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Foreword

This new English edition of the Indicator Report
provides the most up-to-date data available on
research and innovation activity in Norway adapted to
an international audience. The report brings together
wide-ranging indicators relevant to the development
and use of knowledge and research, thereby serving
as an important reference point. As well as providing
an overview of available data in this important area it
presents recent analyses, discussions and explores
methodological challenges about how such informa-
tion is collected and used. Pure data from innovation
and research statistics are not sufficient to give us the
whole picture - the data must be put into the right
context. We hope that the Indicator Report provides a
valuable contribution to a real understanding of these
complex issues.

There is no obvious way to agree on what an
appropriate level of activity in research and innova-
tion should be, or on what kind of results we should
expect from it. Financial models or other models
provide no concrete answers to these questions. The
pragmatic solution to the problem involves acknow-
ledging two things: trends need to be assessed over
time and results from any given sector, region or
country need to be considered in comparison with
others. These considerations have led to a new
structure from this year‘s edition of the report with a
separate chapter focusing on Norway’s position
relative to the rest of the world. The report follows up
with a more detailed presentation of the various sec-
tors of the Norwegian R&D and innovation system
and its development, followed by a chapter with focus
on regional comparisons and challenges.

Policy is formulated continually, but annual budget
decisions remain of central importance. For this rea-
son, the Norwegian edition is since 2010 published on

an annual basis. This will provide the most immediate
possible access to robust information about significant
developments in this area, to support ongoing assess-
ment. The same considerations apply in explaining
the increasing popularity of the internet version of the
report. The internet version provides information in
downloadable formats, with more detail than the
printed version can contain. Tables and figures in the
internet edition are also updated regularly throughout
the year, as new data becomes available. An overview
of the contemporary situation is also provided in the
annual publishing calendar («arshjulet»). The com-
plete report is also downloadable as a PDF. So, stay
up-to-date via:
http://www.forskningsradet.no/indikatorrapporten.

This report has been produced through cooperation
between NIFU, Statistics Norway (SSB) and the
Research Council of Norway. Where necessary it also
draws in additional expert input and comment, and
this year’s edition includes NIBR’s contributions to
the regional chapter. The editorial committee included
members from Innovation Norway and the Norwegian
Association of Higher Education Institutions (UHR).
I wish to thank the editors and all the contributors for
their efforts towards this fast-paced and comprehen-
sive work. To the readers and those who use the report,
I hope you find the report useful and interesting, and
would like to invite your feedback; an ongoing
dialogue with those who use this report will help us
make this source of information for research and
innovation policy even better next year.

Arvid Hallén
Director General
The Research Council of Norway
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Introduction

This document presents a selection of science and
technology (S&T) indicators from Norway. This
abridged English report is based on the more compre-
hensive Norwegian text, and is designed to provide
useful information and perspectives on a range of
S&T issues. It aims to provide relevant and useful
information for foreign audiences, who may not be
familiar with the Norwegian S&T environment. It
complements the full version which can be found
online (in Norwegian).

This report is the latest of a regular series which
goes back to 1997, although it also draws on certain
measurements and indicators with a much longer
history. It continues the serie’s original aim of present-
ing a wide range of relevant statistics and indicators
and of ensuring their ongoing development. Statistics
on the resources devoted to research and experimental
development (R&D) in Norway, in terms of expendi-
ture and personnel, have been compiled since 1963.
Those relating to patents, bibliometric analyses and
advanced technology have been included since the
1980s. Innovation studies were first introduced in the
1990s.

The full-length Norwegian report presents a larger
set of indicators and commentary, divided into
international, national and regional sections. It also
includes a separate section with detailed tables. The
contributions of the authors from the original Norwe-
gian report have been adapted in this abridged version
to include more dicsussion and information on
important features about the Norwegian research and
innovation system. The highlights sections and tables
on key indicators are taken directly from the original
version of the report and may therefore include some

Currency rates

As of 2009 (year average):

1 Euro = 8.7 NOK (Norwegian kroner)
1 US$ =6.3 NOK

topics which are not included in the text of this
abridged version.

This English version of the report’s structure
should make it easy to find information across the
wide range of topics covered. The report opens with
an overview of the Key Indicators presented, before a
brief presentation of the Norwegian innovation
system. Chapter 1 introduces recent economic
developments and then presents the main results from
R&D surveys based on international data from both
UNESCO and the OECD; this chapter also includes
results from the 2008 Innovation survey, and presents
comparisons over time and between countries, for
statistics on students, doctoral degrees, bibliometrics
and patents. Chapter 2 draws on national R&D
statitics for the three research-performing sectors in
Norway: the industrial sector, the institute sector and
the higher education sector. Employment statistics and
education statistics are also included in order to
establish the human resources availble in the country
for science and technology. Chapter 2 also includes
data on Norwegian participation in the EU Framwork
Programme. Chapter 3 presents regional indicators for
R&D and innovation.

Not all sections of the original report are included
here. The original Norwegian report also includes
supplementary details on the Norwegian research and
innovation system in a number of “fact boxes” and
more short comment pieces from experts in “focus
boxes” that are not included here. Similarly, full
references do not feature in this abridged report, but
these can be found in the Norwegian report, available
on Internet: http://www.forskningsradet.no/

As of September 2011:
1 Euro=7.7 NOK
1 US$ =5.6 NOK



The Norwegian innovation system

Norway is a small open economy, with just under

5 million inhabitants, that relies heavily on a sophisti-
cated exploitation of several significant natural
resources. The Norwegian gross domestic product
(GDP) exceeded $55 000 per person in 2010, when
measured in constant US dollars.! Only four other
countries had a higher standard of living. When
measured in terms of labour productivity or output
per hour worked, Norway ranked second among the
most advanced industrial economies, appearing just
below Luxembourg. When petroleum activities and
ocean transport are excluded, labour productivity
was 20 per cent lower but mainland Norway ap-
peared just below the USA, the Netherlands and
Belgium and was above all other countries where
these data are available. Natural resources, innova-
tion, skills, and participation in international re-
search networks were key factors that enhance the
performance of Norwegian enterprises.

Flows of technology and knowledge among
people, enterprises and organizations define the
national innovation system. A complex set of relation-
ships among actors in the system that includes the
government, public and private research institutes,
universities and enterprises, underlie these flows. The
national innovation system also includes the institu-
tional arrangements that provide procedures that
facilitate the creation, use and diffusion of new
technologies. It also includes the education system,
which helps facilitate learning and the creation of new
competencies.

There are three distinct layers of enterprises in the
Norwegian innovation system:? one with small scale
enterprises operating with little knowledge accumula-
tion, one with large scale enterprises that are knowl-
edge intensive and rely on collaborative learning, and
a third one with small R&D intensive enterprises that
rely on collaborative learning with other enterprises
and research organizations and likely to operate
within global innovation networks. While the differ-
ent layers are not unique to Norway, this diversity
intersects with a specific economic specialization that
is related to natural resources. Although relatively

Purchasing power parity. The Conference Board Total
Economy Database, September 2011.

2 Olav Wicken 2009. The Historical Evolution of a National
Innovation System in Norway in J. Fagerberg, D. Mowery, and
B. Verspagen, eds., [nnovation, Path Dependency, and Policy:
The Norwegian Case, Oxford University Press, pp 33-60.

large-scale centralized enterprises dominate the
economy, offshore petroleum activities have attracted
many knowledge-intensive enterprises as well as
research organizations.

In the Norwegian innovation system the business
enterprise sector carries out almost 52 per cent of
Norwegian R&D activity. Traditional industrial
activities related to the extraction of raw materials and
natural resources (petroleum and natural gas, fish,
wood), and to their industrial processing into bulk
products and semi-finished goods make up a large
share of the Norwegian economy. These industries are
less R&D intensive than industries such as pharma-
ceuticals and ICT, which partly explain why R&D
expenditures make up only 1.8 per cent of GDP.
When petroleum activities and ocean transport are
excluded from GDP, the percentage share of R&D
increases to just above the OECD average of 2.3 per
cent. There has been broad political agreement that
efforts should be made to foster more R&D intensive,
knowledge-intensive manufacturing industries and
services and in energy technologies, exploiting both
renewable and non-renewable sources.

An interesting facet of the Norwegian innovation
system is that about 25 per cent of R&D activity is
done by independent research organizations, which
are formally outside the education system. Histori-
cally, these research institutes were established in the
Post World War II period as a complement to the
universities and were intended to focus on developing
specific kinds of knowledge. Many of these organiza-
tions began in the public sector, but then became
private foundations although most continue to depend
on public funding’. The remaining third of R&D
activity is carried out by the higher education sector.
Norway has 8 universities, 6 specialised universities
and 25 university colleges. These organizations fund
R&D mainly through ordinary budgets, but obtain
additional funding for programmes and equipment,
mainly from the Research Council.

Governance of the Norwegian innovation system
involves many different ministerial bodies, advisory
structures and a range of different actors, all con-
cerned with the making and steering of policy and its
implementation. The figure on the inside front cover

3 In international comparisons the institutes that mainly serve

the industrial sector (branch institutes and task-oriented
industry institutes) are included in the business enterprise
sector according to OECD guidelines.



provides an overview of the various government,
public and private actors. The Norwegian Parliament,
or Stortinget, is the highest political authority for
policy debate, legislation and control. While Norway
has no single forum focusing solely on science,
innovation and technology (STI) policy issues, three
Standing Committees of the Stortinget deal with these
issues directly: (1) Education, Research and Church
Affairs; (2) Business and Industry; and (3) Energy and
Environment. Policy priorities and relevant appropria-
tions are nevertheless made at the level of the minis-
tries. Three Government Ministries are central in STI
funding and policy: (1) Education and Research
(KD); (1) Trade and Industry (NHD); and (3) Local
Government and Regional Development (KRD).
Other ministries also consider STI policy important to
their portfolio as the figure illustrates. Several higher-
level initiatives have been made in recent years to
integrate policy areas to a greater degree across
traditional ministerial mandates.

Four agencies have the main responsibility for
implementing STI policies: (1) The Research Council
of Norway (RCN); (2) Innovation Norway (IN); (3)
The Industrial Development Corporation of Norway
(SIVA); and (4) The Norwegian Design Council
(NDC). The Ministry of Education and Research
(KD) administers the RCN, which has the overall
responsibility for the promotion of basic and applied
research within all scientific and technological areas.
Innovation Norway was funded in 2004 and the
objective of this state-owned enterprise is to promote
private- and socio-economic profitable business
development throughout the country, and to release
the commercial opportunities of the districts and
regions by encouraging innovation, internationaliza-
tion and image-building. SIVA is a public network
organisation that aims to develop strong regional and
local industrial clusters through ownership in infra-
structure, investment and knowledge networks as well
as innovation centres. NDC promotes the use of
design as a strategic tool for innovation. Finally also
Norwegian counties have their own responsibility for
industrial policy and Innovation policy, they are
part-owner of Innovation Norway and manage the
regional research funds.

The first Norwegian White Paper on innovation
policy, titled, An Innovative and Sustainable Norway
(White Paper No 7) was published in 2008. It was the
first comprehensive innovation policy document

intended for discussion in the Norwegian Parliament.
The White Paper emphasised that an idea or invention
does not become an innovation until it becomes a
practical application, making it crucial to consider
factors that may facilitate the transition from inven-
tion to innovation, including lack of critical resources,
knowledge, international networks or complementary
innovations. The main objectives of Norwegian
innovation policy agenda are to: (1) establish better
conditions for small and medium sized enterprises; (2)
strengthen education and research; and (3) create a
more innovative public sector. The White Paper
emphasises the role and potential for improvement in
education and competence building at all levels, from
primary education to higher education, including
vocational education and training and lifelong learn-
ing. Collaboration between education institutions and
enterprises as well as entrepreneurship in education is
also emphasised, in particular in higher education.
About 22 per cent of the Norwegian population
between 18 and 69 are in education and training
programmes in 2010, which is more than 50 per cent
higher than the EU average, according to Eurostat.

The last White paper of the Norwegian Ministry of
Local Government and Regional Development (Local
growth and Hope for the Future, White paper No. 25
2008-2009) also had innovation policy implications.
One main objective of the report was to enable
municipal authorities and local communities to make
use of local resources and to strengthen local growth.
The Norwegian government’s objective is that all
people shall have real freedom in their choice of
where they live.

The 2009 White Paper on research policy, titled,
Climate for Research (Report to the Storting No. 30
2008-2009) emphasized the continued need to
increase R&D expenditures and the role of public
finance in facilitating this process. Nine policy
objectives are proposed in the White paper, five
strategic goals that concern global challenges, social
challenges, health and medical issues, knowledge
based industry, and research priorities, and four
overarching goals that concern high quality, increased
internationalization of Norwegian research, more
cooperation and efficient use of research funding. The
main research priorities become those of the RCN and
include food, marine, maritime, tourism, energy,
environment, biotechnology, ICT and new materials
(nanotechnology).
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Key indicators

The following two tables present a set of key indica- second table compares the status of Norway to that of
tors. The intention is to introduce essential trends 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. The

Key indicators for R&D and innovation in Norway in 2003,
2005, 2007, 2008 og 2009

2003 2005 2007 2008 2009

Resources for R&D and innovation

R&D expenditure as a percentage of GDP 1 1.52 1.62 1.61 181
R&D expenditure per capita in constant 2009 prices (NOK) 7410 7550 8530 8810 8675
R&D expenditure funded by government as a percentage of total R&D expenditure 40 43 45 . 46
R&D expenditure funded by industry as a percentage of total R&D expenditure 52 48 45 . 43
R&D expenditure in the higher education sector as a percentage of total R&D expenditure 28 31 32 32 32

Human resources

Percentage of the population with higher education 31 33 34 36 .
RAD full time equivalents per 1 000 capita 6.4 6.6 7.2 7.5 7.5
R&D full-time equivalents per qualified researcher/scientist per 1 000 capita 4.6 4.7 53 55 55
Percentage doctoral degree holders among qualified researchers/scientists 24 27 27 28 30
Percentage women among qualified researchers/scientists 30 32 33 34 35

Cooperation in R&D and innovation

Extramural R&D expenditure compared to intramural R&D expenditure in the industrial sector (%) 26 30 28 29 28
Companies involved in cooperation on R&D as a percentage of all R&D companies 46 52 39 " 39
Companies involved in cooperation on innovation as a percentage of all innovative companies " 37 39 3%
Articles in internationql scientific journals co-authored by Norwegian and foreign researchers as 50 50 54 53 5
a percentage of all articles by Norwegian researchers®
Results of R&D and innovation
Percentage innovative companies in the business enterprise sector 25 26! 25 27
Percentage of turnover of new or substancially altered products in the industrial sector 59 6.12 4,5
Number of articles in international scientific journals per 100 000 capita® 125 147 157 186 194
Number of patent applications to the European Patent Organization per million capita* 75 105 98 96
1 2004.
2 2006.
3 Does not include enterprises with 10-19 employees in Construction and Transportation and storage.

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

Source: NIFU, Statistics Norway, OECD, Eurostat



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 EU15 OECD

Resources for R&D and innovation

R&D expenditure as a percentage of GDP 2009 181 3.62 3.02 3.9 2.05 233
R&D expenditure per capita (NOK) 2009 8675 11890 10070 12360 6275 6905
R&D expenditure funded by the government as a percentage of total R&D expenditure 2009 47 27 28 24 34! 28!
R&D expend|ture funded by the business enterprise sector as a percentage of total R&D 2009 1 59 60 68 551 641
expenditure
(Fj{izituDr:xpenditure in the higher education sector as a percentage of total R&D expen- 2009 3 % 30 19 % 7
Human resources
Percentage of the population with higher education 2008 36 32 33 36 25 28
R&D full time equivalents per 1 000 capita 2009 7.5 8.2 10.4 10.5 5.6 .
R&D full time equivalents per qualified researcher/scientist per 1 000 capita 2009 5.4 5.0 6.4 7.7 34 3.5
Cooperation in R&D and innovation
Companies involved in cooperation on innovation as
a percentage of all innovative companies 2008 35 40 57 37 34¢
Companies involved in cooperation on innovation as
a percentage of innovative companies in manufacturing and mining 2008 4 40 56 40 32
Results of R&D and innovation
Percentage of innovative companies in the business enterprise sector 2008 30 v} 39 43 33
Percentage of innovative companies in manufacturing and mining 2008 30 46 41 49 37
Percentage of turnover of new or substancially altered products in the business enter- 2008 33 92 78 114 3.3
prise sector
|F\’4<=}rr]<i:s£r;tage of turnover of new or substancially altered products in Manufacturing or 2008 146 187 204 258 23.0¢
Number of articles in international scientific journals per 100 000 capita 2010 194 214 214 185 98 73
Number of patent applications to the European Patent Organization per million capita® 2008 % 292 235 234 11 95
1 2008.
2 EU 19.
3 2007.
4 EU 27.

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

Source: NIFU, Statistics Norway, OECD, Eurostat






1 Norwegian R&D and innovation activities in an international context

1 Norwegian R&D and innovation
activities in an international context

Highlights

Economic development and its effect on
research and development

e For many countries R&D expenditure as a per-
centage of Gross Domestic Product (GDP) has
increased, however this is often a result of
declines in GDP that mask stagnation or even
declines in R&D expenditure. Norway is less
affected than other countries by the economic
crisis and has maintained R&D expenditures
relatively well.

e There are uncertainties concerning economic
policy actions and their effects on R&D.

Norway in an international context

e Based on the Innovation Union Scoreboard
2010 for the EU, Norway scores lower than the
other Nordic countries.

e However, Norway scores relatively highly for
the indexes on Human Resources, An Attrac-
tive Research System, Financing and Entrepre-
neurship.

Human resources

e In 2008, the share of the population with a
higher education was 36 per cent in Norway,
compared to an OECD average of 28 per cent.

e In 2009, 238 doctoral degrees per million
inhabitants were awarded in Norway. Sweden
and Finland awarded more, Denmark less.

e Norway has one of the highest proportions of
researchers per capita in the world.

e The number of Full-Time Equivalents (FTE) of
R&D performed in the Norwegian business en-
ter-prise sector is far below the level of the
other Nordic countries.

Resources for R&D and innovation

e The share of the worlds’ R&D resources
accounted for by the USA and Europe has
decreased in recent years, while the shares for
Latin America and Asia have increased.

e Over recent years, growth in R&D expenditure
in Norway has been slightly higher than the

Norway’s research and innovation profile is presented
in this chapter, using the most relevant quantitative in-
dicators available. The indicators are primarily based
on R&D and innovation statistics, but other data
sources are also drawn on. Updating such interna-
tional data takes time and therefore some preliminary

world average. However, R&D statistics show
that growth in R&D expenditure in Norway has
slowed since the financial crisis.

e The business enterprise sector accounted for
52 per cent of all Norwegian R&D expenditure
in 2009. In OECD countries the share was
almost 70 per cent, which is also typical the
level among the larger R&D actors and the
other Nordic countries.

e The higher education sector accounts for a
large proportion of R&D expenditures in
Norway - almost one third - the share of R&D
funding from government sources is also
greater than in the other Nordic countries.

e There are signs that Norway’s participation in
European research is strengthening: so far,
Norway has received more EU funding via the
EU’s 7th Framework Programme, than it did
during the 6th Framework Programme.

Results of R&D and innovation

e In terms of reported innovation activity in the
industrial sector, Norway is below both the EU
average and levels of activity in the other
Nordic countries.

e However, the percentage of Norwegian enter-
prises in the service sector reporting product/
process innovation is slightly higher than the
EU average; the opposite pattern applies in the
manufacturing sector.

e Norway scores lower than all EU countries both
in terms of R&D as a percentage of revenues
and as a percentage of revenues received from
the introduction of new products/services.

e Among the Nordic countries, Norway is second
only to Iceland in increases in scientific pub-
lishing over the last five years.

e There has been a small decrease in the
Norwegian citation index during the last three
years, breaking the upward trend that had
been established over preceding years.

e Norwegian patenting, as registered by the
European Patent Office (EPO) from 2000 until
2008, was modest in comparison to other
OECD countries.

figures are presented. The indicators have been se-
lected to provide the most up-to-date overview possi-
ble of the contemporary range, development, vitality
and quality of the Norwegian research and innovation
system, in comparison with other countries. Trends in
traditional research indicators are presented, including

13
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1 Norwegian R&D and innovation activities in an international context

those for R&D expenditure, R&D intensity, size of
R&D-performing sectors, funding for R&D, and
R&D personnel; additionally, more result-oriented in-
dicators of R&D and innovation are presented.
Norway is measured against its Nordic neighbours,
other small countries and major trading partners. To
provide an overview of international trends in the de-
velopment of national R&D and innovation systems,
data on large, international R&D players and key
changes in the global distribution of knowledge are
also described.

In recent decades, science, technology and innova-
tion have gained attention in national plans and per-
spectives for progress and prosperity. In line with an
increased emphasis on the economic and social im-
portance of research-based knowledge, interest in
nations’ overall research efforts, and the results of
these efforts, has increased. Both the EU and the
OECD publish regularly updated scoreboards, com-
paring member countries’ efforts against each other.

The most popular or widely used indicators in-
clude long-established measures, but there is also a
steady influx of new indicators, offering new over-
views and composite indicators. Both nationally and
internationally, statistics producers maintain an on-go-
ing dialogue about how far current guidelines for data
collection, methods and definitions offer the best and
most suitable information to members. Norway par-
ticipates actively in this work.

In 2010 UNESCO examined data from all coun-
tries collecting statistics in this area and brought it to-
gether to publish the world indicator report. The data
included showed that both the distribution of, and re-
sults from, investments in research and innovation are
changing; while the USA, Europe and Japan dominate
this area now, they increasingly face a challenge from
Asia, via countries such as China, India and South
Korea and from Latin America, particularly Brazil.

In the wake of the financial crisis, the roles
science, technology and innovation can play in sup-
porting stable, sustainable development and in meet-
ing major challenges related to demographic change,
global health and climate change, have been further
highlighted. The OECD concludes that science, tech-
nology and innovation have never been more impor-
tant. It is therefore worrying that some countries are
going ahead with cuts in their budgets for R&D and
higher education. While it often takes a long time be-
fore investments in knowledge come to fruition, such
cuts are likely to decrease the human resources re-
quired for innovation in the long term. In contrast
countries including Austria, Germany, South Korea
and the US have increased investment, aiming to im-
prove future prospects for innovation and growth.

1.1 The impact of economic
development on R&D

Overall trends in the economy inevitably have an
influence on R&D activity, but no clear relationship
between growth and R&D investments has been es-
tablished. The latest OECD figures show that R&D
expenditure (in constant prices) grew more slowly be-
tween 2007 and 2009 than in the previous two years.
Furthermore, these figures are unlikely to capture the
full effect of the financial crisis. It is worth noting that
while many countries showed an increase in R&D ex-
penditure as a percentage of gross domestic product
(GDP) in 2009, this is due to steeper declines in GDP
relative to R&D expenditure.

In the 2008 R&D survey of the Norwegian indus-
trial sector the enterprises were asked whether they
expected the financial crisis to affect their R&D ex-
penditure in 2009. As these business forecasts sug-
gested a year ago, the financial crisis has had a moder-
ate, negative impact on R&D in Norway. Two thirds
of the companies reported that they expected the
financial crisis to have no impact on R&D activity.
These firms believed they would use a similar amount
of resources for R&D in 2009 as previously planned.
However, the other enterprises anticipated that the
financial crisis would have consequences for their
R&D activity: 29 per cent said that the financial crisis
would lead to lower R&D investments in 2009 than
previously planned, while 6 per cent expected the cri-
sis would result in them spending more than they oth-
erwise would have. It now seems that firms were too
optimistic when they made these forecasts, as re-
ported figures for 2009 are lower than such estimates.
The survey for 2010 is now underway, but it is diffi-
cult to say whether expectations of a stronger eco-
nomy will help to increase R&D investments enough
for R&D expenditure as a proportion of GDP to in-
crease in 2010.

The Norwegian economy is strong compared with
most other economies. Figures from Eurostat show
that Norway was the European country with the sec-
ond highest GDP per capita in 2009 (measured in pur-
chasing power parities) behind Luxembourg, but the
Norwegian economy has been affected by the global
financial crisis, with a fall in production evident dur-
ing the second half of 2008 and into 2009. GDP
growth for mainland Norway was just 1.8 per cent
lower in 2009 than the year before (comparing annual
averages). This is a smaller fall in growth than that
experienced by the USA or by the overall European
area, which are Norway’s main trading partners.

European and the OECD countries are generally
facing major economic challenges, involving both



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

Research and experimental development
(R&D) comprise creative work undertaken on
a systematic basis in order to increase the
stock of knowledge, including knowledge of
man, culture and society, and the use of this
stock of knowledge to devise new applications.

The term R&D covers three activities:

e Basic research is experimental or theoreti-
cal work undertaken primarily to acquire
new knowledge of the underlying founda-
tion of phenomena and observable facts,
without any particular application or use in
view.

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

e Experimental development is systematic
work drawing on existing knowledge gained
from research and/or practical experience,
which is directed to producing new materi-
als, products or devices, to installing new
processes, systems or services, or to im-
proving substantially those already pro-
duced 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 resolu-
tion of scientific and/or technological uncer-
tainty, according to the OECD (2002): Frascati
Manual: Proposed Standard Practice for Sur-
veys on Research and Experimental Develop-
ment.

government debt and aging populations. Many coun-
tries in the Euro area are likely at the start of a period
of fiscal austerity. OECD and IMF figures indicate
that the financial crisis led to a larger decrease in GDP
in the Euro area than in the USA or Norway, and that
expectations for growth are also weaker for the Euro
area. Statistics Norway has set out figures showing an
upturn in the condition of the Norwegian economy.
The outlook is for weaker global growth following the
crisis and for Norwegian exports to grow only
slightly. Growth in Norway will largely be driven by
domestic demand. Statistics indicate that no dramatic
international economic recovery can be expected until
2013, and that there is a significant downside risk to
such forecasts.

1 Norwegian R&D and innovation activities in an international context

1.2 Norway in international
comparison

Traditionally, Norway has scored fairly poorly in in-
ternational comparisons of R&D activity and innova-
tion. Reviews of Norwegian efforts in research and in-
novation tend to show that Norway invests less in re-
search than the countries typically used as its
comparators. In particular, the business enterprise sec-
tor conducts less research in Norway than in many
other countries. On the other hand, Norway has a rela-
tively large higher education sector and public sources
contribute substantially to financing R&D efforts.

There are several important background factors
that shape a country’s research profile. Norway can be
broadly characterised as a stable democracy with a
well-developed welfare state, high levels of educa-
tion, extensive cooperation between the social part-
ners, low unemployment, high GDP, solid economic
growth and as a country where natural resources con-
tribute heavily to the economy. Norway is also, as de-
scribed above, one of the countries least affected by
the financial crisis, even though estimated GDP has
decreased somewhat.

Norway’s high level of education is a key factor to
consider in describing its research profile. The busi-
ness structure is also important, being characterised
by many small and medium sized businesses (SMEs)
and the relatively high proportion of value creation
that is driven by primary industries, compared to the
other Nordic countries and the EU. These kinds of in-
dustries consistently show lower R&D intensity than
that found in the service sector. The country has a
large petroleum sector and a growing service sector,
but relatively low activity in some of the typically
R&D intensive industries, such as the electronics
manufacturing, pharmaceutical and automotive indus-
tries. The country therefore has few, large R&D driv-
ers of the sort found in the neighbouring Nordic coun-
tries.

Traditional international R&D indicators are, as
mentioned above, gradually being supplemented with
new indicators which attempt to measure the results
of research and innovation. Efforts to design new, fu-
ture-oriented research policies have boosted demand
for a broad spectrum of detailed and comparable sta-
tistics. One set of indicators containing both tradi-
tional R&D indicators and a range of other innova-
tion-related variables is provided in the EU Innova-
tion Union Scoreboard (formerly European
Innovation Scoreboard). This includes 25 indicators,
selected to give the best possible picture of overall na-
tional efforts related to research and innovation sys-
tems. The indicators cover three main types of indica-
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R&D Surveys

NIFU and Statistics Norway carry out national
statistical surveys on resources that are de-
voted to R&D in Norway. NIFU is responsible
for collecting, processing and disseminating
statistics and indicators for the institute and
higher education sectors, while Statistics
Norway is responsible for the industrial sector.
NIFU is also responsible for compiling national
data into the official R&D statistics for Norway.
Annual statistical surveys are carried out for
the business enterprise and institute sectors.
For the higher education sector, the survey is
carried out every second year. Main figures are
produced yearly for all three sectors. The sta-
tistics are produced using guidelines by the
OECD (2002), «Frascati manual».

Figure 1.1
Norway'’s relative scores! for Innovation
Union Scoreboard indicators, 2010.

tors: 1) enablers such as human resources, transpar-
ency, the excellence and attractiveness of the research
system, funding and support; 2) firm activities, includ-
ing business investments, collaboration, entrepreneur-
ship and intellectual property rights; and, 3) outputs
cover an innovator’s dimension and economic effects.
This annual indicator set presents an overview of all
member countries’ efforts within their national re-
search and innovation system. The EU also collects
data from several other countries, including Norway,
the USA, Japan, China, Brazil, Russia and India.

The EU 27 emerge well from these comparisons
overall, although both the USA and Japan score
higher. The USA outperforms the EU in 10 indicators,
and their lead is gradually increasing. The EU does
better in both public R&D expenditures and exports
of knowledge intensive services, and has increased
their lead in these areas. Japan outperforms the EU on
7 indicators, but scores lower than the EU in terms of
numbers of new doctoral degrees, international co-
publishing, most cited publications, public R&D ex-
penditure and exports of knowledge intensive serv-
ices. China, Brazil, India and Russia score far lower
than the EU based on overall indicator scores, but
countries such as China and Brazil are making serious
attempts to close that gap. For China, this is particu-
larly evident in the export of medium-and high-tech
products where performance is strong, while Brazil is
doing very well in exporting knowledge-intensive
services. Russia performs better than the EU when it
comes to new doctoral degrees and tertiary education,
but overall there is a clear performance lead in favour
of the EU.

The EU ranks the countries based on their score in
the composite, overall indicator. Norway ends up on
the third level in this ranking, grouped as a ‘moderate
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innovator’ with a below average performance.
Finland, Denmark and Sweden are placed in the
group ‘innovation leaders’ with a performance well
above that of the EU 27 average. Finland and
Germany are also in the group of countries showing
the highest increases in their scores, while Norway
belongs to the ‘slow growers’ group.
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The use and misuse of statistics in research
and innovation policy

We live in a culture where numbers inspire confidence and provide legitimacy to decisions. This is evident in the strong empha-
sis placed on economic arguments for public investment, and in the widespread belief in ‘evidence-based policy development’.
The prominence given to quantitative knowledge as a basis for policy and decisions is in part a reflection of the idea that more
scientific approaches can provide ‘objective’ knowledge. Such data are often used over experience-based expertise, which tends
to be considered subjective and therefore less reliable.

There is no doubt that the availability of good research and innovation statistics is an essential part of the knowledge base
required for good policy. However, as both society and our understanding of society undergo changes, there will inevitably be
an on-going need for quality assurance and further development of those statistics.

A good example here is the desire to develop statistics for innovation in the public sector. We know that the public sector
plays an important role in social development, and that it affects the innovative capacity of the private sector. Yet we know
virtually nothing about this sector’s ability to adapt and innovate.

Research statistics emerged in a period when great emphasis was placed on research as a source of innovation and new
knowledge. It was therefore natural to focus on indicators for factors such as investment in R&D. The focus was primarily on
measuring the inputs and less on understanding the links between investment and anticipated desirable effects (in terms of
overall welfare, economic growth, cultural diversity etc.).

Innovation statistics have been further developed through the Oslo Manual — which collects information from companies to
see how they go about collecting and making use of knowledge — an approach which broadened perspectives considerably.
However, it is still difficult to connect companies’ use of knowledge to overall effects of R&D or innovation on wider society.
While this latter aim may not be fully realizable - the outcomes and influences are likely too large and complex - these must at
least be considered when designing overall policy strategies. However, when an area lacks clear data or numbers, less attention
is paid to that area.

This is where we have arrived with these issues: years of significant research have advanced our understanding of know-
ledge, learning and innovation in society; but these attempts to devise easily understandable statistics have led to measure-
ments that still offer a description of what is going on that, at best, can be described as being of very limited value.

The EU Commission has placed great emphasis on the development of statistics for research and innovation, and deserves
credit for this. However, all too often such statistics are used in ways that are plainly misleading. The clearest example of this is
the most commonly used indicator of all: R&D as a share of GDP. In itself, this is a useful indicator. It says something about
how much of a country’s wealth creation is being used in research and development. In political rhetoric it is widely used as a
measure of a country’s innovation capacity; input is interpreted as output. In this way, investment in research is re-framed as
the primary objective, instead of innovation and learning as the basis for welfare and wealth creation.

The Commission has reviewed the development of the European Innovation Scoreboard, now called the Union Innovation
Scoreboard, and has tried to respond to such criticism by presenting a composite indicator that takes many different forms of
learning and investment in knowledge and innovation into account. This gives the impression of being more objective, but it is
not. The choice of indicators and the weighting between them reflects a vision of innovation where research and high technolo-
gy activities are given greater weight than other forms of learning.

For Norway, this leads to particular problems, as we have an industry structure dominated by industries that invest relative-
ly small amounts in R&D compared with so-called high-tech industries. The oil and gas industry, for example, is by definition
‘low tech’, as the companies’ turnover is so high that even considerable research investments seem relatively modest. The
strong focus on research also means that other important forms of innovation become less visible.

We find similar problems with fraction-based indicators in the discussion of R&D as a share of GDP: having one of the
world’s richest and most productive economies makes it much more difficult to reach the EU’s three per cent target. Further-
more, as this target simply focuses on investments in R&D and not on the factors that influence a nation’s ability to make use of
research, technologies and other forms of knowledge, the social and cultural framework that makes Norway successful is often
overlooked. Similarly, Norway has an egalitarian culture that most likely contributes to learning and welfare by offering social
security that reduces risk for both individuals and companies. This is not captured by the standard statistics.

There is therefore a need for more realistic narratives that put all the numbers into a larger context, one that does not re-
duce the 'knowledge society' to a few basic indicators. Norway is leading the way here: this indicator report is considered by
many as offering best practice when it comes to placing research and innovation statistics in a broader context. The Ministry of
Education aims at something similar through its Research Barometer. In contrast, the EU Commission has decided to close
down the Inno-policy TrendChart, that were to give these numbers more meaning in a national context.

Per Koch, The Norwegian Ministry of Education and Research

Figure 1.1 shows Norway’s position relative to the  ents, innovators and results. Changes in scores for

EU 27. The Norwegian system’s relative strengths some specific indicators have not altered Norway’s
are, unsurprisingly, in human resources, an open, ex- overall position, compared to the European Innova-
cellent and attractive research system, financing and tion Scoreboard from 20009.

support and entrepreneurship. Areas of relative weak- Despite the fact that Norway does not score parti-

ness are found within private sector investments, pat-  cularly highly on the EU’s selected innovation indica-
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tors, the country still has good economic results, with
a high GDP, high growth and low unemployment. The
phenomenon has been termed ‘the Norwegian puzzle’
and presents a challenge regarding the usefulness and
relevance of these indicators. Possible explanations
have been sought in terms of high workforce adapta-
bility and the role played by the Norwegian welfare
state. However these factors are, to a greater or lesser
extent, also present in the other Nordic countries,
which scored higher on innovation indicators.

1.3 Human resources

The available human resources in a country are of
crucial importance for efforts and achievement in sci-
ence, technology and innovation. Another important
background factor influencing Norway’s R&D profile
is the country’s size: a country with a small popula-
tion cannot perform very strongly in all areas, indus-
tries or fields of research. However, it is important
that small states possess a certain level of knowledge
within central areas, so that important research find-
ings outside national borders can be exploited. As a
high-cost country Norway has focused on ensuring it
has highly educated workers: it has a well-developed
national system of free education and has retained

generous funding for post-compulsory studies. Such
large public investments have contributed to today’s
population having a very high overall level of educa-
tion. In 2008, the proportion of the adult population
with higher education stood at 36 per cent in Norway,
compared to an OECD average of 28 per cent.

The unemployment level in Norway is low com-
pared with most other countries. Data from the OECD
shows that unemployment levels tend to decrease as
the proportion with higher education rises.

The OECD has estimated that among the 59 mil-
lion immigrants living in OECD countries, 20 million
have higher education. Norway is one of the countries
that benefits from these migration flows. The share of
non-Norwegian citizens has increased more among
researchers than the general population in Norway
(see chapter 2 for more details). In some cases, over-
qualified labour may be a sign of a dysfunctional
economy. At the same time, the expectation is that
economic growth will tend to take place in knowl-
edge-intensive industries, meaning the demand for
highly-educated workers should continue to rise.

Statistics Norway have produced projections
showing an acute need for people with bachelor-level
education in areas including business, health care and
nursing, and needs for more post-graduate trained
people in areas such as civil engineering and science

Figure 1.2
Number of doctorate degrees per million inhabitants, for selected countries by field of science,
2009.
Number
350
300 B Medical and health
- sciences
250 l Agricultural sciences
200 m Engineering and
technology
150 Natural sciences
100 m Social sciences
50 = Humanities
0 ® Other!

USA

cC cC
s £
o g8
©

L)

Belgium
Iceland
France
EU 27
Denmark
Norway

The Netherlands

Ireland

Austria
Sweden
Finland
Germany

United Kingdom

t Incl. services and others not classified elsewhere.
Source: OECD/NORBAL




subjects. The natural sciences have proved to be a par-
ticularly challenging area in terms of meeting demand
for skilled workers. As shown in section 2.1.1, al-
though there has been an increase in the number of
people taking higher degrees, this has been accom-
panied by a decline in the proportion of students tak-
ing a science subject; from around 50 per cent in 1990
to fewer than 30 per cent in 2008 (although actual
numbers of science graduates have risen, they have
not matched overall expansion).

1.3.1 International comparison of human
resources

Norway invests the equivalent of 5.5 per cent of its
GDP in its education system (across all levels) slight-
ly less than the OECD average of 6.2 per cent. These
figures include only public investment, as private in-
vestment in education is very low in Norway com-
pared with other countries where the OECD collects
such statistics. Among OECD countries 90 per cent of
primary and secondary education is paid for through
public funds. However, private financing is increas-
ingly significant in university and college education,
with the proportion of private funding varying consid-
erably between countries, from under 5 per cent in
Norway, Denmark and Finland to over 75 per cent in
Chile and South Korea. Norway also scores highly on
annual public investment in higher education per stu-
dent.

A doctorate marks the highest level of research
training, and the concentration of such qualifications
can therefore be seen as an indicator of the level of
competence in a country’s research population. It is
important to note that there are some national differ-
ences in the regulations, content and level of PhD pro-
grams.

Norway saw relatively high numbers of new doc-
torates in 2009, with 238 new doctorates awarded per
million inhabitants. The leading countries in terms of
the production of new doctorates were Finland and
Germany, with over 300 new doctorates per million
inhabitants. As figure 1.2 shows, the Norwegian disci-
pline profile for doctorates includes a higher share of
degrees in medicical and health sciences, a slightly
higher proportion of social sciences and a slightly
lower proportion in technology, mathematics, natural
sciences and humanities. The other Nordic countries
(except for Iceland) have a much higher proportion of
doctoral degrees in technology.

If we compare national R&D efforts in terms of
the number of researchers (measured as full time
equivalents of R&D work conducted) the picture is
clearly dominated by China, the EU and the USA.

1 Norwegian R&D and innovation activities in an international context

Figure 1.3

R&D full-time equivalents of higher educa-
tion, per million inhabitants, 2009 (or last
year with available statistics).
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Together, these three giants account for about 60 per
cent of the world’s research workers. The USA con-
tained about 20 per cent of all researchers working in
2007 (down from 23 per cent in 2002). In terms of ab-
solute numbers, China overtook the USA and the EU
recently, with an increase in the number of researchers
from 1.42 million in 2007 to 1.59 million in 2009.
However, while research is concentrated in wealthier
regions, the global proportion of researchers based in
developing countries increased from 30 to 37 per cent
in the period 2002-2007.

Figure 1.3 shows that Norway, despite relatively
low R&D investments, has one of the highest levels
of researchers among the population. The world aver-
age stands at almost 1 100 researchers per million in-
habitants, the OECD average is nearly 3 500, while
the Nordic countries and Japan have between 5 000
and 7 500 researchers per million inhabitants.
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In the Norwegian business enterprise sector, the
number of employees are distributed across the largest
industries in a relatively similar pattern to that found
in the other Nordic countries. However, when it
comes to full-time equivalents (FTEs or person-years)
of work conducted by these employees, large differ-
ences emerge. Norway sees 18 000 R&D FTEs con-
ducted in the business enterprise sector, around half
the number performed in Denmark or Finland, and
about a third of the Swedish total. Norway also seems
to spend less time on the areas of industry, energy,
plumbing, building and construction, when compared
with Finland and Sweden. Although the energy sector
contributes heavily to GDP, this has not resulted in
large investments in research and development as
measured by FTEs. The Norwegian service sector, in
contrast, shows a relatively high total of FTEs com-
pared with the other Nordic countries. Furthermore,
when we relate total full-time equivalents in R&D to
the size of the population, Norway ends up with 3.9
FTEs in the business enterprise sector per 1 000 of the
population for 2009, a higher result than the EU 27
average of just 3.0. On this measure Norway remains
behind the other Nordic countries, whose 2009 results
were 4.6 in Iceland, 5.8 for Sweden, 6.0 for Finland
and 6.8 for Denmark.

1.4 R&D and innovation
resources

1.4.1 International developments in R&D
resources

The global distribution of R&D resources is changing.
From 2002 to 2007 global investment in R&D grew
from 790 to 1 145 PPP $ billion:' this equates to no-
minal average annual growth of just under 8 per cent,
as shown in Table 1.1. Spending data show that the
dominant positions are still held by the USA and
Europe, but that Asian investments are rapidly catch-
ing up and both Europe and the USA’s overall share
of world R&D decreased between 2002 and 20072
Norway has maintained its overall share of world
R&D investment, and is showing stronger annual
growth in R&D expenditures than Europe or the
USA.? To explain these changes in the distribution of
R&D efforts, the UNESCO World Science Report

! PPP stands for Purchasing Power Parity. This is a conversion

to a common unit on the basis of U.S. dollars to make all
countries R&D efforts comparable regarding currency and
purchasing power.

2 See the UNESCO World Science Report 2010.
3 OECD — Main Science and Technology Indicators 2010:2.

points out several factors, including the rise of cheap
and readily available digital technology, broadband,
internet and mobile phones, resulting in new parts of
the world having more opportunities to participate in
international research.

The full effects of the financial crisis are not yet
reflected in such R&D data, and the UNESCO report
argues that the crisis will accentuate the decline in
Western dominance in science and technology. It
stresses the increasing role of emerging economies
such as Brazil, China, India and South Africa in activ-
ities further up the value chain, and their development
from locations for cheap outsourcing of production, to
autonomous developers of process technology, prod-
uct development, design and applied research.

While global investments are changing, the uneven
distribution of research and innovation is emerging in
new, sub-national forms. In Brazil, 40 per cent of all
R&D expenditure was linked to the Sao Paulo region,
while South Africa’s Gauteng province accounts for
51 per cent of the national total.

Investment in R&D as a share of GDP is widely
used as an indicator to describe a country’s R&D ef-
fort. From 2002 to 2007 the world’s R&D spending
grew slightly faster than overall GDP. Globally, R&D
expenditure as a share of GDP was 1.7 per cent both
years. China has performed particularly well on this
measure, with R&D spending as a share of GDP at
1.54 per cent in 2008, up from 1.07 in 2002.

The EU has also focused attention on R&D invest-
ment as a share of GDP. This was the main indicator
selected when launching a vision for “smart, sustaina-
ble and inclusive growth” in the EU’s growth report
and the Green Paper.* There are concerns within the
EU about the region’s R&D investment compared to
that of the USA and other advanced economies, par-
ticularly in terms of private investment. The EU wants
to achieve the overall goal of 3 per cent of GDP going
to R&D by 2020, and all member states have been
asked to set their goals to support this outcome. Many
countries are aiming high with targets approaching
3 per cent, while Austria, Finland and Sweden have
gone further to set a 4 per cent target.

Norway’s R&D investment is well above the
OECD average in terms of per capita spending (see
Figure 1.4). Norway spends just under 9 000 NOK
per capita, well above the OECD average of under
7 000 NOK, and the country has remained above the
OECD average on this measurement since 2001.
However, Norway is below the OECD average of
R&D spending as a share of GDP. The countries

4 European Commission (2011): Green paper and Annual

growth survey.
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R&D expenditure by continent and selected countries: 2002-2007. Absolute amounts PPP $, growth

and share of global R&D and world GDP.
R&D (Bill. PPP $) Per cent
Proportion of the world's R&D Proportion of the world's GDP

Part of the world/ Average yearly

country 2002 2007 growth 2002 2007 2002 2007
North America 297.8 399.3 6.0 317 349 1.7 28
Latin America 2.1 34.6 94 28 3.0 8.1 8.5
Europe 2385 314.0 5.7 30.2 27.4 311 29.0
Africa 6.9 102 8.1 0.9 09 3.6 39
Asia 2139 369.3 115 2.1 322 310 345
Oseania 1.2 18.3 10.3 14 1.6 15 14
The world 790.3 11457 7.7 100.0 100.0 100.0 100.0
China 39.2 102.4 2.2 5.0 8.9 79 107
USA 2771 3732 6.1 35.1 326 225 2.7
Japan 108.2 1479 6.5 137 129 7.4 6.5
Brazil 13.0 202 9.2 1.6 18 29 2.8
India 129 248 14.0 1.6 22 3.8 47
Norway 28 4.3 8.8 0.4 0.4 0.4 0.4

Sources: UNESCO World Science Report 2010 and OECD MSTI 2010:2/National R&D statistics for Norway

where R&D spending makes up the largest shares of
GDP are Israel, Finland, Sweden, Japan, Denmark
and Switzerland; all invest more than 3 per cent of

For a number of years Norway has had an explicit
national goal to achieve the OECD average result in
terms of R&D investment as a share of GDP. This tar-

GDP in R&D. get has now been placed on the back burner, but re-
Figure 1.4
R&D expenditure per capita and as a share of GDP for selected countries, 2009.
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Figure 1.5

Increases in R&D spending for selected coun-
tries:! 2005-2007 and 2007-2009 (average
annualised real growth).
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mains a long-term goal. In the recent white paper
“Climate for Research” the government relaxed their
focus on this target, and suggested this indicator
should be linked to several others in target setting, in-
cluding R&D full-time equivalents.’

To look for signs of the impact of the financial cri-
sis on R&D investment, statistics from the OECD are
the best option currently available. There was growth
in R&D expenditure in real terms (in average annual-
ised growth) from 2007 to 2009, but the rate of
growth has slowed when compared with growth in the
two previous periods of 2005-2007 and 2003-2005.
However, these changes are very recent, and data for
2009 are still preliminary in many cases, and perhaps
present over-optimistic estimates. In the EU, average
annual real growth in expenditure was just under 3 per
cent from 2003 to 2005, 6 per cent from 2005 to 2007,
and was below 4 per cent from 2007 to 2009. Figures

5 See the white paper “Klima for forskning”, St.meld. nr. 30
(2008-2009).

International comparisons

International comparisons are based on R&D
surveys conducted by each country but stand-
ardised according to the OECDs «Frascati
Manual». This manual contains definitions,
classifications and guidelines on how to treat
data in order to measure R&D activity. Accord-
ing to the OECD guidelines, several performing
sectors form the basis of the mapping of R&D
effort. The four performing sectors are:
e Business enterprise sector
e Government sector
e Private Non Profit sector (PNP sector)
e Higher education sector

These four sectors do not fit the Norwegian
situation neatly. The higher education sector is
the only performing sector that is identical for
both national and international statistics. In
addition to industry, the business enterprise
sector in Norway also includes some units in
the institute sector. These institutes mainly
serve the industrial sector and include special
branch institutes and task-oriented industry
institutes. The government sector includes in-
stitute sector units that are related or directly
connected to Departments, in addition to oth-
er public or semi-public institutions and gov-
ernment-directed, task-oriented institutes. In
Norway the institute sector is monitored and
measured in addititon to the sectors set out
above. The Norwegain PNP sector contains rel-
atively few, and typically small, units. In re-
ports to the OECD and in other international
efforts to collect statistics, these institutions
are therefore included under the government
sector.

from 2008 to 2009 suggest a substantial change has
occurred in this region, with this latest period seeing
an increase of just 0.8 per cent. There are no updated
results available for the whole OECD area, but coun-
tries own statistics suggest a slow-down took place in
2008 to 2009. Decreases in R&D expenditures have
been reported by Norway, Belgium, Finland, Israel,
Italy, Romania, Spain, UK, Sweden and Austria.
Iceland has not updated their figures for 2009, but has
experienced a real decrease in R&D expenditure in
recent years.

Almost all countries shown in Figure 1.5 experi-
enced slower growth in R&D expenditure from 2007
to 2009 than in the previous two year period. China
has shown the strongest growth since 2007, but even
there, growth has clearly slowed. While Norwegian
R&D expenditure showed real growth of 4.6 per cent
from 2007-2008, the period 2008—2009 saw a decline



of 0.3 per cent, giving an average annual real growth
rate of just of 2.1 per cent for 2007-2009.

The importance of various research-performing
sectors varies between countries. There are many rea-
sons that influence the range of research performers,
such as industry structure, historical conditions, eco-
nomic conditions, and educational and political priori-
ties. In Norway, the role of the public sector in R&D is
relatively strong. Policies to increase private sector
R&D efforts have been pursued for several years. The
EU also sees this as a key objective, as one possible
measure to increase R&D efforts in the competition
with Asia and the United States. However, neither the
EU nor Norway has managed to increase the business
enterprise sector’s share of R&D activity over the last
few years. Indeed, in 2009 the EU and Norway saw
this share drop slightly, from 62 per cent to 61 per cent
in the EU, and from 54 to 52 per cent in Norway.
Meanwhile, the largest R&D actors, the USA, Japan
and China, all have a pattern of R&D efforts where the
business enterprise sector accounts for over 70 per
cent of total expenditure. Other Nordic countries also
have business enterprise sectors responsible for large
shares of R&D expenditure: Finland, Sweden and
Denmark have shares of 71, 71 and 67 per cent respec-
tively.

The business enterprise sector in Norway consists
of businesses and the business-oriented part of the in-
stitute sector (see box on international comparisons).
Norwegian businesses are commodity based, but
knowledge intensive. Although R&D measured as a
percentage of sales is low in many places, many com-
panies use advanced technologies.

The share of R&D expenditure drawn from
Norwegian universities and colleges is high compared
to other countries. In Norway the higher education
sector accounted for 32 per cent of total R&D ex-
penditure in 2009, while the OECD average was 17
per cent (in 2008). Denmark also sees a high propor-
tion of investment from the university and college
sector (30 per cent), while this sector is smaller in
Sweden (25 per cent) and Finland (19 per cent). The
high share of spending in the Danish university sector
is partly explained by institutional changes which
have seen research units from the government sector
merged with universities.

If we compare R&D expenditure in the higher ed-
ucation sector per capita, the differences between the
Nordic countries are small: Denmark and Sweden’s
higher education sectors spend nearly 3 000 NOK per
capita, Norway’s result is just slightly lower, and Fin-
land and Iceland stand at just under 2 500 NOK per
capita. Among the Nordic countries Norway had the
highest proportion of higher education funded by pub-
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Figure 1.6

R&D expenditure financed through public
sources. Selected countries, 2009 or latest
available year.
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lic sources, at just over 90 per cent.® This includes the
general university funding, other funding from minis-
tries and government bodies, funding from the
Research Council of Norway and from the counties
and municipalities. Among the Nordic countries,
Norway also had the lowest proportion of funding
from abroad (2.5 per cent) and from enterprises (less
than 4 per cent) in the higher education sector in 2009.

The overall proportion of R&D expenditure funded
by public sources is also relatively high in Norway.
Among the countries shown in Figure 1.6, Norway
had the highest proportion of public funding of R&D,
at nearly 47 per cent. The OECD average was 28 per
cent in 2008, and the other Nordic countries are fairly
close to this result. In both the business enterprise sec-
tor and higher education sector in Norway, the share
of public financing is particularly high, while the bal-
ance of funding in the government sector itself is in
line with, or lower than other countries in Scandina-
via. The government sector in Norway includes a high
proportion of publicly-oriented research institutes (see
box on International comparisons).

¢ Sweden, Denmark, Iceland and Finland have shares between
77.2 and 81.8 per cent.
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Table 1.2
Key results for Norwegian participation in FP6 and FP7.

All programs

6RP TRP

Indicator (2003-2006) (2007-dec 2010)
Number of projects with Norwegian participation 849 728
Rate of success for Norwegian projects 27.1% 23.7%
Proportion of projects with norwegian participation of all cancelled projects. 8.4% 6.7%
Number of Norwegian projects 1299 1059
Number of Norwegian coordinators 148 170
Estimated EU funding to Norwegian particiants (NOK) 2.3bill, 2.7 bill.

1.7% 1.8%

Source: E-Corda/EU-Commission

1.4.2 The EU Framework Programme

The EU’s Framework Programme for Research and
Technological Development is seen as having a key
role in meeting the objectives of the EU Lisbon strat-
egy for competitiveness, growth and employment. It
is also regarded as Norway’s most important arena for
building international cooperation, internationalisa-
tion and for steps to improve the quality of Norwegian
research. Participation provides opportunities for net-
working, opportunities to collaborate with leading sci-
entists in Europe and contributes to knowledge-based
innovation and innovation in Norwegian industry and
society. Success rates for participation in the programs
can be considered as indicators of the quality of the
country’s research.

Norway’s participation in the EU Framework Pro-
gramme is in line with that of EU member countries
(it is part of the EEA Agreement). Member countries’
funding contribution to the Framework Programme is
calculated as a share of GDP. The 7th Framework
Programme (FP7) runs for seven years (2007-2013)
while the previous Programme lasted just four years.
Norway participates in the following specific pro-
grammes:

1) Cooperation (10 major programmes);

2) Ideas (frontier research);

3) People (researcher mobility);

4) Capacities (7 capacity-enhancing activities);

5) The EU Joint Research Centre.

At the end of 2010, the fourth year of FP7 was
completed. However, only just over a third of the total
FP7 budget of 50.5 billion euros had been allocated
by that time. The FP7 budget is therefore set to in-
crease significantly in the programme’s second half.
During the first four years of FP7 Norway participated
in 3 071 applications, resulting in 728 projects. The
728 approved projects are expected to provide
Norway with overall funds of 331 million euros (ap-
prox. 2.7 billion NOK). Estimates suggest this puts

Norway’s share at about 1.8 per cent of all competi-
tive funding allocated under FP7 so far.”

Norway is particularly well-represented in some of
the specific Framework Programme areas. Under the
Environment Programme, 28 per cent of all projects
include Norwegian participants. Participation is also
high in the programs for Energy, Science in Society
(SiS), SME, Space, Research Infrastructure (RI) and
Security. Norway has the highest success rate of any
of the EU member countries and associate countries
in both the Energy program and SiS, and has the sec-
ond highest success rate in the SME programme.

At the end of 2010 there had been a total of 4 271
Norwegian participants in FP7 applications and 1 057
in recommended projects. The Research Council of
Norway estimates that the recommended projects
which include Norwegian participation will involve
almost 3 200 scientists in total. However, participation
in these projects is quite concentrated: the ten most
active Norwegian actors account for nearly 40 per
cent of all Norwegian participation in FP7. The same
actors tend to have coordinator roles, both in applica-
tions as well as recommended projects.

Over a third of all Norwegian participation in FP7
comes from the institute sector. Research institutes are
also the group with the highest success rate for appli-
cations. Universities and colleges are the second larg-
est sector in terms of numbers of applications, but
come out third, after companies, in recommended
projects. Government departments have increased
their participation in FP7 compared to FP6, up by
4 percentage points, while companies have reduced
their share of participants accordingly.

Norway’s most common partner countries for FP7
projects are the United Kingdom, Germany, Italy,
France and Spain. These are also the larger European

7 See data on applications and projects under FP, compiled by

The Research Council of Norway/ E-Corda (The EU Com-
mission).



The future of EU’s Framework Programme

The EU’s 7th Framework Programme will run
until 2013, but the preparation for the next
programme, and comprehensive restructuring
of these policies, is already in full swing. Par-
ticipating countries have been asked to pro-
vide input for changes, visions, challenges and
solutions. In Norway, the Ministry submitted
input based on feedback from 19 different en-
vironments. The Norwegian proposal high-
lights the continued importance of public spac-
es for research and where researchers’ voices
can be heard, innovation in the public sector
and the important role played by the educa-
tion system in innovation and demonstration
activity. It also stresses the need to make the
system more accessible and user friendly, and
urges caution in increasing the framework
budgets. The Norwegian Ministry has also al-
ready chosen two of the thematic areas cen-
tral to the Grand Challenges: marine and mar-
itime research and Arctic research. The
expectations are that the EU will simplify ap-
plication procedures and rules about the appli-
cation process and participation in research
and that additional investment will be made in
the areas of renewable energy, a new energy
program, ICT and connected medicine.

countries, which tend to dominate the Framework
Programme; indeed, of the 199 countries participating
in FP7 applications so far, these five together account
for half of all participation. If we weight the number
of joint applications by population size for each part-
ner, then Denmark, Sweden and Finland are the most
important countries for Norwegian cooperation.

Table 1.2 compares Norwegian results under FP7
so far (up to the end of 2010) with results from FP6.
The results for both periods cover four years of activ-
ity, with comparable budgets: FP6 distributed approx-
imately 16.7 billion euros, while FP7 distributed
approximately 18.4 billion Euros in the period 2007—
2011.

Norway participated in fewer projects for the first
four years of FP7 compared with FP6, despite the fact
that FP6 involved fewer (and larger) projects than
FP7 so far. There is also slightly less Norwegian par-
ticipation per project in FP7, compared to FP6. Fur-
thermore the Norwegian success rate is lower in FP7
than in FP6, although part of this follows from lower
average success under FP7 as a whole. While Norway
has received more support in total from FP7 projects
than it did in 6RP, this can partly be explained by
changes in funding whereby the EU finances up to 75
per cent of project costs in FP7, compared with 50 per
cent in FP6.

1 Norwegian R&D and innovation activities in an international context

1.5 The results of R&D and
innovation

1.5.1 Results from the European
Innovation Survey

The Norwegian industrial sector’s innovation activity
appears to be lower than the EU average.® The
European Community Innovation Survey (CIS) for
2008 illustrates this, both when we look at the propor-
tion of enterprises reporting innovation activity over-
all, and the proportion of enterprises that have intro-
duced new products or processes (PP-innovation) in
the period 2006-2008. As Figure 1.7 shows, the
Norwegian results are also below those of Sweden,
Denmark and Finland.

Norway has the lowest innovation activity of all
the Nordic countries. Only around half (49 per cent)
of Norwegian enterprises reported some form of inno-
vation activity in the period 2006-2008.° This is three
percentage points below the EU average. When coun-
tries are ranked in ascending order, Norway is number
16 out of 28 countries, while Sweden, Finland and
Denmark are in positions 10, 12 and 13 respectively
(with 52 per cent, 52 per cent and 54 per cent).
Germany’s result on this indicator really stands out,
with 80 per cent of surveyed enterprises reporting
innovation activity. However, there may be reason to
treat this result with some scepticism. Germany had
the lowest response rate of all countries participating
in the survey, at just over 20 per cent in 20006.
Germany also reported the most substantial methodo-
logical deviations from the standard survey proce-
dures. As it is, this German result has a powerful ef-
fect on the EU average: if the German result is ex-
cluded the EU average drops to 46 per cent.

Norway stands out from other countries most
clearly when it comes to the proportion of companies
that have introduced innovative processes, but which
have not been completed or which have not led to
some innovation by the end of the period: 10 per cent
of Norwegian enterprises are in this situation, com-

8 EU averages (EU 27) are calculated on the basis of the avail-
able data for the individual indicators. This means there can
be missing data for many cases from countries; it is not man-
datory to submit all data to Eurostat. Greece has not provid-
ed data for CIS 2008 and is therefore not included in any
totals.

°  Innovation activity refers to firms that have done one or
more of the following: companies that have introduced new
products or new processes; that have introduced organisa-
tional changes or changes in the way the company markets
itself or its products; that have interrupted or delayed activi-
ty with a view to introducing new products or processes; or,
have begun such innovative activity even if it was not com-
pleted at the end of 2008.
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Figure 1.7

Proportion of enterprises reporting innovation activity in EU 27 and Norway: 2006-2008.

Per cent of all enterprises

80

70

60

50

40

30

20

10

0

IS5 23E8% 25 5 &

I 5 0 g 0 4

The Netherlands
United Kingdom

8N ¥ T 25 L2 Q88T [ E D2
E Y8 588 8 £ 5 S §5 23 36
DE—H(UDD-U’O—:,@O
> c a >3 % v & 2 a3 E
o c T ;CDU<EUJLO°-’ s
— (0] U)x "'Q_mElD
n [a} a0
c X
[S] >
Q —
N
O

Source: Eurostat

pared to an EU average of only 3 per cent. Part of the
reason for this high level of aborted or incomplete
innovation may be explained by Norway conducting a
combined R&D and innovation survey. This has a
high response rate and a large number of items that re-
cur from survey to survey. This broader information
base provided by the Norwegian study (compared
with most other countries) may have influenced re-
sults by including units that would probably not have
been included in an innovation-only survey.

If the results from CIS 2008 are broken down into
broad sectors,'” it does not change the picture substan-
tially (see Figure 1.8). While Norwegian companies in
the service sector scored higher than the EU average,
the results for industrial firms are below average.

Norway’s poor ranking is also related to the
Norwegian industrial structure. In particular, larger
enterprises are less often located in industries with
high innovation density. A joint Nordic study has at-
tempted to correct for the effect of varying industrial
structures across different countries, and this resulted
in significant increases in the relative innovation
activity in Norway.

10 Industry here includes industry codes B05-09, C10-33, D35
and E36-39, while the services sector includes codes G46,
H49-53, 158, J61, J62, J63, K64-66 and M71. Together,
these two groups constitute the required range of sectors set
out for CIS 2008.

When it comes to the proportion of business turn-
over that is derived from the introduction of new
products (goods or services) introduced in the last
three years, Norway again ends up at the bottom of
the rankings for Europe. Again, these results are ex-
plained by Norway’s industrial structure to a large de-
gree. Different business sectors show very varied re-
sults on this variable, and these results also vary sub-
stantially from survey to survey. For example,
Norway has only a small number of enterprises in
high-turnover sectors, which typically involve con-
sumer-oriented technology products, which are rap-
idly replaced by updated new models. The Norwegian
industrial sector is dominated by the oil industry and
related industries that are undoubtedly technology
heavy, but are not typically classified as high-tech in-
dustries in European comparisons. Such industries are
also rarely involved in innovative activities involving
new products: continuous improvements in industry
are not reported as innovations, even though they can
involve substantial and innovative change over time.

When we try to exclude the effects of national in-
dustry composition, by looking at innovation as meas-
ured by the percentage of sales only in those enter-
prises with product or process-oriented innovation ac-
tivity, the picture changes. On this basis, Norwegian
product or process innovators are performing better
than those in Sweden. This indicates that Norwegian



innovators do well when measured against other inno-
vators based in comparable countries and industries.
Norway simply has too few of these kinds of enter-
prises to perform well on many of these indicators,
both due to a small pool of firms in the relevant indus-
tries, but also as the specific kinds of firms and indus-
trial areas that are stronger in Norway seem to have a
lower tendency to innovate than those in neighbour-
ing countries.

There is widespread agreement across countries
about the main purpose of innovation activity. When
firms are asked about possible purposes that drive in-
novation, a set of common issues emerges. Improving
the quality of goods produced or services provided is
most often seen as a very important reason driving in-
novation. Expanding the range of goods or services
on offer is the second most commonly reported pur-
pose in most countries, although Denmark stands out
with a relatively small share of companies who say
that this is a very important aspect. The third most fre-
quently reported objective is to increase the compa-
ny’s market share.

However, there are differences in the range of aims
or factors that are seen as important. Norwegian enter-
prises cite a high number of factors as being ‘very im-
portant’, and are focused on more factors than the av-
erage for firms across the EU. The greatest difference
is apparent when it comes to improving health or safe-
ty, which is the factor that is least likely to be reported
as driving innovation in the EU overall, but which is
reported by 49 per cent of Norwegian respondents as
being very important; almost twice the EU average.

1.5.2 Scientific publishing and citation

Publication and citation data are widely used as indi-
cators for the results of research. The basis for the use
of such ‘bibliometric indicators’ is that new knowl-
edge, which is the fundamental goal of all basic and
applied research, is typically disseminated to the sci-
entific community through publications. Publication
can therefore be used as an indirect measure of
knowledge production. The number of publications
can be seen as representing the extent of scientific
output in countries or disciplines, while the numbers
of citations can be seen as an indirect measure of the
impact published research has had. This chapter pro-
vides a comparative international analysis of
Norwegian research based on these perspectives.

In the period 1981-2010 more than 22 million sci-
entific articles were published worldwide. Global
publication production increased throughout the pe-
riod, from 460 000 articles in 1981 to nearly 1.2 mil-
lion articles in 2010. Norwegian production has also
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Figure 1.8

Share of enterprises reporting product and/
or process innovation, by industrial activ-
ity group in EU 27 and the Nordic countries:
2006-2008.
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increased. In 1981 Norwegian scientists published al-
most 2 400 articles. In 2010 that number had increa-
sed to just over 9 300. This reflects the huge expan-
sion in the production of knowledge over this period,
but also that the number of journals included in moni-
toring has increased. A significantly increased propor-
tion of the articles with a Norwegian author also fea-
ture author addresses from other countries. Of all the
Norwegian articles from 2010, 55 per cent involved
international co-authorship.

There are large differences between countries’ arti-
cle production, as Table 1.3 shows. Figures from 2010
show that the USA accounted for 22 per cent of the
world’s scientific knowledge production, measured as
a sum of all countries’ output. China is now the next
largest knowledge producer, with a share of 8.9 per
cent, followed by the UK and Germany, with shares
of around 6 per cent. Of the Nordic countries, Sweden
is the largest knowledge producer. Norway’s share
was 0.61 per cent, but the country’s share of world
production has increased over the last years and has
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Bibliometric indicators

Data:

This analysis is based on data from Thomson
Reuters (formerly the Institute for Scientific
Information (ISI). Thomson Reuters produces
the most important database for bibliometric
purposes. It indexes peer-reviewed journals,
including all major international journals in
science, medicine and technology, as well as
journals from the social sciences and humani-
ties. This report includes data from the Na-
tional Science Indicators (NSI) database and
National Citation Report (NCR) for Norway.
The NSI contains aggregated publication and
citation numbers for detailed sub-fields. The
analysis includes only regular articles and ‘re-
view’ articles, but not book reviews, abstracts
etc.

Methods:

Bibliometric indicators have some important
limitations that must be considered in inter-
preting results. Among other things, the cov-
erage of journals varies between disciplines.
The best coverage is achieved for physics,
chemistry, biomedicine and clinical medicine.
In biology and technology coverage is also rel-
atively high. However, coverage in the social
sciences and humanities is poor. This is partly
because Thomson Reuters does not index all
the relevant journals and partly because publi-
cation patterns differ between disciplines; in
some disciplines, less centralised research
communication outside of international jour-
nals, plays a more important role, via national
magazines, books, etc.

climbed from 0.53 per cent 10 years ago; impressive
for a period when most Western European countries
experienced a decline in publication share.

When publishing is weighted by population size,
to provide figures on articles per thousand inhabitants,
the Nordic countries perform very well. Norway
comes fifth out of the countries listed in Table 1.3.
Iceland is second, Denmark third and Sweden fourth.
However, differences in publishing weighted by over-
all population size do not necessarily reflect national
research performance: a better indicator would calcu-
late the relationship between publication outputs and
inputs such as R&D funding. However, these kinds of
productivity measures, comparing differences in the
relationship between ‘inputs’ and ‘outputs’, do not
only reflect productivity differences, but would also
vary as a consequence of differences in countries’ sci-
entific specialisation profile.

Table 1.3
Scientific publishing. Selected coutries, numbers
and percentages, 2010.

Relative

change in

Percentage of Number of | the number

Number of world | articles per of articles

Country articles | production* | 1000 capita |  2002-2010
USA 338784 217 1.10 27
China 135375 8.86 0.10 43
United Kingdom 93092 6.09 1.51 32
Germany 88420 5.79 1.08 29
Japan 72 882 4.77 0.57 -1
France 63601 4.16 0.99 31
Canada 54 756 3.58 1.62 56
Ttaly 51453 3.37 0.85 51
Spain 44 688 2.92 0.97 78
India 40905 2.68 0.03 114
South Korea 39843 2.61 0.82 133
Australia 39559 2.59 1.79 74
Brazil 31639 2.07 0.17 145
The Netherlands 30948 2.03 1.87 55
Russia 26 836 1.76 0.19 3
Taiwan 23834 1.56 1.03 108
Switzerland 2239 1.46 2.85 59
Turkey 22163 145 031 160
Sweden 19976 131 2.14 28
Polen 19512 1.28 0.51 72
Belgium 17019 11 1.58 58
Israel 11850 0.78 1.59 19
Denmark 11836 0.77 2.14 50
Austria 11425 0.75 1.37 48
Greece 10219 0.67 0.91 79
Finland 9881 0.65 1.85 30
Norway 9367 0.61 1.94 81
Mexico 9274 0.61 0.09 66
Portugal 9048 0.59 0.85 136
Czech Republic 8 862 0.58 0.84 83
New Zealand 7321 048 171 63
Ireland 6 640 043 1.49 121
Hungary 5151 0.34 0.51 22
Iceland 781 0.05 2.45 110
The World 1180761 100.00 0.17 48

t The national share of global production is calculated based on
the sum of all countries’ publishing output.

Sources: National Science Indicators/Thomson Reuters/NIFU

Table 1.3 also shows how article production
changed between 2002 and 2010. The increase in
China’s article production is particularly remarkable,
having more than tripled during this period (an in-
crease of 243 per cent). This is due to an expansion of
the country’s research resources, incentives to publish
in peer-reviewed journals as well as increased cover-
age of Asian scientific journals by publication data-
bases. Turkey and Brazil also have high growth rates,
as do several other Asian countries, including South
South Korea, India and Taiwan.



In Europe, Portugal and Ireland’s publication vol-
ume grew most in the period, by 136 and 121 per cent
respectively. There was also relatively strong growth
in Iceland, the Czech Republic and Norway (growing
by between 110 and 81 per cent). The major scientific
nations of Britain, Germany and France saw growth
of around 30 per cent, marginally above the USA’s in-
crease. In general, many of the smaller and newer EU
countries experienced great growth in scientific publi-
cations in recent years. This is likely due in part to
participation in EU Framework Programmes and
other European research programs, as well as in-
creases in these countries’ own R&D initiatives.

Norway had the second strongest growth in pub-
lishing output of the Nordic countries (after Iceland)
with an 81 per cent increase since 2002. Sweden’s
output grew the least, by just 28 per cent. In the last
five years Norway’s development has been more posi-
tive than the other Nordic countries, a turnaround
from the period 1981 to 1999, when Norway had the
second lowest growth among the Nordic countries.
Areas that have grown particularly strongly in the
more recent years (in terms of relative volume)
include the social sciences and technology.

These positive developments in Norway are partly
explained by the increased resources channelled into
research as well as increased numbers of researchers.
R&D expenditure in the higher education sector in
Norway, where the bulk of journal publishing takes
place, grew by 62 per cent in fixed prices, from 2001
to 2009. In addition, this increased productivity is as-
sociated with changes which have increased the focus
on the production of publications. Since 2004,
Norway has had a performance-based funding model
for higher education institutions, and rates of aca-
demic publishing are one of the performance indica-
tors. The institute sector and health trusts have also
adopted publishing as performance indicators linked
to funding. In this way, Norwegian research institu-
tions have incentivised publishing (Sivertsen 2008).
There is reason to believe that this system has contrib-
uted to the recent increases in scientific publication in
Norway, although the overall significance of these
incentive effects, relative to other factors, is difficult
to determine.

Norwegian researchers published round 140 000
articles in the period 1981-2009 and together these
have been cited more than 2 million times. It is of
course the case that those countries producing the
highest numbers of articles also tend to receive the
most citations. However it is common to use meas-
ures that are independent of overall publishing vol-
ume, to assess whether a country's articles are having
a high or low impact. One such indicator is the rela-
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Bibliometric indicators

Using citations as an indicator

Scientific publications typically refer in some
detail to previous literature. These references
might be relevant to the concepts, methods,
theories, empirical findings or other aspects of
the publication. Thomson Reuters systemati-
cally record all the references in their indexed
literature, making it possible to calculate how
many times any given publication has been
cited in the subsequent literature. Based on
these statistics, citation analysis can be con-
ducted on aggregated and national levels.

It is common to assume that articles are
cited more or less depending on their influ-
ence on further research. Citations are there-
fore used as indicators of scientific ‘impact’.
The average number of citations for a coun-
try’s publications is a widely used indicator,
and is seen as offering an indirect guage of
the attention a country’s publications achieve
among the international scientific community.
Citation indicators have increasingly been
used in the evaluation of research. However, it
is important to recognise that there are limita-
tions and weaknesses to such indicators, and
that they therefore cannot replace peer evalu-
ation (see Aksnes 2005).

tive citation index, which provides the average
number of citations per publication for each country.
It shows how often each country's publications are
cited, relative to the global average (which is normal-
ised to 100). However, there are large differences in
average citation frequency between different disci-
plines: a molecular biology article is cited, on aver-
age, about ten times as often as an article in mathe-
matics. A country's citation rates will therefore depend
on the distribution of articles across various disci-
plines, and the concentration of publications in highly
cited fields could increase a country's citation rate sig-
nificantly. To correct for these differences, we have
weighted each country's citation indicators in the anal-
ysis that follows, meaning that the national index is
weighted according to the relative distribution of arti-
cles across different fields. The Citation Index used
here therefore allows more direct international com-
parisons.

Norway performs fairly well on the relative cita-
tion index, with an index of 125. This result means
that the Norwegian articles were cited 25 per cent
more often than the world average. In the 1980s, Nor-
wegian research was less cited than the international
average, but a significant increase in citation fre-
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Figure 1.9

The number of publications per capita, 2010 and the relative citation index for selected coun-

tries: 2007-2009.*
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quency was achieved during the 1990s. While these
results are positive for Norway, almost all western and
northern European countries had index values well
above 100 in this period (the OECD countries average
was 110) and Switzerland (index of 164) and Iceland
(162) achieved the greatest impact according to the
citation index (Figure 1.9).

Compared to the previous period for the Citation
Index (2004-2006) Norway’s performance stood out
as it was one of only five of the OECD countries that
did not increase its results on the index. The average
for EU 15 countries improved from 109 to 115 in this
period. Increases were particularly strong for many of
the northern European countries. These changes can-
not simply be attributed to increased citation rates, but
also to methodological issues such as the expansion of
the range of journals covered in the database (see
above). Many of the new journals that have been add-
ed are cited much less often. Therefore, if researchers
in certain countries publish more in these lower-cited
journals, the average citation rate will drop. Norway
saw a decline in the citation index of 1.8 points from
2004-2006, breaking a long running trend of in-

creases in its citation index. The reason for this devel-
opment for Norway has not been fylly analysed or ex-
plained, as yet. When it comes to the number of
publications, one sees that this normally corresponds
relatively strongly with resource availability: in-
creased research resources leads to increases in the
number of researchers, which in turn increases the
number of articles. There is no such direct correlation
in terms of citation frequency and resource supply —
although there may be a connection. Norway’s posi-
tion in terms of these results has worsened compared
to many other countries, over the last three years.
However, weakened citation results must be viewed
in the context of the major growth in scientific pro-
duction in Norway: in such a situation it is perhaps
unsurprising that improved scientific impact, as meas-
ured by the average citation rate per article, has been
difficult to maintain or improve.

Norway’s level of publication activity and citation
rate varies greatly between disciplines. If we focus in-
stead on different fields of science, technology, medi-
cine and social sciences, two types of indicators can
be calculated. First, the activity index, which is an in-
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EPO! patents originating in OECD countries: 1999-2008.
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dicator that shows whether a country has a higher or
lower proportion of publications in a particular field
than the average for all countries; it therefore ex-
presses the internal balance between the fields in any
given country, but says nothing about production in
absolute terms. This kind of result is commonly refer-
red to as the specialisation index. Second, it is possi-
ble to calculate the relative frequency of citations in
different fields (a field-specific citation index). A
country’s publication performance within a particular
field can then be compared with others, to see if it is
cited more or less often than the global average for
the field. If we look at the results of such indicators, it
is clear that Norway’s activity profile differs consider-
ably from the average." In general, Norwegian re-
search involves a relatively strong focus on biology,
earth sciences and social sciences. Conversely, there
is relatively low activity in areas such as physics,
chemistry and technology. This specialisation pattern
has its roots in the country’s history. Norway’s tradi-

""" Based on NIFU’s analysis of data from the National Science
Indicators/Thomson Reuters/NIFU.

tional focus on marine and coastal industries and fish-
ing, support specialisations linked to biology. This
may also account for Norway’s relatively high activity
in ecology, environmental science and zoology. With
the exception of botany and microbiology, Norwegian
biological research is more cited than the international
average.

Norway also shows a strong specialisation in earth
science, but only received an average level of cita-
tions in this field. A sharp increase in geosciences
publishing marks the most significant change in the
national academic profile since the early 1970s, di-
rectly related to Norway’s emergence as an oil nation.

1.5.3 Patents

Intellectual Property Rights, or IPR, have long been
used as a measure of the results of research and innova-
tion activities. This applies primarily to patents. Aggre-
gate patent data systematise information about various
aspects of knowledge, including what is being in-
vented, by whom, when and where. Such analyses of
patents can be compared with other indicators, such as
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trade statistics, to raise awareness about where this ac-
tivity comes from and, importantly, where it is applied.'?

This section is based on the Norwegian patent
applications sought via the Norwegian Industrial
Property Office * and/or pending through Europe at
the European Patent Office (EPO).!* Norwegian ac-
tors can use the EPO as a home office, on an equal
footing with European countries, after Norway be-
came a full member of the European Patent Conven-
tion (EPC) in 2008. This represents a step to a
stronger international orientation of the patent system,
and this is expected to affect patenting patterns of
Norwegian players going forward. This section pro-
vides a brief status report on Norwegian patenting in
Europe and in Norway during this transition, where
particular efforts are made to distinguish between dif-
ferent types of applicants.

An overview of Norwegian patenting via the EPO,
in the years prior to Norway’s EPC membership,
gives a sense of Norwegian patenting in an interna-
tional context. Norway’s European patent activity for
the period 20002008 was modest compared to other
OECD countries. Figure 1.10 presents EPO patents
from a number of OECD countries for the nine-year
period. It shows that 64 per cent came from just three

12 See the OECD’s Patent Manual (2009) for an up-to-date
presentation of patents as indicators.

Extracted from the patent database at the Norwegian Indus-
trial Property Office, February 2011.

4 Based on raw OECD data: http://stats. OECD.org/wbos/In-
dex.aspx?DatasetCode=PATS IPC.

countries: the USA, Germany and Japan. The figure
shows Norway’s European patents compared with
other countries in the period.

Norwegian actors accounted for 3 750, or 0.4 per
cent of all European applications originating from
OECD countries. The corresponding figures for Dan-
ish actors was 8 410. The number of Norwegian ap-
plications is lower than in the other Nordic countries,
which in turn are overshadowed by the larger coun-
tries. OECD countries increased patenting activity in
Europe by 14 per cent from the first three years of the
period (1999-2001) to the last (2005-2007). The cor-
responding increase for Norwegian companies was
10 per cent, and this was also the period before the
Norwegian membership in the EPC came into force.

In general, patent protection is mainly sought in
the domestic market, e.g. mostly just in Norway for
most Norwegian actors. This pattern in activity per-
sisted during the first year of Norwegian membership
of the EPC (2008) when Norwegian companies did
not increase their demand for patent protection in
Europe (in nominal terms) from the previous year.
Norwegian EP applications were flat in 2008, at
460 applications (the same as the previous year),
while the number declined for most OECD countries.
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2 The Norwegian system of R&D

and innovation

Highlights

The number of students

e Numbers of students in Norway quadrupled
over the last 40 years, reaching 230 000 in
2010.

e The proportion of foreign students in Norway is
high in comparison to other countries.

Higher degree candidates

e In 2010, just over 11 000 higher degree candi-
dates graduated in Norway.

e Since 2004, women have been in the majority
amongst master’s degree candidates.

Doctoral degrees in Norway

e The largest shares of doctoral degrees are
awarded within natural sciences and engineer-
ing and technology, while the humbers of doc-
toral degrees in medical and health sciences
have experienced the highest growth.

e Between 1970 and 2010, the proportion of
doctorates awarded to women increased from
7 to 46 per cent.

e In 2010, 28 per cent of all those awarded PhDs
in Norway had foreign citizenship.

e The completion rates in research training have
increased over recent years.

Higher degree candidates in the labour
market

e Most higher degree candidates are employed in
the public sectors of health and social services,
education or public administration.

e The education sector employs the largest share
of higher degree candidates—almost 75 per
cent of all such graduates find employment
here.

R&D personnel and R&D Full Time
Equivalents (FTEs)

e In 2009, 64 000 persons were involved in R&D,
performing 36 000 FTEs.

e Between 2008 and 2009, both the number of
R&D personnel and the number of R&D FTEs
increased in the higher education sector and in
the institute sector, while there was a decrease
in the industrial sector.

e Researchers performed roughly three-quarters
of the total R&D FTEs.

e Among those employed as researchers, the
proportion of doctorate holders was lowest in
the industrial sector (10 per cent).

e Among researchers in the university colleges
or specialised institutions at university level,
women are in the majority. The second highest
share of women researchers was found in
health trusts, followed by institutes serving the
government.

e Among researchers, the proportion of those
with foreign citizenship is 2.4 times higher
than among the general population.

e R&D FTEs in foreign-controlled enterprises rep-
resented 27 per cent of total R&D FTEs in the
industrial sector.

Resources for R&D and innovation

e In 2009, Norwegian R&D expenditure amount-
ed to 42 billion NOK, leading to an average
yearly increase of 2.1 per cent since 2007.

e Norwegian R&D expenditure constituted
1.8 per cent of GDP in 2009.

e The higher education sector accounted for 32 per
cent of total R&D expenditures in 2009.

e In 2009, almost 6 per cent of all R&D expendi-
ture was accounted for by the health trusts.

¢ In the institute sector, recent increases in R&D
expenditure were due to increased activity
among institutes serving government agencies
and departments; R&D expenditure among
institutes serving enterprises remained at the
same level.

e Between 2008 and 2009, the real value of R&D
expenditures in the industrial sector fell by
3.7 per cent.

¢ In the industrial sector, 43 per cent of all R&D
activities were performed in manufacturing,
while services accounted for 47 per cent.

Thematic priorities and technology areas

¢ Global challenges, including energy, environ-
ment and development studies, represented
the most important Norwegian thematic prior-
ity in 2009, with R&D expenditures in this area
reaching 10 billion NOK.

Innovation activities and costs

e A total of 27 per cent of enterprises in the in-
dustrial sector reported they had experienced
product or process innovation activities in
2008; such innovation tendencies tended to
increase with firm size.

e In terms of innovation costs, intramural R&D
accounted for 64 per cent, while extramural
services made up 19 per cent.
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R&D funding

e In 2009, government funding accounted for
46 per cent of all R&D expenditure, with indus-
try providing 42 per cent. Other national
sources and funding from abroad accounted for
4 and 8 per cent respectively.

e The amount of R&D funding from abroad has
increased fivefold during the last 20 years.

e Within the higher education sector, the most im-
portant source of funding for research is the
General University Funds, followed by The
Research Council of Norway (RCN).

¢ In the institute sector, the primary sources of
funding for techno-industrial research institutes
were industrial sector organisations, while the
RCN was the primary funder for research insti-
tutes in the social sciences and of regional
research institutes.

e In the industrial sector, 75 per cent of intra-
mural R&D activity was financed by enterprises’
own funds - this pattern applied more strongly
in manufacturing than services.

Grants from the Research Council of Norway

(RCN)

e In 2010, the RCN granted 6.7 billion NOK across
the three R&D performing sectors: the institute
sector received 41 per cent of these funds and
the higher education sector 37 per cent.

Government budget appropriations or
outlays for R&D (GBAORD)

e For 2011, the Norwegian GBAORD was estimat-
ed at 23.5 billion NOK; equivalent to 3.7 per
cent of the state budget, or 0.8 per cent of GDP.

Results from R&D and innovation

Patents in Norway

e In terms of patents, the prime concern of
Norwegian actors is the home market, even
though patent applications from Norwegian
actors only made up about 20 per cent of all
patent applications made in Norway in the
period of 2005-2009.

e Concerning Norwegian home patents, the pro-
portion of foreign actors involved in co-patent-
ing is rising, which shows that Norwegian actors
are involving foreign actors more often in their
new innovations.

Scientific publishing and citation

e From 2006-2010 the increase in articles written
by Norwegian authors was especially large
among those based at university colleges.

e 56 per cent of Norwegian articles that were pub-
lished in scientific journals involved international
co-operation in 2010.

Survival in newly established enterprises

e Three out of ten newly established enterprises
survived for at least five years: limited (liability)
companies show the highest survival rates.

e The survival rate increases with the size of the
firm, in terms of the number of employees.

Human resources are the main driving force in the na-
tional R&D and innovation system. It is essential that
high-level and appropriate skills are available to com-
pete internationally. The chapter will show that there
has been a long-running, sustained growth in the
number of students in Norway. In 2009 there were
230 000 students in education, but only a relatively
small proportion of all students go on to higher (post
graduate) degrees each year. In 2009 the number of
those going on to post graduate education was over

7 000, only 3 per cent of the total number of students.
This shows that a large share of students either exit at
degree level or drop out along the way to post gradu-
ate qualifications.

Among the candidates with higher degrees, a far
higher proportion now goes on to obtain a doctorate.
The number of PhDs awarded annually is now around
1 200. It is also worth noting that there are many for-
eigners who take a Norwegian doctorate. In 2010 28
per cent of all doctorates were awarded to non-Nor-
wegian citizens. The increasing proportion of non-
Norwegian researchers shows a there has been a
strong internationalisation in Norwegian research.
Growth in the number of people taking higher educa-
tion has also led to growth in the number of those em-
ployed with higher education.

There are detailed statistics on human resources
related to research and development, both measured
by the number of employees in research-relevant po-
sitions and by the number of Full Time Equivalents
(FTE) that are spent on R&D . Trends show continued
increases in both R&D personnel numbers and FTEs,
but this growth is somewhat differently distributed
among the three R&D performing sectors of universi-
ties and colleges, research institutes and business en-
terprises.

Trends in the costs of R&D will of course be re-
lated to changes in human resources. Research is cer-
tainly labour intensive: nearly two thirds of total R&D
expenditures are direct labour costs. Total R&D ex-
penditures increased in the last year, but growth was
slower than the previous year. Another interesting fea-
ture is that R&D expenditure as a share of GDP has
increased, mainly due to a decline in GDP. The fi-
nancing structures of the three main R&D performing
sectors vary: the industrial sector largely finances its
own research, while public funds dominate the higher
education sector and institute sector.

The statistics offer reasonably good coverage
when it comes to the measurement of inputs for re-
search and innovation. The most important measure-
ments, however, relate to research outputs in the form
of new products or processes, new therapies for vari-
ous diseases, better climate, higher profitability for



business and so on. The Fagerberg Committee has
also raised concerns about how to get the highest pos-
sible economic return on research investment and
how to measure the social impact of research. These
variables are often more difficult to measure than in-
puts, and statistics are lacking in this area, a conclu-
sion the Fagerberg Committee also highlighted. De-
spite these limitations, this report presents a range of
results-oriented indicators. These include indicators
for innovation in Norwegian industry, patenting, cor-
porate survival and scientific publications and citation
rates. In addition, results are presented for Norwegian
participation in EU Framework Programmes, where
Norway has a good success rate in certain programme
areas. A common feature of many areas of good per-
formance in R&D or innovation is collaboration dif-
ferent partners, both nationally and internationally.
Earlier issues of the Indicator report had separate own
chapter on cooperation, but this is now incorporated
throughout the other chapters.

2.1 Human resources

2.1.1 Students in Norway and abroad

Over the past 40 years, Norway has seen student num-
bers rise from fewer than 54 000 to nearly 230 000 to-
day. The trend towards mass higher education has not
just involved changes in scale, but has changed the
character of higher education institutions and the aca-
demic communities that inhabit them. However, while
more students require more from academic staff, the
number of those employed in higher education has
also increased, and thus the overall activity in this
area, including R&D activities, has risen. The most
important consequence of these changes, however, is
the raised level of education among the working pop-
ulation.

This overview of recent changes and expansion
starts in 1971 (see Figure 2.1) in part because of data
available, but primarily as this year saw a college-
sector established outside of the universities. The
universities had already expanded sharply by this
time, with student numbers quadrupling between
1960 and 1975. The establishment of university col-
leges — known as state university colleges from 1994
—marked a deliberate policy to channel further
growth into these institutions, and student numbers at
universities and specialised institutions at university
level did indeed stagnate until the late 1980s. The
number of professional positions also remained
steady, until the next major period of growth in stu-
dent numbers, from the late 1980 to the mid-1990s,
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Figure 2.1
Total number of students in the higher educa-
tion sector: 1971-2010.*
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when university staff numbers also rose. There fol-
lowed a ten year period of relative stability after 1995.

In 2005 two university colleges received univer-
sity status. These new universities of Stavanger and
Agder marked the biggest shift between the two sec-
tors. If we consider the overall pattern of change since
the early 1970s, the universities’ experience can be
summed up by two periods of strong growth and two
periods of stagnation, while the university colleges
have seen their student population increase steadily
throughout the period.

As shown in Figure 2.2 Norway has a long tradi-
tion of having large numbers of students study abroad,
and has a higher proportion of students who go over-
seas than most western countries. In part this is due to
patterns of demand, but it is also due to a deliberate
internationalisation process, including funding poli-
cies that facilitate international studies. A key policy
tool here is that student loans provided by State
Educational Loan Fund (Lanekassen) offer support
through loans and grants for those who wish to study
abroad. This means that, unlike in many other coun-
tries, it is often no more expensive to take up higher
education abroad, than at home.

There are also particular groups of students whose
choice to study in other countries reflects the limited
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Figure 2.2
Norwegian graduates abroad: 1958/59-
2010/11.
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availability of certain courses in Norway. Medical stu-
dents and veterinary students are examples of this sit-
uation. However, the majority of students choose to
travel because they want to study in a foreign environ-
ment, and experience the academic, cultural and so-
cial challenges involved.

Developments in the numbers of Norwegian stu-
dents taking a full degree abroad followed a similar
pattern of growth to numbers of home students until
2003, when the numbers heading abroad sunk (see
Figure 2.2). This may have been due to changes in
student funding, which meant that it became more
expensive to study abroad in many cases, at the same
time as the Quality Reform was leading to a more
wide-ranging set of higher education options within
Norway. The number of students going abroad has
rebounded in recent years, in part linked to the in-
creased pressure on the higher education system in
Norway.

The countries receiving the highest number of
Norwegian students are the United Kingdom,
Denmark, Australia, Poland, USA and Hungary.
Norwegian students are increasingly choosing coun-
tries where the language requirements for courses are
easier, which in practice means English-speaking
countries, Nordic countries and Eastern European
countries that offer programs taught in English.

2.1.2 Graduate degrees in Norway

The total number of those completing post-graduate
courses from the Norwegian universities, scientific,
public and private university colleges has increased in
recent years, from about 9 100 in 2008, to 11 000 in
2009 and 11 300 in 2010. The high numbers in the
last two years are not primarily driven by increases in
the number of such graduates, but primarily by the in-
clusion of the BI School of Management from 2009,
which added 1 800 master’s degrees to the total in
2009 and 1 500 in 2010.

In 2004, the proportion of female masters gradu-
ates exceeded 50 per cent (across all types of higher
education institution). It has since increased, and has
remained at 54 per cent since 2008. Educational
science (pedagogy) attracts the highest proportion of
female students (at 77 per cent) and has done so con-
sistently since these statistics began being monitored
(back to 1991). In recent years, medicine and other
health-related subjects have also attracted a high share
of women, at around 70 per cent. In contrast, the low-
est proportions of female students are found in the
areas of natural sciences and technology, with overall
rates varying between 32 and 37 per cent since 2003.

The last 40 years there has been a tremendous
increase in the number of graduates in the Norwegian
higher education sector. The number of those com-
pleting and graduating each year is, however, signifi-
cantly lower than the number of registered students.
The main reason for this is that the number of stu-
dents includes all students at all levels and age groups,
both full time and part-time, and bachelor studies and
professional studies do not always lead to a higher
degree. Candidates include those who have completed
a master’s degree or bachelor’s degree. The drop-out
rate among students is about 25 per cent, and in addi-
tion to this, there are many students who require more
than the standard time to complete their studies.

2.1.3 Doctoral degrees in Norway

Completing graduate master exams is a prerequisite
for a student to begin a doctoral program, but the pro-
portion of such students who go on to undertake a
doctoral program also varies by subject area. While
about one in five of those with a master in natural
science continue to a doctoral degree, the proportion
is one in ten among graduates from the social sciences
and humanities, or medicine and health sciences.
Among law graduates only one per cent take up doc-
toral studies.

By the end of 2010, well over 20 000 doctoral de-
grees had been awarded at Norwegian universities
and high schools since such qualifications were intro-



Figure 2.3
Awarded doctoral degrees in Norway by gen-
der: 1970-2010.
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Figure 2.4
Awarded doctoral degrees in Norway by citi-
zenship of doctorate holder: 1986-2009.
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duced in 1817. Many of these doctorates (40 per cent)
have been completed at the University of Oslo, with
Norwegian University of Science and Technology
(NTNU) contributing another 25 per cent. The last
four decades have seen the number of new doctorates
increase, from around 1 000 during the 1970s to
nearly 10 000 in the years since 2000. The proportion
of women in doctorate-level courses has also in-
creased over time. In 1970, just 7 per cent of doctoral
degrees were completed by women, but by 1990 this
had risen to 17 per cent, and since 2006, the propor-
tion of women has remained stable at 45-46 per cent
(Figure 2.3).

About 34 per cent of all doctoral degrees awarded
in 2010 in Norway were in natural science or techno-
logical subjects, a far lower proportion than in 1990,
when these two areas together accounted for more
than half of all doctorates awarded. Among the other
doctoral degrees in 2010, 33 per cent were in medical
and health sciences, 21 per cent in social sciences,

8 per cent in the humanities and 4 per cent in agricul-
tural science/veterinary medicine. From 2000 to 2010,
the number of doctoral degrees has increased by 6 per
cent on average per year. The increase was strongest
in medicine and health sciences with 11 per cent an-
nual average growth, while in technology, numbers
have not grown, but remained steady.

The average age of those completing their doctor-
ate dissertation is about 38 years, and this has changed

Source: NIFU, Doctoral Degree Register

little in recent years. However this average age varies
between disciplines. In 2010 the average age was just
33 in natural sciences and technology, 37 in agricul-
tural science/veterinary medicine, 40 in the humani-
ties and social sciences and 41 in medicine and health
sciences.

The number of people with foreign citizenship
completing doctoral courses at Norwegian institutions
has risen rapidly (see Figure 2.4). In 2010 non-
Norwegians accounted for 28 per cent of doctorate
graduates, up from under 10 per cent at the beginning
of the 1990s. In 2010 the share of non-Norwegian stu-
dents was highest in technology, at 43 per cent, while
only 15 per cent of humanities doctorates were taken
by those with foreign citizenship. The majority of
these foreign doctoral candidates are from another
European country, with Germany the most strongly
represented country in recent years.

A 2002 evaluation of Norwegian researcher educa-
tion found that progression through doctorate courses
was still not satisfactory, that too few completed their
studies and that those who did complete and defended
a thesis took too long to do so.! However, more recent

' The Research Council of Norway (2002): Evaluation of
Norwegian research. The Research Council has recently
announced a new evaluation of doctoral education in
Norway, which commenced in autumn 2011.
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research suggests that progression and completion
rates have risen considerably.

There has been a long-term trend whereby a rising
percentage of students take up three-and four-year
research fellowships to study for their doctoral degree.
Among the 1980/1981 cohort, 30 per cent completed
and defended within 5 years, 38 per cent within 7
years and 45 per cent within 9 years. Among the co-
hort from 2000/2001 59 per cent defended within 5
years, 72 per cent within 7 years and 76 per cent
within 9 years. The pace of completion also varies by
subject area. For the 2001/2002 cohort, about 80 per
cent of those studying mathematics and science, tech-
nology, agriculture, or medicine/health completed a
doctoral degree within 9 years.? In the humanities and
social sciences, the corresponding share was just un-
der 70 per cent.

2.1.4 R&D personnel and Full-Time
Equivalents (FTEs)

In 2009, 64 000 persons participated in R&D activity
in Norway; nearly 45 000 of these were researchers,
while approximately 19 000 were in technical or ad-
ministrative positions. Higher education was the larg-
est R&D sector measured in terms of the number of
persons participating in R&D, accounting for 45 per
cent of all Norwegian R&D personnel. The industrial
sector accounted for 37 per cent, and the institute sec-
tor 18 per cent. The number of R&D personnel in-
creased by about 10 000 in both the industrial and the
higher education sector between 1995 and 2009,
while the institute sector had only a moderate growth
in numbers of 1 600 people (see Figure 2.5). See the
text box regarding the Norwegian R&D performing
sectors.

The share of researchers among all R&D person-
nel also varies between the different performing sec-
tors. In the higher education sector, researchers
accounted for 79 per cent of all R&D personnel in
2009, while the corresponding figures for the institute
sector and the industrial sector were 72 and 69 per
cent respectively.

Figure 2.6 shows the number of researchers among
the R&D performing sectors measured both as head
count and full-time equivalents (FTEs). Norwegian
R&D personnel performed the equivalent of 36 000
FTEs in 2009, an increase of 2 000 from 2007. In the
higher education sector, the total amount of R&D
work measured by FTEs increased from 2008 to

2 See NIFU STEP report 40/2009: Kyvik, S. and Olsen, T. B.
(2009): Gjennomstremning i doktorgradsutdanningen.

3 All figures based on NIFU’s register of Doctoral Degrees.

Figure 2.5
R&D personnel in Norway by performing sec-
tor: 1995-2009. Head count.
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2009, while the industrial sector experienced a decline
of 2 per cent. Of all FTEs, more than 26 000 were
conducted by those employed as researchers in 2009,
making up 73 per cent of all FTEs, a share that has
been relatively stable throughout the last decade.

Academic staff at universities and colleges are
usually responsible for other tasks besides R&D
activities. For teaching staff, such as full professors,
associate professors and university and college lectur-
ers, a major part of working hours are spent on teach-
ing, advising students or on administrative tasks. Re-
searchers at research institutes and enterprises will
also spend time on tasks that are not classified as
R&D, such as administration and management. When
it comes to technical or administrative personnel and
support staff, only time spent supporting R&D activi-
ties will be counted. Full-time equivalents are there-
fore a measure of the time R&D personnel actually
spend on research and development.

Time studies at universities and university colleges
(detailed surveys investigating how employees use
their working hours) mean that R&D ratios for the
higher education sector can be calculated for a spe-
cific institution, field of science and occupation in the
higher education sector. Since the early 1980s, NIFU
has conducted surveys to map the time spent on R&D
among tenured academic staff at universities. In addi-
tion, two studies have been conducted at university
colleges, in 1995 and 2005. The results from these
studies have been stable, and show that about 30 per
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OECD's sectors | Units Norwegian sectors
Higher education | Universities, specialized university | Higher education
sector institutions, university colleges, art | sector

colleges and other colleges.

Health trusts

- university hospitals
Government - other hospitals Institute sector

sector Research institutes and other
governmental bodies with R&D, i.e.
units that are mainly controlled and
financed by the government.

Individuals, households and private
non-profit institutions. (There are
very few units that perform R&D

in this sector in Norway. These are
included in the government sector,
and Norway does not report R&D
statistics for the PNP sector).
Private research institutes serving
enterprises; mainly industry research
institutes and business-oriented
contract research institutes.

All enterprises with 50 or more
employees. In addition, a selection of
enterprises with down to 10 employ-
ees is included.

Private non-profit
sector - PNP

Business enter-
prise sector

Industrial sector

2 The Norwegian system of R&D and innovation

Figure 2.6
Researchers by sector of performance, 2009.
Head count and FTEs.
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cent of working hours are spent on R&D activities, on
average. An overall time study for all institutions in
the higher education sector was conducted in 2011,
and the results will be ready by the end of the year.

As of 2009, 30 per cent of researchers in Norway
held a doctoral degree. The institute sector had the
highest share of researchers with a doctoral degree, at
41 per cent, while the share in the higher education
sector was 39 per cent. This lower share in the higher
education sector is due to the high number of research
fellows and those in other positions that do not require
a doctoral degree. If research fellows are excluded,
the share of researchers in the higher education sector
with a doctoral degree increases to 51 per cent and to
44 per cent in the institute sector.

In 2009, a total of 1 600 researcher in the indus-
trial sector had a doctoral degree, amounting to just
10 per cent of all researchers in the sector. The share
of researchers with a doctoral degree in the industrial
sector has been relatively stable for the last decade.
Researchers in the industrial sector who hold a doc-
toral degree performed 1 300 FTEs in 2009, 8 per
cent of the total R&D FTEs in the industrial sector in
Norway in 2009.

In 2009 there were 16 000 female researchers who
participated in R&D in Norway. The share of women
in Norwegian research has increased from 24 per cent
in 1995 to 35 per cent in 2009. In that same period the

Source: NIFU/Statistics Norway, R&D Statistics

share of women increased in the higher education
sector from 29 to 44 per cent, in the institute sector
from 26 to 39 per cent and in the industrial sector
from 15 to 21. The number of women researchers is
especially high in positions that do not require a doc-
toral degree.

Figure 2.7 shows the proportion of men and
women in the positions that make up a typical aca-
demic career in the higher education sector, and the
equivalent figures for the same career levels in the in-
stitute sector, as the situation stood in 2009. The
higher education sector and the institute sector differ
when it comes to the structure of positions, as the in-
stitute sector is a heterogeneous group of institutions,
with different aims and tasks. This makes it difficult
to directly compare occupation structures between the
two sectors. To enable a reasonable comparison,
NIFU has made a three-level model for researcher po-
sitions, based on the structure used in the social sci-
ences research institutes: Researcher 1, Researcher 2
and Researcher 3. Researcher 1 roles have an equiva-
lent level to a full professor, and some of those in Re-
searcher 1 roles would be employed as a professor 11
in the higher education sector, as they have doctoral
qualifications or a long career in the research system.
Researcher 2 roles involve equivalent competence to
PhD level-positions in higher education (e.g. associate
professor), while Researcher 3 roles have competence
equivalent to the master’s level (e.g. lecturers). Post

39



40

2 The Norwegian system of R&D and innovation

Figure 2.7

Proportion of women and men for typical
career steps in the institute sector and the
higher education sector, 2009.
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doctorate (post doc) and research fellow positions will
tend to have the same employment terms in both sec-
tors.

Women accounted for 20 per cent of full profes-
sors in the higher education sector, and 22 per cent of
Researcher 1 positions in the institute sector. At the
associate professor/Researcher 2 level, the share of
women was 38 per cent in the higher education sector
and 35 per cent in the institute sector. The difference
between the two sectors were most clear in the third
layer, of other tenured positions/Researcher 3 roles,
where women make up 56 in the higher education
sector and 46 per cent in the institute sector.

The number of researchers in Norway with foreign
citizenship has increased during recent decades. In
2007, foreign citizens accounted for 13 per cent of the
total number of researchers, up from nine per cent in
1997. The share of non-Norwegian researchers was
16 per cent in the higher education and institute sector
together (see Figure 2.8).

Among the researchers with foreign citizenship in
the higher education sector, 26 per cent came from one
of the other Nordic countries and 48 per cent from an-

Figure 2.8
Citizenship amongst researchers in Norway
by sector of performance, 2007.
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other European country. A further 10 per cent of these
researchers came from the USA, Canada, Australia or
New Zealand, while 12 per cent came from Asia, 3 per
cent from Africa and 1 per cent from Latin America.
From 1997 to 2007, the EU and Asia have increased
their shares of foreign citizens working as researchers,
while the shares from the USA and Canada have de-
clined.

The highest number of foreign researchers in
Norway came from Germany, followed by Sweden,
Denmark, Great Britain and the USA. Among non-
western countries, China and Russia had the highest
number of researchers registered in Norway.

A total of 11 700 people participated in R&D in
the institute sector in 2009, an increase of 600 from
2008, mainly due to the re-classification of some re-
search units from the higher education to the institute
sector. R&D personnel at health trusts without univer-
sity hospital functions were also included in the insti-
tute sector from 2008, and accounted for 800 persons
in 2009, of which 480 were employed as researchers.
Researchers accounted for 70 per cent of R&D per-
sonnel in the institute sector in 2009, as they had in
the three previous years.



Reduced bureaucracy for foreign citizens
working in Norway

The Norwegian Immigration Regulations set
rules regarding residence permits for skilled
workers and specialists, and doctoral candi-
dates clearly fall within this definition. The
regulations were amended in 2009, making it
easier to recruit and retain specialists. Previ-
ously there were strict requirements for docu-
mentation regarding the education and com-
petence of specialists from countries outside
the EEA. These requirements have been re-
laxed, while new requirements have been in-
troduced related to minimum wages for such
employees, and demonstrating that such posi-
tions cannot be filled using employees from
Norway or the EEA/EFTA area. Graduates and
researchers can also be granted a temporary
stay of six months to seek work as a skilled
worker. An annual quota of 5 000 skilled
workers or specialists from countries outside
the EEA or EFTA area, has also been estab-
lished by the Ministry of Labour in partnership
with Ministry of Trade and Industry and
Ministry of Finance.

In the higher education sector, there were 29 000
persons participating in R&D in 2009. Of these,

21 300 were researchers and 7 600 support staff.
Health trusts with university hospital function are in-
cluded in the higher education sector, and had ap-
proximately 4 400 R&D personnel in 2009, of which
3 000 were researchers.

There were approximately 5 800 research fellows
working in the higher education and institute sectors
in 2009, an increase of 1 300 since 2007 (Figure 2.9).
Growth in the number of research fellows has been
twice as high as for other academic staff. The increase
has occurred in all categories of research fellows, but
the number of research fellows financed through gen-
eral university funds (GUF) shows the highest
growth, and by 2009, 2 900 research fellows were
financed by GUF.

There are more doctoral students than research fel-
lows in Norway. Although a research fellowship re-
mains the most common way to achieve a doctoral
degree in Norway, there are others who pursue a PhD
while working as researchers at research institutes or
researchers based in enterprises in the industrial sec-
tor. However, everyone who intends to submit a dis-
sertation for a PhD, has to be enrolled in a PhD pro-
gram, and must sign a doctoral agreement with a uni-
versity or university college. Statistics regarding

2 The Norwegian system of R&D and innovation

Figure 2.9

Number of PhD students in the higher educa-
tion sector and the institute sector by source
of funds: 1999-2009.
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doctoral contracts show that there were a total of

8 377 such contracts in 2009. This suggests that the
number of doctoral students is somewhat around

2 600 higher than the number of research fellows in
NIFU’s Register of Research Personnel.

If we look at the institute sector and the higher ed-
ucation sector as a whole, the medical and health sci-
ences had the highest number of researchers active in
Norway, with approximately 7 900 people in 2009
(see Figure 2.10). The vast majority of these, approxi-
mately 85 per cent, were employed in the higher edu-
cation sector. Nearly 3 500 of these researchers in
medical and health sciences were found at the health
trusts.

After medical and health sciences, social sciences
was the second largest field for researchers, account-
ing for almost 6 900 people in 2009. Engineering and
technology was third with a little over 5 000 research-
ers in 2009, of which 2 300 were in the institute sector
and 2 700 were in the higher education sector. Agri-
cultural sciences within the higher education sector
was the only field where the number of researchers
decreased from 2007 to 2009.

R&D personnel in the industrial sector added up to
approximately 23 500 persons in 2009, the same level
as in 2008. Just under two thirds of these R&D per-
sonnel had higher education. In the industrial sector
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Figure 2.10
Researchers in the higher education and in-
stitute sector by field of science, 2009.
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Figure 2.11

Estimated R&D allocations in the Norwegian
State Budget in current prices and fixed
2000-prices: 2000-2011.
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the category researcher includes all R&D personnel
with higher education, unlike in the higher education
sector and institute sector, where a researcher is de-
fined by position. The manufactoring sector employed
42 per cent of the R&D personnel in the industrial sec-
tor, while the service industries employed 50 per cent.

FTEs in the industrial sector reduced from 16 000
in 2008 to 15 700 in 2009. 6 700 FTEs were carried
out in the manufactoring sector and 7 800 in the serv-
ice sector, a decline of 3.2 per cent for both the main
industries. Companies in other industries (including
oil and gas), had an increase of 7 per cent.

Almost 3 800 FTEs were performed in foreign-
controlled enterprises in 2008, which is the last year
there is data available on this level. This accounted for
27 per cent of total FTEs in the industrial sector this
year. The foreign-controlled enterprises’ share of the
total R&D personnel is somewhat lower, at 23 per
cent. This means that R&D personnel in foreign-con-
trolled companies on average use more of their work-
ing time on R&D activities than the R&D personnel
in the Norwegian-controlled enterprises. On average
the proportion of researchers was 75 per cent in for-
eign-controlled enterprises in 2008, higher than
among Norwegian enterprises, where the average pro-
portion was 68 per cent.

Source: NIFU

2.2 Government Budget
Appropriations for R&D

Analyses of Government Budget Appropriations or
Outlays for R&D (GBAORD) have been conducted
annually by NIFU since 1970. These analyses rely
primarily on budgetary document information but also
draw on additional sources of information, in particu-
lar performer-based R&D statistics. Estimations of
GBAORD assume that institutional R&D levels are
relatively stable over two-year periods. So, while the
budget-based estimation method only measures gov-
ernment spending intentions, actual R&D spending is
measured ex post by surveying R&D performers.
There are several important differences between the
GBAORD method and the performer-based R&D sur-
veys method. While the former provides more rapid
results, the latter gives more detail and precision. Fur-
thermore, while budget analysis includes R&D grants
to recipients abroad, the performer-based method is
limited to activity within Norway. A final difference is
that resources from counties and municipalities are
not included in the GBAORD budget analysis but are
accounted for (via government funds received) in the
performer based R&D statistics.

Norwegian government R&D allocations amoun-
ted to 23.5 billion NOK, according to the GBAORD
estimate for 2011. This marks an increase of a little



less than 300 million NOK compared to the final
budget for 2010, resulting in zero growth in these ap-
propriations. Growth this low has not been seen in the
appropriations for R&D since 2003. Figure 2.11 com-
pares the development of GBAORD in Norway in
current and fixed prices.

According to the GBAORD measure, government
R&D allocations accounted for 3.7 per cent of the
overall Norwegian government budget in 2011. This
represents a slight decrease relative to 2010, when the
share was 3.8 per cent. The Norwegian government
R&D allocations correspond to an estimated 0.87 per
cent of Norway’s GDP, a slight decrease from the his-
torical high of 0.91 per cent in 2010.

The budgetary increase seen over the preceding
years was mainly attributable to an increase in appro-
priations to universities and other higher education in-
stitutions, as well as to increased international R&D
collaboration, particularly through the EU Framework
Programmes. Both categories of expenditure are in
the portfolio of the Ministry of Education and Re-
search, whose GBAORD spending amounts to 12 bil-
lion NOK. This made up more than half the Norwe-
gian GBAORD spending in 2011, which makes this
the largest R&D funding ministry by far. The Ministry
of Health and Care Services ranked second with 3.1
billion NOK, followed by the Ministry of Trade and
Industry with 1.9 billion NOK. These three ministries
accounted for 72 per cent of all GBAORD spending.

At the sub-ministerial level the dominant recipi-
ents of GBAORD were higher education institutions,
which received approximately two fifths of the funds,
while other research institutions received approxi-
mately 10 per cent of the funds. This means that more
than half of all GBAORD is allocated directly to insti-
tutions where research is one of the primary purposes.

2.3 Total resources for R&D
and innovation

Total expenditure on research and development
(R&D) in Norway amounted to 42 billion NOK in
2009. This represents an increase of over 5.1 billion
from 2007 and 1.3 billion from 2008. From 2007 to
2009, R&D expenditure increased by 1.4 billion in the
industrial sector, 2.0 billion in the institute sector and
1.7 billion in the higher education sector. Measured in
fixed 2000-prices, there was a total decrease of 0.3 per
cent from 2008 to 2009, which means that all the in-
crease occurred from 2007 to 2008.

R&D expenditure accounted for 1.80 per cent of
Norwegian gross domestic product (GDP) in 2009, up
from 1.61 per cent in 2007. This increase is mainly
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Figure 2.12
R&D expenditure in Norway by sector of per-
formance. 1970-2009. Fixed 2000-prices.
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due to the considerable decline in GDP from 2008 to
2009. Government funded R&D stood at 0.83 per
cent of GDP in 2009, compared to 0.96 for R&D
funded by industry, from abroad and from other
sources. The corresponding figures in 2007 were
0.73 per cent and 0.91 per cent respectively.

Norway was among the first countries to produce
R&D statistics, and so has a long timeline for such
statistics, as shown in Figure 2.12. In 1970, the three
performing sectors were of roughly equal size. Until
the end of the 1970s, there was steady growth in all
three sectors, and their relative proportions remained
about the same. The higher education sector saw rela-
tively steady growth in R&D expenditure from the
end of the 1980s until the turn of the millennium. Up
until 1997 the higher education sector was the small-
est of the R&D-performing sectors, but from 2001 to
2007 increases in the R&D expenditure in this sector
have accelerated. This is partly due to the number of
PhD students, postdocs and other temporary jobs in
higher education having risen considerably in the
period.

The institute sector was the largest R&D perform-
ing sector until the 1980s, when there was significant
growth in the industrial sector. The institute sector ex-
perienced a recession in the late 1990s, before begin-
ning to grow again in the early 2000s. From 2005 to
2009 there was significant growth in R&D expendi-
ture in the institute sector.
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Figure 2.13

R&D expenditure in Norway by source of funds and sector of performance, 2009. Billion NOK.

Total expenditure: 41.9 billion NOK
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As for the industrial sector, there have been two
major extensions in the coverage of the R&D survey
—1in 1985 and 1995 — when a number of new enter-
prises and industries were included.

Sources of R&D funding

Norwegian national R&D statistics are based

on the following funding categories:

e Industrial sources: expenditure made by
business enterprises or other industrial
activity, in most cases for R&D activities
within the enterprise itself.

e Government sources: expenditure made by
the government, especially contributions by
the Norwegian ministries directly to univer-
sities and other R&D institutions, as well as
contributions channeled through the Re-
search Council of Norway. A small propor-
tion also comes from county and municipal
administrations.

e Other national sources: private trusts,
gifts, loans, grants from voluntary organi-
zations and own funds in the higher educa-
tion and institute sectors and SkatteFUNN
(Tax deduction system for R&D) in the
industrial sector.

e Sources from abroad: contributions made
by foreign enterprises, institutions and for-
eign trusts as well as those from the EU,
Nordic and other international organizations.

Industry funded 42 per cent of all R&D expendi-
ture in 2009, while government sources accounted for
just over 46 per cent. The rest came from abroad and
other national sources as shown in Figure 2.13.

Nearly 82 per cent of the R&D activity in the busi-
ness enterprise sector was funded by industry itself.
Government financed 78 per cent of the R&D activi-
ties in the higher education sector and institute sector.
Nearly 22 per cent of funding from government
sources was channeled through the Research Council
of Norway (RCN). The figure also shows that indus-
try does not represent an important source of funds for
the higher education sector, but has more importance
for the research institutes. Funding from abroad ac-
counted for 8 per cent of the total R&D expenditure in
Norway in 2009, and funding from the EU Commis-
sion accounted for 17 per cent of the total funding from
abroad. Funding through the tax deduction scheme,
SkatteFUNN, is recorded under ‘Other national
sources’.

During the last 20 years there have been large
changes in funding sources of Norwegian R&D, as
shown in Figure 2.14. From the early 1990s till 2007
funding from industry was the most important source
of funds. According to the figure this is about to
change, as government sources were larger in 2009.
Funding from abroad has also become a more impor-
tant source of R&D funding, with a fivefold increase,



Figure 2.14

R&D expenditure in Norway by primary
source of funds. Million NOK: 1989-2009.
Fixed 2000-prices.
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Figure 2.15

Current expenditure on R&D in the high-
er education sector by field of science:
1999-2009. Fixed 2000-prices.
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while funding from other national sources has only
doubled since 1989.

2.3.1 R&D in the higher education sector

In 2009 R&D expenditure in the higher education sec-
tor in Norway amounted to 13.4 billion NOK, which
corresponds to a 32 per cent share of total annual
R&D spending. The universities’ (incl. university hos-
pitals) share was almost 85 per cent, while university
colleges and specialised university colleges had shares
of 9 and 6 per cent, respectively.

From 2007 to 2009 there was a real growth of
4.5 per cent in total R&D expenditure in the higher
education sector. University hospitals are included
here and experienced a small decline in real expendi-
tures over this same period, due to lower levels of in-
vestment in scientific equipment.

During the ten-year period from 1999 to 2009
there has been extensive growth in expenditure on
R&D in medical and health sciences, as shown in
Figure 2.15. The growth is partly due to expansions
and modifications in R&D survey methods affecting
the university hospitals. Nonetheless, medical and
health sciences saw an average real annual growth of
about 10 per cent during this period.

If we compare fields of science based on the scale
of R&D expenditure, the social sciences were the sec-

Source: NIFU, R&D Statistics

ond largest field of science in the Norwegian higher
education sector in 2009, and of a similar size to the
natural sciences, which have seen a small, real decline
in expenditures from 2007 to 2009. At the same time
engineering and technology experienced a marked in-
crease in R&D expenditures, while there has been a
negative trend for R&D in agricultural sciences over
recent years. In the humanities expenditures remained
fairly flat from 1999 to 20009.

The most important funding source for R&D in
universities and colleges is funding from general uni-
versity funds (GUF). This funding amounted to two
thirds of total R&D funding in 2009, or nearly 9 bil-
lion NOK.

Figure 2.16 shows that the share of total R&D ex-
penditure based on GUF was largest by the end of the
1990s, accounting for 70 per cent of total funds. Even
though there has been relatively strong growth in
GUF funding since then, external funding has in-
creased slightly more rapidly in the period, with an-
nual real growth of 5 per cent. Over the same period,
funding from the Research Council of Norway grew
at 8 per cent per year and thus increased its share of
total R&D funding from 13 per cent in 1999 to 17 per
cent in 2009, corresponding to approximately 2.4 bil-
lion NOK. In general, public funding has increased
more than funding from private sources, and funding
from abroad, funding from industry and funding from
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Figure 2.16
R&D expenditure in the higher education sector by source of funds: 1999-2009.
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other private sources has increased more slowly over
the years than total R&D expenditures.

There are large variations in the size of the fields
of science in the Norwegian higher education sector:
from almost 5 billion NOK in medical and health sci-
ences, to less than 300 million NOK in the agricul-
tural sciences. There are also different modes of R&D
funding used across the fields of science. In engineer-
ing and technology the share of externally financed
R&D can be as high as 50 per cent; in contrast the hu-
manities receive the majority, 76 per cent, of their
funding from GUF.

2.3.2 R&D in the institute sector

In 2009, R&D expenditure in the institute sector
amounted to more than 10 billion NOK, which ac-
counted for 25 per cent of the total R&D expenditure
in Norway. Real growth in the sector from 2007 to
2009 was approximately 4 per cent.

The Norwegian institute sector consists of a heter-
ogeneous group of institutions, among which the
common denominator is that they perform R&D on a
non-commercial basis, and that they are not part of
the organisation of a higher education institution. The
academic facilities, R&D intensity and R&D scope of
the institutions in the institute sector varies (Figure
2.17).

The units in the sector also differ in relation to
which markets they serve or operate within. Business
enterprises seek R&D services from the research insti-
tutes when they do not have the capacity, expertise or
incentive to perform such projects themselves. The
government needs R&D as a basis for political deci-
sion-making or to solve specific challenges within the
community. Research institutes that mainly serve en-
terprises are classified in the business enterprise sector
according to OECD guidelines, while institutes that
mainly serve the government or governmental bodies
are classified in the government sector. The PNP sec-
tor is rather small in Norway, and is therefore classi-
fied as part of the government sector (see text box in
Chapter 1 of the report).

R&D expenditure for institutes in the government
sector amounted to 7 billion NOK in 2009, while re-
search institutes serving enterprises spent 3.4 billion
NOK on R&D. From 2008 to 2009, there was a minor
growth in R&D expenditure in the institute sector, and
all this growth took place in the government sector in-
stitutes.

Three fifths of the R&D expenditure in the insti-
tute sector, or 6 billion NOK, was performed at insti-
tutes subject to guidelines for public funding of re-



Figure 2.17

R&D expenditure in the institute sector by
size group of R&D expenditure. Number of in-
stitutions per size interval. R&D expenditure
per group of institutes, 2009. Million NOK.
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Figure 2.18

R&D expenditure in the institute
sector by source of funds: 1999-2009.
Fixed 2000-prices.
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search institutes.* These research institutes have R&D
as their primary task, and receive basic funding from
the Research Council of Norway. By the end of 2009
there were 47 research institutes subject to these
guidelines. In addition to this, around 70 institutions
that perform R&D as a less important part of their ac-
tivities, are included in the institute sector. On top of
this, the institute sector includes estimates for the
R&D activity in museums throughout Norway.

The research institutes subject to government
guidelines for funding are divided into four ‘competi-
tion arenas’ for allocation of basic funding; technical
industrial institutes, primary institutes, environmental
institutes and social science institutes. The technical
industrial institute group was the largest group of in-
stitutes in 2009, with revenues of 3.3 billion NOK.
Among these institutes we find SINTEF, one of north-
ern Europe’s largest research institutes. Primary insti-
tutes accounted for approximately 1.2 billion NOK in
2009, and the environmental institutes for 800 million
NOK. Social science institutes are divided into two
groups: the 10 national social science institutes perfor-
med R&D worth 600 million NOK, while R&D in the
10 regional research institutes within social sciences

4 In Norwegian: Forskningsinstitutter underlagt retningslinjer

for statlig basisfinansiering av forskningsinstitutter.

Source: NIFU, R&D Statistics

accounted for 275 million NOK. R&D performed in
other institutions in the institute sector amounted to 4
billion NOK in 20009.

The R&D activity in the institute sector is mainly
applied research. Two thirds of the current expendi-
ture in the institute sector was categorised as applied
research, while 20 per cent was experimental develop-
ment and 14 per cent was basic research. Research in-
stitutes serving enterprises had more applied research
than the government institutes, 74 verses 62 per cent.
This also implies that there was more basic research at
the research institutes in the government sector.

Of the 10.3 billion NOK spent in the institute sec-
tor, 64 per cent was funded by the government. Funds
through the Research Council of Norway amounted to
2.5 billion NOK, equivalent to 24 per cent of the total
expenditure in the sector. Industry funded 20 per cent
of the R&D expenditure in the institute sector, while
other national sources accounted for 4 per cent and
funding from abroad for 10 per cent. A total of 330
million NOK came from the EU Commission.

The funding source that increased most from 2007
to 2009 was the Research Council of Norway, with an
increase of 10 per cent annually. Funding from abroad
increased by nearly 8 per cent annually from 2007.
Figure 2.18 shows developments over the past 10
years. The average annual real growth of total R&D
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Are R&D statistics for Norwegian businesses accurate?

It has been widely noted that Norwegian scores regarding innovation in general, and R&D in particular, are unexpectedly low,
especially when viewed in comparison to the other Nordic countries (see chapter 1). Four different explanations are typically put
forward for the low scores for R&D in the industrial sector.! The first is that the statistics reflect reality: the industrial sector does
indeed account for less R&D in Norway than in other countries. The second is of a methodological nature: the low results reflect
substantive differences between the industrial structure in Norway and the countries we usually compare ourselves to, and
these differences should be adjusted for in international comparisons. An example of this kind of argument is that the pharma-
ceutical industry, which typically has a high R&D intensity, is only quite small in Norway, while the petroleum and natural gas
sector, which is less R&D intensive, is very large. A third explanation is that revenues from petroleum production result in a high
GDP, lowering Norway'’s results in terms of R&D as a percentage of GDP. The fourth and final argument is that Norwegian com-
panies may systematically underreport their R&D efforts when completing the R&D survey conducted by Statistics Norway.

On behalf of the RCN, SINTEF has studied this fourth argument, in the project ‘Variations in reporting of R&D statistics from
firms in Norway’. This project investigated if R&D in the industrial sector is systematically under- or over-reported, and whether
this is of significance on an aggregated level. This hypothesis was investigated through interviews with representatives from
firms, covering their perceptions of R&D and how they report it to Statistics Norway. The study focused on large R&D perform-
ers (because even small deviations here will have a noticeable impact on the aggregate level) on firms involved in the extrac-
tion of petroleum/gas and the maritime sector, since concerns have been expressed about under-reporting in these sectors. A
number of other firms were also sampled strategically. The final sample included a total of 19 firms involved in the extraction of
petroleum and natural gas (including subcontractors and suppliers), the maritime industry, telecom (both services and equip-
ment), process industry and administrative and support service activities.

There is no systematic international basis for comparing the occurrence of over-/under-reporting of R&D activity. However,
we can assume that many of the countries collecting R&D statistics on firms deviate substantially from the standards in the
Frascati Manual for preparing and reporting R&D statistics. These variations can go either way, both at the firm level and the
aggregated, national level. Therefore, to support the hypothesis set out by the study, the variations found would have to be rel-
atively large, and pull systematically in one direction. Secondly the variations have to be connected to indigenous factors in
Norway, which could not be expected to be found to the same degree in other countries.

A general finding of the study is that reporting on R&D has a low priority among firms, because the statistics give little addi-
tional value back to those taking part. The few exceptions to this are firms that highlight their R&D efforts in marketing strate-
gies, and so have R&D reporting integrated in their standard administrative routines. Such low priority might result in variations
in the accuracy of data, but is not clearly going lead to systematic under-/over-reporting of R&D.

Another important finding is that there is no clear line to separate the concepts of R&D activity and other innovation activity.
Depending on the industry or firm strategy, this distinction can be usefully made, or not be valid at all. This issue is a factor ef-
fecting reporting of R&D, but the deviations go both ways, offering no basis to believe that this alone causes systematic under-/
over-reporting of R&D.

The most interesting and relevant finding is that combinations of at least three out of the four following conditions do seem
to lead to under-reporting of R&D activity by firms:

¢ The firm performs much R&D as an integrated part in problem-solving activity.

e A large part of R&D performed is an integrated part of large projects for clients, and only the firm-determined and firm-

funded R&D is reported as R&D.

e The firm’s understanding of R&D is narrower than the Frascati-definition; as occurs in R&D departments that only consider

their own activity as part of R&D and ignore activities in the wider organization, and when firms without a separate R&D

department believe none of their work qualifies as R&D.

o If the firm or company has its own R&D department, but doesn’t normally participate in building prototypes and piloting.

Overlaps of these conditions are primarily found in the subcontracting industry/supply industry to the petroleum and gas
sector. Thus, a systematic underreporting of R&D can be expected to be found here. To a certain extent, this also applies to the
shipbuilding industry.

We have also found indications of systematic over-reporting in firms where little real research is done, and where their con-
cept of R&D extends far into routine development, and where the firm wishes to be perceived as innovative and geared to de-
velopment. This tends to be the case in services with substantial ICT activity, although the data does not enable us to draw a
clear conclusion that this leads to over-reporting on a similar scale to the under-reporting described in other sectors.

It is also possible that the OECD Frascati definition of R&D excludes certain kinds of experimental development that are typ-
ical and important in service industries with two main characteristics: firms where experimental development does not take
place prior to the service delivery, but is strongly integrated in the process of the delivery; and firms where the production of
knowledge is a by-product of establishing new practice, not the main objective (in contrast to a tighter definition of knowledge
production as aiming to reduce knowledge-based uncertainties).

The firms studied were very reluctant to estimate the size of the changes they would need to make to correct for the kinds
of variations in reporting practices that we established. However, we conclude that the underreporting of R&D may be signifi-
cant at the aggregate level for national R&D activity. There is much less strong evidence of any systematic over-reporting of
R&D. Nonetheless, the effect of such under-/over-reporting of R&D is probably minor in terms of international rankings, com-
pared to the effect of differences in the industrial structure, as shown in other studies.

In light of this work, we believe Statistics Norway should elaborate on their manual for firms, clarifying how they can report
R&D in accordance with the intentions of the Frascati Manual. SINTEF has suggested that Statistics Norway work with repre-
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accurate data.

sentatives from selected industries, to see if and how small changes to the questionnaire manual and instructions can address
the issues discussed in this study. This would allow for selected businesses or industries to identify specific challenges and use
terminology better known to them. A follow-up through industry representatives and official channels might also provide more

t In the survey all Norwegian businesses are included, but not the special branch institutes and task-oriented industry institutes which are a part of the
Norwegian business enterprise sector (see box on international comparisons in Chapter 1).

Hakon Finne, SINTEF

expenditure in the institute sector during this period
was almost 4 per cent. All the main funding sources
had an average annual real growth of between 4.2 and
4.7 per cent, apart from funding from industry, which
increased by 2 per cent annually.

2.3.3 R&D performed in health trusts

Total R&D expenditure at Norwegian health trusts
amounted to 2.4 billion NOK in 2009, or 6 per cent of
all R&D expenditure in Norway this year. The annual
real growth from 2007 to 2009 was 1 per cent, and most
of this growth occurred in health trusts without univer-
sity hospital functions. There was a small increase in
current expenditure both for university hospitals and
other hospitals. At the same time, there was a decline in
capital expenditure at the university hospitals, mainly
for investment in equipment and machinery.

2.1 billion NOK was spent on R&D at university
hospitals in 2009, which amounted to 16 per cent of

Figure 2.19

the R&D expenditure in the higher education sector.
Other hospitals, or health trusts without university
hospital functions, performed R&D worth 340 million
NOK, which accounted for 3 per cent of the R&D
expenditure in the institute sector.

The main part of the funds used for research in
health trusts, is allocated from the state budget as ba-
sic funds from the Ministry of Health and Care Ser-
vices. Basic financing consists of two main compo-
nents, the basic grants (1.5 billion NOK in 2009) and
funds earmarked for research, which represented
20 per cent of total funds in the health trusts.

The Research Council funded 133 million NOK
R&D in the health trusts in 2009, corresponding to al-
most 6 per cent of total funding. This is largely
through funds allocated by the Ministry of Health and
Care Services’. The Research Council of Norway thus
plays a relatively modest role in the financing of re-
search in health trusts.

Intramural R&D expenditure by main industry and size class, 2009.

Million NOK
3 000

2 500

2 000

1 500

1 000

500 -

10-19 20-49 50-99

m Manufacturing Services

m Other industries

100-199 200-499 More than 500

Number of employees

Source: Statistics Norway, R&D statistics

49



50

2 The Norwegian system of R&D and innovation

Figure 2.20

Foreign controlled enterprises’ share of R&D
expenditure, R&D personnel, R&D FTEs and
population, 2008.
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Intramural R&D expenditure in foreign-
controlled enterprises by country, 2008.
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2.3.4 R&D in the industrial sector

The industrial sector spent 18.2 billion NOK on intra-
mural R&D in 2009. This means there was very little
change in spending compared to 2008, with only a
small decrease of 93 million NOK. In fixed prices,
this is equivalent to a reduction of 3.7 per cent.

After four years of growth in R&D activity in the
industrial sector, this trend was broken in 2009. The
business enterprise sector as a whole does not expect
any marked growth in 2010 either. The estimates pro-
vided by enterprises in the second quarter of 2010 in-
dicate that they expect a weak increase of 2—3 per
cent in R&D expenditure, and no change in the
number of R&D person-years performed.

Despite unchanged intramural R&D expenditures,
employee compensation costs increased by 4 per cent,
to 12 billion NOK in 2009. Meanwhile, costs for both
hired personnel and other current costs decreased by
5 per cent. Investments in buildings and machinery
accounted for 1 billion NOK, a decrease of about
340 million NOK compared to spending in 2008.

The manufacturing industries performed R&D
worth almost 7.9 billion NOK in 2009, accounting for
43 per cent of the industrial sector’s total R&D activ-
ity. The service industries performed more R&D than
the manufacturing industries, and made up 47 per cent
of total R&D activity, accounting for 8.5 billion NOK
of expenditures. For both main industries, these
spending levels are almost unchanged compared to
2008.

Source: Statistics Norway, R&D statistics

In addition to intramural R&D, Norwegian enter-
prises spent 5.6 billion NOK in 2009 on R&D ser-
vices performed by others. This is an increase of 4 per
cent compared to 2008, although this is considerably
less than the growth seen in recent years. It is the
service industries that contributed most to this growth,
with an increase of 319 million NOK in spending on
external R&D services.

The largest enterprises are important for the indus-
trial sector’s overall R&D activity. Enterprises with
more than 500 employees provide almost 40 per cent
of the sector’s R&D expenditure. This is visible in all
the three main industries and especially so in other in-
dustries (including extraction of oil and gas) where
enterprises with more than 500 employees accounted
for 63 per cent of R&D spending, see Figure 2.19.

The share of enterprises with R&D activity is also
markedly higher among large enterprises. About
15 per cent of enterprises with less than 50 employees
reported R&D activity, while this rises to about 50 per
cent for enterprises with more than 500 employees.

Enterprises reporting R&D activity have higher
average value added than other enterprises. If the ex-
traction industry is excluded, enterprises with R&D
have 1 020 000 NOK in average value added per em-
ployee, while enterprises without R&D have 716 000
NOK. These conditions are typical for most of the in-
dustries and for the group of large enterprises (more
than 50 employees). For enterprises with less than
50 employees this tendency does not seem to apply.
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R&D areas of special priority

The Norwegian government has a special focus on R&D in certain areas considered important for the country. The regular R&D
surveys therefore include questions on the share of R&D in these thematic and technological priorities. However, the R&D statis-
tics are not a sufficient data source for detailed studies of the R&D efforts within the government’s prioritized areas. One reason
for this is the fact that these areas have a multidisciplinary character. They are defined rather widely, they are partly overlap-
ping, and they cannot be limited to a specific industry in the business enterprise sector. Such conditions make it impossible to
establish detailed descriptions of resources in these R&D areas, based on the main R&D surveys.

Against this background the R&D surveys have been supplied with additional questionnaires for the purpose of monitoring
areas important in an R&D policy context. Examples of R&D indicators derived from the additional questions directed towards
units known to perform R&D in the actual field are:

e Distribution of R&D expenditure on subfields in the prioritised areas.

e Distribution of the areas of priority by source of funds.

e The number of researchers involved in R&D in the certain area.

e PhDs and master degrees related to the R&D area.

¢ National and international cooperation.

o Assessment of the recruitment situation.

o Commercialisation, results, patenting.

The Ministry of Education and Research and the Research Council of Norway have a special need for this kind of knowledge,
and that is the reason that over the years NIFU has carried out these mappings in areas of special research policy importance.
The mappings are closely related to the ordinary R&D surveys in the higher education and institute sectors, in that they com-
bine data from the mappings with results from the R&D surveys for the actual year. This has resulted in an extensive data set
on R&D resources, as illustrated above. In this way the priorities in Norwegian research policy are monitored over time, and it is
possible to get an impression of the success of the special efforts put into these areas.

The mappings related to the R&D statistics include the following areas, sectors and years:

¢ Marine R&D and fish farming R&D are mapped together in one survey and include the three Norwegian R&D performing

sectors - the industrial sector, higher education sector and institute sector. Marine R&D has been mapped biannually from

1999 on, and fish farming from 2001 on, both on commission from the Research Council of Norway.

¢ Biotechnological R&D covers the higher education sector (incl. university hospitals) and the institute sector, but only totals

are available for the industrial sector. R&D in biotechnology has been mapped biannually from 2003 on, commission by the

Research Council of Norway.

e Agricultural and food related R&D was mapped for the first time in 2007, and all sectors are included. The project is based

on the Ministry of Agriculture and Food’s R&D strategy and is managed by the Research Council of Norway, under an initia-

tive from the Ministry.

¢ Educational research was surveyed for the first time in 2007 and covers the higher education sector and the institute

sector. In 2009 R&D on nursery schools was included as a separate part. The commissioner is the Ministry of Education and

Research.

Susanne Lehmann Sundnes, NIFU

FOKUS BOX NO. 3

Certain sections of the Norwegian industrial sector
are controlled by foreign groups or companies. An en-

isations among foreign-controlled enterprises, as
small enterprises often have low R&D activity. R&D

terprise is defined as foreign-controlled if more than
50 per cent of it is owned directly or indirectly by an
actor based abroad. Among the population of the
Norwegian R&D survey, 16 per cent of enterprises
were foreign-controlled.

These foreign-controlled enterprises differ from
Norwegian enterprises, in having higher average turn-
over and more employees. Foreign controlled enter-
prises accounted for 27 per cent of the total number of
employees and 30 per cent of total turnover in the in-
dustrial sector in 2008 (Figure 2.20). Foreign-control-
led enterprises also differ from Norwegian enterprises
regarding their R&D activity.

On average, foreign-controlled enterprises have
more R&D activity than Norwegian enterprises. This
is likely to be a result of the low share of small organ-

worth about 4.5 billion NOK was performed in for-
eign-controlled enterprises in 2008, constituting

28 per cent of total R&D expenditures in the indus-
trial sector, see Figure 2.20. In the period 2003—-2008,
foreign-controlled enterprises had a lower share of to-
tal R&D expenditure than of total turnover. In other
words, R&D activity is slightly less dominated by
foreign-controlled enterprises than their total activities
which contribute to turnover.

In addition to intramural R&D, foreign-controlled
enterprises spent almost 1.3 billion NOK on R&D
services performed by others in 2008. This accounted
for 29 per cent of all R&D services in the industrial
sector, about the same as the share of R&D they per-
formed themselves.

51



52

2 The Norwegian system of R&D and innovation

Figure 2.22
Current R&D expenditureby prioritised tech-
nology area and sector of performance, 2009.
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Most of the foreign-controlled enterprises in
Norway have ultimate owners based in European
countries or the USA. Almost 26 per cent of foreign-
controlled enterprises were controlled from Sweden in
2008. These Swedish controlled enterprises contrib-
uted about 16 per cent of the total for R&D expendi-
tures in foreign-controlled enterprises. U.S. owners
account for 13 per cent of foreign-controlled enter-
prises, and also represent 30 per cent of their R&D
expenditure. Figure 2.21 shows that enterprises con-
trolled from France, the United Kingdom, the
Netherlands and Switzerland also contributed consid-
erably to R&D activity in 2008.

2.3.5 Thematic priorities and technology
areas

The Norwegian government set out nine goals for
Norwegian research in the white paper “Climate for
research” (St. meld. nr 30 (2008-2009)). Four of these
are cross-cutting; high quality in research, internation-
alisation of research, a well-functioning research sys-
tem and efficient utilization of results and resources.
These goals have both quantitative and qualitative ele-
ments, which make them difficult to measure in full.

The five other goals are strategic, and these are in-
cluded in measures built into the Norwegian R&D
surveys.

Respondents in 2009 were asked to calculate the
share of their unit’s total R&D expenditure which is
spent on research and development relevant to eight
thematic priorities and four technology areas. Ques-
tions about the thematic priorities and technology
areas have been included in the R&D survey since
2005, but due to changes in politics and policies, there
have been alterations in the definitions of some of the
areas. This makes it difficult to track developments
over time. In 2009, thematic priorities included Glo-
bal Challenges (formerly Energy and Enviroment,
with the addition of Development studies), Health,
Oceans — which was divided into Marine R&D and
Maritime R&D, Food, Welfare, Educational Research
and Tourism. There are also differences in the cover-
age of the R&D performing sectors, as the survey in
the industrial sector does not include Welfare, Educa-
tional Research and Tourism, and has not expanded
the thematic priority Energy and Environment with
Development research.

The most substantial thematic priority (in terms of
related investment) in 2009 was Global Challenges.
The current expenditure on R&D amounted to ap-
proximately 10 billion NOK, of which half was spent
in the industrial sector. The thematic priority was the
largest both in the industrial sector and the institute
sector, as well as the second largest in the higher edu-
cation sector. Global Challenges is divided into eight
sub-themes, of which Petroleum was the biggest, fol-
lowed by Renewable Energy and Other Environmen-
tal Research.

Health was the second most significant thematic
priority in 2009, with an R&D-effort amounting to
7 billion NOK. The higher education sector domi-
nated this thematic priority, with university hospitals/
health trusts with university hospital functions as the
most important performers.

Educational Research was the third largest the-
matic priority in the higher education sector, whereas
Food ranked third in the industrial sector. In the insti-
tute sector, Marine R&D was second, followed by
Health and Food.

The R&D survey also measures activity across
four technology areas: information and communica-
tion technology (ICT), biotechnology, nanotechnol-
ogy and new materials, see Figure 2.22. The largest
area, ICT, amounted to approximately 9 billion NOK
of R&D in 2009, of which 80 per cent was performed
in the industrial sector. Of the 7 billion NOK spent on
ICT R&D in the industrial sector in 2009, 5.3 billion
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Patent applications! in Norway by country of origin. Four periods of five years: 1990-2009.
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NOK were spent in the service sector, with ICT serv-
ices and software as the largest industries. Biotechnol-
ogy accounted for 3 billion NOK of R&D expenditure
across all sectors, and was the only technology area
which was not dominated by the industrial sector.

The definition of the technology areas provided in
the R&D survey was the same in 2007 and 2009, so
results from these two years can be compared. There
have only been minor changes in the relative size of
the technology areas; ICT was the largest area in both
years, nanotechnology the smallest. Biotechnology
was the only technology area with real growth in cur-
rent expenditure on R&D from 2007 to 2009, all other
areas saw a decline. The decline was largest for nan-
otechnology, at 13 per cent. The growth in biotechnol-
ogy was mainly in the higher education sector, as
there was also a decline in all technology areas in the
industrial sector.

The R&D survey gives an overview of the R&D
efforts in relation to the Norwegian government’s
strategic priorities. However, the dataset provided by
the R&D survey is not sufficient for a more detailed
study of each of the thematic priorities or technology
areas. NIFU therefore conducts special surveys in
some of these areas, see focus box.

2.4 Results of R&D and
innovation

2.4.1 Patenting in Norway

Patents are an important indicator in making interna-
tional comparisons regarding the results of research
and innovation activities (see chapter 1 for further de-
tails). It is also interesting to look at patents from a
national perspective, and this chapter looks at patents
applied for in Norway, joint patent applications be-
tween different actors and the distribution of patent
applications received by the Norwegian Patent Office,
across various technology areas.

Norwegian companies will probably continue to
be primarily focused on the domestic market when it
comes to seeking patents. However, it is anticipated
that patterns of foreign application will be altered as a
result of Norway’s transition to the EPC in 2008. Fig-
ure 2.23 illustrates patent applications in Norway over
the past 20 years by country of origin (tied to each ap-
plicant and normalized®) and shows the development
over four, five-year periods. It shows a fairly stable

5 This means that each application is only counted once: if

several applicants are collaborating, the application is split
into a fraction and divided across them.
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Classification of patent applications by
Nace industrial areas

Patent applications that arrive in the Patent
Office in Norway are classified according to
IPC classification (International Patent Class).
IPC classes representing specific technical dis-
ciplines in which the invention that is the sub-
ject of the application creates a need for this
new development. The classification is dynam-
ic and includes 120 classes, 630 subclasses
and numerous subgroups. There have been
attempts to make this complicated classifica-
tion system better suited to the interpretation
of underlying research activities and the appli-
cability of inventions. The system uses a proc-
ess developed by Schmoch et al. (2003) that
connects the IPC classifications to the Stand-
ard Industrial Classification (NACE rev1.1).
The method is based on a comprehensive
analysis of the industrial affiliation of compa-
nies that apply for patents and the type of
patents. This system for linking patents to ar-
eas therefore gives an indication of the eco-
nomic activity the invention is applicable to.

system, where Norwegian applications account for
approximately 20 per cent of the total application
portfolio.

Demand for patent protection is sensitive to fluctu-
ations in international markets. The financial crisis in
2008-2009 led to a decrease in the number of patent
applications internationally. In Norway, this effect has
been reinforced by the fact that Norway has entered
the EPC. The total volume of applications fell by
about 10 per cent in the last five years from a histori-
cally high level around the turn of the millennium.
Norwegian actors accounted for 20 per cent of the to-
tal volume of applications throughout the period. Nine
per cent of applications came from other Nordic coun-
tries, 33 per cent from the rest of Europe and 37 per
cent from the rest of the world (these being heavily
dominated by US applications).

The largest share of Norwegian applications are
for machinery and equipment (32 per cent), followed
by technology, which includes ICT, electrical goods
and instruments (23 per cent). Transport equipment
and parts, and industrial areas that includes shipyards,
accounted for a further 10 per cent.

Actors rarely innovate alone. Innovation often im-
plies cooperation between different actors with differ-
ent knowledge. Joint patenting, where several actors
take part in a patent application, provides a glimpse of
such cooperation in action.

A patent application often represents some form of
innovation co-operation, the aim being to develop and
commercialise an invention. Two types of partners are
typically involved in this partnership and mentioned
in the patent document: the first is the inventor, the
second is the applicant. All the individual players who
were directly involved in the development of any in-
vention should be mentioned in the patent application
as inventors. The total number of players involved in
Norwegian patent applications provides a sense of the
changes in joint patenting that have taken place over
time. The number of Norwegian and foreign compa-
nies that, on average, have contributed to Norwegian
domestic patents (where at least one applicant and/or
inventor has a Norwegian address) increased from 2.5
in 2000 to 2.9 in 2009. The overall percentage of for-
eign applications for patents in Norway has also in-
creased during the same period. Both of these under-
score the impression that Norwegian companies are
innovating more with foreign players now than they
did as recently as the 1990s.

2.4.2 Scientific publications and citations

This chapter provides an overview of the national sci-
entific publishing profile. See Chapter 1 for a more
detailed description of the data and methodology for
the analysis.

As described in chapter 1, Norwegian researchers
contributed to more than 9 300 articles in scientific
journals in 2010. Based on the author addresses listed
in these articles, we have calculated the distribution
by sector. The result is shown in Figure 2.24. Univer-
sities and university colleges account for the majority
of Norwegian scientific journal publishing, with a
share of 62 percent. The universities’ share is 54 per
cent, while specialised university institutions and uni-
versity colleges provided 5 and 4 per cent respec-
tively. University hospitals and other hospitals, ac-
counted for 17 per cent of the total scientific journal
publications. While the industrial sector is by far the
largest sector in terms of R&D efforts, little of this ef-
fort results in scientific publications. The industrial
sector accounted for around 3 per cent of the national
publication in international scientific journals in 2010.
The institute sector with its applied focus generally
has a publishing pattern with a lower proportion of
publishing in scientific journals; this sector contrib-
uted 17 per cent of the Norwegian article production.
From 2009 on, most of the research institutes in
Norway received part of their basic funding through a
new performance-based funding scheme. The back-
ground for this scheme was the government’s efforts
to enhance the institutes’ research capacity and char-



Figure 2.24
Scientific publishing in Norway, share of arti-
cles by sector,* 2010.
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Figure 2.25
Number of Norwegian articles involving
international cooperation: 1991-2010.
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acter. In the new funding system, scientific publishing
is one of five indicators.

International research can be observed in scientific
journal articles where threre are co-authors from dif-
ferent countries. The authors publish their institutional
affiliations in the journals, and these addresses are in
turn recorded in the bibliographic database ISI Web of
Science (Thomson Reuters). From Thomson Reuters,
NIFU has provided a database of 112 893 scientific
journal articles that were registered over twenty years,
19912010, and which have at least one author ad-
dress from Norway. An increasing proportion of these
articles have author addresses from other countries in
addition to Norway. In 1991, there was international
co-authorship in 28 per cent of the articles. Ten years
later, the percentage increased to 46 per cent, and in
2010, 56 per cent of the articles had combinations of
Norway and other countries in the addresses. The in-
crease was most pronounced in the 1990s.

The percentage of articles with international co-
authorship is usually higher in small countries than in
large countries. It has also been increasing throughout
the world. The trend of international integration in

Source: Thomson Reuters/NIFU

science publishing is itself international. In recent
years, the increase in Norway has been greater than in
the neighbouring Nordic countries. Collaboration with
researchers from the EU countries has increased more
than collaboration with researchers from the USA and
Canada, and multilateral cooperations between sev-
eral countries’ researchers have increased more than
the bilateral cooperations.

Twenty years ago, five countries dominated in the
Norwegian cooperation articles: the USA, Sweden,
the UK, Germany and Denmark. These are also the
main partners today, but the collaboration profile has
become broader. Within the Nordic countries, Finland
and Iceland had the greatest percentage growth in the
number of joint papers with Norway. Among the EU
countries outside the Nordic countries, there have
been significant increases in cooperation with France,
the Netherlands, Italy, Spain and Belgium. There have
also been significant increases in cooperation with
Canada, China, Australia and South Africa. In the pe-
riod 1991-1995, there was cooperation with 94 coun-
tries, while the number was 162 in 2006-2010. The
general tendency is that Norway’s collaboration pro-
file is getting wider at the same time that the coopera-
tion rate increases.

Figure 2.25 shows the annual number of
Norwegian cooperation articles in four geopolitical
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Figure 2.26
Five year survival rates of newly established
enterprises: 2001-2003.
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Figure 2.27

Newly established enterprises, 2003 by sur-
vival rate: 2004-2008 and the number of
employees as of December 2003.
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regions. The ‘EU’-category represents the current 27
members of the European Union (new members are
considered as EU countries in the period). Denmark,
Finland, Sweden and Iceland are counted in the cate-
gory ‘Nordic’. The USA and Canada are represented
in the category ‘North America’. Twenty years ago,
the cooperation between North America and Nordic
countries was relatively important for Norwegian re-
searchers. Later, the Nordic collaboration lost relative
importance, while EU cooperation has increased
much more than cooperation with North America.
Outside Europe, the collaboration profile has broad-
ened: new countries of cooperation have a greater rel-
ative significance. The increase in European coopera-
tion is particularly evident from 1994 on, and can be
viewed in the context of the EEA Agreement and
Norway’s participation in EU Framework program-
mes for research.

2.4.3 Survival in newly established
enterprises

This section presents the five year survival rates of
newly established Norwegian enterprises in 2001,
2002 and 2003. An enterprise established in year t is
considered to have survived in year t+1 if it was ac-
tive in terms of turnover or employment in t+1.

Source: Statistics Norway

Growth is measured in the number of persons em-
ployed from the year of establishing to the survival
year.

Almost one third of the newly established enter-
prises in 2001-2003 survived five years (Figure 2.26).
One half of the enterprises did not survive the first
year. The five year survival rates of the newly estab-
lished enterprises in 2001-2003 are quite similar.

The survival rate varies among the different eco-
nomic activitiy areas. Enterprises within manufactur-
ing had the highest survival rate for newly established
enterprises in 2003. Almost half of the manufacturing
enterprises were still active in 2008, compared to only
one third of the newly established enterprises within
real estate and business areas. The five year survival
rate of enterprises within construction was 40 per
cent.

Employment in newly established enterprises
tends to be low. Only ten per cent of the newly estab-
lished enterprises in 2003 had employees as of
December 2003. The survival rate increases with the
number of employees. More than 60 per cent of the
newly established enterprises in 2003 which had em-
ployees as of December 2003 survived five years,
whereas only 28 per cent of the enterprises with no
employees as of December 2003 were still active in
2008 (Figure 2.27).
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3 Regional comparisons of
Norwegian R&D and innovation

Highlights

e R&D activities in Norway are geographically
concentrated in the university cities and sur-
rounding areas, as well as around some indus-
trial clusters.

Human resources in the counties

e The counties with the largest cities and the
biggest educational institutions also have the
highest proportion of employees with higher
education.

e The highest concentration of employees with
higher education was in Oslo (14.6 per cent),
followed by Sgr-Trgndelag (9.7 per cent) and
Akershus (9.5 per cent).

e In 2009, almost one third of all R&D personnel
had employment in Oslo. Of these, nearly half
were employed in the higher education sector,
a third in the industrial sector, and the rest in
the institute sector.

e The highest share of researchers with a PhD
are found in Telemark, Sogn og Fjordane, Sar-
Tregndelag and @stfold.

Expenditure on R&D and innovation by
county

e In 2009, 45 per cent of the R&D activity was
concentrated in the capital region.

e More than half of the counties account for only
minimal shares of R&D expenditures (below 3
per cent of Norway'’s total R&D expenditures).

e Sgr-Trgndelag had the highest R&D expendi-
ture per employee in 2009, followed by Akes-
hus and Oslo.

In Norway R&D activities are mainly concentrated
around the university cities, their surrounding areas
and some industrial clusters. This will be clearly illus-
trated by the statistics and indicators in this chapter.
The chapter includes a section that analyzes variations
in regional innovation in the industrial sector based on
a study conducted by the Norwegian Institute for
Urban and Regional Research (NIBR). Different con-
ditions in each area mean that business-, research- and
innovation policy have to be adjusted to the specific
challenges and possibilities in each region. This was
an important premise and argument for the creation of
the Regional Research Funds (see the introduction on
the Norwegian innovation system).

e In 2007, the highest R&D expenditures as a
proportion of gross regional product were to be
found in Sgr-Trgndelag (7 per cent), followed
by Troms (4 per cent) and Oslo and Akershus
(3 per cent).

From 2007 to 2009, Oslo saw the biggest
growth in R&D expenditure of all the counties,
followed by Akershus, Sgr-Trgndelag, Troms
and Telemark. In 8 counties there was a real-
terms decline in R&D expenditure (Hordaland,
Rogaland, Buskerud, Oppland, @stfold, Nord-
Trgndelag and Hedmark).

Svalbard, Sgr-Trgndelag, Mgre og Romsdal,
Aust-Agder and Oslo had the largest share of
enterprises with R&D in 2009.

In the higher education sector 11 counties ac-
counted for a total of only 5 per cent of the
R&D expenditures.

In terms of the proportion of extramural R&D
in the industrial sector in 2009, Rogaland was
the leading county at 40 per cent, Nordland
and Vest-Agder had the lowest share.

The percentage of enterprises with innovation
activities was highest in Oslo, Akershus, Vest-
fold and Hordaland.

Characteristics of regional innovation

e The most innovative economic regions are: the
capital region, Kongsberg (Buskerud), @rsta-
Volda (Mgre og Romsdal) and Alta (Finnmark).

e Some common features of the innovative re-
gions are: specialisation in knowledge inten-
sive industries; relatively high R&D investment
in the industrial sector; and, R&D and/or high-
er education institutions in the surrounding
area.

In the industrial sector, there are several companies
whose headquarters and research centers are based in
Oslo or overseas, but who have a large share of their
employment in business enterprises located through-
out various counties in Norway. This affects the distri-
bution of R&D resources for this sector. The institute
sector also has several units with headquarter based in
one region, but scientists and R&D activities spread
across several parts of the country. In these cases, the
activity is distributed by county by using allocation
keys for each activity. In the higher education sector,
each department and branch is connected to a county
number, so that this sector has detailed listings for ac-
tivity on the county level.
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3.1 Human resources in R&D
by county

In Norway the central regions, the counties where the
largest cities and major educational institutions are lo-
cated, which have the highest proportion of highly ed-
ucated people. In particular, university counties have a
high proportion of employees with higher education.
In 2009, Oslo was clearly on top, followed by Ser-
Trendelag, Akershus, Nordland, Hordaland and Roga-
land. The rating of these counties was mainly the
same in 1999 as in 2009.

An essential element for understanding the distri-
bution of employed persons with higher education is
the business structure. The proportion of highly edu-
cated employees varies significantly accross indus-
tries. The Oslo area (or the capital region) is distin-
guished by having the highest proportion of those
with post-graduate education in all industries. This re-
gion also contains nearly 13 per cent of employees
with higher education. In the capital region, we find
the highest proportion of those with higher education
in the industries oil and gas and professional, scien-
tific and technical services.

When you see the industries as a whole, it is
mainly western Norway or mid-Norway which takes
second and third. place in the ranking of regions by
highly educated employees. Western Norway also
sees a concentration of highly educated workers
within the oil and gas, as well as the professional,
scientific, technical services. Central Norway has the

lowest percentages of those with a higher education in
more industries than any of the other regions. Agder
follows closely behind western and central Norway,
but had the second highest proportion of jobs in the
electricity and water supply, behind the capital region.
In northern Norway, it is the oil and gas and profes-
sional, scientific and technical services sectors that
have the highest proportions with higher education.

3.1.2 R&D Personnel and R&D FTE

In 2009, a total of 64 000 people worked on R&D
activities in Norway. Almost a third of these were em-
ployed by an institution or business in Oslo. The sec-
ond largest county for R&D work was Ser-Trendelag,
with 14 per cent of all R&D personnel, closely fol-
lowed by Hordaland and Akershus, with 12 and 11
per cent respectively. These are all university coun-
ties.

R&D personnel in Norway carried out 36 100
R&D full-time equivalents.— FTEs — in 2009. In Fig-
ure 3.1 the regional distribution of norwegian R&D
personnel in 2009 is shown, by head count and FTEs.
About a third of FTEs were conducted in Oslo, while
Ser-Trendelag, Akershus and Hordaland performed
respectively 15, 13 and 12 per cent of total FTEs.
Oslo had the highest number of R&D personnel in all
research-performing sectors. Almost half of the R&D
staff in Oslo were employed at an educational institu-
tion or health trust, while about a third were employed
in the industrial sector. R&D personnel in the institute

Figure 3.1
R&D personnel by county, 2009. Head count and full-time equivalents (FTEs).
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Figure 3.2
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R&D personnel in Norway by educational level and county, 2009. Percentages with actual

number of R&D-personnel in paranthesis.
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sector accounted for 19 per cent of total R&D person-
nel in Oslo, and about a third of all R&D personnel in
the institute sector, in 2009. This emphasises the role
of Oslo and the capital area, as the hub of Norway’s
R&D activity.

Counties with universities contained a total of
82 per cent of all R&D personnel in Norway in 2009.
Nearly 80 per cent of employees with higher educa-
tion were employed at an institution or business in the
university counties. The higher education sector was
also largest (measured in the number of R&D person-
nel) in the more established university counties of
Oslo, Ser-Trendelag, Hordaland and Nordland. The
institute sector was also concentrated locations near
the major universities. The institute sector was largest
in Oslo, Ser-Trendelag, Akershus and Hordaland, and
86 per cent of all R&D personnel in the institute sec-
tor were employed at departments in these university
counties.

Buskerud had the highest concentration of R&D
personnel outside the university counties. Among the
counties without a university, the industrial sector was
largest in Buskerud, Mere og Romsdal and Vestfold.
The higher education sector was the largest sector in

Nordland, Mere og Romsdal and Telemark, and insti-
tute sector was highest in Ustfold, Mere og Romsdal
and Nordland. The country’s fifth largest university
college in 2009, Bode University College, received
university status in 2010 under the name University of
Nordland.

Another indicator related to human resources is the
distribution of formal competences (Figure 3.2). The
statistics show that counties with a small business sec-
tor have the highest proportion of researchers among
the R&D personnel.

The overall proportion of R&D personnel with a
PhD was almost 30 per cent at universities, colleges
and research institutes, while the industrial sector had
a share of just under seven per cent.

More than half of the Norwegian population,

(56 per cent) were living in one of the eight university
counties, and 58 per cent of the workforce were em-
ployed within these counties. Furthermore, 82 per
cent of all R&D personnel work within one of the uni-
versity counties. Indeed, Oslo’s share of R&D person-
nel is three times as high as its share of the overall
population. The proportion of R&D personnel was
also high compared with the overall proportion of em-
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Figure 3.3

Comparison of the university counties’ share of inhabitants, employees and R&D personnel
(of national totals), 2009.
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ployees/citizens in Ser-Trendelag, as shown in of the population. This may indicate that these areas
Figure 3.3. Oslo, Akershus, Rogaland and Hordaland experience labour migration, but it may also be re-
County account for a higher proportion of employ- lated to demographic factors, such as a greater propor-

ment than might be expected from their overall share tion of the population being of working age.

Figure 3.4
Number of doctoral degrees by county and sector of performance, 2009.
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Figure 3.5
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Total Norwegian R&D expenditure by county, 1999 and 2009. Million NOK. Fixed 2000-prices.
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A total of 13 232 researchers with a PhD partici-
pated in R&D activities in Norway in 2009. The in-
dustrial sector accounted for 12 per cent all all re-
searchers with a doctoral degree, the higher education
sector for 63 per cent, and the institute sector for 25
per cent respectively. Naturally, those counties with
large educational institutions and research institutes
had the highest shares of researchers with a PhD
(Figure 3.4).

Despite the fact that there has been a sharp rise in
the number of those with a doctoral degrees in
Norway, the proportion employed in the business
community has only increased modestly. In Norway,
as in the rest of Europe, many of those with a doctoral
degree working in enterprises are based in the larger
cities. But the proportion of researchers with a PhD in
the Norwegian business sector is low when compared
to many countries in Europe, at just 10 per cent. Tak-
ing 2007, as an example, there were three times as
many doctoral degrees among those in the business
enterprise sector in the Copenhagen region compared
to Norway’s Capital Region, even when adjusting for
the population size (source: Statistics Denmark and
Statistics Norway).

3.2 R&D and innovation
expenditure by county

As shown earlier in this chapter a characteristic of
Norwegian R&D is that it is centred in and around the
major university towns. This relates first and foremost
to activity in the higher education sector, but also to
research institutes, as most of the major research insti-
tutes are located in close proximity to a university.
R&D activity in the business sector is, however, dis-
tributed somewhat differently and related largely to
so-called business clusters which are found around the
country. It is perhaps in this sector where we find the
most interesting findings and changes, and where
R&D activities vary most from one year to the next.

3.2.1 R&D and innovation expenditures
by county

There are large variations between counties in terms
of how much R&D is performed, as measured by ex-
penditure. R&D expenditure in Norway is geographi-
cally concentrated in the capital region, where 45 per
cent of the country’s total R&D expenditure was spent
in 2009. This corresponds to almost 19 billion NOK
of the 42 billion NOK total R&D expenditures for
Norway that year. Moreover, 85 per cent of all
Norwegian R&D expenditures were spent in counties
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Figure 3.6

Norwegian R&D expenditure by county and sector of performance, 2009.
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that have a university. In the established university
counties, spending on research in the higher education
sector and the institute sector dominates the industrial
sector, with the exception of Akershus, where industry
accounts for over half of R&D expenditure. In Troms
business R&D accounts for only 12 per cent of all
R&D in the county. In counties without established
universities the industrial sector is usually the heaviest
R&D performer.

Oslo had the highest total R&D expenditures in
both 1999 and 2009, followed by Ser-Trendelag,
Akershus and Hordaland (Figure 3.5). The counties
with the lowest R&D efforts in 1999 were Finnmark,
Hedmark, Nord-Trendelag and Nordland. In 2009,
Finnmark, Hedmark and Nord-Trendelag were still at
the bottom of the scale, while Nordland had the high-
est annual real growth of all counties during this pe-
riod.

From 1999 to 2009, Oslo saw real growth in R&D
expenditure of 4 per cent per a year on average. This
was the same rate as real growth for Norway as a
whole, while Ser-Trendelag and Akershus both had
an annual average real growth of just over 3 per cent
in this ten year period.

Nationwide, more than 43 per cent of R&D was
performed in the industrial sector, representing 18 bil-

lion of Norway’s nearly 42 billion NOK of R&D ex-
penditure in 2009. R&D expenditure in the institute
sector accounted for about 25 per cent of the total,
while 32 per cent was performed in the higher educa-
tion sector. There are considerable variations between
counties in the distribution of activity across these
sectors.

Figure 3.6 shows the research and development
activity by sector of performance in each county. In
Oslo, the distribution of activity across sectors is quite
similar to the national average, which is to be ex-
pected as so much R&D activity takes place here.
Buskerud county stands out with a very high propor-
tion (92 per cent) of its research activity taking place
in the industrial sector. Other counties that had a high
proportion of R&D within the industrial sector were
Vestfold, Telemark and Mere and Romsdal, but these
are all small counties in terms of their absolute R&D
spending. In the two northernmost counties, Troms
and Finnmark, a low share of R&D is performed in
the industrial sector; in these regions it is the higher
education sector where the greatest activity takes
place, whith 65 and 53 per cent respectively.

A key indicator to describe a country’s R&D activ-
ities is R&D expenditures relative to GDP, as shown
in Chapter 1. In spite of the stress on this indicator be-
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Figure 3.7
R&D expenditure by gross regional product! and R&D expenditure per capita by county, 2007.
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ing reduced, in the last White paper to the Norwegian

Parliament (Stortinget), this remains a very important

indicator for Norwegian research policy. Comparisons
between countries are also often based on this indica-

tor. Regional comparisons using this kind of indicator
are also informative.

Figure 3.7 shows R&D expenditure as a share of
gross regional product' per county for 2007, (the latest
year these data are available) mapped against county
R&D expenditure per capita. There are some counties
that clearly stand out. Ser-Trendelag had the highest
R&D expenditure per capita and R&D expenditure
amounted to as much as 7 per cent of the gross re-
gional product. Oslo spent almost as much as Ser-
Trendelag in terms of R&D per capita and just over 3
per cent of its gross regional product on research and
development. Troms uses just over 4 per cent, but has
a much lower level per capita on R&D. On average,
2.5 per cent of regional gross product is spent on

For the country as a whole we operate with gross domestic
product, while we at the county level must use the gross
regional product that only covers mainland Norway, ie oil
and gas exploration on the continental shelf are excluded.

R&D in Norway. This must not be confused with
R&D as a percentage of national GDP, where oil and
gas exploration on the continental shelf is included in
the calculation.

For Norway as a whole, public sources provided
46 per cent of total R&D expenditure in 2009, making
them the main funding source for research. The indus-
trial sector accounted for 42 per cent of national fund-
ing, while funding from other sources and abroad
accounted for 4 and 8 per cent respectively.

At the county level relatively higher shares of pub-
lic funding were found in Finnmark, Troms, Horda-
land, Svalbard and Hedmark. The lowest shares of
public funding were in Buskerud, Vestfold, Ostfold,
Telemark og Romsdal. Oslo had a 53 per cent share of
public funding, which was a higher share than the na-
tional average, while Akershus with a 33 per cent was
relatively low.

Naturally a high proportion of private sector fund-
ing is found in counties where a high percentage of
R&D takes place within the industrial sector, such as
Buskerud, Telemark and Mere og Romsdal. In con-
trast, Troms, Finnmark and Hordaland had the lowest
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Figure 3.8

Intramural and extramural R&D expenditure in the industrial sector by county,* 2009.
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proportion of funding from industry. Oslo and Akers-
hus received 37 and 48 per cent of their R&D funding
from industry.

When it comes to funding from abroad, five coun-
ties had a higher share than the national average:
@stfold, Akershus, Vestfold, Oppland and Ser-
Trendelag all received relatively high levels of inter-
national funding for R&D.

3.2.2 R&D and innovation expenditures in
the industrial sector

Intramural R&D expenditure in the Norwegian indus-
trial sector accounted for just over 18 billion NOK in
2009. An alternative measure of R&D spending in
each county can be provided by looking at R&D ex-
penditure per employee. On average, business R&D
expenditures per employee amounted to 27 100 NOK
in 2009. Enterprises in Ser-Trendelag had the highest
share of R&D expenditures per employee at 50 300
NOK. Ser-Trendelag is closely followed at Akershus
and Oslo, with 46 500 and 37 000 NOK per employee
respectively. As shown in Figure 3.8, the lowest R&D

effort per employee is found in Finnmark and
Hedmark.

From 2008 to 2009, Norwegian R&D expenditures
in the industrial sector saw a real decrease of nearly 5
per cent, and most counties saw a similar or greater
decline in this period. Among the counties where the
industrial sector had R&D expenditures in excess of
300 million NOK in 2009, Troms and Akershus had
the largest growth of spending from 2008.

In the decade 1999-2009, business R&D expendi-
tures almost doubled, with an increase in nominell
prices from 9.5 to 18.2 billion NOK. Oslo and Akers-
hus had the largest growth in absolute spending, of
2.4 and 1.6 billion NOK respectively. Overall it was a
real increase in business R&D expenditure of 36 per
cent in this period. Oslo and Akershus were close to
the average for Norway. The highest percentage
changes in R&D expenditures were found in Nord-
land, Mere og Romsdal, Telemark and Vest-Agder, all
of which saw 100 per cent real growth in the period.
These are all small counties when it comes to re-
sources for research. Vest-Agder and Telemark spend
most.



Figure 3.8 shows shares for R&D conducted by
the industrial sector itself (intramural R&D) and the
share of R&D they bought in from other corporations,
research institutes or universities and colleges (extra-
mural R&D). When extramural R&D is included, the
industrial sector conducted or purchased R&D worth
a total of 23.8 billion in 2009, which represents a
slight decrease from 2008. On this measure, enter-
prises in Oslo and Akershus had the highest R&D
activity in 2009, with 6.3 and 4.4 billion NOK respec-
tively.

Extramural R&D accounted for almost 24 per cent
of total R&D expenditure in 2009. If the relative scale
of intramuR&D spending is compared, the business
community in Rogaland buys in the most extramural
R&D, accounting for nearly 40 per cent of total ex-
penditure, followed by Troms and Ser-Trendelag
where extramural R&D accounted for 32 and 30 per
cent respectively. The private sector in Nordland and
Vest-Agder buy least extramural R&D relative to total
R&D expenditure. Much of the national research and
acquisition is related to the oil and gas sector and this
may explain why the business community in Roga-
land, where a number of oil and gas organisations are
based, buys in so much research.

When it comes to innovation costs, these are con-
centrated in the central areas of the country. In partic-
ular, the capital region of Oslo and Akershus stands
out from the other counties. This is a pattern we have
seen for R&D expenditures alone in the past year, and
the innovation survey also makes it clear that innova-
tion costs are dominated by R&D costs. Nearly 42 per
cent of total innovation costs in the industrial sector
were based within these two counties in 2008. Oslo
and Akershus are also among the five counties with
the highest innovation costs per employee, as shown
in Figure 3.9. Ser-Trondelag stands out with a signifi-
cantly higher proportion than any other county. It may
be partly due to the presence of some large enter-
prises, which have headquarters in other parts of the
country, but with major R&D sites based around
Trondheim.

3.2.3 Characteristics of regional
innovation

The creation, use and diffusion of knowledge is essen-
tial for economic growth and development. Success-
ful innovation policy should not only be developed on
the national level, but also adapted to different re-
gional conditions and opportunities. The knowledge
base required for such flexible policy will, among
other things, need to build on regional analyses of
relevant surveys, such as the R&D and innovation

3 Regional comparisons of Norwegian R&D and innovation

Figure 3.9
Innovation costs in the industrial sector per
employee and by county, 2008.
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survey carried out by Statistics Norway. Data from
these surveys were used to analyse regional variations
in innovation, in a study published by the Norwegian
Institute for Urban and Regional Research (NIBR).?
The report considers the characteristics and causes of
regional innovation patterns in Norway.

When the regions are considered under five
groups, of similar sized regions (see Figure 3.10 for
an example of these groupings) a systematic pattern
of differentiation appears, regarding their resource
base and innovation inputs, geographical patterns of
cooperation, barriers to innovation and results. As re-
gion size increases, the following factors become
more prominent: variety in its industrial and know-
ledge base; a larger proportion of knowledge-inten-
sive industries and R&D institutions; higher R&D in-
vestments; and more use of higher educated personal.
These regional profiles and patterns in these structures
and resources imply that, for some innovation types,
the potential for renewal might be higher in more cen-
tral and larger regions.

In contrast, a region’s size does not appear to be
very important for cooperation between innovative

2

Gundersen and Onsager 2011.
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Figure 3.10

Enterprises with innovation cooperation as a share of all enterprises with innovation by

region,* 2008.
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partners. Innovative enterprises in every type of re-
gion work consistently with customers, suppliers and
knowledge institutions in their innovation activities.
International cooperation is more important for inno-
vative enterprises in urban areas than in rural areas,
while the opposite pattern applies for national cooper-
ation (see Figure 3.10). The international orientation
of the enterprise increases with the centrality of the
region, primarily because these firms tend to be larger
and have large corporate headquarters and R&D-in-
tensive enterprises. However, the regional neighbor-
hood is the most important area for innovation coop-
eration, regardless of the size of the region where a
enterprise is based. Geographical proximity between
parties is still very important for innovation, regard-
less of the size of the regional environment and their
industry specialization.

The data also show that the most innovative com-
panies have complex relationships, cooperating with
many different partners (suppliers, customers, know-
ledge institutions) and across a range of geographical
areas/locations (regional, national, international)
simultaneously.

A number of factors are anticipated to act to inhibit
innovation, in particular a lack of information about

technologies, potential markets, past innovations and
or a lack of partners. These factors have been found to
apply broadly, to innovative enterprises in all types of
regions, except for those in small sized towns. Enter-
prises in small sized towns often report more signifi-
cant inhibiting factors linked to problems recruiting
and retaining qualified employees, and tend to rely
more on previous innovations.

There are large and systematic differences in the
regions’ resource base, which are again related to their
size and centrality. Differences are apparent in access
to R&D resources, the share of employees with higher
education and types of business expertise. There are
also significant differences in the regions’ results in
terms of innovation rates, new ventures and growth
rates in employment in innovative sectors; all of these
vary by the same regional pattern. However, there are
even greater differences in the regions’ use of formal
innovation resources (R&D investments, employees
ith higher education in business enterprises) than in
innovation rates (excluding patents). This seems to be
because a large proportion of the enterprises mostly
perform incremental innovation, based on experience-
based knowledge, where formal R&D and having
employees with a higher education is less important.



Several of these types of enterprises are located in

smaller, less central towns and rural areas.

The study looked more closely at the country’s
most and least innovative regions and highlighted
some similarities and differences between them. The
sample for this comparison was based on ranking the
nation’s labour market regions by an innovation indi-
cator.’ This revealed a fairly large spread of innova-
tiveness across the regions. The Oslo metropolitan
area was shown to be by far the most innovative re-
gion, followed by the five small sized towns Halden,
Kongsberg, Ulsteinvik, Orsta-Volda and Alta. Five
factors distinguish this group of most innovative small
sized towns, when compared with the five least inno-
vative regions:

» Stronger industrial specialization.

* A more R&D-intensive industrial base, with a
higher share of R&D expenditure financed by the
government.

» More innovation cooperations with different part-
ners and in different geographical areas, and a
higher proportion of cooperation with customers
and knowledge institutions.

* Lower barriers to innovation among innovative
companies.

» Higher rates of innovation, new venture rates and
growth rates of innovative firms.

More innovative regions tend to have a higher de-
gree of specialisation in knowledge-intensive indus-
tries (such as manufacturing or services), higher lev-
els of R&D investment in the industrial sector, R&D
and/or higher education institutions located in the
area, richer innovation networks, lower innovation
barriers and higher rates of growth.

Innovative companies and business environments
appear to have a greater potential for growth (meas-
ured in growth rates of employment) when they are
based in the most innovative regions, compared with
the least innovative regions and the country as a
whole. This indicates a relationship at the regional
level between having a high percentage of innovative
firms and high growth rates in employment in innova-
tive companies and possibly even within the industrial
environment as a whole. However, the innovative re-
gions are also different from one another when it
comes to their: size and centrality, type of industry
specialization and expertise, funding profile (public
vs. private funding of R&D in the industrial sector)
and the importance of international innovation coop-

This innovation indicator is based on the average for the
share of innovative enterprises and the share of employees in
innovative enterprises of the total sample. Being innovative,
means that the firm had product and/or process innovation
between 2006 and 2008.

3 Regional comparisons of Norwegian R&D and innovation

eration. This illustrates that there are several ways to
target high innovation capacity.

Public financing of R&D expenditures (particu-
larly that from ministries, directorates and counties)
appears to be higher in the most innovative small
sized towns when compared with the least innovative
small sized towns and the Oslo metropolitan area.
Business communities in innovative small sized
towns thus benefit from good access to both private
and public R&D funding. This is caused by a combi-
nation of intentional regional and district policy, and
the unintended regional effects of national business-
oriented R&D programs (especially those under the
auspices of ministries/directorates and the Research
Council of Norway).

Norway shows some similarities with other coun-
tries in terms of its regional innovation pattern: as in
many other countries there appears to be a innovative
central core, with less innovative peripheral areas
around it. At the same time, the regional differences
involved in the Norwegian ‘centre and periphery’ are
not as great as those often found in international stud-
ies. One reason for this is that the many of the most
innovative companies and milieus in Norway are scat-
tered across the country in small sized towns and rural
areas. These business communities developed through
historical processes, rooted in particular, local re-
source industries and their related technology indus-
tries. Over time, these business environments have
become strongly integrated into national and global
knowledge and innovation networks. Additionally,
Norway has developed an extensive institutional ap-
paratus as a part of its knowledge, innovation and re-
gional policy, that helps to support decentralised inno-
vation (see introduction on the Norwegian innovation
system).

Large regional variations in the resource base, in-
novation patterns and barriers to innovation in
Norway again emphasize the importance of having a
nationally led, but regionally differentiated, innova-
tion policy that can be adapted to very different re-
gions in light of their advantages, barriers and oppor-
tunities. The analysis shows that overall development
strategies to strengthen regional, national and interna-
tional cooperation on R&D and innovation, and the
flow of information and expertise, should act reasona-
bly well as measures to strengthen the innovation and
development capability in all types of regions. A ma-
jor challenge will be to ensure the recruitment of qual-
ified personnel to innovative companies and institu-
tions located in small sized towns and rural areas. Pol-
icies to strengthen the attractiveness of these areas
will therefore be an important part of an overall re-
gional innovation and development policy.
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Tables

Table 1
Total R&D expenditure in Norway by sector of performance and source of funds, 2009. Million NOK.
Industry Government Abroad
Total Total Of which: Total Of which: Other Total Of which:
oil Research national EU-
companies Council sources! commission
Sector of performance of Norway
Business enterprise sector 21601.8 16 331.2 1745.6 2063.7 1277.2 7234 24835 2138
Of which industrial sector! 18201.9 149023 1401.2 754.1 403.7 5422 20033 521
Institutions serving enterprises? 3399.9 14289 344.4 1309.6 873.5 181.2 480.2 161.7
Government sector 6862.5 705.9 159.8 53218 1662.2 2127 622.1 170.9
Of which Institutions serving government 6524.8 693.0 159.8 50117 1 655.7 198.9 621.2 170.9
Higher education sector 13420.2 511.3 98.9 12042.4 2366.3 537.6 3289 203.6
Of which Universities and specialiced
university institutions 10 105.3 4309 98.4 2795.5 2102.8 292.8 278.2 175.6
university colleges 1219.1 39.4 05 11358 136.8 20.4 235 17.5
Totalt 41 884.5 17 548.4 20043 19427.9 5305.7 1473.7 34345 588.3
1 Includes private funding, gifts and SkatteFUNN in the industrial sector.
Source: NIFU/Statistics Norway, R&D statistics
Table 2
Current expenditure on R&D by sector of performance and field of science, 2009. Million NOK.
Field of science Total Industrial sector Institute sector Higher education sector
Humanities 1488.9 215.6 12733
Social scienes 4201.2 1685.0 2516.2
Natural sciences 3974.0 1885.9 2088.1
Engineering and technology 5055.7 3355.7 1700.0
Medical and health sciences 53308 1076.7 42541
Agricultural sciences 1830.9 . 1575.3 255.6
Not elsewhere classified 17 180.2 17 180.2 . .
Total 39061.7 17 180.2 9794.2 12087.3

Source: NIFU/Statistics Norway, R&D statistics
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Table 3
Current expenditure on R&D by type of R&D and sector of performance, 2009.
Million NOK and per cent.
Experimental
Sector of performance Total Basic research Applied research development
Industrial sector Million NOK 17 180.0 683.0 4.000.0 12497.0
Per cent 100 4 23 73
Institute sector Million NOK 979%.2 14044 6 446.7 19431
Per cent 100 14 66 20
Higher education sector Million NOK 12087.3 5565.4 4915.2 1606.7
Per cent 100 46 41 13
Total Million NOK 39061.5 7652.8 15361.9 16 046.8
Per cent 100 20 39 4

Source: NIFU/Statistics Norway, R&D statistics

Table 4

R&D expenditure in Norway by sector of performance and type of cost: 1970-2009. Million NOK.

Current prices.

Total Industrial sector! Institute sector Higher education sector

Total Current Invest- Total Current Invest- Total Current Invest- Total Current Invest-
expendi- ments expendi- ments expendi- ments expendi- ments

Year ture ture ture ture
1970 891.0 774.1 1169 275.6 255.5 20.1 329.3 295.3 34.0 286.1 233 62.8
1972 1236.0 1094.5 141.5 355.4 335.3 20.1 459.3 417.3 42.0 421.3 3419 79.4
1974 1633.1 1467.3 165.8 478.6 4344 44.2 629.5 578.8 50.7 525.0 454.1 70.9
1977 27162 235%.1 360.1 850.0 7474 102.6 958.8 859.6 99.2 907.4 749.1 1583
1979 3265.2 2951.9 3133 1026.5 941.6 84.9 12299 11346 95.3 1008.8 875.7 133.1
1981 4267.7 3 865.2 402.5 1334.4 1209.8 124.6 17133 1569.5 1438 12200 1085.9 1341
1983 5764.6 5207.2 557.4 1886.4 1737.6 148.8 2404.6 21421 262.5 14736 13275 146.1
1985 82029 73617 841.2 3574.0 3248.7 325.3 2826.4 2493.8 332.6 18025 1619.2 1833
1987 103194 9216.1 1103.3 45485 4036.7 511.8 3605.1 32322 3729 2165.8 1947.2 218.6
1989 116622 103137 13485 4590.3 4056.6 533.7 4300.5 3839.3 461.2 27714 2417.8 353.6
1991 127440 112852 1458.8 4979.8 4463.2 516.6 4.405.2 40243 3809 3359.0 2797.7 561.3
1993 143356| 12667.5 1668.1 5631.2 4906.8 7244 4810.7 43382 472.5 3893.7 3422.5 471.2
19952 159704 | 14389.2 1581.2 7340.6 6437.6 903.0 4490.7 42715 219.2 4139.1 3680.1 459.0
1997 18243.9| 16485.2 1758.7 8571.5 7742.0 829.5 4826.6 45186 308.0 48458 42246 621.2
1999 203465| 184414 1905.1 9540.0 87723 767.7 4987.1 47528 2343 5819.4 4916.3 903.1
2001 244694 | 223053 2164.1 12613.7 11 348.5 1265.2 5581.5 53374 244.1 6274.2 5619.4 654.8
2003 272458 | 248133 24325| 13390.7| 120771 1313.6 6360.0 60753 284.7 7495.1 66609 834.2
2005 29514.8| 274426 20722 | 135117| 125913 920.4 6906.8 6 660.9 2459 909.3 81904 905.9
2007 36788.2| 33955.8 28324| 167554| 154816 1273.8 8309.9 79417 368.2| 11722.9| 105325 1190.4
2008 405453 | 373544 31909 182947| 169289 1365.8 9266.6 88125 4541 129840 11613.0 1371.0
2009° 418845| 390617 28228 182019 17180.2 10217 10 262.4 97%.2 4682 134202| 120873 13329

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.

3 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: 1974-2009.

Total Industrial sector! Institute sector Higher education sector
Total Researchers? Researchers? Totalt Researchers? Totalt Researchers?
Year Total Women Totalt Total Women Total Women Total Women
1974 9756 1419 3286 306 9 5051 606 12
1977 10 818 1688 3517 334 9 5613 775 14
1979 11851 2017 3982 375 9 5852 841 14
1981 12939 2316 4376 511 12 6247 955 15
1983 14002 2909 4663 504 11 6430 1032 16
1985 15923 4 475 4792 638 13 6 656 1178 18
1987 18128 . " 5897 . . 5343 843 16 6 888 1336 19
1989 19515 3599 18 5861 741 13 5882 1131 19 71772 1727 22
1991 20118 4020 20 5671 780 14 5909 1204 20 8538 2036 24
1993 21879 4837 22 6192 966 16 6339 1500 24 9348 2371 25
19953 26712 6 454 23 8012 1209 15 6048 1551 26 12 652 3694 29
1997 30 280 7907 26 10377 1815 18 6118 1730 28 13785 4362 32
1999 30994 8629 28 10710 2063 19 5920 1727 29 14 364 4839 34
2001 34 549 9904 29 13308 2574 19 6077 1912 31 15 164 5418 36
2003 35307 10 350 29 12741 2202 17 6350 2049 32 16 216 6099 38
2005 36570 11570 32 11999 2242 19 6 484 2207 34 18 087 7121 39
2007 41347 13867 34 14068 2788 20 7467 2730 37 19812 8349 42
2008 43715 14902 34 15412 3100 20 7713 2925 38 20 590 8877 43
20094 44762 15770 35 15249 3191 21 8198 3187 39 21315 9392 44

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.
3 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: NIFU/Statistics Norway, R&D statistics
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Table 6
R&D personnel (FTE) in Norway by sector of performance: 1970-2009.
Total Industrial sector! Institute sector Hiher education sector
Year Total | Researchers?|  Others Total | Researchers?|  Others Total | Researchers?|  Others Total | Researchers? | Others
1970 9857 4317 5540 3067 867 2200 3820 1663 2157 2970 1787 1183
1972 11395 5115 6280 3395 976 2419 4400 1992 2408 3600 2147 1453
1974 12459 5630 6829 3460 1011 2449 5007 2309 2698 3992 2310 1682
1977 13860 6 358 7502 4003 1202 2801 5333 2556 2777 4524 2600 1924
1979 14 810 7112 7698 4390 1390 3000 5638 2906 2732 4782 2816 1966
1981 15025 7548 7477 4201 1524 2677 5885 3125 2760 4939 2899 2040
1983 16 188 8350 7838 4409 1821 2588 6801 3544 3257 4978 2985 1993
1985 19036 9767 9269 6 687 2995 3692 7095 3605 3490 5254 3167 2087
1987 20 140 11557 8583 7187 4102 3085 7619 4181 3438 5334 3274 2060
1989 20471 12 256 8215 6579 3862 2717 8108 4725 3383 5784 3669 2115
1991 20 530 13570 6960 6747 4599 2148 7810 4817 2993 5973 4154 1819
1993 22 166 14803 7363 7482 5021 2461 8026 5045 2981 6 658 4737 1921
19953 24 003 15964 8039 9437 6169 3268 7611 4802 2809 6955 4993 1962
1997 24 935 17520 7415 10410 7662 2748 7463 4767 2696 7062 5091 1971
1999 25 444 18319 7125 10995 8080 2915 7136 4718 2418 7313 5521 1792
2001 26 745 19714 7031 12273 9321 2952 6988 4723 2265 7484 5670 1814
2003 28 546 20 581 7965 13390 9368 4022 7238 4962 2276 7918 6251 1667
2005 29 984 21216 8768 13288 8617 4671 7276 5088 2188 9420 7511 1909
2007 33655 24 369 9286 14 848 10372 4476 779% 5523 2273 1ot 8474 2537
20094 36 091 26273 9818 15673 10783 4890 8763 6328 2435 11655 9162 2493

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.
3 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: NIFU/Statistics Norway, R&D statistics
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Table 7
R&D and innovation indicators per county, 2009.
Percentage
R&D | of innovative Percentage Percentage
R&D | expenditure |  companies of Percentage of | Percentage| Percentage
expenditure inthe| involvedin| Percentage| employment | Researchers of | government | of R&D in the of R&D in
per capita | institute sector |  cooperation | of innovative | in the public| per 1000 | researchers | funded R&D industrial | manufacturing
County (NOK) | (Million NOK) | on innovation |  companies | administration capita | witha PhD | expenditure sector | and mining
Norway 8727 4138 38 25 30 18 30 46 43 44
@stfold 2404 2239 32 22 30 5 15 2 51 84
Akershus 11257 7401 39 29 27 18 23 33 56 40
Oslo 2412 6761 34 30 25 46 31 53 39 24
Hedmark 940 336 25 2 35 5 18 62 Y] 78
Oppland 2526 1209 45 P} 3 7 2 38 60 89
Buskerud 4799 363 4 25 29 7 10 1 92 79
Vestfold 4553 1233 3 27 30 8 15 19 82 86
Telemark 4639 1024 48 20 34 10 24 21 82 58
Aust-Agder 2525 1773 46 25 3 5 15 3 63 3
Vest-Agder 5231 705 34 19 29 12 25 27 72 84
Rogaland 4799 1286 3 P} 25 10 23 2 63 3
Hordaland 9855 6253 39 27 29 il 40 65 25 Y]
Sogn og Fjordane 2599 777 60 18 34 7 19 32 69 86
Mgre og Romsdal 3503 1030 44 25 29 8 18 24 74 77
Spr-Trandelag 24 094 14176 50 JA] 3 45 36 51 28 P}
Nord-Trgndelag 1875 1186 3 19 3 6 17 55 48 88
Nordland 2057 791 44 21 38 7 23 49 49 38
Troms 12 187 5507 4 21 4 28 4 78 12 48
Finnmark 1498 1008 36 20 4 7 13 80 14 0

Source: NIFU/Statistics Norway, R&D statistics
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Appendix

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

GBAORD Government Budget Appropriations or Outlays for R&D

GDP Gross Domestic Product

GUF General University Funds

HES Higher education sector

ICT Information and Communication Technology

IMF International Monitory Fund

ISCED International Standard Classification of Education (of UNESCO)

ISI Institute of Scientific Information

NIFU Norwegian 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

PhD Doctor of Philosophy

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

Norwegian 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 the Environment Miljoverndepartementet MD
Ministry of Finance Finansdepartementet FIN
Ministry of Fisheries and Coastal Affairs Fiskeri- og kystdepartementet FKD
Ministry of Foreign Affairs Utenriksdepartementet ub
Ministry of Government Administration, Reform and Church Affairs Fornyings-, administrasjons- og kirkedepartementet FAD
Ministry of Health and Care Services Helse- og omsorgsdepartementet HOD
Ministry of Justice and the Police Justis- og politidepartementet D
Ministry of Labour Arbeidsdepartementet AD
Ministry of Local Government and Regional Development Kommunal- og regionaldepartementet KRD
Ministry of Petroleum and Energy Olje- og energidepartementet OED
Ministry of Trade and Industry Naerings- og handelsdepartementet NHD
Ministry of Transport and Communications Samferdselsdepartementet S)
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The report describes and documents the Norwegian research and
innovation system. It is based upon the results from the national
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are also included.

The purpose of the report is to present an overall description for
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science, technology and innovation. The data and analysis are
structured around three chapters: The first chapter covers Norwegian
research and innovation in international comparisons. The second
chapter describes the Norwegian research and innovation system,
including data on i.a. expenditure and funding of R&D, human
resources, cooperative relations, and results of R&D as measured
by publications and citations, patents and innovation in Norwegian
industry. The third chapter provides R&D and innovation data on

a regional level. Main figures and indicators are also included in an
appendix.

The internet version of the report is available on
www.forskningsradet.no/indikatorrapporten
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