
industrial sector (3.2%) and the institute sector
(2.1%). This growth has not been quite even. In the
twenty-year period, the sector has had two years of
slowing down in R&D spending; 2001 and 2011.

Report on Science & Technology indicators for Norway 2017

2011 was the only year of real decline in R&D expen-
ditures. The highest growth is found in the period
2003-2007. The growth from 2014 to 2015 was
almost as high as that time.

Distribution of source of funds—stable over time

In the higher education sector for the twenty-year
period, the distribution of sources of funding of R&D
expenditure is stable. There has been high growth in
various external sources of funding, but funding from
general university funds, so-called basic funding, has
grown equivalently. Thus, the basic funding has been
the largest source of funding for all years, with an ave-
rage annual real growth of 4.3 per cent, the same as
for total current expenditure for R&D in the entire
period. Basic funding’s share in total funding amoun-
ted to 68 per cent both in 1995 and 20 years later,
from 2003 to 2007, the share was down to 62 per cent.
In broad terms, it can be said that the funding structure
in 2015 resembles that in 1995, tending to a share of
higher external funding in the middle of the period.

Funding from the European Commission had the
strongest real growth in the period of almost 10 per
cent average annual real growth, and as a proportion
of total R&D in the sector, EU funding increased from
1 to 3 per cent. The lowest real growth was in funding
from industry and counties and municipalities, respec-
tively 1.4 and 2.6 per cent, while funding from the
Research Council of Norway and other sources
(funds, gifts and own revenues) was on a par with
overall growth in R&D during the period. The growth
in R&D funding from ministries and other public
sources has varied between 5 and 9 per cent over the
twenty years.

0O
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The universities dominate

Figure 2.5 shows that the universities are the domi-
nant R&D-performing institution type in the
Norwegian higher education sector. The universities’
share of the sector’s R&D was 66 per cent in 1995,
the proportion rose to 69 per cent in 2009 and remai-
ned 66 per cent in 2015.

The Norwegian higher education sector is going
through a period of reorganisation and concentration.
If the institutional affiliation after the last two years of
merger processes is assumed, the universities’ share of
the sector will increase from 66 to 68 per cent, see the
column of alternative section in 2015 in Figure 2.5.
This will be at the expense of the share of state uni-
versity colleges, which represented 11 per cent of
R&D expenditure in 2015 and 8.5 per cent after the
merger. In 1995, the proportion of R&D at state
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2.2 R&D in the higher education sector

Figure 2.5

R&D expenditure in the higher education sector by type of institution. 1995-2015.*
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included in universities.

2 1995-2005 university hospitals include both pure hospital wards and units associated to universities. From 2007 un-
til 2015 health trusts with university hospital function are included.

Source: NIFU, R&D statistics

university colleges was also 11 per cent. The decline
for specialised university institutions from 9 per cent
in 2003 to 4 per cent in 2005 is primarily because the
Norwegian College of Agriculture (now the
Norwegian University of Life Sciences — NMBU)
received university status that year.

More R&D at university hospitals

For university hospitals, there has been a major
change in data collection from 2007, and their share
of the sector’s R&D over the period has increased
quite slowly from 13 per cent in 1995 to 17 per cent

Figure 2.6

by 2015. The R&D of the university hospitals is pre-
sented in Chapter 2.4 on the R&D of health trusts.

The most significant change in the development of
the fields of science over the twenty-year period is the
growth in R&D in medical and health sciences; the
area had an average annual real growth rate of over 6
per cent, followed by social sciences with over 5 per
cent annual real growth. The other fields of science
had a growth of around 4 per cent, corresponding to
total growth. For agricultural sciences, there has been
a real decline of more than one per cent per year;
some of the decline is due to mergers where the field
of expertise was no longer the largest in any of the
research environments.

Current costs for R&D by field of science. 1995-2015. Fixed 2010 prices.

Mill. NOK
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2.3 R&D in the institute sector

Figure 2.7

R&D expenditure in the institute sector. 1995-2015. Current and fixed 2010 prices.

Average yearly real change in per cent.
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The institute sector is today the smallest of the three
research-performing sectors in which the Norwegian
research system traditionally is divided. The institute
sector had 23 per cent of all R&D in Norway in 2015.
The sector’s share of the country’s total R&D has
decreased a lot compared with the situation 20 years
ago, when 28 per cent of total R&D resources were
used in this part of the research system.

The institute sector consists of a heterogeneous
group of institutions, many of which have R&D as
core activity, but it also includes entities where R&D
is often a more limited activity. Common features of
the sector are that no dividend is paid, and that the
organisation is not directly subject to an educational
institution.

The R&D survey in the institute sector included in
2015 just under 100 research institutions, about half
of which are commonly referred to as research insti-
tutes. This applies to institutes where R&D is consid-
ered being the core activity. The majority of these fall
under the guidelines for government funding of
research institutes. Some governmental research insti-
tutes receive their basic funding directly from the rel-
evant ministry.

In addition to the research institutes, the sector
comprises 40 institutions, both private and public,
which to a greater or lesser extent perform R&D.
Further added are museums, where the use of
resources for R&D is largely estimated, as well as
health trusts without university hospital functions and
private, non-profit hospitals.

When R&D statistics for the Norwegian institute
sector are reported to international organisations, the
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sector is divided into government-oriented and busi-
ness-oriented institutes. The research institutes serv-
ing enterprises are added to the industrial sector and
form the business enterprise sector. By 2015, research
institutes serving government accounted for two

Figur 2.8

R&D expenditure in the institute sector by
source of funds. 1995—-2015. Fixed 2010 pri-
ces.
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2.3 R&D in the institute sector

Figure 2.9
Current R&D expenditure in the institute sector by field of science. 1995-2015. Fixed 2010 pri-
ces.
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thirds of the sector’s R&D expenditure. The relative
distribution between public-oriented and business-ori-
ented institutions has been quite stable over the past
20 years.

Diverse funding profile

The institutie sector serves the private and public sec-
tor at home and abroad, and there is great diversity in
its funding structure. Over the last 20 years, the distri-
bution on main funding sources is stable.

Compared with the situation in the mid-1990s, indus-
try today finances a somewhat smaller proportion of
the institute sector’s R&D. In 1995, industry financed
25 per cent, while the share of recent years has been
around 20 per cent. Similarly, there has been growth
in government funding of the same magnitude.
Funding from abroad has remained stable at around
10 per cent throughout the period.
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Large academic variation, but engineering and
technology and natural sciences (STEM) are
strong

In the institute sector, R&D was carried out within all
fields of science. Engineering and technology were
the largest area with one third of the sector’s R&D
resources in 2015, while one-fifth of the expenses
were classified as natural sciences. All in all, more
than half of the sector’s R&D resources were used in
STEM sciences. Social sciences, agricultural sciences
research and development amounted to 16 and 14 per
cent respectively, while 13 per cent were used within
medical and health sciences. Humanities are by far the
smallest field with 3 per cent of the resources, see
Figure 2.9.

Over the last 20 years, the allocation of R&D by
fields of science has been relatively stable.
Engineering and technology fell somewhat in the latm
ter half of the 1990s, while medicine and health
increased more than other subjects after the turn of the
millennium.
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2.4 R&D in the health trusts

Figure 2.10

R&D expenditure in the health trusts. 1995-2015.*
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This chapter describes the main features of the R&D
efforts in the specialist health services or health trusts.
Specialist health services consist of public hospitals
organised as health trusts and private, non-profit hos-
pitals that have operating agreements with a regional
health trust. In the following, we refer to them under
the joint name of health trusts, and distinguish
between health trusts with university hospital func-
tions (university hospitals) and other health trusts and
private non-profit hospitals. Measured in total current
costs, including patient care, the two institutional
groups are about the same size, but in the R&D con-
text, university hospitals are clearly the larger with
about 80 per cent of the R&D expenditure (Wiig
2016:16).

Ministry of Health and Care Services is the main
source of funding

Medical and health-related R&D in Norway is largely
financed by government, mainly by the Ministry of
Health and Care Services (HOD) budget. Most of the
funding is channelled as basic funding or as earmar-
ked, strategic or other research funds via regional
health trusts or regional cooperative bodies. The coo-
perative bodies’ allocations are made upon applica-
tion. In total, in 2015, NOK 3.3 billion or 84 per cent
of health trusts’ total R&D expenses were distributed
through these mechanisms. The Research Council of
Norway financed NOK 240 million, or 6 per cent.
Other domestic sources accounted for a total of 10 per
cent and include government agencies, medical funds
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and private organisations such as the Cancer Society,

Extrastiftelsen and the National Association for Heart
and Lung Disorders (LHL). Foreign sources accoun-

ted for about one per cent.

Government sources account for 90 per cent of
health trusts’ R&D. Over time, this funding pattern
has been relatively stable. The basic financing share
has varied between 83 and 85 per cent.

Figure 2.11
R&D expenditure in the health trusts in 2015
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2.5 R&D in the industrial sector
2.5.1 Main results for 2015

Figure 2.12

R&D expenditure as a share of the main
industry’s total R&D expenditure in 2015 by
size groups.

Figure 2.13

Expenditure for intramural R&D in the indus-
trial sector in 2015 by type of cost and indus-
try.
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Strong growth in industrial sector R&D in 2015

The industrial sector carried out R&D of NOK 27.9
billion in 2015, an increase of 12 per cent from 2014.
Measured in fixed prices, growth was 9 per cent. This
is the second consecutive year in with a strong
increase in R&D activity for the industrial sector.
There has also been real growth in the remaining years
after 2010, but to a lesser extent. The increase for
2015 took place during a period of moderate produc-
tion development in general. GDP for Norway showed
a decline in 2015, but the corresponding figure for
mainland Norway showed an increase of about 3 per
cent (nominal). This means that R&D expenditure in
the industrial sector as a share of total GDP increased
by 0.11 percentage point to 0.9 per cent.

The results for 2015 also show a clear increase in
the proportion of enterprises performing R&D. The
share has been stable at around 20 per cent for several
years, but jumped to 25 per cent for all enterprises in
2015. In terms of the number of R&D enterprises, the
growth is most remarkable for small enterprises with
10-50 employees. This group of enterprises also have
the largest increase in expenditure for own R&D
activity, 26 per cent more than in 2014. However, as
we can see from Figure 2.12, it is the largest enter-
prises that contribute the most to total R&D.

The increase for the smaller enterprises may seem
large, but matches the sharp increase in the use of the
tax deduction scheme for R&D, SkatteFUNN! in the

! SkatteFUNN is a tax-deduction fund. The figures from the
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Source: Statistics Norway, R&D statistics

last two years. The scheme is widely used by small
enterprises. The number of approved applications to
SkatteFUNN has increased by 15 per cent in both
2014 and 2015. Budgeted R&D expenses increased
by well over 30 per cent in both years.

Figure 2.13 shows that R&D expenditure within
services amounted to NOK 14.5 billion by 2015,

14 per cent higher than the year before. This amount
accounted for 52 per cent of industry’s total R&D
expenditure in 2015. Manufacturing industry’s R&D
expenditure amounted to NOK 10.1 billion. Growth
was only one percentage point lower than for services,
while the development in manufacturing has been
relatively weaker in preceding years. Other industries,
including crude oil and gas extraction, performed
R&D for NOK 3.2 billion, corresponding to a 10 per
cent increase from 2014.

However, development for individual enterprises
varies considerably, regardless of industry and size
group, as many enterprises report increased R&D
activity while others have lower activity.

R&D activity in industrial sector is mainly carried
out by the enterprise’s own employees. Compensation

R&D survey differ in absolute values from figures from the
tax authorities. This is primarily because the R&D survey
2014 covers only enterprises with at least 10 employees and
only a sample of enterprises with 10-49 employees. The
R&D survey does not cover all industries. In addition, for
SkatteFUNN enterprises participating in the R&D survey,
amounts may have been reported for different period, and
other amounts may have been reported. The figures from the
tax authorities show that the total tax-deduction for R&D
amounted to a total of NOK 2.9 billion in 2015.
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2.5 R&D in the industrial sector
2.5.1 Main results for 2015
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Figure 2.14
Funding of R&D from SkatteFUNN and other public funding by size group. 2013, 2014 og 2015.
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of own R&D personnel amounted to NOK 17.7 bil-
lion in 2015, which corresponds to 63 per cent of total
R&D expenditure. Nevertheless, hiring external per-
sonnel to perform R&D in enterprises is becoming
more widespread. Industrial sector’s expenses for
extramural R&D personnel amounted to NOK 2.8 bilN
lion in 2015, NOK 700 million more than in 2014, a
36 per cent growth. In 2009, the cost of hired person-
nel was 6 per cent of total R&D expenditure, and in
2015 the share increased to 10 per cent. There has
been a gradual change over time, but the increase was
highest in 2015. This increase in the use of hired per-
sonnel is also follows SkatteFUNN. Purchased labour
costs in approved SkatteFUNN applications increased
to 20 per cent of total budgeted R&D for 2015.

Important purchase of R&D services from abroad

In addition to performing R&D with own employees
or hired personnel, many enterprises purchase R&D
services from other actors. Expenditure for purchased
R&D in the industrial sector was NOK 6.8 billion in
2015, an increase of 7.5 per cent from 2014. The
acquisition of R&D services from other Norwegian
enterprises amounted to 25 per cent. Research institu-
tes, universities and university colleges accounted for
20 per cent. Purchases from foreign actors accounted
for 49 per cent, over half of which are deliveries from
foreign enterprises in their own group (28%).

Strong growth in SkatteFUNN funding

Enterprises largely finance R&D activity with their
own funds, with more than 75 per cent of funding
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being sourced internally. When funding from other
enterprises in the same group is included, the share is
close to 90 per cent. Public funding, including
SkatteFUNN, amounts to 9 per cent.

There has been a strong growth in the use of
SkatteFUNN as a source of funding in the last two
years, see Figure 2.14. The total tax deduction for
R&D has more than doubled from 2013 to 2015. The
increase must be related to the higher amount for
R&D expenditure eligible for tax deductions; from a
total of NOK 11 million in R&D spending in 2013 to
NOK 33 million in 2015. However, only very few
enterprises use this maximum amount. There are rela-
tively few enterprises with such a high R&D activity.

Furthermore, the R&D statistics show that funding
through SkatteFUNN was more extensive than other
public funding in 2015; SkatteFUNN accounted for
13 per cent more than other public funding for R&D
in the business enterprise sector. For enterprises with
up to 200 employees, SkatteFUNN is clearly a more
important source of funding than other public support,
while for the largest enterprises, other public support
is of greater importance. However, with the increased
frames for tax deductions, it seems that larger enter-
prises are also starting to use SkatteFUNN more as
funding for R&D.

Based on approved project applications for 2016,
the growth in SkatteFUNN appears to continue.
Budgeted costs increased by 30 per cent compared
with 2015. Estimated tax deductions increase by 34
per cent to 4.6 billion. Actual costs usually account
for 75-80 per cent of the budgeted costs. This will
provide a tax deduction of just under NOK 4 billion.
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2.5 R&D in the industrial sector

2.5.2 Development of R&D activity in the industrial sector over time

Figure 2.15
Production in base value by main industry.
1995—-2015. Fixed 2005 prices.
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Sustained growth over a long period of time

There has been more or less sustained growth in indus-
trial sector’s R&D efforts in Norway since 1970.
R&D spending peaked in 2008 but the impact of the
financial crisis struck in 2009 and 2010. After 2010
there has been a clear growth in R&D expenses in the
industrial sector. Annual real growth has been 3.2 per
cent in the period 1995-2015.

Manufacturing industry was the largest contributor
to industrial sector R&D through the 1980s and 1990s
and far into the 2000s. However, the share of the total
has fallen gradually over a long period. For example,
manufacturing industry accounted for 59 per cent of
intramural R&D expenditure in 1995. In 2001, the
corresponding share was reduced to 53 per cent and to
43 per cent in 2008. In 2015, the share was 36 per
cent. Conversely, services have increased their share

of the industrial sector’s total R&D activity. In 1995,
services accounted for 31 per cent of the total R&D
activity and 37 per cent in 2001. In 2008, the propor-
tion was for the first time higher than for manufac-
turing industry, 46 per cent. The share in 2015 was 52
per cent and has been relatively stable in recent years.

Stronger growth in service industries than in
manufacturing

The shift from manufacturing industry to services in
R&D activity must be seen in conjunction with
development in overall activity in the industries.
Figure 2.15 shows that the development in production
in services has been clearly stronger than the trend in
manufacturing. The figure includes the following
industries within services: Retail trade, Information
and communication, finance and insurance, professio-
nal, scientific and technical services and business ser-
vices. This deviates somewhat from services included
in the R&D survey, but does not change the overall
picture.

A large part of the change between manufacturing
and services is real, in the sense that activity in manu-
facturing is reduced or closed down, while new indus-
tries within services have grown. But part of the shift
is also due to reclassification from manufacturing to
services. This is because, among other things, support
functions such as IT, have become outsourced to
enterprises classified under services. The distinction
between goods and services is also not as sharp as
before, and the development of new products with
new features can be reclassified as a service and not
as a product. To quantify the extent of these changes
is difficult.

Figure 2.16
R&D expenditure in the industrial sector by main industry. 1995—-2015. Fixed 2005 prices.
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2.6 Innovation in the industrial sector

Table 2.3
Innovation activity by type. 2001-2016. Share
of population.t

Year of survey Product- and/or | Product innovation | Process innovation
process innovation
2001 33 31 23
2004 31 25 19
2006 31 24 19
2008 27 21 17
2010 24 19 14
2012 21 17 11
2013 37 29 24
2014 39 30 26
2016 53 39 38

1 Population is adjusted for comparability.

Source: Statistics Norway, Innovation survey

More Norwegian innovators after a changed
survey design

For Norway’s part, the results of the Innovation
Survey have shown that the number of innovative
enterprises gradually decreased in the 2000s to 2012,
see Table 2.3. There is no simple explanation for this,
but overall it is challenging to measure innovation.
One possible reason for this decline may be that many
enterprises went from dedicated internal R&D depart-
ments to integrating innovation activity in all parts of
the enterprise. Thus, the innovation activity became
more difficult to capture in such a survey. In 2013 and
2014, there was a positive shift in the proportion of
innovative enterprises. However, this was a consequ-
ence of the fact that the innovation survey was made
separately and thus more decoupled from the R&D
concept. The survey thus includes several non-R&D
innovators, who have a greater degree of «low tech-
nology» innovation, perhaps especially in services
and processes. This has also improved Norway’s posi-
tion on international innovation indexes, where the
innovation survey is one of the sources.

Almost two thirds of enterprises renew
themselves

In the latest innovation survey, the results show that
65 per cent of Norwegian enterprises included in the
survey reported innovation activity in the period
2014-2016. This is significantly higher than in the
period 2012-2014, see Figure 2.17.

The main criterion for something to be considered
as an innovation in the survey is that it is the «intro-
duction of new or considerably improved products or
processes», see definition at the beginning of Chapter
2. An innovation must be put into use at the enterprise
or introduced in the enterprise’s market. It is not a
requirement that an innovation must be new as such,
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Figure 2.17
Types of innovation activity in the industrial
sector. 2012—-2014 and 2014—2016.
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or new to the market. Neither does it need to be devel-
oped by the enterprise itself. For the industrial sector,
the increase in the proportion of enterprises reporting
innovations varies between 8 and 13 percentage
points for the four main types of innovation; product,
process, organisational and market innovation. The
increased proportion of enterprises reporting to be
innovative applies to the entire industrial sector, both
by main industry and size group. On a more detailed
level of industry, there are greater variations, but there
also is a tendency for a higher proportion of innova-
tive enterprises than before.

More innovators explain the shift of innovation
activities

The before-mentioned increase in the number of inno-
vative enterprises has also affected the composition of
the various reported innovation activities. As a whole,
a lower proportion of innovators reported

Figure 2.18
Product innovation new to the enterprise’s
market. 2014—-2016.
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2.6 Innovation in the industrial sector

Figure 2.19
Very important purposes with innovation
activity in the industrial sector. 2014—2016.

Figure 2.20
Enterprises’ innovation activity and market
orientation. 2014—2016.
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knowledge-related activities such as intramural R&D,
acquisition of R&D services and acquisition of other
external knowledge. At the same time, the proportion
of enterprises reporting activity in the purchase of
machinery, equipment and software and other innova-
tion activities, such as design and competence build-
ing among employees, has increased.

Unchanged for innovations new to the market

For product innovations, the increase in innovation
activity is mainly due to innovations that are new only
to the enterprise, but not new to the enterprise’s mar-
ket. Compared with the total population, there is a
slight increase in product innovations that were new
to the market, but as a share of the number of product
innovators the proportion has decreased.

As in previous surveys, enterprises stating that
they have developed at least one of their innovations
themselves are the most common, followed by inno-
vations developed in collaboration with other enter-
prises in their own corporate group. This applies to
goods, services and processes. Cooperation on inno-
vation development or the use of innovations mainly
developed by others is, however, somewhat more
common for process innovation.

For market innovations, it is primarily the use of
new media or new ways of promotion that drive the
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increase in the proportion of innovators, while for
organisational innovations there is a steeper increase
for all types. The number of enterprises with organisa-
tional and market innovations increases for enter-
prises with and without PP innovation activity.

Purpose of innovation activities

There are no major changes in the purpose of innova-
tion activities, i.e. the effects the enterprises want to
achieve with the innovation work (Figure 2.19). Most
innovation goals increase steadily with the increase in
the number of innovators.

For purposes that are stated to be very important, it
is to enter new markets or increase market share, or to
improve the quality of goods or services, which is
most commonly reported by the companies. The least-
reported goal is reducing material or energy costs per
unit produced and reducing environmental impact,
although these are important purposes in some
industries.

Market orientation affects innovation flexibility

The larger the markets the enterprises operate in, the
greater their chances of being innovative. Enterprises
selling their goods or services throughout Norway
have a significantly higher proportion of innovators
than enterprises that operate only locally or regionally,
see Figure 2.20. Enterprises selling goods or services
(also) abroad have a higher innovation share than the
enterprises with only a national market. This applies
regardless of enterprise size and in all major indus-
tries, but the trend is strongest in manufacturing
industry.
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2.7 Government budget allocations for R&D (GBARD)

Figure 2.21
Government budget allocations for R&D.
2000-2017. Current and fixed 2010 prices.
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Five budgets in a row with high real growth

NIFU’s analysis of the Norwegian state budget for
2017 identifies funding for research and development
at NOK 35.1 billion, see Figure 2.21. This entails a
growth of around NOK 2.1 billion compared with the
adopted budget for 2016, which gives a nominal
increase of 6.4 per cent. With the current assumptions
of expected wage and price growth, the 2017 budget
will lead to a real growth in government budget allo-
cations for R&D of about 4 per cent.

2017 is the fifth fiscal year in a row with a signifi-
cant real growth in GBARD. Since 2013, these R&D
allocations have had an annual average real growth
rate of just under 5 per cent.

Record high R&D relative to GDP

The development in R&D appropriations as a share of
gross domestic product (GDP) expresses the relations-
hip between public investment in R&D and society’s
total value added. The R&D appropriations in the
adopted state budget for 2017 are estimated as 1.07
per cent of GDP, an increase from 1.06 per cent in
2016. The GDP ratio in 2017 is the highest ever.

Strong concentration on few departments

The state budget analysis calculates R&D on more
than 130 spending chapters in the state budget. All
ministries have R&D grants targeted at challenges in
their sectors, but there are major differences in the
size of the ministries’ appropriations for the purpose.
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Figure 2.22

Government budget allocations for R&D as
a share of GDP and as a share of total state
budget allocations. 2000—2017.
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A significant part of R&D grants is channelled over
the budgets of a few departments (see Figure 2.23).

Figure 2.23

Government budget allocations for R&D in
2017 by funding ministry. Billion NOK (upper
axis) and as a percentage of the ministry’s
total allocations (bottom axis).
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2.8 Human resources

2.8.1 R&D full time equivalents (FTE) and R&D personnel in Norway

Figure 2.24
R&D full time equivalents in Norway by
performing sector. 1995—-2015.
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Figure 2.25

Full time equivalents for employees and
self-employed in services and industry.
1995—-2015.
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In total, over 42,000 R&D full time equivalents (FTE)
in Norway were carried out in 2015. The number of
FTE spent on R&D has increased by 2,000, or 5 per
cent, from 2014. The growth in FTEs from 2014 to
2015 is highest in the industrial sector, with about
1,100 more R&D FTE, or just over 6 per cent. In the
higher education sector, the growth in the number of
R&D FTE is around 900 (7%). After a slight decline
from 2013 to 2014 in the institute sector, due in part
to organisational changes and mergers, there is a
slight increase in the number of R&D FTE in this sec-
tor (0.2%).

In Norway, there has been a large increase in the
number of R&D FTE in the last 20 years, see Figure
2.24, from just over 24,000 R&D FTE in 1995 to over
42,400 R&D FTE in 2015. At the same time, R&D
expenditure had a real growth rate of 86 per cent.
Comparing 2015 with 1995, both the industrial and
the higher education sectors have more than doubled
the number of R&D FTE, while the growth in the
institute sector has been more moderate (23%).

The industrial sector is the largest sector when
measured in R&D FTE, with a share of nearly 40 per
cent of the total R&D FTE in 1995, and 45 per cent
by 2015. For the institute sector and the higher educa-
tion sector, the picture has changed over the twenty-
year period. In 1995, the institute sector was larger
than the higher education sector, with 32 and 29 per
cent of the total R&D FTE. However, from 1995, the
proportion of R&D FTE in the institute sector fell,
and in 1997 the higher education sector was for the
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Source: Statistics Norway, National accounts

first time larger than the institute sector. The growth in
R&D FTE in the institute sector was relatively moder-
ate until 2015, while the higher education sector expe-
rienced a somewhat larger increase. By 2015, 22 per
cent of R&D FTE were carried out in the institute sec-
tor, while the higher education sector had a 33 per
cent share.

In the industrial sector, there has been a clear shift
in R&D activity in favour of services, which must be
seen in conjunction with developments in overall acti-
vity in manufacturing. Figure 2.25 shows the develop-
ment in total R&D FTE collected for these main
industries.

The number of researchers in Norway almost
doubled from 1995 to 2015

By 2015, more than 76,000 people participated in
R&D in Norway. This includes both researchers and
technical/administrative staff. Of these, 33,000 were
employed in the higher education sector, 31,000 in the
industrial sector, and about 12,000 in the institute sec-
tor. Overall, the number of participants in R&D incre-
ased by 35,000 since 1995, an increase of almost 90
per cent; this is somewhat higher than the growth in
the number of R&D FTE, which is 75 per cent. This
means that, on average, each person spent a smaller
share of working time on R&D by 2015 than in 1995.
Growth in R&D personnel has been highest in the
industrial sector, with about 18,000 people. The
higher education sector has grown by 15,000 people,
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2.8 Human resources

2.8.1 R&D full time equivalents (FTE) and R&D personnel in Norway

Figure 2.26
Number of researchers in Norway by
performing sector. 1995—-2015.
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Source: Statistics Norway/NIFU, R&D statistics

while the institute sector’s increase is around 2,000
people in the period.

The number of researchers has increased from
almost 27,000 in 1995 to over 52,000 in 2015. The
highest growth is found in the industrial and higher
education sectors, where the number of researchers
has almost doubled in the period. At the same time,
the institute sector has experienced a more moderate
growth rate of almost 40 per cent. Over the twenty
years from 1995 to 2015, the share of the technical/
administrative R&D staff has decreased from 35 to 32
per cent, but there are major differences between the
sectors. In the industrial sector, there were relatively
more technical/administrative staff in 2015 than in
1995, while the other two sectors had a lower share of
staff in this group at the end of the period than in the
beginning.

Figure 2.26 shows the development of the number
of researchers in the period 1995-2015. The growth
curve for industrial sector is characterised by fluctua-
tions. The government’s commitment to recruitment
positions in the early 2000s contributes to the increase
in the higher education sector, but the highest percent-
age growth has been for the group of postdocs and
researchers employed on projects. Research staff in
the institute sector has remained relatively stable dur-
ing the period, but the sector has had a slight decline
in the number of researchers in recent years. This is
partly due to mergers between research institutes and
higher education institutions.
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Figure 2.27

Number of R&D personnel as a share of num-
ber of employees in selected manufacturing
industries. 2007 and 2014.
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Computer and electronic industries have the
highest proportion of R&D personnel

Figure 2.27 shows the ratio between the number of
R&D personnel and the number of employees in total
in important R&D industries in 2007 and 2014. The
figure shows that there are significant variations in
this ratio between industries from the average of
4-4.5 per cent. The highest proportion is computer
and electronic industry, which is still one of the indus-
tries with a slight decline in R&D personnel in rela-
tion to total employment. Industries with by higher
proportion of R&D personnel in relation to the total
number of people are motor vehicles etc. The industry
includes parts and equipment for motor vehicles, and
the construction of ships and oil platforms. The num-
ber of R&D personnel has increased, while the total
number of employed has been stable. In the paper and
paper products- and basic metals, there has been a
significant decline in the number of employed without
a corresponding decrease in R&D personnel.
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2.8 Human resources
2.8.2 Gender balance in the research personnel

Figure 2.28
Share of female researchers by type of insti-
tution. 1995-2015.

Figure 2.29
Share of women by selected tenured posi-
tions. 1995—-2015.
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In 2015, more than 52,000 researchers participated in
R&D in Norway. Of these, 19,500, or 37 per cent,
were women. The highest proportion of women were
in the state university colleges (56%), the lowest in
the industrial sector (22%), see Figure 2.28. Public-
oriented research institutes, universities and university
colleges all had around 45 per cent women by 2015.
At the research institutes serving enterprises, women
accounted for about one third of the research staff in
2015. Since 2008, the state university colleges are the
only type of institution where women constitute more
than half of the researchers.

Health trusts with university hospital functions are
added to universities in Figure 2.28. Women
accounted for 50 per cent of the research staff in uni-
versity hospitals in 2015. In other health trusts
(included in institutes serving government), the share
of women was 51 per cent in 2015.

In 1995, the share of female researchers was 24
per cent, i.e. 13 percentage points less than in 2015.
The state university colleges also had the highest
share of women 20 years ago, by about one third,
while both the universities and the public-oriented
research institutes had less than 30 per cent women.
The share of women has increased steadily over the
past 20 years. In the industrial sector, the share of
female researchers increased from 15 to 22 per cent
between 1995 and 2015.
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Source: NIFU, Register of research personnel

The women share increases at all positions at
Norwegian higher education institutions
Between 1995 and 2015, the number of people hol-
ding academic and research positions at universities,
university colleges and university hospitals has incre-
ased from 12,300 to 24,600, and in the same period,
the number of women has increased from 3,600 to
11,700.

Professors have had the lowest share of women
throughout the period, while lecturers have had the
highest, see Figure 2.29. For both types of positions,
the share of women has increased relatively evenly
over the last 20 years; lecturers from 42 per cent to 61
per cent, and professors from 10 to 27 per cent.

Associate professors and senior lecturers had about
the same female share in 1995, just over 20 per cent,
but while there has been relatively stable growth
among associate professors from 2005 to 2007, we
see a significant growth for senior lecturers.

The share of women among research fellows has
increased from 38 per cent in 1995 to 55 per cent in
2015. Most PhD students were women in 2007, but it
was not until 2014 that there were more female than
male PhD graduates. Every third postdoc and
researcher employed on a project was a woman in
1995. 20 years later, women’s share was 49 per cent
in these positions.
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2.8 Human resources
2.8.3 Doctoral degrees in Norway

Figure 2.30
Doctorates by gender. Share of women.
1980—-2016.

Figure 2.31

Number of doctoral degrees with foreign ci-
tizenship by world region. Percentage of for-
eign citizenship. 1996—2016.
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Over the past 20 years, major changes have been
made in Norwegian doctoral education. The degree
structure has been redesigned, several institutions are
accredited to award doctorates, and the public com-
mitment to recruitment positions has been successi-
vely increased. These are factors that contribute to a
significant increase in the number of doctoral degrees.

In recent years, 1,400-1,500 doctoral degrees have
been awarded at Norwegian higher education institu-
tions, see Figure 2.9.11. The peak year for the number
of graduates was 2013, when 1,524 people graduated
as PhD. The number of doctorates has more than dou-
bled since the latter half of the 1990s, when there
were 600—700 PhD theses per year.

A third of women doctorates 20 years ago —
even gender balance in recent years

At the beginning of the 1980s nine out of ten doctoral
students were men. During the 1980s and during the
first half of the 1990s, more women took a doctoral
degree, and in the middle of the 1990s about one third
of the doctoral degrees were taken by women. The
share was quite stable for some years before it conti-
nued to grow after the turn of the millennium. Since
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Source: NIFU, Doctoral degree register

2012, the proportion of women among PhD students
is between 47 and 53 per cent annually, see Figure
2.30. However, there are still major differences in
gender balance between fields of science.

Seven times as many foreign PhD students as 20
years ago

An increasing number of foreign nationals are taking
their doctoral degree at Norwegian higher education
institutions. Twenty years ago, there were about 80
awarded doctorates with a foreign background annu-
ally in Norway. In recent years, the number has pas-
sed 500 each year. This means that the proportion of
foreign PhD students has increased, from just over 10
per cent in the last half of the 1990s to 38 per cent in
2016, see Figure 2.31.

The rate of foreigners is highest in engineering and
technology, with two thirds of doctorates in recent
years. Foreigners also constitute the majority within
natural sciences, agricultural sciences, with just over
half of the thesis defences. In other fields of science,
foreign citizens account for about a quarter of the
degrees.
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2.8 Human resources
2.8.4 Main trends in student development

Figure 2.32
Number of students by discipline. 1997—2016.
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One out of three young people study

By 2016, the total number of students in Norwegian
higher education was 273,227, which means a 50 per
cent increase compared with 1997 when the student
number was 181,004. In the first half of the 20-year
period, there was moderate growth in student num-
bers, while the second half of the period was characte-
rised by a sharp increase. In the period, the share of
students in the age group 19-24 years has increased
from 28 per cent in 1997 to 35 per cent in 2016.
However, it appears that the propensity to study in the
age group 19-24 years was around 28-30 per cent
until 2009, in other words relatively stable, while the
increase has been in the last five to six years. Overall,
one in three people aged 19-24 years old studies in a
higher education institution.

Largest student growth at the universities

In the first half of the period 19972016, university
colleges had the largest increase in the number of stu-
dents, from about 96,500 students in 1997 to over
130,000 students in 2004. During this period, the
number of students at universities and specialised uni-
versity institutions was stable, at around 80,000. From
2005 there have been major changes; state university
colleges have become universities and there have
been mergers. This has consequences for student
balance at universities/specialised university institu-
tions and university colleges. From 2005 to 2016, the
number of students at university colleges varied bet-
ween 100,000 and 124,000, while the number of stu-
dents at institutions with university status increased
from 88,000 in 2005 to almost 173,000 in 2016 — just
over double.
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From majority to minority for students in the
humanities

It is not only the distribution of students between uni-
versities and colleges that has changed in the twenty-
year period, as there has also been a change in which
subjects students choose, see Figure 2.32. In 1997,
most students were in humanities and aesthetics Sub-
jects, and fewest students in social science/law sub-
Jjects and economics. The relative variations between
the various subjects were also quite small; the smal-
lest disciplines had about 25,000 students, while the
largest — humanities and aesthetics — had just under
33,000 students.

By 2016, the picture had changed completely.
Humanities and aesthetics are now the smallest dis-
cipline, with only 26,000-27,000 students, while the
health, social and sports subjects and economics are
the two largest. The two latter subject areas both have
more than 50,000 students. Health, social and sports
subjects are the only subject areas that have experien-
ced relatively strong growth throughout the period,
but all disciplines, except humanities and aesthetics,
have grown compared with 20 years earlier. Early in
the period, around 2000, growth appeared particularly
in economics and administrative subjects and social
subjects/legal subjects, in addition to health, social
and sports subjects, while all other subjects were
stable.

From 2008 onwards, especially in the field of
economics, natural sciences and engineering, as well
as teacher education/pedagogy, there is a strong
increase in the number of students, while there is
more moderate growth in social science/legal
subjects.
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2.8 Human resources
2.8.5 Diversity in Norwegian research

Figure 2.33

Research personnel in Norway by immigrati-
on status and immigration background. 2007,
2010 and 2014.

Figure 2.34

Research personnel in Norway by immigration

background and country/region of origin.
2007, 2010 and 2014.
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In 2014, one quarter of the researchers at Norwegian
universities, university colleges, research institutes
and health trusts were immigrants or descendants of
immigrants, see Figure 2.33. Immigrants with educa-
tion from abroad, so-called mobile researchers, acco-
unted for 21 per cent, while immigrants with educa-
tion from Norway accounted for 3.4 per cent. Descen-
dants of immigrants constituted 0.5 percentage points.
The proportion of immigrants among researchers
has increased steadily from 18 per cent in 2007 and
22 per cent in 2010. The growth has been highest for
immigrants with education from abroad; somewhat
more moderate for immigrants with education from
Norway, while the proportion of descendants of immi-
grants has remained unchanged during the period.

Growth in the proportion of researchers from
non-western countries

The largest group of researchers with immigrant back-
ground at universities, university colleges, research
institutes and health trusts have their background from
Western Europe (outside the Nordic region). The
share has been stable around 33 per cent from 2007 to
2014, see Figure 2.9.22. The largest group in 2014
had their background from Asian countries.
Researchers from the other Nordic countries were the
third largest group in 2014 with 17 per cent of immi-
grants in academia.

The proportion of researchers and academic staff
from Eastern Europe has remained stable at 13 per
cent, while the share from North America and
Oceania has fallen slightly. Four per cent of the
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Source: NIFU/Statistics Norway, Diversity statistics
(Mangfoldstatistikk)

researchers and the academic staff had backgrounds
from Africa, while the share from South and Central
America increased from two to three per cent between
2007 and 2014. In total, the proportion of researchers
from non-western countries increased from 38 per
cent in 2007 to 41 per cent in 2014, while the propor-
tion from other countries decreased accordingly.

The Diversity statistics
(Mangfoldstatistikken)

The Diversity statistics provide an overview of
immigrants and descendants from immigrants
among researchers, as well as higher technical
and administrative staff, within Norwegian
research and higher education institutions for
the years 2007, 2010 and 2014. The statistics
include the higher education sector and the
institute sector, including health trusts and pri-
vate, non-profit hospitals.

The approach to diversity statistics is two-
fold. On the one hand, international mobility
among researchers is monitored, i.e. those
who come to Norway either with a doctorate
or to take a doctoral degree. The second
approach is to follow immigrants, as well as
descendants of immigrants, whose entire edu-
cation has been in Norway.

NIFU and Statistics Norway have prepared
the diversity statistics on behalf of the Ministry
of Education and Research, based on input
from the Committee on Gender Balance and
Diversity in Research (KIF Committee)

Diversity statistics are presented in NIFU’s
R&D statistics bank, see www.foustatistikk-
banken.no - Diversity statistics.
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Highlights
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Foreign R&D funding and cooperation

e In 2015, almost 10 per cent of Norwegian research was financed from abroad. The
proportion of foreign funding has doubled over the last 20 years and is on a par with
the EU average.

= In most countries, between 5 and 15 per cent of the national R&D effort is funded by
foreign sources. In general, large countries have low shares, while small countries
have high shares.

< A large share of international research cooperation does not result in financing from
abroad. Norwegian universities and university colleges state that more than 40 per
cent of R&D activity involves international project cooperation, while only 3-4 per
cent is funded from abroad.

R&D cooperation within the EU framework programmes for research

< Over the past 20 years, the EU framework programmes have evolved into a signifi-
cant arena for European R&D cooperation. The total budget for the current pro-
gramme (Horizon 2020) is close to €70 billion.

< Traditionally, Norwegian research institutes has thushave accounted for the largest
proportion of Norway’s EU funds. So far in Horizon 2020 the higher education sector
has the highest share of such funding, with 34 per cent of Norway’s funds.

« Norway’s two main partner countries in Horizon 2020 are Germany and the United
Kingdom. In total, 19 per cent of Norway’s partners come from these two countries.

Cooperation on scientific publishing

e By 2016, 66 per cent of Norwegian scientific publications had international co-aut-
hors, a significant increase from from 17 per cent in 1981.

« The United States is still Norway’s largest partner in scientific publishing, followed by
United Kingdom and Sweden. But collaboration with United Kingdom is becoming
more important than the United States.

< International co-authorship is most prevalent in medical and health sciences, natural
sciences and engeneering and technology. In the humanities, the proportion is signifi-
cantly lower, but in these disciplines a large share of publication activity is not captu-
red in international bibliometric databases.

» Articles with international cooperation are noticeably more cited than articles with
authors from one country. This applies to most countries, Norway included.

Cooperation between research institutions and the industrial sector

< More than one third of Norwegian enterprises participate in R&D cooperation projects.
Collaboration with suppliers is most prevalent and is reported by 4 per cent of the
enterprises with R&D cooperation. Customers (34%), universities or colleges (34%)
and research institutes (27%) are also frequent partners.

< Small enterprises collaborate most with customers and suppliers, while large enter-
prises have more collaboration with researchers at higher education institutions and
research institutes.

< A large share the research activities at higher education institutions and research
institutes is reported to be relevant for industry. Universities state such relevance for
around a quarter of their research, while the share of enterprise funding is only 3—4
per cent.

= The proportion of industry-relevant research is clearly highest among research insti-
tutes. Approximately 60 per cent of their research is reported to be of such relevance
in 2015, while about 20 per cent of their funds came from business enterprises.

International student mobility

« International student mobility has increased significantly in recent decades.
Previously, the number of Norwegian students travelling abroad was higher than the
number of foreign students coming to Norway. Today, Norway has a more balanced
student exchange.

* In the 1960s and 1970s countries on the European continent were popular, not least
German-speaking countries. Today, nine out of ten graduate students choose coun-
tries where the language of teaching is English or Scandinavian. The United Kingdom,
Denmark and the United States are the most popular countries among Norwegian
students.
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Introduction

A well-functioning R&D and innovation system
depends on collaboration and knowledge-sharing.
Several factors indicate that there is substantial coop-
eration in the Norwegian system. In this chapter, we
look at different indicators to provide a picture of the
extent and patterns of cooperation and knowledge
sharing.

More open research

In international and particularly in European research
policy, there is increasing emphasis on the need for
open research environments. New digital tools and
solutions provide new opportunities for collaboration
on the development of new knowledge, between
researchers, between researchers and society, and
between researchers and industry. The European
Commission has summarised this in the so-called
three Os: «Open Innovation», «Open Science» and
«Open to the World». These openness dimensions are
central to the design of the EU’s next framework
research programme, which Norway has supported.
An important point in this context is that research
should not only be communicated to society but be in
contact with community actors and community needs
throughout the research process.

Extensive international cooperation

Research increasingly involves international coopera-
tion. This constitutes one of the most significant struc-
tural changes in the way research is conducted over
the past decades. The development is universal and
includes most countries. Not least, we see this as a
clear trend in the Norwegian system. About one in
every ten NOK spent on R&D in Norway is financed
from abroad. This share has doubled over the past 20
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years. Furthermore, participation in the EU research
framework programmes has increased significantly
over the same period. This year we also present new
data which display extensive involvement in interna-
tional project work among Norwegian R&D institu-
tions. Much of this cooperation does not result in
financial transactions, and thus often not captured by
traditional indicators of cooperation.

Potential for more business cooperation

Cooperation between research institutions and indus-
try is important for research to contribute to innova-
tion, business development and value creation. Often,
such cooperation is measured by looking at how much
R&D industry buys from other sectors. This gives a
narrow picture of cooperation. In this chapter, we also
look at the institutions’ own estimates of how much
research they consider relevant to industry. Although
these data are based on self-reported estimates, they
may provide a broader and more adequate picture of
research-industry relationships.

¢ J191deyd

International co-authorship is the rule

In this chapter, we also illustrate research collabora-
tion through scientific co-authorship and other pub-
lishing. The figures show that Norwegian researchers
are increasingly publishing their research in coopera-
tion with colleagues in other countries. Today this is
the main rule, rather than the exception. The geo-
graphical cooperation profile is also changing.
Although the United States and other Scandinavian
countries remain important, cooperation with the UK
and other European countries is increasing.

In addition, this chapter also contains figures for
international student exchange.
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3.1 International R&D cooperation
3.1.1 Foreign R&D funding

Figure 3.1

R&D expenditure funded from abroad in se-
lected countries in 2015 (upper x-axis) and
share of total R&D expenditure 1995 and
2015 (lower x-axis).
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International cooperation is central to spreading and
sharing knowledge. An expression of this is the share
of the nationally-performed research funded by for-
eign sources. Although this is a narrow measure of
such cooperation, but it may indicate the degree of
international cooperation in the R&D system.

Increased foreign R&D-funding

As shown in Figure 3.1, most countries receive 5-15
per cent of the national R&D funding from foreign
sources. The average for the EU 28 countries is 10 per
cent. In a twenty-year perspective, shares of foreign
funding have increased for most countries. This devely
opment reflects both internationalisation of research,
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and that this cooperation has become more formali-
sed, notably through the expansion of the EU. Some
countries, especially Russia and China, have reduced
their share of foreign R&D funding. This may be due
to the changed reporting and classification of funding,
but may also reflect real changes.

In some western countries the share of internatio-
nal funding hav decreased ( e.g. Canada, Denmark,
Portugal and Greece). All these countries had a relati-
vely high percentage of foreign funding twenty years
ago. Among all countries with more than 10 per cent
foreign funding in 1995, only the shares of United
Kingdom and Israel have increased further.

Among the other Nordic countries, Finland has
had the strongest growth in the share of international
funding, which is partly due to Microsoft’s acquisition
of Nokia’s mobile production. In Norway, the share
has also increased, from around 5 per cent in 1995 to
almost 10 per cent in 2015. In Norway, the growth has
been particularly strong over the past two years, and
this development has mainly been driven by increased
foreign R&D funding in Norwegian enterprises.

Large countries — low share of foreign funding

In general, we see that foreign R&D funding is less
important for large countries. Both in the US, China,
Japan, Korea and Germany, less than 5 per cent of the
national R&D efforts are funded from abroad.
However, as the figure also shows (upper x axis), the
volume of foreign funding is clearly the largest among
R&D superpowers like the United States, Germany,
France and the United Kingdom. The UK has both a
high proportion and a high volume of foreign funding.
An explanation for this is that many multinational
enterprises have put their R&D activity to the UK.
The same is true for Ireland and especially Israel,
where almost half of all R&D in the country is funded
from abroad.

Foreign research funding most prominent in
industry

In most countries, the largest share of foreign funds is
found in the industry sector, while such funding acco-
unts for a relatively small proportion of funding in the
higher education sector. In some Eastern European
countries however, higher education sector institu-
tions draw a relatively large share of their research
resources from international sources. This includes
funds from the EU Structural Funds and, in part, EU
framework programmes. In small R&D nations, such
funding may be relatively important as access to nati-
onal sources could be more limited.
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3.1 International R&D cooperation
3.1.2 International funding and project cooperation

Figure 3.2

R&D funding from abroad as a share of total R&D and share of international project coopera-
tion as a share of total activity in 2015 by sector and university.
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R&D cooperation across national borders does not
always result in international funding. To get a
broader picture of international cooperation, the
respondents to Norwegian R&D statistics surveys in
recent years have been asked to discretely state the
proportion of R&D activities involving international
project cooperation. We compare these figures with
the amount of international funding that year.

International cooperation involved in almost
half the higher education sector projects

The highest proportion of international project coop-
eration is found in the higher education sector. At the
eight Norwegian universities, the proportion has
increased from around 40 per cent in 2011 to 45 per
cent by 2015. In health trusts and in the institute sec-
tor, the shares are around one third, a relatively stable
figure over the four-year period. The state colleges
had the lowest rate of international project coopera-
tion, but the proportion has increased somewhat.

Most of the international R&D cooperation is
performed without foreign funding

By comparison, the higher education sector only
received 3 per cent of its funding from international
sources in 2015, while the institute sector received 10
per cent of its income from abroad. This shows that
most of the international cooperation does not give
rise to funding from abroad, especially in the higher
education sector. For the institute sector, a larger part
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of international cooperation involves financing from
abroad, which seems natural, as the institutes are mis-
sion-oriented units that are more prone to seeking
projects that involve funding.

The University of Bergen has the highest
proportion of internationalisation

A closer look at the statistics shows significant annual
fluctuations at the largest Norwegian higher education
institutions. As shown in Figure 3.2, we find the hig-
hest percentage of international project cooperation in
2015 at the University of Bergen (61 per cent), the
University of Oslo (49 per cent) and NMBU (45 per
cent), while the percentage was lowest at the Oslo and
Akershus University College of Applied Sciences (20
per cent) and the University College in Southeast
Norway (25 per cent).

Most international project collaboration within
mathematics and science

The proportion of researchers with international pro-
ject collaboration also varies between disciplines. The
highest degree of international project cooperation in
the higher education sector is found in mathematics
and natural sciences (56%) and in medicine and
health (48%), and the lowest in the humanities (30%).
In the institute sector, social sciences and humanities
had the lowest levels of international cooperation
(30%), while the highest proportion in this sector was
found in mathematics and science.
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3.1 International R&D cooperation

3.1.3 Norwegian participation in EU framework programmes over the past 20 years

Figure 3.3

Total budget for EU framework program-
mes. Norwegian rate of return and share of
Norwegian participation in projects. EU FP4
to Horizon 2020.
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The EU framework programmes constitute the largest
international cooperation arena for Norwegian
research. Norway has participated in this cooperation
since the first framework programme (FP1) in the
mid-1980s. With the conclusion of the EEA Agree-
ment, Norway gained full participation in FP4 (1994).
It is therefore possible to follow Norwegian participa-
tion over the past 20 years.

Towards a broader framework programme

As Figure 3.3 shows, there has been significant bud-
get growth throughout all programme periods, and
with a special boost from FP7. The framework pro-
grammes have evolved from limited efforts to beco-
ming a driving force for European research, and a sig-
nificant source of funding.

The Norwegian participation has been relatively
stable. Norway’s total share of allocated project funds
(return rate) was 2.2 per cent in FP4, but has since
stayed below 2 per cent. Variations in the return rate
should, however, be viewed within its context, i.e. the
number of participating countries more than doubled
from FP4 to Horizon 2020 (H2020). The Govern-
ment’s ambition is a total national return of 2 per cent
for the entire H2020. Several measures have been
taken to achieve this goal.

The Norwegian proportion of project participants
in short-listed project applications shows a develop-
ment similar to the financial return rate. The former
has stabilised at about 1.6 per cent in H2020. Within
the H2020 the tendency is a large application increase,
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Figure 3.4

Distribution of approved projects from the EU
framework programmes to Norway in EU FP4
to Horizon 2020 by R&D sector. Per cent.
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partly due to smaller national R&D funds in several
European countries. Stable Norwegian participation in
approved project applications is therefore positive.

More emphasis on societal challenges

While the first framework programmes focused on
applied and technology-based research, broad societal
challenges have become increasingly important. Start-
ing with FP7, basic research, through the creation of
the ERC, has its own arena within Horizon 2020. At
the same time, the priority of innovation has been gre-
atly strengthened, partly because the former Competi-
tiveness and Innovation Framework Programme (CIP)
is now integrated into H2020. Thus, entrepreneurship
and market-based innovation have become parts of
Horizon 2020. As shown in Figure 3.4, these changes
have so far led to more participation from enterprises
and higher education institutions from Norway, while
the institutes’ share of Norwegian funds has fallen
considerably.

Towards the 9th Framework Programme (FP9)

The preparations for the framework programme to
follow H2020 (FP9) started in 2017. A high-level
expert group (Lamy Group) recommends a continua-
tion of the main structure of H2020, but with a doub-
ling of the budget. The Lamy Group also recommends
further strengthening of innovation efforts in the fram-
ework programme, including efforts through the
establishment of a European Innovation Council
(EIC) to further develop a common European innova-
tion policy. An overall goal for FP9 should be to
develop an eco-system for researchers, innovators,
companies and government agencies to facilitate inn-
ovation and commercialisation.
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3.2 Collaboration on scientific publishing

3.2.1 International collaboration measured bibliometrically

Figure 3.5

Changes in the Norwegian geographical collaboration structure.® Increase in number of arti-
cles with collaboration and relative growth. 1996—2016.
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figure.

Source: Data: Clarivate Analytics, Web of Science. Computations: NIFU.

Small countries have the most international co-
publishing

The percentage of articles with international co-aut-
horship is usually higher in small countries than in
large countries. It is natural that large countries have
more researcher cooperation opportunities within the
country’s borders, while researchers in small countries
are more likely to seek research partners across natio-
nal borders. Norway’s share of international
co-authorship is about the same as in the rest of the
Nordic countries and other small European countries.
This «small-scale effect» provides a positive outcome
for these countries in international comparisons such
as the European Innovation Scoreboard (EIS), see
also chapter 1.3.

UK soon more important for Norway than the
United States

The geographical collaboration profile has also chan-
ged during the last 20 years. Figure 3.5 shows the
absolute and relative increase for the countries where
collaboration has grown most in the twenty-year
period 1996-2016. This analysis is limited to articles
in international journals (Web of Science) since
CRIStin data is not available for 1996. In absolute
terms, the increase has naturally been the strongest for
the countries that are Norway’s most important part-
ners. For both the United Kingdom and the United
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States, the number of collaborative articles has increa-
sed by over 2,000, but both the absolute and relative
increase is stronger for the United kingdom. If this
trend continues, the United Kingdom will, in a few
years, will surpass the United States as Norway’s
most important cooperative country. For Norway’s
third largest partner country, Sweden, the number of
co-authored articles increased by about 1,300, but
relative growth is the second lowest of the countries
included in the figure. This means that the importance
of Norwegian-Swedish collaboration is reduced.

EU collaboration affects the collaboration profile

An important underlying factor for these changes is
the Norwegian participation in the EU framework
programmes for research. Among the EU countries,
Norway has had the greatest relative increase in rela-
tions where there has traditionally been little collabo-
ration, for example with the Czech Republic, Austria,
Ireland, Portugal and Spain. Norwegian publishing
collaboration with several of the so-called «<BRICS
countries» has increased relatively much. South
Africa, Brazil, China and India are all among the five
countries with the strongest relative growth. However,
the bulk of Norwegian research collaboration still
includes the United States and other Western coun-
tries.
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3.2 Collaboration on scientific publishing
3.2.2 International collaboration and citations

Figure 3.6

Relative citation index for the Norwegian arti-
cles with international collaboration by coun-
try and number of articles with collaboration.
12012—-2014.
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In general, articles with international collaboration are
noticeably more cited than articles that only have aut-
hors from one country. This also applies to Norway.
Articles that only have authors from Norway are cited
slightly below the world average for the entire period
1994-2014. The analysis is limited to the Norwegian
articles indexed in the Web of Science since citation
figures are not available for other publications.

Articles with international cooperation more cited

The articles with international collaboration are, on
average, cited 47 per cent more than the world ave-
rage. In other words, we see a positive link between
international collaboration and citation frequency.
Research with international collaboration increases
the scientific influence, and the figures indicate that
Norwegian research benefits greatly from participa-
ting in such collaboration projects. The figure also
shows the proportion of articles with international col-
laboration. As mentioned above, this share has risen
significantly. Since articles with international collabo-
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ration make up a much larger proportion of the arti-
cles than before, they have a greater impact on the
national totals. This explains much of the general rise
in Norway’s total citation index (see chapter 1).

Several factors can explain why articles with inter-
national collaboration in general are more cited than
articles without. First, collaboration may in itself
increase the quality of research, as it would involve
researchers with complementary scientific expertise,
more technical resources and laboratory facilities, etc.
Big multinational collaboration projects will consist
of contributions from many researchers and funding
from several countries. Such projects can result in
major scientific results, hence much cited. Second, the
«visibility» of the publications will increase through
international co-authorship, partly because the publi-
cations will be part of research of more research
groups. These groups will be able to build on the cur-
rent research and cite it in subsequent publications.

Figure 3.6 shows that Norwegian researchers pub-
lish most of their articles (bullets) in collaboration
with colleagues in the United States and the United
Kingdom with over 5,000 articles.

Highest citation index for collaboration with
Switzerland and the United States

Although articles involving international collabora-
tion are generally more cited than the average, there
are significant differences between nations. Looking
at the citation frequency of Norwegian co-publicati-
ons by country (Figure 3.6), it appears that Norwegian
articles in collaboration with Swiss and US resear-
chers achieve the highest citation rate. These were
cited respectively 143 and 117 per cent more than the
world average (citation index 243-217). Articles
involving Norwegian-Russian collaboration achieved
the lowest citation rates among the largest Norwegian
cooperative nations. These were also cited below the
world average (citation index 92).

Co-authorship with developing countries less cited

The number of collaborative citations also varies
according to the countries in which they collaborate.
Acrticles co-publish with researchers in developing
countries are generally low on the citation index.
Although there is a certain correlation between the
citation index shown in Figure 3.6 and the countries’
total citation index (see Chapter 1), there are also inte-
resting differences. Though Denmark has one of the
highest citation index in total, Danish participation in
Norwegian publications does not contribute to these
articles achieving a particularly high citation index.
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3.3 Cooperation between R&D institutions and the industrial sector

3.3.1 Industrial sector R&D and cooperation

Figure 3.7
Share of enterprises with R&D cooperation in
2015 by type of partner.

Figure 3.8
Share of enterprises with R&D cooperation in
2015 by size group.
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R&D activities in the industrial sector are carried out
extensively in collaboration with other research com-
munities. The frequency and patterns of such coopera-
tion are mapped in the annual R&D surveys and dis-
cussed below.

Different forms of cooperation

The enterprises’ R&D cooperation is usually carried
out by enterprises purchasing R&D services from
others or hiring researchers for a period. In addition,
enterprises are asked if they have been actively invol-
ved in R&D cooperation with other enterprises or insti-
tutions other than purely contractual work (purchase or
sale). This means active participation in joint R&D
activities with other organisations, both other enterpri-
ses and non-commercial institutions. This does not
necessarily mean that both parties achieve immediate
financial gain from the collaboration. More informal
contact in the form of an exchange of ideas and infor-
mation, however, is not covered by the survey.

Most of R&D cooperation with suppliers

Based on the definition above, just over a third (37%)
of Norwegian enterprises state that they participate in
R&D cooperation projects. The most frequent type of
partner is suppliers, as stated by 42 per cent of the
enterprises with R&D cooperation. Subsequently, cus-
tomers (34%) and higher education institutions (34%)
and research institutes (27%) follow. For enterprises
that are part of the same company group, cooperation
with other enterprises in the group is very common.
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Source: Statistics Norway, R&D statistics

Cooperation with R&D institutions is most
frequent among large enterprises

Among the smallest enterprises with 5-9 employees,
34 per cent say they cooperate. This proportion incre-
ases slightly according to the size of enterprises up to
200 employees, but is significantly higher among
enterprises with at least 500 employees. Of these
enterprises, 63 per cent report cooperation. This is
because large enterprises are more prone to collabo-
rate with higher education institutions, research insti-
tutes and R&D laboratories. For smaller enterprises,
suppliers and clients or customers are the most frequ-
ent partners. Figure 3.8 shows the distribution of the
most frequent partners by company size.

Small businesses typically cooperate locally

It is most common for the partner to be located locally
or regionally elsewhere in Norway. However, there
are many enterprises that have partners in the Nordic
countries or in other EU countries. Also, in terms of
regional distribution of partners, there are clear diffe-
rences according to the size of the enterprises. The
smallest enterprises cooperate locally to a much grea-
ter degree than large enterprises. Large enterprises
cooperate both regionally and with partners in other
parts of the country, but they also have more exten-
sive cooperation with foreign partners, i.e. both in the
Nordic countries, in other European countries and in
the rest of the world. Ten per cent of the largest enter-
prises have R&D cooperation with China or India.
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3.3 Cooperation between R&D institutions and the industrial sector

3.3.2 Industry relevance versus industry funding

Figure 3.9

Share of industry relevance and share of funding from industry of R&D by type of institution.

2011-2015.
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Another widely used indicator of collaboration bet-
ween R&D institutions and enterprises is the share of
R&D institutions’ research funded by industry.
However, this only gives a limited picture. There is
much industry-relevant research that are unknown to
potential collaborating enterprises or that the enterpri-
ses in question are able to finance. In Figure 3.9, the
R&D institutions’ share of industry funding is compa-
red with the R&D institutions’” own perception of the
industry relevance of their own research. Both aspects
are captured through questions in R&D statistics sur-
vey, see fact box.

More than half of the institutes’ research is
considered of relevance to industry

As shown in Figure 3.9, a large part of the various
institutions’ research is considered relevant to the
industrial sector. For universities, about a quarter of
their research is considered as industry-relevant, while
the share of industry funding is only 3—4 per cent.
Similar patterns are found among the state colleges,
but the proportion of both industry relevance and
industry funding is somewhat lower. For university
colleges and other higher education institutions, the
gap between industry relevance and funding is even
greater. This is because much of the research at the
NHH Norwegian School of Economics, which is a
major contributor in this category, is considered to be
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industry-relevant, although industry funding is not
achieved at an according level.

Not surprisingly, the proportion of industry-rele-
vant research is clearly the largest among research
institutes. Around 60 per cent of their research in 2015
was considered to be industry-relevant. A key expla-
nation is that the group of technical-industrial institu-
tes account for a large share of the research in the
institute sector, and their main task is to serve
Norwegian industrial sector by performing and deli-
vering relevant applied research. Among the institu-
tes, industry funding is also significantly higher, i.e.
around 20 per cent in total for the sector and a total of
37 per cent for the technical-industrial institutes.

About industry relevance

Respondents to the R&D statistics survey
have since 2009 been asked to estimate the
proportion of the R&D effort of their enter-
prise that was of industry relevance. Industry
relevance is defined as R&D activities of which
the results are expected to have an immediate
value for enterprises. Only units in the higher
education sector and the institute sector are
asked to make such estimates. Naturally,
there is considerable uncertainty associated
with such discretionary assessments, but the
figures provide a broader picture of the scope
of industry-relevant research than looking at
industry funding alone.
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3.3 Cooperation between R&D institutions and the industrial sector

3.4 Student exchange

Figure 3.10

Norwegian students taking part of their education abroad by country with the highest number

of students. 1996/1997—-2015/2016.
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Number of Norwegian exchange students
abroad nearly doubled

The majority of Norwegian foreign students take a
full degree abroad (graduate mobility), but there are
also a considerable number of students taking part of
their education abroad (credit mobility). The latter
group is often referred to as exchange students, and
many of the students on these sojourns are enrolled in
the ERASMUS programme and other exchange agre-
ements. Exchange students have constituted a separate
group in the State Educational Loan Fund’s statistics
since the millennium, and during this period the num-
ber of exchange students has almost doubled.

More Norwegians prefer English-language
countries and studies

There have been significant changes in the preferred
countries for Norwegian abroad. In the 1960s and
1970s continental Europe was popular, not least
German-speaking countries. Today, most full degree
students choose countries where the language of
instruction is English or Nordic languages. The
United Kingdom, Denmark and the United States are
now the most popular host countries. Many also
choose English-language programmes (mainly medi-
cal education) in Eastern Europe. Around the millen-
nium, many Norwegians went to Australia to study,
but this country is now receiving considerably fewer
Norwegian students.
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Also, fewer students choose to take a full degree in
Germany and France. The decline has been particu-
larly remarkable for Germany. Twenty years ago,
there were about a thousand Norwegian graduate stu-
dents in Germany, compared with only 221 in the aca-
demic year 2015/2016. The trend in the number of
students in the most popular countries among
Norwegian students is shown in Figure 3.10.

Wider geographical dispersion of exchange
students

Those who take part of their degree abroad (exchange
students) travel to a wider range of countries than
those taking a full degree abroad. The United States,
Australia and the United Kingdom are popular also
among exchange students, but there are far more
exchange students than full degree students choosing
Germany and France. There are also significant num-
bers of students who go to countries like Tanzania,
South Africa and China.

Business and administration is the most popular
programme among students undertaking a full degree
abroad. There are also many Norwegians who study
medicine abroad, almost as many as in Norwegian
universities. Further, students in veterinary education,
physiotherapy, psychology, architecture, arts and jour-
nalism are overrepresented among internationally
mobile students. These programmes are also highly
selective in Norway.
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Highlights

Scientific publication and citation

= Norway has had strong growth in the number of publications in the last 20
years compared with the EU 15 countries. However, there are large varia-
tions between the different fields of science. Norwegian publishing has a
strong specialisation in geosciences, biology, special marine and fisheries
biology and social sciences. This pattern is rooted in historical traditions.

= The University of Oslo and the Norwegian University of Science and
Technology (NTNU) published the most in 2016, while the University of Oslo,
University of Bergen and university hospitals score highest on the citation
index for articles published in the period 2012—-2014.

< Women are somewhat underrepresented in scientific publishing. They acco-
unted for 42 per cent of all publishing researchers, but accounted for only 34
per cent of total publication points.

Norwegian participation in Horizon 2020 and the European
Research Council (ERC)

= Norwegian researchers have obtained NOK 3.9 billion (or € 440 million) from
the EU Horizon 2020 programme by June 2017.

= The Norwegian return rate is 1.81 per cent, still below the government’s
target of 2 per cent, and the return rate in the other Nordic countries is 2.15
per cent for Finland, 2.55 per cent for Denmark and 3.54 per cent for
Sweden.

= Norway is represented in almost 5 per cent of approved projects so far in
Horizon 2020. 14.4 per cent of Norwegian applications have been approved
for funding, which is above the average of 12 per cent.

= Norway has a relatively low return rate in the ERC. While the grant rates
were on average 12.9 per cent for all countries, the Norwegian grant rate
was 8.3 per cent.

Patents

e In 2016, the Norwegian Intellectual Property Office (NIPO) received a total of
2,062 patent applications, an increase of 14 per cent from the previous year.
Of these, 1 195 applications were submitted by Norwegian applicants, an
increase of 6.5 per cent from the previous year.

* The total number of patent grants in Norway has increased sharply in recent
years, while the allocation to Norwegian applicants has been stable. In the
period 2012—-2016, 16,837 patents were awarded in Norway, of which 2,239
were granted to Norwegian applicants.

Impact of innovation and instruments

= Development of new products, product innovation, is increasingly important
for Norwegian companies. Norwegian companies report that 6.8 per cent of
total sales were based on product innovations in 2014—2016. This is an
increase from 2012-2014, when the share was 5.9 per cent.

= Two out of three SkatteFUNN projects lead to product innovation. One of
three projects leads to a single product innovation, while the last third of the
projects lead to more product innovations. At the same time, 14 per cent of
the projects have been reported on filed patent applications. From 2009 to
2015, this represents a total of 2,300 patent applications.

= The past ten-year period shows a stable level in the proportion of new com-

panies established by researchers formerly employed at research
institutions.
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Introduction

Significant financial and human resources are used for
research and innovation. The figures from Chapter 2
show that more than NOK 60 billion is invested in
research and development (R&D), while 76,000 peo-
ple are involved in R&D. The number of researchers
in Norway has increased by 4.1 per cent from 2014 to
2015, which is the last measurement year. If we go a
little further back in time, the increase is even more
pronounced; from 2010 to 2015, the number of rese-
archers in Norway increased by 15.8 per cent. This
reflects that investment in research and development
has also increased considerably, both in private and in
public research budgets. In addition come innovation
activities other than research and development.

With such large resources involved, it is relevant
to study what comes out of the effort. What are the
results and effects of research and innovation? In
general, it is more challenging to find good measures
for results and effects than for investments in R&D
and innovation. In this chapter, we focus on indicators
for measuring results and effects of research and
innovation.

From measurement of results to effects

In R&D statistics, performance measurement has tra-
ditionally been in the form of counting publications,
citations and patents. These indicators measure some
of the results expected to come from investments in
research. But there is also a broad consensus that they
do not measure everything that comes from research
and innovation activities. Therefore, there is increas-
ing interest in including indicators and methods that
can provide a broader perspective on results and
effects. Inclusion of new indicators and methods
applies to «hard numbers» as indicators of business
growth, productivity or export. This is based on admi-
nistrative and other data collected over long periods
of time by national statistical agencies. Long time
series open up the use of econometric methods to
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establish control groups, estimate counter-factual ana-
lyses and thus show effects of research effort.

Hard facts can nevertheless only reveal some of
the effects. Several initiatives aim at looking at the
wider societal effects of research. In the UK, higher
education institutions systematically report on societal
impacts, typically case studies organised under The
Research Excellence Framework, focusing on various
effects beyond academia. In Norway, these methods
have also been used, for example, by evaluating the
humanities departments and the social science institu-
tes. If these exercises are routinely done, they provide
rich material that can eventually be systematised and
provide indications of the social impact of research.

Indicators complementing each other

Chapter 4 looks at different types of indicators. In the
first part, we look at publications and citations and
map Norway’s publishing profile in an international
context, as well as citation frequencies at institution
and sector level. Furthermore, the results of research
and innovation effort, measured on industrial rights,
covering patents, trademarks and design.

Norway accounts for a very limited part of the
world’s knowledge production. Therefore, it is crucial
that Norwegian research institutions and Norwegian
businesses participate in international cooperation,
which gives the opportunity to tap into knowledge
produced outside Norway. Horizon 2020 and the
European Research Council are important venues for
international R&D cooperation.

Central to Norwegian research policy is the impact
of business and industry on research and innovation.
Research must create growth and jobs, and
Norwegian enterprises need to stay competitive. We
therefore look at both the impact of internal innova-
tion, but also at impact measures related to key instru-
ments at Innovation Norway and at the Research
Council of Norway. We also look at research collabo-
ration in establishing new enterprises.
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4.1 Publications and citations

4.1.1 Norway'’s publication and citation profile - disciplines

Figure 4.1

Relative specialisation index (2012—-2015) and relative citation index (2012—2013) for Nor-
way. Disciplines with natural sciences, medical and health sciences, engineering and techno-
logy, and social sciences. Size of the circles is proportional to the number of articles.
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Source: Data: Clarivate Analytics, Web of Science. Computations: NIFU.

Norway’s level of publishing activity and citation
rates vary considerably between disciplines. Figure
4.1 shows the discipline profile based on publication
and citation figures for the period 2012-2015. The
figure uses Web of Science data, and thus includes
publication in international journals. The system of
classification of disciplines in Web of Science has
been used, and the figure covers all subject areas. Due
to the database’s poor coverage of the humanities, this
field is not included in this analysis.

Two types of indicators have been calculated.
First, a specialisation index, which is an indicator that
tells if a country has a higher or lower proportion of
publications in a particular discipline than the average
for all countries. Second, a citation index, which cal-
culates the relative citation rate in different discipli-
nes, see the fact box on the next page.

Much geosciences, biology and social sciences

As we can see from the figure, a strong specialisation
in a discipline does not necessarily entail high citation
rates in the same field, and vice versa. The Norwegian
discipline profile deviates a lot from the average. In
general, Norwegian research has a high relative
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activity in geosciences, biology and social sciences. In
biology, Norway has a particularly high specialisation
in marine and fisheries biology (not shown in the
figure). Conversely, we find a low relative activity in
physics, chemistry and materials science. This specia-
lisation pattern is rooted in historical traditions.

At the same time, Norway has a discipline profile
at the world average in many of the disciplines, inclu-
ding clinical medicine and several biomedical dis-
ciplines (neuroscience, immunology, molecular bio-
logy & genetics and microbiology).

High citation index in many disciplines

Norwegian scientific articles achieved a total citation
index of 146 in the period 2012-2014. At an aggregate
level, this is well above world average, but the citation
index varies widely between disciplines and fields of
science. From figure 4.1, we see that the relative cita-
tion index is below the world average in only two of
the subject fields: Material sciences and chemistry.

In science, Norwegian research has the highest
citation index in physics and geosciences. The articles
from the period 2012-2013 were cited respectively 86
and 70 per cent above the international average in

Report on Science &Technology Indicators for Norway 2017




4.1 Publications and citations

4.1.1 Norway'’s publication and citation profile - disciplines

these subjects. Geosciences is also the field where
Norwegian research has the strongest specialisation.
Environmental sciences/ecology also shows relatively
high scores on the citation index (154).

Within medicine and health, clinical medicine has
high citation index, 175. Clinical medicine is also by
far the largest discipline in terms of publishing
volume and therefore contributes much to raising the
toverall citing index. The rate of citation within bio-
medical subjects varies. The publications in molecular
biology & genetics are particularly cited (189), while
the citation index is relatively low in microbiology
(108). In social sciences, the citation index is 117 in
economics, while it is 147 universities in general.
However, it should be added that only a relatively
small part of the publication in social sciences is
indexed in the database.

Strong growth during the last 20 years

Table 4.1 shows how the volume of scientific publish-
ing has evolved in the various disciplines during the
past twenty-year period (1995-2015). Figures for the
EU 15 countries and the world are included as refe-
rence values. For Norway, the EU 15 countries pro-
vide a more relevant comparative basis for Norway
than the world average.

Norwegian article production has shown a consi-
derable increase over the past twenty years. Most
European countries have significantly lower growth
rates than Norway. This pattern is also visible at the
level of fields of science. However, there are large
variations between the different fields of science.

To a large extent, this strong growth can be explai-
ned by a general expansion of total Norwegian R&D

Relative Specialisation Index (RSI)

RSI is an expression of whether a country has
a higher or lower proportion of publications in
a particular discipline compared to the ave-
rage for all countries where RSI=0. That is, it
characterises the internal balance between the
disciplines, but says nothing about production
in absolute terms. If RSI> 0O, it indicates a
relative positive specialisation (in the form of
scientific publishing) in the relevant field. Note
that the total score for a country will be 0. The
fields of science are of very different size,
which is important to be aware of when inter-
preting the results.

Relative citation index is an expression of
whether a country’s publications in a particular
discipline are cited more or less than the world
average in the discipline (which is normalised
to 100).
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Table 4.1
Relative change in publishing volume. Norway,
the EU 15 countries and the World. 1995—-2015.

Norway EU 15 World | N (Norway
Discipline 2015)
Economy 578 % 365 % 186 % 400
Social sciences, other 478 % 326 % 196 % 1,440
Engineering 387 % 181 % 198 % 833
Computer sciences 366 % 211 % 239% 284
Geosciences 340 % 204 % 173 % 1,003
Astronomy and aerospace 336 % 98 % 64 % 144
Psychiatry/psychology 308 % 268 % 141% 551
Neuro sciences 262 % 108 % 102 % 471
Molecular hiology & genetics 256 % 97 % 123 % 431
Environmental sciences/ecology | 225 % 251 % 266 % 784
Micro biology 203 % 74% 114 % 176
Agricultural sciences 198 % 148 % 173 % 262
Materials sciences 195 % 148 % 283 % 257
Mathematics 190 % 120 % 148 % 232
Pharmacology & toxicology 159 % 57 % 124% 181
Clinical medicine 146 % 82 % 122% 2,585
Immunology 131% 69 % 7% 256
Chemistry 116 % 65 % 143 % 604
Zoology & hotany 115 % 66 % 88 % 867
Physics 87 % 3% 70 % 438
Total 208 % 104 % 134 % 12,717

Source: Data: Clarivate Analytics, Web of Science.
Computations: NIFU

effort and a steady increase in the number of resear-
chers. At the same time, scientific productivity has
risen, as each researcher publishes on average more
articles today than before.
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Strong growth in social sciences

The social sciences stand out with a particularly
strong increase during the period in question. In econ-
omics, the growth in Norwegian article production in
(mainly) international scientific journals is more than
sixfold. Here the EU 15 countries have also seen
strong growth by 365 per cent. Also, Norwegian
publication in other social sciences has very strong
growth. Some of the increase can be explained by an
extended coverage of social science journals in the
database. Nevertheless, the figures show that
Norwegian social scientists are increasingly publish-
ing in international journals.

After social sciences, the relative increase has been
highest in engineering and computer science, where
Norwegian article production has increased by 387
and 366 per cent, respectively. The lowest increase is
found within physics, zoology and botany and chemis-
try (87-116 per cent), but also in these subjects, the
Norwegian growth rate is clearly above the average
growth for the EU15 countries.
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4.1 Publications and citations

4.1.2 Norway'’s publication profile — highly-cited articles

Figure 4.2
Citation index for Norway. 1981—-2015.
1-percentile and 10-percentile.
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Source: Data: Clarivate Analytics, Web of Science.
Computations: NIFU.

Norway had a citation index of 146 in the period
2012-2014. With this, Norway ranked 9th of the
world’s 39 largest nations measured in publishing
volume. The chapter provides a more detailed analy-
sis of the citation frequency of Norwegian research
based on indicators of highly-cited articles.

Skewed citation frequencies

Generally speaking, the citation rate of scientific arti-
cles is very skewed. Most articles are little cited or not
at all, while a few get an extremely high number of
citations. This is also the case for Norwegian scienti-
fic publication activities. About a quarter of the
Norwegian articles published in 2011 have never been
cited, or cited only once or twice, while 4 per cent of
the articles have been cited more than 50 times five
years after publication. A similar skewness is found in
other countries.

In the last decade, there has been an increasing
interest in using highly-cited articles as an indicator in
the research policy context. One reason is the strong
attention towards scientific excellence. In this context,
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highly-cited articles have been considered as a rele-
vant indicator

In order to analyse how Norway scores on this
citation indicator, we have identified articles from
Norwegian researchers which are among the 1 per
cent and 10 per cent most-cited articles in their field
of study (most of which have also authors from other
countries). The citation index for Norwegian research
in total has increased much in recent decades. Also,
the proportion of highly-cited articles shows a clear
positive trend. In 1981, 0.76 per cent of the
Norwegian articles were among the 1 per cent most-
cited worldwide, that is, less than the average. In latter
years (2013-2015) this share has been around 2.0 per
cent, i.e. twice as high as expected from the world
average. Similarly, 7.8 per cent of the Norwegian arti-
cles were among the 10 per cent most cited in 1981,
while the proportion has been around 13 per cent in
recent years.

Several very highly cited articles

Figure 4.2 shows the development of the two indica-
tors for the period 1981 to 2015. There are some
annual fluctuations in the values, but in particular the
1-percentile has a strong relative growth throughout
the period.

Also in the case of highly-cited research, Norway
has made significant progress. NIFU does not have
access to data that makes it possible to compare
Norway with other countries. However, a previous
analysis showed that, despite progress, in the period
up to 2011 Norway was behind other countries such
as Denmark, Switzerland, the Netherlands and
Sweden in the 1-percentile index. The report conclu-
des that Norway still scores as relatively poor in terms
of research with high impact and that only a small
proportion of Norwegian research is at the forefront
of their respective areas.

The highly-cited Norwegian articles are distributed
across all disciplines. An analysis of the years 2010—
2013 shows that the share of highly-cited articles
(1-percentile) is highest within Norwegian geos-
cience, while chemistry has the lowest share of such
articles.
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4.2 Norwegian participation in the EU research programmes

4.2.1 Norwegian participation in Horizon 2020

Figure 4.3
Approved projects in Horizon 2020 by programme. Total and for Norway.
Programme
EXCELLENT SCIENCE ‘ ‘ ‘ ‘
ERC (The European Research Council) |

FET (Future and Emerging Technologies )
MSCA (Marie Sktodowska-Curie-actions) |
INFRA (Research infrastructures ) |
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Source: EU Commission. E-Corda. June 2017.

The EU Horizon 2020 Framework Programme
(H2020) for the period 2014-2020, will allocate about
€ 70 billion over the whole period. Norway has parti-
cipated as a full member of EU research programmes
since 1994. The programme focuses on innovative
research, innovative solutions and new technologies
by providing support from idea to market and brid-
ging across borders and sectors. Interdisciplinarity
and collaboration between researchers, businesses and
end users are central aspects in the programme.

The H2020 is part of the EU’s Europe 2020
growth strategy:strengthen Europe’s global competiti-
veness through innovation to create new and sustaina-
ble jobs and promote growth. H2020 is also be the
financial instrument to implement the EU’s flagship
initiative: Innovation Union. The programme’s three
main parts are: excellent science, industrial leadership
and societal challenges. In addition, it supports the
programmes: spreading excellence and widening par-
ticipation and science with and for society.

Most EU funds for societal challenges

Figure 4.3 shows funding per programme in H2020,
for Norway and for the whole programme. Total EU
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support for approved projects by June 2017 amounted
to NOK 215,412 million (or € 24,270 million). Of
these, approved projects under the pillar societal chal-
lenges account for 38.1 per cent of total funds, while
an almost equal share (37.6%) has gone to projects
under the topic excellent science. For the latter type
there has been a slight increase since June 2016. The
third pillar, industrial leadership, has experienced a
slight decline in its share of total approved budgets,
from 23.1 per cent in June 2016 to 21.4 per cent in
June 2017. The remaining almost 3 per cent are distri-
buted on topics such as spreading excellence and
widening participation, science with and for society
as well as innovation (fast track to innovation).

Strong increase in approved Norwegian projects,
declining total return rate

By June 2017 Norwegian applicants have collected a
total funding of NOK 3.9 billion (or € 440 million)
from the H2020. Norwegian EU grants increased by
53 per cent since June 2016. The status at June 2017
is that total EU support in approved applications has
increased by 59 per cent in the same period.
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4.2 Norwegian participation in the EU research programmes

4.2.1 Norwegian participation in Horizon 2020

So far, H2020 comprise a total of around 120,000
applications and 14,300 approved projects. Of these,
4,642 applications and 668 approved projects have
Norwegian participants. Norwegian researchers are
thus represented in almost five per cent of all appro-
ved applications. More than 14 per cent of Norwegian
applications have been approved, while the average
success rate for all countries is 12 per cent.

The Norwegian Government’s overall target is that
Norwegian researchers should be granted two per cent
of the H2020 projects (return share). As of June 2017,
the Norwegian return is 1.81 per cent, a decline from
June 2016 (1.89%). However, large projects may
explain these annual fluctuations. The mismatch bet-
ween a declining return and a strong increase in the
number of Norwegian approved projects can also be
due to the increase of the total budget for the H2020.

The Norwegian return rate is highest within socie-
tal challenges, with 2.6 per cent in total (June 2016:
2.6%), while the return rate within industrial leaders-
hip is 1.9 per cent (June 2016: 1.9%), and for excel-
lent science 1.2 per cent (June 2016: 1.3%). The
return rate is highest in the programmes for innova-
tion in small and medium-sized enterprises at 5.4 per
cent, as well as FOOD (food security, agriculture,
forestry, marine, maritime etc.) with 5.3 per cent.

Allocated funds per R&D FTE are on par with
other Nordic countries, but lower returns
The EEA agreement connects Norway to the EU’s sin-
gle market, giving Norwegian researchers opportunities
to participate in the some of the best research networks
in the world, accessing knowledge, infrastructure and
markets. Comparing Norwegian success in this arena
with other countries is a commonly used benchmark
for international competitiveness in R&D (Figure 4.4).
So far, in H2020, Norway has collected about as
much EU funding per R&D full time equivalents
(FTE) as Denmark, Sweden and Finland. Among the
countries in Figure 4.4, the Netherlands, Ireland and
Belgium have obtained the most funding per R&D
FTE. The amounts shown above are not purchasing
power adjusted. There must also be reservations about
the use of R&D FTE, because countries with a high
proportion of R&D FTE in the business enterprise
sector appear relatively weaker. This sector is alloca-
ted one third of the funds in H2020, while accounting
for between 50 and 70 per cent of R&D FTE in many
countries. Norway has a much lower number of R&D
FTE in the business enterprise sector than, for exam-
ple, Denmark. With a return of 1.81 per cent, Norway
has obtained a smaller proportion of the announced
funds than the other countries in the figure.
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Figure 4.4

Allocated EU grants for approved projects in
Horizon 2020 (exclusive EURATOM) by selected
countries and per R&D FTE. Rates of return in
per cent.
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Even distribution of funding for the three R&D
sectors in Norway

The higher education sector has received the highest
level of funding in the H2020 so far, followed by the
industrial sector and institute sector, both receiving
approximately the same amount.

Just over half of the Norwegian higher education
sector’s EU funding has been obtained in the field of
excellent research, with almost a third from the
European Research Council (ERC) alone. Then, wit-
hin the programmes for research career and research
mobility (MSCA) and health, universities have recei-
ved the most.

Figure 4.5
Distribution of approved EU grants in Horizon
2020 on R&D-performing sectors in Norway.
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4.3 Patent-based indicators
4.3.1 Patent applications

Table 4.2
Number of domestic patent applications. 2010—
2016.

Patent | Applications | Applications | International |  Share of all

applications- | by domestic | by foreign | applications | applications:

total entities entities viaPCT|  Norwegian

Ar enterprises
2010 1,800 1,063 16 575 726
2011 1,743 1,053 186 504 738
2012 1551 964 153 434 669
2013 1,744 1,060 146 538 768
2014 1564 1,052 % 47 817
2015 1,805 112 127 556 860
2016 2,062 1,195 121 746 840

Source: Norwegian Intellectual Property Office (NIPO)

Patents have long been used as indicators of R&D
performance and of innovation more generally. This
section presents patent indicators for Norway. The
focus is on patent applications that have been submit-
ted to the Norwegian Patent Office, including those
stemming from international applications.

Patent applications filed in Norway have an ave-
rage processing time of 5.4 years. The Patent Office
estimates that 43 per cent of the applications result in
grants. Patent applications are filed in Norway
through one of three main channels. An application
can be delivered directly to the Patent Office. The
patent application may (since 1978) also be delivered
to Norway through the PCT system or (since 2008)
through the EPC system (EPO application). Filings
that designate Norway via PCT or EPO are processed
only in the country where the application was first
delivered. European patents (EPO) only emerge into
the Norwegian patent record when it is granted in the
country of origin.

Increase in patent applications in 2016

The Norwegian Intellectual Property Office (NIPO)
received 2,062 patent applications in 2016, an
increase of 14 per cent over the previous year (Table
4.2). This represents the highest level since Norway
became a full member of the European Patent Office
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system (EPO) in 2008. The increase is largely due to
international filings that arrive in Norway through the
PCT system. PCT applications that had entered the
national phase in Norway accounted for 36 per cent of
total applications in 2016.

Domestic application counts underrepresent the
degree of foreign patenting in Norway. Prior to
Norwegian EPC/EPO membership, foreign applicants
accounted for about 80 per cent of total domestic
applications in Norway. Membership has had the
expected effect that a large proportion of foreign
patenting now comes to Norway through the EPO sys-
tem. The consequence in terms of indicators is that
patents by and large appear at the Norwegian office
only after grant (not as applications).

Seven out of ten Norwegian applications stem
from companies. Norwegian applicants accounted for
1,195 applications in 2016. The International Patent
Classification (IPC) is used to categorise patents
according to the specific technical field (s) the inven-
tion claims novelty for. Aggregating the IPC classes,
the largest share of filings in Norway is found in the
field of mechanical engineering, with a majority of
these linked to oil and gas extraction.

Patent documents do not provide information
about the applicant’s business area. Norwegian appli-
cations filed by enterprises have therefore been linked
to applicant information including employment and
industrial classifications. This reveals how patent
filings by domestic applicants varies by industry affili-
ation. The industry with the highest patent filings is
technical service providers, such as architects and
technical consultants. The industry accounted for 24
per cent of all patent applications in the three-year
period 2014-2016. Other important industries were
research and development, mechanical engineering,
oil and gas services, and agency and wholesale trade.

Patents are most often filed by either very small
enterprises or very large enterprises, with large enter-
prises averaging a greater number than small enterpri-
ses. Enterprises with at least 500 employees had an
average of 5.8 applications per patenting enterprise,
while the corresponding average for enterprises with
fewer than 20 employees was 1.4 applications.
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4.3 Patent-based indicators
4.3.2 Patent grants in Norway

Table 4.3
Patents granted in Norway by application route,
share granted to Norwegian entities by route.?

Grants Share granted to Norwegian entities
Total | Norwegians | Direct filings | PCT1 filings | EPO-filings
Period

1987-1991 11,407 1419 142% 27%
1992-1996 11,731 1461  150% 20%
1997-2001 12,777 238 282% 31%
2002-2006 11,416 2319  434% 19% :
2007-2011 8,950 2038  588% 27% 19%
2012-2016 16,837 2,239 87.1% 4.6% 21%

1 The PCT (Patent Cooperation Treaty) provides a common
international procedure for filing and granted patents across
national borders. More than 150 countries are involved.

Source: NIPO og NIFU. Fractional counts of applicants.

Patent grants constitute an important result-oriented
innovation indicator. It is only when the application is
granted that the patent enters into force and the pro-
prietor can use the patent in competition with other
actors. A weakness with this indicator is that it may
take several years to process an application. Thus, the
time of allocation is detached from the time of inno-
vation. The presentation therefore compares patents
awarded in Norway over several five-year periods.

Norwegian entities most often file domestically,
while foreigners increasingly use the EPO system to
patent in Norway. This changed after Norway became
a member of EPO in 2008. Table 4.3 presents patents
granted in Norway over the past 20 years by applica-
tion channel, distinguishing between Norwegian and
foreign applicants for each channel.

The number of patents awarded to domestic appli-
cants has remained relatively stable over the past 20
years. Roughly 2,200 patents were awarded to domes-
tic entities in the period 2012-2016, the same level
as in 1997-2001. Until 2006, the allocations totaled
around 11,500. The exception was the increase in the
run-up to the IT bubble (1997-2001). There is a break
around 2008. The table shows that the total number of
grants fell sharply (to about 9,000) in 2007-2011
before rising again to over 16,900. The decline for
2007-2011 is due to both the transition to the EPO (in
2008) and the effect of the financial crisis. The
increase from 2012 stems mainly from foreign filings
via the EPO system.
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Figure 4.6
Patents granted in Norway to Norwegian en-
tities by year of grant and technical area.?

Number
2,500

1997— 2002— 2007—- 2012—-
2001 2006 2011 2016
H Oil and gas

Construction

B Furniture and other consumer goods
Technical instruments

B Machine technics
Electro technics

B Chemical/pharmaceutical products

1 The categorisation system uses the main IPC class as
defined by NIPO. WIPQ's Technology Correspondence
Table is used (WIPO IPC/CE/41/5) and amended by
NIPO to include ‘Oil and gas’.

Source: NIFU, based on NIPO data (2017)

The table demonstrates the changing patterns.
Patents granted in Norway to foreign entities increas-
ingly stem from EPO filings and decreasingly stem
from domestic direct filings at NIPO or via the PCT.

Norwegian actors now account for 87.1 per cent of
the patents granted based on Norwegian applications,
as against about 15 per cent in the early 1990s. Only
2 per cent of the EPC allocations and almost 5 per
cent of the PCT grants originate from Norwegian
applications that were first applied in another Euro-
pean country. The number of patents awarded to for-
eigners in Norway has increased significantly over the
last 5 years, primarily thanks to Norwegian members-
hip of EPO/EPC.
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4.4 The effect of turnover on innovation
4.4.1 Share of turnover from innovation

Figure 4.7

Share of turnover from product innovation for
the industrial sector and for product innova-
ting enterprises. 2014 and 2016.

Figure 4.8

Share of turnover from product innovation
for product innovative enterprises in 2016 by
number of employees.
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Increased turnover from new products

In chapter 2.6, we looked at innovation investments. In
this chapter, we look at what the enterprises has gained
from their innovations. Process innovations can of
course lead to reduced costs, increased efficiency, and
other incremental benefits, but these are very difficult
to quantify, and enterprises do not necessarily know
which outcomes are attributable to innovation.

For product innovations, it is somewhat easier, and
the innovation survey shows figures for the proportion
of enterprises’ turnover arising from goods and servi-
ces introduced during the observation period. Turnover
of the last year is reported, and distinguishes between
products that were new to the enterprise’s market and
for products that were only new to the enterprise.

Compared with the previous innovation survey, the
share of turnover from product innovations has incre-
ased from 5.9 to 6.8 per cent, that is for all Norwegian
enterprises. If we only look at the product innovators’
turnover, the increase is even slightly higher, from 11
to 12.6 per cent.

The increased impact of product innovation stems
from innovations that are only new to the enterprise,
but are not new to the enterprise’s market. This is
especially true for services, but for other industries we
also see an increase. In manufacturing industry, the
figures are stable for innovations that are new to the
enterprise, while overall, there is a slight decline.

There are major differences between enterprises
and industries, and the share of turnover reported to
come from product innovations varies from almost 35
per cent to under 0.1 per cent. Both the economic life
of a product in the market, and how long it takes from
a product is introduced until it generates revenue
varies. In addition, the figures are affected by the mar-
ket cycles, both in terms of fluctuations in turnover
and market sensitivity for new product launches.
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Source: Statistics Norway

Over time, we see that the same industries appear
both in the upper and lower part of the scale. Any dif-
ferences from one survey to the next are often so
high that they can be attributed to individual observa-
tions in a specific year. This can make it difficult to
describe developments of specific industries in gene-
ral from one year of observation to the next.

Small innovators more «innovation-dependent>

The survey shows that small innovators get a signifi-
cantly higher share of their turnover from innovations
than the large companies. Small innovators also invest
relatively more of their turnover than the major ones
in innovation.

The survey does not provide clear answers to the
mechanisms that cause these observations, but it may
be due to small entities relying on innovating to sur-
vive. In a growth phase, enterprises can have high
investment relative to sales, and the same revenue
may come from relatively few but innovative pro-
ducts. If innovators survive and grow, the same pro-
ducts will not necessarily be considered innovations,
although they can significantly contribute to the
turnover in the companies. New innovations intro-
duced later may in the absolute sense be equally
important, but since turnover then is larger, the inno-
vative products contribute less to turnover.

In absolute terms, however, it is nonetheless the largest
innovators who have the largest revenue return on their
innovations, both because there is a higher proportion of
product innovators among the large enterprises, and a
higher turnover in general. In relation to the number of
employees, there is no clear connection between turnover
from product innovations and enterprise size; small pro-
duct innovators have at least as much turnover per
employee from their innovations as the largest enterprises.
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4.5 New enterprises with researcher involvement

Figure 4.9

Share of researchers who move to established or new enterprises from one year to the next.

2001-2013.
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Source: Data: Statistics Norway. Computations: NIFU.

Entrepreneurship and the establishment of new enter-
prises is crucial for growth and renewal in the econ-
omy. This is the case no matter if newly-started enter-
prises survive, go bankrupt or are taken over by
others. The number of new enterprises is therefore
often used as an indicator for the dynamics of an
economy.

Increased expectations of commercialisation

Traditionally, few enterprises are established based on
universities or other research environments.
Establishing new businesses is not the primary task of
universities and colleges. Nevertheless, there are gro-
wing expectations that public funded research will
lead to creation of new, innovative enterprises. There
is an increasing focus on spin-offs and establishment
of enterprises as important indicators of the commer-
cialisation of universities and other research commu-
nities. At the same time, the creation of new busines-
ses is central to the technology transfer offices (TTO).

We look at companies that are established with
researcher involvement. Researcher involvement is
defined as the case where the company at time of
start-up employs at least one person who a) was regis-
tered as an employee at a university, college or rese-
arch institute the year before the company was estab-
lished and b) had higher education at the minimum
master’s level. This is a so-called trace analysis,
which follows the employment status of the indivi-
dual researcher from one year to the next.
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Most of the researchers are still employed by a
university, college or research institute from one year
to the next. This applies to 89 per cent. About 4.5 per
cent leave the labour market, either temporarily or
permanently, while almost 4 per cent go to «Other
public sector». Figure 4.9 shows that around 2 per
cent have gone to existing companies. The number
has been stable for the last 5 years, but varies more if
we go further back in time.

No growth in the share of new enterprises with
researcher involvement

The proportion of researchers involved in establishing
new enterprises is quite stable at 0.6 per cent since the
year 2000. In fact, the absolute number of new estab-
lishments with researcher participation is increasing,
yet the proportion is kept constant because of an
increase in the number of researchers in general.
Researcher numbers have increased from around
17,500 researchers in the year 2001, to 29,000 in
2013. A stronger focus on new establishments from
research environments has apparently not affected the
entrepreneurship motivation of researchers.

New establishment with research collaboration
occurs most often in the industry knowledge-intensive
business services, which include consulting and con-
sulting services. Second, researchers are involved in
start-ups in the Health, social and education sector,
which can be explained by increased privatisation in
these industries.
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How to measure impact?

Impact is a relatively new term in Norwegian research policy. It is generally used on broad and long-term effects of research,
thus expressing a central objective with society’s focus on research in various organisations and sectors. If the term is new,
measurement of impact has nevertheless been done for almost 50 years. Despite major methodological problems, new
methods are still being developed.

Quantitative methods

The most common approaches to impact measurement are about mapping the economic return on investment in research and
development (R&D). Investigations have been carried out on both publicly financed and privately financed R&D and the effects
they have had, especially on aspects such as innovation, growth and turnover in private companies. Often this has been used
for so-called summative evaluations as the basis for deciding whether certain support schemes should be continued. This form
of evaluation usually illustrates the relationship between input factors and results.

Two main approaches can be distinguished in such surveys. The first involves the use of different types of databases where
one looks for links between indicators for research and indicators for effects. For example, studies have been conducted into the
extent to which commercially successful patents are based on published research, and the extent to which companies receiving
specific types of public support for R&D, have higher scores on different economic indicators than companies that do not receive
such support. The second main approach is based on surveys, sometimes combined with databases, to look for experience with
the implementation and use of research in enterprises or other organisations. The innovation survey conducted in Norway and
many other countries (CIS) is an example of such an investigation. In many cases, databases and surveys are used both to say
something about the benefit of the individual company and the further benefit to society in terms of the ripple effects of the
research.

Common to both approaches is that they often find high returns, 20 per cent or more, for companies investing in or recei-
ving research funding. Many studies, however, find an even higher return for society - it is not uncommon for quantitative stu-
dies to indicate numbers of 50 to 100 per cent. The figures are highly discussed, not least because of major methodological pro-
blems with such surveys.

Measurement Problems

Attribution is a central and complex method problem: research usually does not have an effect alone, it is research results along
with many other factors that make a difference for a company or society as a whole. So how much of the credit should the
research have in general, or the individuals and the research groups who have participated in specific projects and results?
What else is needed to create impact — and should this be included in measurements so that impact doesn’'t becomes a respon-
sibility for research alone?

Latency is another key issue — in many cases it may take a long time between research and measurable utility. Systematic
surveys of agricultural research, which is probably the most frequently studied subject in terms of impact, indicate that average
time from R&D to effect may be decades. This, of course, depends on what is measured, but it nevertheless creates major chal-
lenges for measurement systems and indicators — and for the assessment of attribution.

Causality is also controversial. Many have argued that the relationship between societal effects and research is more com-
plicated than the latter leads to the former. In many cases there will be needs and challenges in society and industry that initi-
ate or influence research efforts, and it is the mutual influence between research and those who use the one that creates
impact. Although there are many examples that a scientific breakthrough or a research-based invention leads to a concrete pro-
duct or other usefulness later, it is more common that impact is a more complex and indirect process.
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Case based approaches

Understanding of impact, based on exploration of specific cases, has attempted to handle these problems in a slightly different
way from the widely-established quantitative surveys. Often this has been a matter of evaluating a particular research environ-
ment or a particular research effort, and with the use of different data, one has attempted to map the breadth of what the rese-
arch community or initiative has led to. This method tracks the impact in time.

Several of the latest measurement methods for impact are based on such an approach. This concerns among other things,
the British Payback framework, used for medical research, and the French ASIRPA framework, designed to study how publicly-
funded agricultural research benefits. Both approaches are aimed at mapping how research can lead to different types of impact
for different groups and sectors in society. The method SIAMPI does something similar, especially by mapping the direct and
indirect interactions between researchers and users. There are also methods that take into account values in society to which
the research seeks to contribute. All these methods are most commonly used in so-called formative evaluations, where the pur-
pose is to help research organisations and financiers to improve the way they work rather than finding a score. However, the
relationship between input and output can still be central here, although attention is more directed to the often long-term
process that leads to community benefits.
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Alternatively, case-based mapping can start with certain products, such as drugs or new technologies, and try to track back
in time to determine what research has been important to the product and in what way. Two of the most well-known and oldest
systematic impact assessments are of the latter type. The United States Department of Defense wanted in the 1960s to map
the productivity of different types of research based on 20 of its most important and most advanced military innovations. The
results of this project, called Hindsight, showed that only a half per cent of hundreds of «key events» in the processes that led
to the innovations could be classified as basic research. The driving force in the processes was, in almost all cases, an identified
practical need. As a response to this, the US Research Council NSF had its own project, called Traces, which, based on some
other innovations, found that around 70 per cent of key events were about basic research. The main difference was that NSF
chose to go 100 years back in time, while the US Department of Defense’s Hindsight project looked over the last 20 years.

The examples show that the measurement problems do not disappear using case-based methods, and that some different
practical choices can have very big effects on the results. Clarity and transparency about such choices are thus important for
the quality of the measurements. Measurement of impact also has a clear research policy side and can be used by different
actors to argue for more funding or freedom for the research they are particularly concerned with. Traces and Hindsight —
through their methodological choices — express a distinction between actors who primarily wish for basic research, and actors
who primarily want more applied or user-driven research. Both project reports were referred to in the Norwegian Productivity
Commission’s second report in 2016.

Towards a broader impact concept

The most comprehensive impact assessment is now taking place in the UK in conjunction with the National Evaluation of
Research, called the Research Excellence Framework (REF), which was carried out in 2014 and will be repeated in 2021. Here,
all research communities must submit one or more so-called impact cases — short descriptions where a linkage of a concrete
example of benefit to a concrete research result, must be documented. This is copied in many other countries, also in evalua-
tions in Norway. The method is weak, among other things, because it covers only a few ways that research is beneficial, but it
may be that it has other effects, such as increased awareness of community benefit in research environments. Many environ-
ments have used impact cases to communicate the value of their own research to the outside world.

The research policy most interesting with REF is the broad definition of impact: an impact on, change or benefit to the econ-
omy, society, culture, public policy or services, health, the environment or quality of life beyond the academy (REF 2011: 26).
These are effects that are not only economic but related to health, environment, culture and public services. The impact concept
thus becomes a challenge to all disciplines and sectors of research, formulated so that it also has the potential to meet those
who do not recognise language usage around returns and productivity. It opens without the fact that the effects of research are
not necessarily positive, without this being a significant aspect in the measurements so far. The definition of impact is in line
with that used in many of the case-based approaches.

Although this newer and broad understanding of impact captures much more of the research’s social impact than a purely
economic understanding of utility, the breadth in many ways helps increase the measurement problems. Ratings of attribution
and causality become rather difficult than simpler when there are many different types of effects in different areas of society.
There are more and in many ways better measurement methods, but there are few signs of standardisation and still major pro-
blems comparing across different impact measurements.

Broad measurements of impact based on indicators or cases with both quantitative data and qualitative assessments are
very expensive. Here, however, interesting experiments are taking place. Some seek to create new links between large and
partly new databases, others want to develop new indicators under names like StarMetrics or AltMetrics. There are also a num-
ber of major research projects that primarily seek to understand the research system and the research process, while at the
same time helping to create tools that can be used in research policy and in evaluations. Some of the most important discussion
on these topics takes place in social media and on the impact blog of the London School of Economics.
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Highlights
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Strong concentration of R&D activity in Norway

= Oslo alone accounted for 28 per cent of the total expenditure of R&D in
Norway in 2015, followed by Sgr-Trgndelag, Akershus and Hordaland. These
four counties constituted 70 per cent of total national R&D expenditure.

< Within the various disciplines we find a strong concentration of R&D in engi-
neering technology in Sgr-Trgndelag; in medical and health sciences, huma-
nities and social sciences in Oslo; and in agricultural sciences in Akershus.

= Industrial sector R&D activity is strongly concentrated in Oslo and Akershus.
In 2015, the proportion of the two counties was 41 per cent of R&D, a slight
decline from 43 per cent in 2008.

Regional allocation of government’s instruments

 The Research Council of Norway has had significant growth in funding since
the 1990s, but the distribution in the counties has been fairly stable. Oslo
received around 29 per cent of the funding over the period. Sgr-Trgndelag
grew significantly, receiving 24 per cent in 2015, while Akershus experienced
a decline, receiving 14 per cent in 2015.

- The SkatteFUNN tax deduction scheme expanded significantly over recent
years. Oslo especially has grown strongly and is the largest county measured
in budgeted activity. However, in relative terms Rogaland shows the stron-
gest growth with a tripling of activity since 2002, and the county is now
second largest in budgeted funds — after Oslo and ahead of Akershus and
Sgr-Trgndelag.

« Funding from Innovation Norway was stable during the period 2008—2016,
except for 2009, when extraordinary funds were implemented due to the
financial crisis. There is a fairly good distribution of grants across the coun-
try, and there has been a tendency for the innovative tools to gain greater
weight.
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Introduction
The regional perspective

The regional perspective on research, innovation and
economic development is important, and over the last
20 years there has been an increased interest in the
importance of the regional level. This is reflected,
among other things, in the international interest in
regional innovation systems and in European moni-
tors such as the Regional Innovation Scoreboard and
European Cluster Panorama. In line with this, regional
content in the Report on Science and Technology
Indicators for Norway, as of 2010, has been given a
separate chapter, which has gradually expanded.

One main trend is, on the one hand, that industria-
lised countries are characterised by strong regional dif-
ferences, and research and innovation activity is lar-
gely concentrated in certain regions. As shown in pre-
vious editions of the this report, the capital region
appears in many cases to be the most important
region. On the other hand, it is also an important per-
spective that each country consists of different regions
with different advantages, and that it is crucial to faci-
litate the development of robust regions that specialise
in different areas. A country’s total strength is based
on the interaction between the regions. It is therefore
important to develop the understanding of the role of
the different regions, and to assess regional R&D and
innovation in a wider systemic perspective.

A regional innovation system can be defined as all
parts and aspects of the economic structure and insti-
tutional conditions in a region that are important for
innovation activity, knowledge development and lear-
ning. In the innovation literature, it is common to con-
sider a regional innovation system as being composed
of two sub-systems:
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e The knowledge-developing system, which applies
to all institutions that contribute to developing new
knowledge, such as universities and colleges, rese-
arch institutes, health trusts and business enterpri-
ses performing R&D activity.

» The knowledge-utilising system, i.e. institutions
which put the knowledge to use and exploit it for
different economic purposes. This applies to both
the industrial and the public sectors. Traditionally,
focus has been mainly on the industrial sector, but
the utilisation of knowledge, of course, is equally
central to the public sector.

In Norway, there is a long tradition of strengthe-
ning the regional knowledge infrastructure through a
decentralised development of the higher education
sector. Currently, we are seeing an upgrade of this, so
that most regions now have their own universities, or
are in the process of getting one. Similarly, the
development of regional industrial sector communi-
ties has long been a priority. This is expressed in parti-
cular by focusing on industrial clusters, and an impor-
tant part of this development is to seek to strengthen
the interaction between knowledge institutions and
business enterprises at the regional level. At the same
time, globalisation and increased international compe-
tition mean that regional systems, to the extent they
exist, are under pressure.

The purpose of this chapter is to provide a broad
overview of regional variations in R&D and innova-
tion activities and the associated human resources, as
we concentrate on the R&D performance of
Norwegian regions.
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5.1 Regional variations in R&D expenditure and R&D personnel

5.1.1 R&D expenditure by county

Figure 5.1
R&D expenditure per capita in the six highest
R&D performing counties. 1995—-2015.
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In 2015, NOK 60.2 billion was spent on R&D in
Norway. Oslo was by far the largest county in 2015
with 28 per cent of R&D effort. The second largest

county was Sgr-Trgndelag, followed by Akershus and
Hordaland. The four largest counties accounted for 70
per cent of R&D effort in Norway in 2015. R&D
effort in Norway tripled between 1995 and 2015, but
the county distribution pattern is almost unchanged.

R&D effort per capita highest in Sgr-Trgndelag
and Oslo

Measured in R&D expenditure per capita, two coun-
ties stand out: Sgr-Trgndelag and Oslo, see Figure 5.1.
In 1995, R&D effort per capita amounted to NOK
10,000 in both counties, while in 2005 it increased to
NOK 17,000 per capita. After 2008, growth stagnated
somewhat in Oslo and was at NOK 26,000 per capita
by 2015. In Ser-Trgndelag, growth continued and
amounted to NOK 31,000 per capita by 2015. On
average, NOK 3,700 was spent per capita for R&D in
Norway in 1995, compared with 6,400 in 2005 and
11,700 in 2015. Five counties had above average
R&D efforts in the period: Sgr-Trgndelag, Oslo,
Troms, Akershus and Hordaland.

High proportion of public funding of R&D in the
northernmost counties

In the following, we look at funding of R&D activi-
ties, and we distinguish between private and public

Figure 5.2
Funding of R&D in 2015 (top) og 1995 (bottom), by main source of funds and county.
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5.1 Regional variations in R&D expenditure and R&D personnel

5.1.1 R&D expenditure by county

Figure 5.3

Relative distribution of industrial sector R&D performance, by county. 1995, 2005 and 2015.
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funding and funds from abroad. As shown in Figure
5.2, the funding pattern varies between the counties.
Counties with a greater part of their R&D activity in
the industrial sector, such as Buskerud, Vestfold,
Telemark and Mgre og Romsdal, also have a high
amount of funding from this sector. Finnmark, includ-
ing Svalbard, and Troms have a particularly high pro-
portion of public sector funding. There is little R&D
effort in the industrial sector, while the higher educa-
tion sector accounted for nearly 60 per cent of R&D
activity in 2015 in both counties. Other counties with
a high proportion of public funding were Hordaland
and Oslo, both of which have large institutions in the
higher education sector, and also large university hos-
pitals. The proportion of funding from abroad was
highest in Akershus, @stfold, Oppland and
Agderfylkene in 2015, while there were only marginal
contributions from abroad in Hedmark, Nord-
Trgndelag, Nordland and Finnmark.

Figure 5.2 shows changes in R&D funding in the
counties from 1995 to 2015. In particular, four counties
have major changes in the funding pattern: Hedmark,
the two Agder counties, Buskerud and Finnmark,
including Svalbard. In Hedmark, the industrial sector
funded 82 per cent of R&D expenditure in 1995, and
industry was the largest sector, while government fun-
ded 15 per cent. By 2015, public funding accounted for
more than 50 per cent of R&D expenditure in this
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county. In the Agder counties there has also been a
shift from privately to publicly funded R&D. In
Buskerud, developments have been the opposite. The
proportion of R&D funded by industry increased from
60 per cent in 1995 to 81 per cent in 2015.

R&D in industrial sector: High concentration in
Oslo and Akershus

The industrial sector accounted for 46 per cent of
R&D effort in Norway in 2015; over 40 per cent of
this was carried out in Oslo and Akershus. Sgr-
Trendelag accounted for 11 per cent, and Rogaland,
Buskerud and Hordaland for between 6 and 8 per
cent. As shown in Figure 5.3, Oslo has reduced its
share of R&D performed in the industrial sector bet-
ween 1995 and 2015. At the same time, the share has
grown in Akershus, so the Oslo/Akershus region has
retained its high share. There has also been significant
growth in Sgr-Trgndelag, while Hordaland has had a
reduced share. Of the other counties, especially
Buskerud stands out with relatively high R&D acti-
vity, largely due to the county’s R&D-intensive indus-
trial sector in Kongsberg. In Norway’s four northern-
most counties, R&D efforts in industrial sector have
been marginal throughout the period, reflecting that
these counties have industrial sectors of little R&D-
intensive character.
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5.1 Regional variations in R&D expenditure and R&D personnel

5.1.2 R&D staff in the regions and counties

Figure 5.4

Number of R&D personnel, inhabitants and
R&D full-time equivalents in 1995 and 2015,
by funding region.

Figure 5.5

Number of R&D full-time equivalents in 1995
and 2015, and average annual growth from
1995 to 2015, by county.
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In 2015, 76,000 people performed a total of 42,000
R&D full-time equivalents (FTE) at Norwegian
research institutions. The capital region, i.e. Oslo and
Akershus, was the largest region. Here, a total of
30,000 people performed R&D, of which 21,500 were
researchers.

In total, 18,200 R&D FTE were carried out in the
capital region. The runner-up region in 2015, measured
in the number of R&D FTE performed, was Mid-
Norway, closely followed by Western Norway. The
number of R&D FTE almost doubled from 1995 to
2015. The growth in the number of R&D FTE has
been highest in the capital region, Western Norway
and Mid-Norway. However, the largest percentage
growth is found in Northern Norway and Mid-Norway.

Figure 5.4 shows the relationship between the
number of inhabitants, R&D expenditure per capita
and the number of R&D FTE performed in each
region in 1995 and 2015 respectively. The bubbles in
the figure show the relative size of R&D FTE in the
regions, and the figure reflects the growth in numbers
R&D FTE from 1995 to 2015. The figure shows that
the capital region scored highest both in 1995 and
2015, measured on all three criteria in the figure; resi-
dents, R&D expenditure per capita, and R&D FTE.
The second largest region, in both years, was Western
Norway, followed by the Oslofjord region and
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Mid-Norway. At the same time, Mid-Norway had the
second highest R&D expenditure per capita. Inland
and Agder were the two smallest regions.

Both in 1995 and in 2015, the capital region was
the largest in all areas. The number of inhabitants has
increased somewhat in all regions of the period, but
the interdependence between the regions is the same.
However, there has been a significant increase in R&D
performance during the period, both in terms of R&D
expenditure per capita and R&D FTE. The growth in
R&D FTE in R&D has been highest in the capital
region and Mid-Norway, which is also where R&D
expenditure per capita has grown the most. However,
the largest percentage growth from 1995 to 2015 in
R&D FTE is found for Northern Norway, where the
number of R&D FTE has more than doubled.

Highest average annual growth in R&D FTE in
the smaller counties

Most of the R&D FTE were performed in Oslo both
in 1995 and 2015, and the county accounted for about
30 per cent of R&D FTE both years. Average annual
growth in the number of R&D FTE in Oslo in the
period was 2.6 per cent, while at the national level the
average growth rate was 2.9 per cent. Figure 5.5
shows that the counties with the highest growth in the
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5.1 Regional variations in R&D expenditure and R&D personnel
5.1.2 R&D staff in the regions and counties

Figure 5.6

Doctorates among researchers/academic staff in the higher education sector and institute

sector, by county, 1995 and 2015.

4,000

O Number B Number 1995 B Number 2015 © Share 1995  ® Share 2015 OPer cent
6,000 60
5,000 <

3,000

2,000

1,000

@stfold
Akershus
Oslo
Hedmark
Oppland
Buskerud
Vestfold
Telemark

Agder counties

Rogaland
Hordaland

Sogn og Fjordane
Mgre og Romsdal
Ser-Trgndelag
Nord-Trgndelag
Nordland

Troms

Finnmark

and Svalbard

Source: NIFU, Doctoral Degrees Register

number of R&D FTE, Mgre og Romsdal, Troms and
Vestfold, all had a relatively low number of R&D
FTE in 1995. Counties with major educational institu-
tions such as Oslo, Ser-Trgndelag, Akershus and
Hordaland, on the other hand, had the lowest average
growth in R&D FTE.

Highest growth in the proportion of researchers/
academic staff with a doctorate in Agder
In 2015, 49 per cent of the researchers and the acade-
mic staff at the country’s universities, colleges, health
trusts and research institutes had a doctoral degree. In
1995, the proportion was 26 per cent. This means that
the PhD degree in the higher education sector and the
institute sector has increased by 23 percentage points
during the period. The number of people with a docto-
ral degree in the two sectors has increased from
almost 4,700 in 1995 to 16,000 in 2015. During the
same period, 21,800 doctoral students defended their
theses, but there are also many foreign PhD resear-
chers who have come to Norway.

The counties with the oldest universities had the
highest proportion of researchers/academic staff with
a doctorate in both 1995 and 2015. The highest
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proportion in 2015 is found for Akershus, closely fol-
lowed by Hordaland, Troms, Oslo and Sgr-Trgndelag.
The lowest PhD rate that year is found in @stfold,
Nord-Tregndelag and Sogn og Fjordane. In 1995
Hordaland, Segr-Trgndelag, Troms, Oslo and Akershus
had the highest doctorate proportions, while Vestfold,
Finnmark and Buskerud had the lowest.

The largest growth in the doctorate share between
1995 and 2015 is found in Agder counties, Buskerud
and Vestfold, all of which had a growth in the propor-
tion of doctorates among researchers/academic staff
of about 30 percentage points. Agder University
College gained university status in 2008, which is a
contributing factor to the county’s increased doctorate
share. The former colleges in Buskerud and Vestfold,
now part of the University College of South-East
Norway, have also worked to strengthen their research
competence, with the aim of becoming a university.

The lowest growth in the doctorate share is found
in Nord-Trgndelag, Sogn og Fjordane and @stfold. All
these counties have medium-sized state colleges spe-
cialising in areas with low doctorate shares, such as
teacher education and health care education. @stfold
is the only county of these three which has research
institutes of a certain size.
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5.2 Regional concentration of industrial sector R&D activity

Figure 5.7
Industrial sector R&D expenditure by county.
2008 and 2015. Fixed 2015 prices.

Figure 5.8.
Decomposition of changes in R&D in industrial
sector. 2008—-2015.
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As shown in Chapter 5.1.1 on R&D expenditure in
the counties, there is a strong concentration of indus-
trial sector R&D activity in some areas of the
Norway. By 2015, 41 per cent of the total activity was
concentrated in Oslo and Akershus, while the three
counties with the least R&D activity, Finnmark,
Hedmark and Nord-Trgndelag, did not total more than
1.8 per cent. In this sub-chapter we will look at how
R&D activity has developed in the counties in the
period 2008-2015, the period for which we have data.

Overall, R&D activity in the industrial sector
increased from NOK 18.1 hillion in 2008 to NOK
30.2 billion by 2015, corresponding to a 30 per cent
real growth. As shown in Figure 5.7, real growth
occurred in most counties during the period. The regi-
ons with decline were the two Agder counties (4%)
and Nordland (2%). In absolute terms, Akershus has
had the strongest growth, followed by Sgr-Tregndelag
and Rogaland.

This development confirms the strong concentra-
tion of R&D activity in the Oslo and Akershus region.
However, it is Akershus that has grown substantially,
while Oslo’s growth has been more limited. This has
led to a decline in the overall share of industrial sector
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R&D in Oslo and Akershus, from 43 per cent in 2008
to 41 in 2015.

There has also been strong growth in Rogaland.
While the county in 2008 was ranked sixth in terms of
industrial sector R&D, in 2015 it moved to fourth
place after Oslo, Akershus and Sgr-Trgndelag.

Increased R&D intensity main explanation for
growth in R&D expenditure

Growth in industrial sector R&D activity may occur
due to several factors, and we have isolated growth in
three such factors — employment, structure and inten-
sity (see fact box). As shown in Figure 5.8, the growth
in R&D activity is largely attributable to the fact that
R&D intensity in industrial sector has increased, as a
whole; 77 per cent of the increase is due to this. Part
of the growth (nearly 25%) is due to general growth
in the industrial sector. In addition, the R&D survey
shows that structural changes have a negative compo-
nent, that is, there has been a quite marginal change
towards smaller R&D intensive industries.

Explanation of growth in business R&D

The growth in industrial sector R&D activity
may be due to several factors, and in the
analysis we have distinguished between the
following three categories:

* General growth in the industrial sector; if
the industrial sector’s R&D activity is con-
stant per employed, growth in employ-
ment will lead to increased growth in
R&D.

e Change in industry sector structure; if dif-
ferent industries (with different R&D
intensities) develop differently, this will
lead to changes in the overall R&D
activity.

= Change in R&D intensity in individual
industries.
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5.3 Regional allocation of instruments

Figure 5.9

Regional distribution of funds from the Research Council of Norway, Innovation Norway, tax

deduction (SkatteFUNN) and Siva in 2016.
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In this sub-chapter we provide an overview of the

county-wide distribution of the most important instru-

ments that are applied to stimulate research and inno-

vation in Norway, and this applies to:

e Grants for research through the Research Council
of Norway

e Budgeted tax deductions in SkatteFUNN? projects
with planned activity

e Grants awarded by Innovation Norway

e Grants for innovation infrastructure through Siva

In this overview, we only provide data for 2016: in
that year the Research Council granted a total of NOK
8.9 hillion for research, based on more than 2,200
projects. In the SkatteFUNN scheme, a total of 6,900
projects with planned activity were approved in 2016.
The total cost budget for these projects was NOK 26.4
billion and the estimated tax deduction was 4.9 bil-
lion. Innovation Norway committed a total of NOK
6.2 billion in loans and grants to more than 5,600 pro-
jects in 2016. Of this total funding, grants (net com-
mitments) amounted to NOK 2.9 billion.

In total, funding for research and innovation
through the Research Council, Innovation Norway
and SkatteFUNN (tax deduction) amounted to NOK
16.7 billion in 2016, which is NOK 2.1 billion higher
than in 2015 and NOK 4.1 billion higher than in 2014.

1 See more about SkatteFUNN in chapter 2.5.1.
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The strong growth is due to a particular increase in
the expected revenue loss through the SkatteFUNN
scheme, which has increased by almost NOK 2 billion
over the past two years. The funding through the
Research Council of Norway has grown, while the
allocations through Innovation Norway have decrea-
sed slightly over the past year.

Siva’s main role is to develop infrastructure for
innovation by organising a number of innovation
companies. As part of this, Siva also provides grants
to business parks and incubators, totalling NOK
151 million in 2016, representing an increase of
NOK 66 million compared to 2015.

Figure 5.9 shows how the instruments are distribu-
ted among the counties. Grants from the Research
Council are strongly concentrated in the counties with
the oldest universities, which is where the larger rese-
arch institutes are located, too. The distribution of
SkatteFUNN is determined by the location of rese-
arch-oriented enterprises, i.e. largely following the dis-
tribution of R&D expenditure in the industrial sector.
It is, however, somewhat more decentralised because
the most central regions, especially Oslo and
Akershus, receive a smaller proportion of these funds.

In contrast, the grants from Innovation Norway
and Siva have a completely different geographical
pattern. Both institutions have important regional
policy tasks, which lead to a more decentralised distri-
bution of their funds.
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6 Structural change
and transition

9 Jay1deyn

Lisa Scordato, Espen Solberg



Highlights
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Structural changes in the Norwegian economy

= Over the past 50 years, the industry structure in Norway has changed signi-
ficantly. Today, only 2 per cent of Norwegians work in primary industries
compared with 12 per cent in 1970. Secondary industries have decreased
from 28 to 20 per cent, while service industries have increased from 56 per
cent to 77 per cent.

= While shipping was Norway’s largest export industry in the early 1970s, the
petroleum industry has taken over this role. In 2012, more than half of
Norway’s total export revenue came from the sale of crude oil and natural
gas and related services and products.

= In 2016, more than 60,000 new enterprises were established in Norway,
while an almost equal nhumber were closed down. This indicates that around
15 per cent of enterprises are being replaced annually. Nevertheless, chan-
ges in existing enterprises have by far the strongest impact on total
employment.

R&D for green transition

* Petroleum-related research and development is important in Norway. In
2015, a total of NOK 5.7 billion was reported as related to such research,
compared with NOK 1.7 billion to renewable energy. Petroleum research
increased significantly up to 2014, but declined after the fall in oil prices.

= The industrial sector clearly has the largest share of petroleum research, but
it also dominates research on energy efficiency and environmental technolo-
gies. The institute sector is the largest contributor in the field of renewable
energy and has significant activity on all topics in energy and environmental
research in Norway.

« There has been a strong growth in Norway’s public grants to R&D and
demonstration in the energy and environmental field. Total allocations are
now highest among the Nordic countries. Norway stands out with high allo-
cations to fossil energy, but has also increased its commitment to renewable
energy and energy efficiency, especially after the so-called Climate
Agreement 2008.

Digitisation and use of ICT

= By 2016, 45 per cent of Norwegians between 16 and 74 years had digital
skills «above the basic level». Thus, Norway is number 3 in Europe, only
behind Denmark and Luxembourg.

= Norwegian companies are generally prominent regarding the use of ICT and
broadband access, but are lagging slightly behind the leading countries when
it comes to access to high-speed broadband.

= Many state-owned enterprises in Norway expect and experience changes
because of new ICT systems. The introduction of new ICT solutions hardly
contributes to reduced staffing. In 2015, 25 per cent of enterprises expected
the introduction of ICT to reduce their staff over the next two years. Two
years later, only 7 per cent say they have experienced downsizing.

Changes in working life

« New calculations from the OECD show that 10 per cent of Norwegian jobs
are highly likely to be automated. This is lower than previous estimates and
on par with most OECD countries.

= Most international comparisons indicate that Norway has a learning-intensive
work environment: Norway generally holds a high score in terms of the pro-
portion of employees involved in education and training. In Norway, nine out
of ten workers also say that they learn new things through their daily work.
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Introduction

The need for transition is high on the political agenda.
In this chapter, we present some additional indicators
which shed light on past patterns of change and indi-
cate how Norway is positioned for future transition.

Research on transition

«Transition» is not just a political term. It is also sub-
ject to academic discussions, with various definitions
and approaches. Some theories emphasise the long-
term, gradual and complex nature of transition proces-
ses (Rotmans et al., 2001), while others have sugge-
sted that transition requires a distinct break and a clear
identification of a «before and after» (Latour, 1993).
The scholarly literature also shows mixed evidence as
to whether transition processes can or should be ste-
ered. In innovation research, there has been an
increasing awareness that the state should play an
active role as a driving force for transition
(Mazzucato, 2013). Closely related is also the move-
ment towards so-called third generation innovation
policy, where transition processes are understood as
broad societal processes and are linked to the solution
of major societal challenges (Schot and Steinmueller,
2016).

Transition as the normal mode

Transition is not a new phenomenon. The society and
the economy are constantly changing, sometimes in
the form of brand new phenomena that create changes
from a certain point of time, such as when Norway
started oil extraction in the early 1970s. But just as
often, transition is a gradual process that can hardly be
linked to one event. An example of the latter is the
increased participation of women in Norwegian wor-
king life, which has taken place gradually throughout
the post-war period. Both examples represent changes
that have had a significant impact on the Norwegian
economy and society.

A special need for transition

Several factors indicate that Norway has a special
need for transition in a number of areas. The
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Government’s latest Perspective Report highlights the
following:

While much of the prosperity increase has previ-
ously built on increased productivity, productivity
growth in Norway has been significantly lower over
the past ten years. This is not unique to Norway, but
poses a challenge for future prosperity.

The large revenues from the oil and gas industry
are based on limited resources and cannot be expected
to be a major driver of growth in the long run. The
recent drop in oil prices has revealed and reinforced
the need to develop new sources of export and value
creation in Norway.

Climate and environmental challenges require a
fundamental reorganisation of production and con-
sumption in a more sustainable direction. This will
require transition processes on many levels. For
Norway’s part, this also reinforces the need to develop
alternatives to oil and gas activities.

The outlook for lower transfers from the
Government Pension Fund Global* makes public
spending unlikely to increase as much as has been the
case during the past decades. If welfare levels are to
be maintained and further improved, new solutions
and more efficient use of resources in the public sec-
tor are needed.

Digitisation and automation are changing large
parts of working life. For Norway, it may mean fewer
jobs in some areas, but also that new jobs may be cre-
ated, for example, by moving production back from
low-cost countries. But a positive use of digitisation
and automation requires that society has the ability
and willingness to use new technology and allocate
resources to new areas.

Measurement of transition

Since transition is such a complex and multi-faceted
term, it is also difficult to measure transition in an
unambiguous way. In this chapter, we focus on transi-
tion in a Norwegian context and first describe some
key economic trends over time. Then we look at some
indicators that may say something about the prerequi-
sites for future transition in Norway, particularly ICT,
digitisation and automation, learning in the workplace
and transition from fossil to renewable energy.

9 Ja1deyn

1 The Government Pension Fund Global was set up in 1990 to
underpin long-term considerations when phasing petroleum
revenues into the Norwegian economy. Norges Bank Invest-
ment Management manages the fund on behalf of the Minis-
try of Finance.
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6.1 Structural changes in the Norwegian economy

6.1.1 Changes in the industrial structure®

Figure 6.1
Employment by main industry in Norway. Industries’ share of total employment. 1970, 1992
and 2015.
Share of employees 1970 1992 2015
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Source: Statistics Norway, National Accounts

The economy is not static, but in constant change.
New activities emerge while others become less
important or obsolete. The way we produce goods
and services has also changed over time. One way to
grasp this is to follow changes in the business
structure over time, that is, where people work and
where value is created.

From agriculture and products to services

During the last 50 years, the industry structure in
Norway has changed significantly. Primary industries
now represent only 2 per cent of the employed, com-
pared with 12 per cent in 1970. Secondary industries
have decreased from 28 to about 20 per cent. This
decline has mainly taken place in manufacturing.
Services currently account for 77 per cent of total
employment against 56 per cent in 1970. Some of this
is due to reclassification of enterprises between indus-
tries, but the figures also reflect real changes. In other
words, Norwegians work less often in fields and fac-
tories, and more and more in shops, offices and
institutions.

2 This chapter is based on Statistics Norway’s publication
«This is Norway 2017».
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High value output per employee in secondary
industries

The relative importance of industries can also be
highlighted by looking at their contribution to gross
domestic product (GDP). Then the picture changes
slightly: secondary industry’s share is today 33 per
cent, compared with 20 per cent for the share of
employees. This is mainly due to the high revenues
per employee in the oil and gas industry. Primary
industries’ contribution to GDP is about the same as
the rate of employment, i.e. 2 per cent. Tertiary
industry’s contribution to GDP is 65 per cent, which
means that service industries generally have less value
added per employee than the other main industries.

Fivefold increase in the number of employed in
health and healthcare

Services, however, is very diverse. As shown in
Figure 6.1, health and healthcare services have acco-
unted for the strongest growth in service industries.
Since 1970 the number of employees in in the health
and care sector has increased fivefold. During the
same period the number of employees in market-ori-
ented services, public administration and education,
has approximately doubled.
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6.1 Structural changes in the Norwegian economy

6.1.2 Development in exports of goods and services

Figure 6.2

Revenues from Norway’s 10 most important export goods and services in 2016. 1970—-2016.

Constant 2005 prices.
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Source: Statistics Norway, National Accounts

Much of the transition debate in Norway is related to
the need to develop new sources of export revenue.
Norwegian exports have long been dominated by raw
materials and fewer high-tech products. This can
represent both a strength and a risk: trade in commodi-
ties can be very profitable at times of high commodity
prices, a situation that Norway has benefited from over
the last ten years. At the same time, decline in commo-
dity prices can cause major losses of export revenues.
But high-tech exports can also be vulnerable to chan-
ges in market needs and technological development.

Oil and gas dominate

Figure 6.2 shows the real growth in Norwegian
income from exports of goods and services since
1970. Only the ten largest commodity and service
groups in 2016 are included. These ten export catego-
ries accounted for 94 per cent of Norwegian exports
in 2016 and 77 per cent in 1970. However, although
the main export products and services have remained
stable over time, there have been major changes.
While shipping was Norway'’s largest export industry
in the early 1970s, the petroleum industry has taken
over this role. In 2012, more than half of Norway’s
total export revenues came from the sale of crude oil
and natural gas and associated services. In addition,
the supply industry, which also exports products and
services related to the oil and gas business, is in other
product and service categories.
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Total exports follow the decline in oil and gas

After 2012, and especially after 2014, the share of oil-
related export revenues has declined, as a direct con-
sequence of the oil price decline from 2014. Although
more than half of Norwegian exports in 2016 origi-
nate from goods and services other than oil and gas,
total exports have flattened. Norway still has a posi-
tive trade balance, but in 2016 the export surplus was
the lowest in 17 years. In addition to the decline in oil
and gas revenues, there was also a fall in export value
for industrial machinery, where a large proportion
goes to petroleum and gas-related businesses abroad.
In contrast, fish exports increased, with a sharp rise in
prices yielding record export values in 2016.

A commodity and service-based export profile

The chart also shows that about half of all exports in
2016 were linked to commaodities, where metals and
fish constitute the most important products after oil
and gas. Furthermore, we see that services account for
two of the four main export revenues, namely ship-
ping services and financial and business services.
Both service categories are considered «knowledge-
intensive services» and are a major reason for
Norway'’s high scores in international comparisons of
knowledge-based services. On the other hand,
Norway has a small degree of high-tech exports, as
can be seen from this overview.
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6.2 Research on fossil and renewable energy

6.2.1 Energy-related R&D and demonstration costs

Figure 6.3
Norwegian government budget appropriations for R&D?* by energy field. 1996-2016.
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1 Excluding expenditure for demonstration or own government R&D.

Source: OECD, IEA R&D Budgets database 2017

The importance of energy-related issues, and the need
for more environmentally friendly energy, is also
reflected in the profile of public funding. Here we use
data from the International Energy Agency (IEA) to
illustrate public funding for energy-related R&D and
demonstration. The figures show developments over
the past twenty years. We also compare with data for
the other Nordic countries in the same period.

Increase of Norwegian public R&D in the energy
field after the Climate Agreement in 2008
During the last two decades, Norwegian government
R&D investments in the energy field have increased
gradually. Between 1996 and 2016, the Norwegian
allocations were NOK 18.2 billion. Expenditure incre-
ased especially from 2009 because of the climate
agreement adopted in the Norwegian Parliament in
2008. R&D allocations for renewable energy, energy
efficiency and carbon capture and storage (CCS)
account for a large part of the increase.

Public funding for demonstration in the period
2009-2016 was around NOK 12 billion. Compared
with the period 2003-2008, the cost of demonstration
was a total of NOK 436 million (demonstration
expenses are missing before 2003).

For renewable energy, the allocated R&D expendi-
ture was approximately NOK 3.6 billion in the period
1995-2016. Of this total, almost 90 per cent were
invested in the last ten-year period. Within the rene-
wable field, the cost of solar energy was 32 per cent
of the total expenditure, followed by wind (27%), bio-
fuel (22%) and hydropower (11%). For carbon cap-
ture and storage, R&D grants were just over NOK 1.6
billion. For energy efficiency, R&D appropriations
were NOK 1.5 billion.
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The Energi 21 strategy is Norway’s national stra-
tegy for research, development, demonstration and
commercialisation of new energy technology, which
was established by the Ministry of Petroleum and
Energy in 2008. In 2009, the scheme for environmen-
tally friendly energy (FME) research centres was
established, and in 2016 the Research Council alloca-
ted funding for eight new FMEs. The centres cover
the areas of hydropower, smart power grids, energy
efficient industry, environmentally friendly transport,
CO2 management, solar cells, biofuels and zero-emis-
sion areas in the cities.

Figure 6.4

Norwegian government budget appropriations
for R&D for environmental related energy
fields. 1996-2015.
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6.2 Research on fossil and renewable energy

6.2.2 R&D and green transition

Figure 6.5

R&D expenditure geared towards petroleum
activity and renewable energy. Total and for
the industrial sector. 2007—2015.

Figure 6.6
R&D expenditure geared towards different
energy and environmental purposes in 2015
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R&D for green transition

Although there are different opinions about future oil
extraction, there is broad consensus that more of
Norwegian value added must come from sources other
than oil and gas, and that the process must be facilita-
ted for more sustainable value creation. Research and
development are considered as important factors in
such a transition. Therefore, we look at indicators for
petroleum-based R&D and various forms of environ-
ment-related R&D. These dimensions have been map-
ped in R&D statistics since 2007.

Growth and decline in petroleum research

Figure 6.5 shows that Norwegian research communi-
ties report three to four times more petroleum-related
R&D than R&D targeting renewable energy. From
2007, petroleum research has risen steadily and with a
sharp increase in the period from 2011 to 2014. By
2015, we see that petroleum research decreased, which
is most probably due to oil prices and reduced invest-
ments in the sector. This indicates that much of the
petroleum related R&D activity is directly linked to
new investments and exploration projects in the sector.

Few indicators of a green transition

R&D efforts aimed at renewable energy show a
slightly different development. Here we see a strong
increase in the R&D effort after the agreement on
climate policy from 2008°. Thereafter, growth has
slowed down, both in total and for the industrial
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sector. Although research on renewable energy sources
shows a certain increase, while petroleum research is
declining, it is difficult to see signs of a green transi-
tion in the overall R&D effort in these areas.

The institute sector combines petroleum
research and environmental research

Figure 6.6 shows the amounts of R&D devoted to
petroleum activities and various environmental purpo-
ses in 2015. Several environmental categories are new
in 2015, and cannot be measured over time.
Petroleum-oriented R&D appears to be the largest
category, with a total of NOK 5.7 billion in reported
R&D. Most of this takes place in the industrial sector,
not only in the oil and gas industry, but also in the
supply industry and in ICT services. R&D in energy
efficiency and environmental technology are also fre-
quently reported in industrial sector. energy efficiency
is particularly widespread in oil and gas, metal indus-
try, electrical engineering and technical consultancy.
Furthermore, we see that the institute sector reports a
lot of R&D activity in both oil and Gas, renewable
energy, environment and climate.

3 Norway'’s climate policy is based on agreements reached in
the Storting in 2008 and 2012 between all the political par-
ties (except the Progress Party). The agreements are a result
of the broad political consensus that Norway shall take re-
sponsibility for a reduction in greenhouse gas emissions
through an active national policy. The agreement contains
targets for emission reductions in 2020, including ambitions
for national emission reductions and a long-term goal of re-
structuring Norway to a low-emission society
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6.3 Use and dissemination of ICT
6.3.1 Digital skills in the population

Figure 6.7
General digital skills in Norway, EU and
selected countries in 2016. 16—74 years.
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The use of ICT and new digital solutions is conside-
red important for transition in different parts of soci-
ety. The population’s digital skills therefore provide a
relevant indication of a country’s ability to handle and
reap the benefits of new technology.

High digital skills among Norwegians

According to the most recent European survey on
digital skills, Norwegians score relatively high. By
2016, 45 per cent of Norwegians between 16 and 74
years had digital skills «above basic level». Another
29 per cent had «basic skills». As shown in Figure
6.7, this is well above the EU average and also above
the level in many neighbouring countries. In general,

the countries of Northern Europe are better off than
countries in southern and eastern Europe.
Luxembourg is at the top with 54 per cent of the
population having good skills. Then comes Denmark
with Norway as number three in the EU measured by
the proportion of people with digital skills above the
basic level.

In Norway, there is also a very small percentage,
only 3 per cent, who report that they have not used the
Internet. This share is significantly lower than in the
EU overall. At the same time, we see that every fifth
citizen in Norway has low digital skills, which reveals
a significant digital skills gap.

Most Norwegians master digital information
search

In addition to the general skills indicator, the Digital
Skills Indicator describes the population’s digital
experience and competencies in four different fields.
Of the four fields, Norwegians fares best on Digital
information search, with 87 per cent between 16 and
74 years above the basic level. Only Denmark and
Luxembourg show higher skills here.

Norwegians also display high experience in digital
communication and task-solving. 80 and 72 per cent
respectively have good skills in these areas, compared
with 58 and 54 per cent for the EU total.

Fewer are highly skilled in using software

Experience with using software is somewhat less pre-
valent than the three other categories. In Norway, 54
per cent have good skills in this area, while 22 per
cent have inadequate or no mastery. Those over 65
especially have little experience with software. But
here too, the level in the EU is overall lower, with an
average of 40 per cent with good skills. A likely
explanation for poor skills in using software is that
few people need to use master computer programmes
in their daily lives and work. The indicator does not
distinguish between the lack of the needs and the lack
of skills.

About «Use of ICT in households>

The survey forms the basis for the indicator
Digital Skills Indicator, one of the tools the
European Commission uses to measure digital
skills in the population of Europe.

The indicator groups the population into four
skill levels and consists of:

1) Digital Information Search
1) Communication

111) Task Solution

1V) Software Skills.

People who score «above the basic level» in
all four areas of competence are considered to
have good overall digital skills
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6.3 Use and dissemination of ICT
6.3.2 Use of ICT in enterprises

Figure 6.8
Access to high-speed broadband (100 MB/s)
in European enterprises. Share of all enterpri-

Figure 6.9
Share of enterprises which have received
orders via electronic networks in 2015 by

ses which use Internet in 2016. country.
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Source: Statistics Norway, Employment of ICT in enter-
prises/Eurostat

The use of new ICT solutions is important for compe-
titiveness and transition in large parts of the business
community. Eurostat conducts regular surveys on the
use and dissemination of ICT in European business.
This allows for international comparisons. In Norway,
Statistics Norway conducts the survey among
Norwegian enterprises.

Norwegian enterprises advanced in the use of ICT

In general, most indicators show that Norwegian
enterprises are far ahead when it comes to access to
and use of ICT solutions. Among other things, almost
half of Norwegian enterprises now report that they
use cloud services, which is a clear growth from pre-
vious years and is among the highest shares in
Europe. The survey also shows that technological
advances are moving rapidly and that several of the
questions are becoming less relevant. For example,
the proportion of enterprises with Internet access is
now close to 100 per cent in most European countries.

Access to high-speed broadband across the EU,
but behind Nordic neighbouring countries
Broadband access is also becoming increasingly
widespread. The fact that broadband access is impor-
tant for innovation and renewal is also emphasised by
the fact that the European Commission has included
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Source: Statistics Norway, Employment of ICT in enter-
prises/Eurostat

enterprises’ access to high-speed broadband as a new
indicator in the annual European Innovation
Scoreboard, see also section 1.3. Norwegian enterpri-
ses have a high score in broadband access, but are
somewhat behind the leading countries when it comes
to high speed broadband access with over 100 MB per
second, see Figure 6.8.

More than every fourth enterprise engaged in
online sales

The ICT survey also shows that 28 per cent of
Norwegian enterprises have received orders for goods
or services through websites in 2015. As shown in
Figure 6.9, only enterprises in Ireland and Denmark
have a higher share in Europe. Most online sales
among Norwegian enterprises are on the Norwegian
market. By 2015, only 5 per cent of the enterprises
were selling to other countries via the internet.

About «Use of ICT in enterprises>

9 Jo1deyd

The survey is published annually, and is a
sample survey with Norwegian enterprises
with at least 10 employees in selected indus-
tries. The survey asks, among other things,
about internet access, e-commerce, ICT speci-
alists, use of cloud services, social media and
websites. The statistics are developed in coo-
peration with other European countries
through Eurostat.
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6.4 Digitisation and automation: Automation in the workplace

Figure 6.10

Share of jobs with a high probability for automation and significant changes in tasks in 2012

by selected OECD-countries.
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Source: OECD, based on PIAAC and Arntz et al (2016)

The introduction of new technology has always resul-
ted in major changes in working life. In recent years,
there has been a lot of focus that advanced algorithms
and new robotics can make many jobs redundant. But
new technology can also create new jobs and, not
least, change the content of existing jobs.

Exaggerated fear of automation

A much-discussed study by Oxford researchers Frey
and Osborne (2013) has suggested that automation
can make 47 per cent of all jobs in the United States
redundant in the next 10-20 years. The same method

About PIAAC

The PIAAC (Programme for the International
Assessment of Adult Competencies) is the
world’s largest survey of adult skills. It was
conducted by OECD in 2011-2012 and inclu-
des testing adult skills in reading, numerical
understanding and problem solving in the ICT
environment. The skills are measured by
respondents having answered tests in the form
of exercises on PC or paper form. In total, the
survey included 166,000 people aged 16-65 in
24 countries. Statistics Norway has completed
all parts of the survey, and in Norway nearly
5,000 people participated in the test.
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has been applied to many other countries, including
Norway, where 33 per cent of jobs were found to be
likely to disappear soon (SSB, 2015). A weakness of
these studies is that they estimate the likelihood of
automation for all occupational groups but without
considering that each profession and job often con-
tains different tasks that are more or less automatable.
Based on data from the Programme for the
International Assessment of Adult Competencies
(PIAAC), the OECD has made an alternative calcula-
tion based on the tasks of the employees, regardless of
occupation. As shown in Figure 6.10, this gives far
lower estimates of redundancies due to automation.
Over all, about 10 per cent of employees are esti-
mated to have jobs that can be automated, which is
also the level in Norway.

But major changes in work tasks

At the same time, the OECD calculations show that a
large proportion of the workers in the countries con-
cerned are in jobs where there is a high likelihood that
the tasks will change. In many Eastern and Southern
European countries, it is estimated that one third of
the workers will experience significant changes in
tasks. For Norway, the share is almost a quarter,
which may indicate that Norwegian employment has
already completed many of these changes.
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6.5 Learning in working life

Figure 6.11

Share of employees (25—-64 years) who have
participated in education or training in the
last 4 weeks. Responses from the years 1996,
2006, and 2016.

Figure 6.12
Share of employees who state to learn new
things in their daily work in 2015 and 2010.
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Societal transformations require that employees can
develop their skills throughout their lives, and conti-
nue their education for new tasks. Several European
studies include questions about employee participa-
tion in different forms of learning. Data from the sur-
veys have been used as a new indicator of lifelong
learning in the latest edition of the European
Innovation Scoreboard (see chapter 1.3).

High participation in lifelong learning in Norway

Compared with other European countries, Norwegian
employees seem to have high participation in lifelong
learning. Figure 6.11 shows the proportion of workers
who report having participated in some form of educa-
tion or training during the last 4 weeks. Here Norway is
among the foremost countries, but noticeably behind
Switzerland and the other Nordic countries.

The question has been the same since 1992. The
main picture has been quite like the last 20 years, see
Figure 6.12, confirming that high learning intensity is a
structural and cultural feature of Norwegians and, not
least, Nordic working life. This is also evident in other
international studies on lifelong learning in working life.
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Source: Eurofund/European Workings Conditions Survey

Most Norwegians learn through their job

In addition to formal and informal training, much
learning takes place through daily work. Such lear-
ning is difficult to measure. However, one indication
is given through Eurofund’s regular working condi-
tions surveys, where a selection of workers in all
European countries are asked about different condi-
tions at the workplace. One of the questions is
whether the employee learns new things through his/
her daily work. As shown in the figure, it is particu-
larly the employees from the Nordic countries who
state that they learn through daily work. In these
countries, nine out of ten workers state that they learn
through their work.

These findings have also been used in recent inno-
vation research on the links between labour cultures
and innovation capabilities. Here the conclusion is
largely the same, namely that workplaces in
Scandinavian countries and the Netherlands are char-
acterised by large flexibility and incentives to learn-
ing, while, for example, the United Kingdom, France
and Germany have more hierarchical and less learn-
ing-intensive systems (see, for example, Lorenz and
Lundvall, 2010).*

4 Eurostat/Adult Education Survey 2011, Eurostat/Continuing
Vocational Training Survey 2010, and OECD/PIAAC 2012.
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Tables

Table 1
Total R&D expenditure in Norway by sector of performance and source of funds: 2015. Million NOK.
Total Industry Government Other Abroad
) sources* )

Total Ol Totalt|  Research Total | Of which:
companies Council of EU-com-
Sector of performance Norway mission
Business enterprise sector 32,445 23,585 . 2,805 1,676 1,812 4,244 356
Of which: Industrial sector* 21,782 21,690 . 1,171 553 1,315 3,607 118
Institutions serving enterprises? 4,663 1,895 317 1,634 1,124 497 637 231
Government sector 9,055 668 99 7,406 1,886 244 737 195
Of which: Institutions serving government 8,235 644 99 6,651 1,864 206 735 194
Health trusts without university functions 821 24 . 756 22 39 2 1
Higher education sector 18,709 586 157 16 674 2,182 887 561 409
Of which: Universities and university colleges 15,523 549 157 13,759 2,565 690 525 397
University hospitals 3,186 38 - 2,915 217 197 36 12
Total Norway 60,209 24,839 . 26,885 6,345 2,943 5,542 960

1 Includes private funding, gifts and SkatteFUNN in the industrial sector.
2 Includes private, non-profit hospitals operating on behalf of a regional health trust.
Source: NIFU/Statistics Norway, R&D Statistics

Table 2
Current expenditure on R&D by sector of performance and field of research and development: 2015.
Million NOK.

Field of research and development Total Industrial sector Institute sector Higher education sector
Humanities 1,840 . 323 1,517
Social scienes 6,361 . 2,092 4,269
Natural sciences 5,497 . 2,516 2,981
Engineering and technology 6,248 . 4,362 1,886
Medical and health sciences 7,957 . 1,725 6,232
Agricultural sciences 2,150 . 1,794 356
Not elsewhere classified 26,035 26,035 . .
Total 56,087 26,035 12,812 17,241

Source: NIFU/Statistics Norway, R&D Statistics

Table 3
Current expenditure on R&D by type of R&D and sector of performance: 2015.
Million NOK and per cent.

Sector of performance Total Basic research Applied research | Experimental development
Industrial sector Million NOK 26,035 925 5,269 19,840
Per cent 100 4 20 76
Institute sector Million NOK 12,812 1,859 8,614 2,339
Per cent 100 15 67 18
Higher education sector Million NOK 17,241 7,612 7,483 2,146
Per cent 100 44 43 13
Total Million NOK 56,087 10,396 21,366 24,325
Per cent 100 19 38 43

Source: NIFU/Statistics Norway, R&D Statistics
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Table 4
R&D expenditure in Norway by sector of performance and type of cost: 1970—-2015. Million NOK.
Current prices.

Total Industrial sector* Institute sector Higher education sector

Total | Current ex- Invest- Total | Current ex- Invest- Total | Current ex- Invest- Total | Current ex- Invest-
Year penditure ments penditure ments penditure ments penditure ments
1970 891.0 774.1 116.9 275.6 255.5 20.1 329.3 295.3 34.0 286.1 223.3 62.8
1972 1,236.0 1,094.5 1415 355.4 335.3 20.1 459.3 417.3 42.0 421.3 341.9 79.4
1974 1,633.1 1,467.3 165.8 478.6 434.4 44.2 629.5 578.8 50.7 525.0 454.1 70.9
1977 2,716.2 2,356.1 360.1 850.0 7474 102.6 958.8 859.6 99.2 907.4 749.1 158.3
1979 3,265.2 2,951.9 313.3 1,026.5 941.6 84.9 1,229.9 1,134.6 9.3 1,008.8 875.7 133.1
1981 4,267.7 3,865.2 402.5 1,334.4 1,209.8 124.6 17133 1,569.5 1438 1,220.0 1,085.9 134.1
1983 5,764.6 5,207.2 557.4 1,886.4 1,737.6 148.8 2,404.6 2,142.1 262.5 1,473.6 1,3275 146.1
1985 8,202.9 7,361.7 841.2 3,574.0 3,248.7 325.3 2,826.4 2,493.8 332.6 1,802.5 1,619.2 183.3
1987 10,319.4 9,216.1 1,103.3 45485 4,036.7 511.8 3,605.1 3,232.2 372.9 2,165.8 1,947.2 218.6
1989 11,662.2 | 10,3137 1,348.5 4,590.3 4,056.6 533.7 4,300.5 3,839.3 461.2 2,771.4 2,417.8 353.6
1991 12,7440 | 11,285.2 1,458.8 4979.8 4,463.2 516.6 4,405.2 4,024.3 380.9 3,359.0 2,191.7 561.3
1993 143356 | 12,667.5 1,668.1 5,631.2 4,906.8 1244 4,810.7 4,338.2 472.5 3,803.7 3,422.5 471.2
1995 15,9704 |  14,389.2 1,581.2 7,340.6 6,437.6 903.0 4,490.7 4,211.5 219.2 4,139.1 3,680.1 459.0
1997 18,2439 | 16,485.2 1,758.7 8,571.5 7,142.0 829.5 4,826.6 4,518.6 308.0 4,845.8 4,224.6 621.2
1999 20,346.5| 18,4414 1,905.1 9,540.0 8,7172.3 767.7 4,987.1 4,752.8 234.3 5,819.4 4916.3 903.1
2001 24,4694 | 22,305.3 2,164.1| 12,613.7| 11,3485 1,265.2 5,581.5 5,337.4 244.1 6,274.2 5,619.4 654.8
2003 27,2458 | 24,813.3 24325 13390.7| 12,077.1 1,313.6 6,360.0 6,075.3 284.7 7,495.1 6,660.9 834.2
2004 27)552.7| 25,280.5 22122 12,707.7| 11,7355 972.2 6,620.0 6,320.0 300.0 8,225.0 7,225.0 1,000.0
2005 295148 | 27,442.6 20722 1351L7| 12,5913 920.4 6,906.8 6,660.9 245.9 9,096.3 8,190.4 905.9
2006 32,2748 | 29,844.9 2,429.9| 147348| 13,6149 1,119.9 7,650.0 7,350.0 300.0 9,890.0 8,880.0 1,010.0
2007 36,788.2 | 33,955.8 2,8324| 16,7554 | 154816 1,273.8 8,309.9 7,941.7 368.2| 11,7229| 10,5325 1,190.4
2008 40,545.3 | 37,3544 31909 | 18294.7| 16,9289 1,365.8 9,266.6 8,812.5 45411 12,984.0| 11,613.0 1,371.0
2009° 41,884.5| 39,061.7 2,8228| 18201.9| 17,180.2 1,021.7| 10,262.4 9,794.2 468.2| 134202 | 12,087.3 1,332.9
2010 42,759.1|  40,000.6 2,7586| 185138| 17,2644 1,2495| 10,4153| 10,051.2 3641 13830.0| 12,685.0 1,145.0
2011 45,4404 | 42,5715 2,862.9| 20,065.9| 18,532.5 15334 11,1151| 10,657.4 4577 14,2594 13,387.6 871.8
2012 48,043.5| 45140.2 29033 21,176.3| 19,7183 14580 11.8282| 11,2379 590.3| 15,039.0| 14,184.0 855.0
2013 50,748.2 | 47.817.7 29305 22,556.9| 21,059.1 14978 | 12,190.1| 11,689.0 501.1| 16,001.2 | 15,069.6 931.6
2014 53,867.0 | 50,894.7 29723 24801.9| 23,336.0 14659 | 123451 11,910.7 4344 16,7200 | 15,648.0 1,072.0
2015 60,209.3 | 56,087.1 41222 27,7824 | 26,0345 1,7480| 13718.1| 128117 906.4] 18,708.7| 17,240.9 1,467.8

1 Due to new information from important R&D units in the industrial sector, R&D statistics from 2001 till 2007 have been corrected.

2 Data from 1995 is not directly comparable with the previous years due to an extension in the data coverage in the industrial sector,
as well as the transfer of state commercial enterprises from the institute sector to the industrial sector.

¢ In 2009, some research units were reclassified, mainly from the higher education sector to the institute sector.
Source: NIFU/Statistics Norway, R&D Statistics
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Table 5
R&D personnel (head count) in Norway by sector of performance and gender: 1974—2015.

Total Industrial sector* Institute sector Higher education sector

Total Resear- Women Total Resear- Women Total Resear- Women Total Resear- Women
Year chers? (%) chers? (%) chers? (%) chers? (%)
1974 21,820 9,756 . 5,152 1,419 . 7,599 3,286 9 9,069 5,051 12
1977 23,952 10,818 . 5,851 1,688 . 8,108 3,517 9 9,993 5,613 14
1979 25,154 11,851 . 6,402 2,017 . 8,605 3,982 9 10,147 5,852 14
1981 26,297 12,939 . 6,473 2,316 . 9,138 4,376 12 10,686 6,247 15
1983 27,930 14,002 . 7,254 2,909 . 9,793 4,663 1 10,883 6,430 16
1985 30,979 15,923 . 10,041 4,475 . 9,818 4,792 13 11,120 6,656 18
1987 31,898 18,128 . 10,332 5,897 . 10,077 5,343 16 11,489 6,888 19
1989 32,871 19,515 18 9,734 5,861 13 10,639 5,882 19 12,498 1,112 22
1991 31,473 20,118 20 8,634 5,671 14 10,094 5,909 20 12,745 8,538 24
1993 33,979 21,879 22 9,402 6,192 16 10,514 6,339 24 14,063 9,348 25
1995 40,915 26,712 23 12,631 8,012 15 10,092 6,048 26 18,192 12,652 29
1997 43,972 30,280 26 14,326 10,377 18 9,998 6,118 28 19,648 13,785 32
1999 43,893 30,994 28 14,545 10,710 19 9,279 5,920 29 20,069 14,364 34
2001 48,394 34,549 29 17,995 13,308 19 9,285 6,077 31 21,114 15,164 36
2003 50,728 35,307 29 19,356 12,741 17 9,411 6,350 32 21,961 16,216 38
2005 53,845 36,570 32 20,215 11,999 19 9,425 6,484 34 24,205 18,087 39
2007 59,156 41,347 34 21,464 14,068 20 10,618 7,467 37 27,074 19,812 42
2008 62,675 43,715 34 23472 15,412 20 11,111 7,713 38 28,092 20,590 43
2009 64,126 44,762 35 23,468 15,249 21 11,716 8,198 39 28,942 21,315 44
2010 63,876 44,774 36 22,939 14,854 21 11,854 8,217 40 29,083 21,643 44
2011 64,717 45,578 36 23,317 15,332 22 12,106 8,434 41 29,294 21,812 45
2012 66,085 46,747 . 24,730 16,460 . 12,079 8,386 41 29,276 21,901 46
2013 68,204 47,795 36 25,324 16,667 19 12,297 8,540 42 30,583 22,588 47
2014 71,947 50,024 37 28,153 18,180 22 12,265 8,440 42 31,529 23,404 47
2015 76,557 52,181 37 31,068 19,236 22 12,323 8,341 43 33,166 24,604 48

1 Due to new information from important R&D units in the industrial sector, R&D statistics from 2001 till 2007 have been corrected.
2 Personnel with a higher education degree (ISCED-level 5A and 6). Only academic staff are included in the higher education sector.

¢ Data from 1995 is not directly comparable with the previous years due to an extension in the data coverage in the industrial sector,
as well as the transfer of state commercial enterprises from the Institute sector to the Industrial sector.

4 In 2009, some research units were reclassified, mainly from the higher education sector to the institute sector.
Source: Statistics Norway/NIFU, R&D statistics
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Table 6
R&D personnel (FTE) in Norway by sector of performance: 1970—2015.

Total Industrial sector* Institute sector Higher education sector

Total Resear- Others Total Resear- Others Total Resear- Others Total Resear- Others
Year chers? chers? chers? chers?
1970 9,857 4317 5,540 3,067 867 2,200 3,820 1,663 2,157 2,970 1,787 1,183
1972 11,395 5,115 6,280 3,395 976 2,419 4,400 1,992 2,408 3,600 2,147 1,453
1974 12,459 5,630 6,829 3,460 1,011 2,449 5,007 2,309 2,698 3,992 2,310 1,682
1977 13,860 6,358 7,502 4,003 1,202 2,801 5,333 2,556 2,771 4,524 2,600 1,924
1979 14,810 7,112 7,698 4,390 1,390 3,000 5,638 2,906 2,132 4,782 2,816 1,966
1981 15,025 7,548 7,477 4201 1,524 2,677 5,885 3,125 2,760 4,939 2,899 2,040
1983 16,188 8,350 7,838 4,409 1,821 2,588 6,801 3,544 3,257 4,978 2,985 1,993
1985 19,036 9,767 9,269 6,687 2,995 3,692 7,095 3,605 3,490 5,254 3,167 2,087
1987 20,140 11,557 8,583 7,187 4,102 3,085 7,619 4181 3,438 5,334 3,274 2,060
1989 20,471 12,256 8,215 6,579 3,862 2,717 8,108 4,725 3,383 5,784 3,669 2,115
1991 20,530 13,570 6,960 6,747 4,599 2,148 7,810 4817 2,993 5,973 4,154 1,819
1993 22,166 14,803 7,363 7,482 5,021 2,461 8,026 5,045 2,981 6,658 4,737 1,921
1995° 24,003 15,964 8,039 9,437 6,169 3,268 7,611 4,802 2,809 6,955 4,993 1,962
1997 24,935 17,520 7,415 10,410 7,662 2,748 7,463 4767 2,696 7,062 5,091 1971
1999 25,444 18,319 7,125 10,995 8,080 2,915 7,136 4718 2,418 7,313 5,521 1,792
2001 26,745 19,714 7,031 12,273 9,321 2,952 6,988 4,723 2,265 7,484 5,670 1,814
2003 28,546 20,581 7,965 13,390 9,368 4,022 7,238 4,962 2,276 7,918 6,251 1,667
2005 29,984 21,216 8,768 13,288 8,617 4,671 7,276 5,088 2,188 9,420 7,511 1,909
2006 31,251 22,600 8,651 13,881 9,530 4,351 7,500 5,200 2,300 9,870 7,870 2,000
2007 33,655 24,369 9,286 14,848 10,372 4,476 7,796 5,523 2,273 11,011 8,474 2,537
2008 35,502 25,593 9,909 15,996 11,027 4,969 8,165 5,796 2,369 11,341 8,770 2,571
20094 36,091 26,273 9,818 15,673 10,783 4,890 8,763 6,328 2,435 11,655 9,162 2,493
2010 36,121 26,450 9,671 15,321 10,622 4,699 8,832 6,360 2,472 11,968 9,468 2,500
2011 36,950 21,228 9,722 15,545 10,925 4,620 9,123 6,543 2,580 12,282 9,760 2,522
2012 37,707 27,841 9,866 16,062 11,375 4,687 9,232 6,611 2,621 12,413 9,855 2,558
2013 38,534 28,311 10,223 16,371 11,508 4,863 9,449 6,749 2,700 12,714 10,054 2,660
2014 40,297 29,237 11,060 17,932 12,284 5,648 9,355 6,657 2,698 13,010 10,296 2,714
2015 42,409 30,632 11,778 19,087 13,000 6,087 9,370 6,656 2,715 13,952 10,976 2,976

1 Due to new information from important R&D units in the industrial sector, R&D statistics from 2001 till 2007 have been corrected.
2 Personnel with a higher education degree (ISCED-level 5A and 6). Only academic staff are included in the higher education sector.

¢ Data from 1995 is not directly comparable with the previous years due to an extension in the data coverage in the industrial sector,
as well as the transfer of state commercial enterprises from the Institute sector to the Industrial sector.

4 In 2009, some research units were reclassified, mainly from the higher education sector to the institute sector.
Source: Statistics Norway/NIFU, R&D statistics
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Table 7

R&D and innovation indicators per county: 2015 or latest year for available data.

Percentage of | R&D expenditure Percentage of Innovation Percentage of | Percentage of
employees with a | in the higer edu- | R&D expenditure | activity financed | publicly financed funding from
higher education | cation sector per | in the industrial | by Innovation R&D | Research council
capita (NOK) sector Norway of Norway

County Per cent!
Norway 10 3,605 46 100 45 100
@stfold 6 294 59 2.7 26 0.8
Akershus 13 1,933 63 33 32 13.5
Oslo 21 10,599 36 6.1 53 29.3
Hedmark 6 583 45 3.6 55 0.6
Oppland 6 863 58 4.0 38 1.1
Buskerud 8 416 93 3.1 14 0.9
Vestfold 7 539 81 24 19 0.6
Telemark 6 627 80 44 23 0.6
Agder counties 7 1,160 60 5.2 45 13
Rogaland 10 1,432 70 8.5 26 3.2
Hordaland 11 5,672 21 10.4 65 13.0
Sogn og Fjordane 6 573 76 45 28 03
Mgre og Romsdal 6 564 80 5.9 20 14
Ser-Trgndelag 13 11,354 33 8.6 45 24.3
Nord-Trandelag 6 545 65 5.7 37 0.2
Nordland 6 1,305 44 6.0 57 0.9
Troms 10 10,208 14 48 i 6.4
Finnmark 6 1,057 34 2.3 62 0.1

1 2016.

Source: Statistics Norway/NIFU, Innovation Norway
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Acronyms

List of acronyms

BES Business enterprise sector

CIS Community Innovation Survey (of the European Union)
EC European Commission

EEA European Economic Area

EFTA European Free Trade Association

EPC European Patent Convention

EPO European Patent Organization

EU European Union

EURATOM Euratom Supply Agency
EUROSTAT  Statistical Office of the European Communities

FTE Full-Time Equivalent

GBARD Government Budget Allocations for R&D

GDP Gross Domestic Product

GUF General University Funds

HES Higher education sector

ICT Information and Communication Technology

ISCED International Standard Classification of Education (of UNESCO)
ISI Institute of Scientific Information

NIFU Nordic Institute for Studies in Innovation, Research and Education
NOK Norwegian Kroner (the Norwegian currency)

NPI Non-profit institutions

NSI National Science Indicators

OECD Organisation for Economic Co-operation and Development

PCT Patent Cooperation Treaty

PhD Philosophiae Doctor

PNP Private Non-Profit

R&D Research and Experimental Development

RCN Research Council of Norway

RTD Research and Technological Development

S&T Science and Technology

SCI Science Citation Index

UNESCO United Nations Educational, Scientific and Cultural Organization

Nowegian Ministries and their Acronyms

English name Norwegian name Acronym
The Office of the Prime Minister Statsministerens kontor SMK
Ministry of Agriculture and Food Landbruks- og matdepartementet LMD
Ministry of Children, Equality and Social Inclusion Barne-, likestillings- og inkluderingsdepartementet BLD
Ministry of Culture Kulturdepartementet KUD
Ministry of Defence Forsvarsdepartementet FD
Ministry of Education and Research Kunnskapsdepartementet KD
Ministry of Climate and Environment Klima- og miljgdepartementet KLD
Ministry of Finance Finansdepartementet FIN
Ministry of Trade, Industry and Fisheries Narings- og fiskeridepartementet NFD
Ministry of Foreign Affairs Utenriksdepartementet ub
Ministry of Health and Care Services Helse- og omsorgsdepartementet HOD
Ministry of Justice and Public Security Justis- og beredskapsdepartementet D
Ministry of Labour and Social Affairs Arbeids- og sosialdepartementet ASD
Ministry of Local Government and Modernisation Kommunal- og moderniseringsdepartementet KMD
Ministry of Petroleum and Energy Olje- og energidepartementet OED
Ministry of Transport and Communications Samferdselsdepartementet SD
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http://epp.eurostat.ec.europa.eu/portal/page/portal/microdata/cis
http://ec.europa.eu/index_en.htm
http://www.epo.org/law-practice/legal-texts/epc.html
http://www.epo.org/
http://ec.europa.eu/euratom/index.html
http://epp.eurostat.ec.europa.eu/portal/page/portal/science_technology_innovation/introduction
http://www.uis.unesco.org/Education/Pages/international-standard-classification-of-education.aspx
http://www.nifu.no/en/
http://www.oecd.org/
http://www.forskningsradet.no/en/Home+page/1177315753906
http://www.uis.unesco.org/ScienceTechnology/Pages/default.aspx
http://www.regjeringen.no/en/dep/smk.html?id=875
http://www.regjeringen.no/nb/dep/smk.html?id=875
http://www.regjeringen.no/en/dep/lmd.html?id=627
http://www.regjeringen.no/nb/dep/lmd.html?id=627
http://www.regjeringen.no/en/dep/bld.html?id=298
http://www.regjeringen.no/nb/dep/bld.html?id=298
http://www.regjeringen.no/en/dep/kud.html?id=545
http://www.regjeringen.no/nb/dep/kud.html?id=545
http://www.regjeringen.no/en/dep/fd.html?id=380
http://www.regjeringen.no/nb/dep/fd.html?id=380
http://www.regjeringen.no/en/dep/kd.html?id=586
http://www.regjeringen.no/nb/dep/kd.html?id=586
http://www.regjeringen.no/en/dep/fin.html?id=216
http://www.regjeringen.no/nb/dep/fin.html?id=216
http://www.regjeringen.no/en/dep/ud.html?id=833
http://www.regjeringen.no/nb/dep/ud.html?id=833
http://www.regjeringen.no/en/dep/hod.html?id=421
http://www.regjeringen.no/nb/dep/hod.html?id=421
http://www.regjeringen.no/en/dep/jd.html?id=463
http://www.regjeringen.no/nb/dep/jd.html?id=463
http://www.regjeringen.no/en/dep/oed.html?id=750
http://www.regjeringen.no/nb/dep/oed.html?id=750
http://www.regjeringen.no/en/dep/sd.html?id=791
http://www.regjeringen.no/nb/dep/sd.html?id=791

The Research Council of Norway (RCN) (Norges forskningsrad)

The Research Council of Norway plays a vital role in developing and implementing
the national research strategy. The Council acts as an advisory body to the
government, identifying present and future needs for knowledoe and research. In
addition it is a funding agency for independent research programmes and projects,
strategic programmes at research institutes, and Norwegian participation in
international research programmes; it is also a co-ordinator, initiating networks and
promoting co-operation between R&D institutions, ministries, business and industry,
public agencies and enterprises, other sources of funding, and users of research.

The RCN's role as an adviser includes strengthening the knowledge basis for the
research and innovation policy. The national R&D and innovation statistics are a
part of this responsibility.

Address: Drammensveien 288, P.0. Box 564, NO-1327 Lysaker, Norway
Telephone: (+47) 22 03 70 00
Internet: www.rcn.nofenglish/

NIFU Norwegian Institute for Studies in Innovation, Research and
Education

NIFU is the leading Norwegian research institute for studies in innovation, research
and education. NIFU provides analyses, reports, evaluations and data for
MNorwegian policy makers, ministries, the Research Council of Norway and others.
The activities of the institute comprise R&D statistics and indicators, policy studies
and studies on research and innovation policies and systems, and studies of
education at all levels.

Address: @kermnveien 9, P.0O. Box 2815 Teyen, NO-0608 Oslo, Norway
Telephone: (+47) 22 59 51 00
Internet: www.nifu.no/english/

Statistics Norway (55B)

Statistics Norway is the national agency for collection, processing and dissemination
of official Norwegian statistics. Statistics Norway has a special responsibility to
identify and place in order of priority the needs for official statistics, for coordina-
tion, for development of statistical methods, and for providing the statistics for the
benefit of analysis and research. Official statisbics shall meet the needs of the
general public, businesses and the authonties for information about the structure,
the development and the functioning of the Norwegian society.

Address: Akersveien 26, P.O. Box 8131 Dep, NO-0033 Oslo, Norway
Telephone: (+47) 62 88 50 00
Internet: www.ssb.nofenglish/
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