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Preface

The Research Council of Norway is pleased to
present the abridged English version of the original
2007 biennial Report on Science and Technology
Indicators for Norway, published in Norwegian. The
complete S& T Indicator Report has been prepared
in collaboration between NIFU STEP (Norwegian
Institute for Studies in Innovation, Research and
Education), Statistics Norway (SSB) and the Re-
search Council of Norway. The abridged version
contains key figures and commentary/analysis relat-
ing to research, innovation and development and re-
cruitment activity in science and technology fields
in Norway.

The report isintended to serve asabasis for inter-
national comparison aswell asto provideinformation
to policymakers and others working with science
policy issues.

One of the key objectives of Norwegian science
and technology policy isto promote a balanced
knowledge base and ensure that the national research
and innovation system operates smoothly. In this
respect the report also offers a framework for inter-
national contact and cooperation relating to policy

questions as well as future research collaboration.
We hope that it will provide useful insights to natio-
nal and international partners, collaborators and other
parties interested in learning about the current status
of Norwegian research.

The 2007 English version consists of a series of
summaries written by the authors of the complete
Norwegian report, entitled Det norske forsknings-
0g innovasjonssystemet - statistikk og indikatorer
2007 (Ed.: Senior Advisor Kaja Wendt, NIFU
STEP) published in Oslo, December 2007,

(ISBN 978-82-12-02489-2).

The English version has been prepared by Senior
Researcher Trude Rasdal with the assistance of
Senior Advisor KajaWendt and Research Consultant
Hebe Gunnes (all from NIFU STEP) .

Oslo, February 2008
Arvid Hallén

The Research Council of Norway
Director General
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Introduction

This report presents a selection of science and tech-
nology (S&T) indicatorsin Norway. The data pre-
sented in the report is annotated in English, and the
presentation is designed to provide useful informa-
tion and perspectives on arange of S& T issues. This
English version caters especially to aforeign audi-
ence which is not necessarily familiar with the Nor-
wegian S& T environment. It complements the full
version which isfound online in Norwegian.

The report isthe latest addition in aserieswhich
goes back to 1997 but which has amuch longer histo-
ry. It continuesthe series origina pursuit of present-
ing awide range of relevant statistics and indicators
and of ensuring their continual development. Statistics
on resources devoted to research and experimental de-
velopment (R& D) in Norway, expenditure and person-
nel, have been compiled since 1963. Those relating to
patents, bibliometric analyses and advanced technolo-
gy have been included since the 1980s. Innovation
studies were introduced in the 1990s.

Thefull-length Norwegian report presents alarger
set of indicators and commentary on four basic
themes: R&D expenditures, human resources devot-
edto S&T, collaboration patterns and output of R& D
and innovation. It aso includes a separate section
with tables. The contributions of the authors of the
original version has been revamped in this abridged
version to include main points and expanded to pre-
sent important features of the Norwegian research
and innovation system. The highlights section aswell
asthe tables on key figures are taken directly from
the original version and may include topics not in-
cluded in this abridged version.

The report is organized as follows: It opens with
abrief presentation of the Norwegian system of ed-

Currency rates

As of 2005 (year average):

1 Euro = 8.9 NOK (Norwegian kroner)
1US$=6.4 NOK

ucation, research and innovation, following High-
lights and Key Indicators. Chapter 1 then presents
the main results from the 2005 R& D survey con-
ducted among the three performing sectorsin Nor-
way: the Industrial sector, the Institute sector, and
the Higher Education sector. The chapter also in-
cludes results from the 2004 Innovation survey con-
ducted in the Industrial sector aswell astime series
and international comparisons. Chapter 2 draws on
R& D and employment statistics and education sta-
tistics in order to look at the human resources of
science and technology. Chapter 3 focuses on coop-
eration and collaboration in S& T by utilizing data
on Norwegian participation in the EU Framework
programme, R& D cooperation in the Industrial sec-
tor and collaboration in publications and patenting.
The report rounds off with Chapter 4 which intro-
duces output measures of R& D and innovation. The
last chapter deals with indicators for Norwegian
scientific publishing in international journals, pat-
ent applications, results from the research institutes
and the Industrial sector, aswell astradein high,
medium and low technology industries.

Some sections of the original report are not pre-
sented here. These include more detailed analyses
on Government budget appropriations, as well as
data on various industries, and others. The original
Norwegian report also includes supplementary de-
tails on the Norwegian research and innovation sys-
tem in more of the so-called “fact boxes’ and in
short, signed articles called “focus boxes’. While
references do not feature in the abridged report,
these are to be found in the report in Norwegian,
which is available on Internet:
http://www.forskningsradet.no/

As of January 2008:
1 Euro = 8.0 NOK
1US$=54NOK



Highlights

Resources for R&D and
innovation

Norwegian expenditure on research and experi-
mental development (R&D) in nominal terms
amounted to NOK 29.3 billion in 2005. Compared
to 2003 thisisared increase of 3.3 percent.

Asa proportion of Gross Domestic Product (GDP)
in 2005 R& D expenditures amounted to 1.5 per-
cent. In 2004 the percentage of GDP was 1.6 per-
cent and in 2003 it was 1.7 percent.

In Sweden, R& D expenditures were 3.9 percent of
GDP, in Finland 3.5 percent, in Iceland 2.8 percent
and in Denmark it was 2.5 percent. The OECD
average was 2.3 percent in 2005.

Norway spent NOK 6 410 per capitaon R&D in
2005. Thisisthe lowest level inthe Nordic area:
Sweden spent NOK 10 890, Finland spent NOK
9400, Iceland spent NOK 8 870 and Denmark
spent NOK 7 280 per capitaon R&D in 2005. The
OECD average was NOK 5 770 this year.

The Higher education sector accounted for NOK
9.1 billionin R&D in 2005. The equivalentsfor the
Industrial sector and the Institute sector were NOK
13.6 billion and NOK 6.9 billion, respectively. The
proportion of the Industrial sector of total R&D
expenses has declined by 4 percentage points from
2003, to 46 percent. The Higher education sector
hasincreased its share by 4 percentage pointsfrom
2005 and in 2005 it was 31 percent. The Ingtitute
sector's proportion of total R& D expensesin 2005
remained the same asin 2003 at 23 percent.

In 2005, NOK 13.2 billion of Norwegian R& D
expenditure was funded by Industry, NOK 12.9 bil-
lion by the Government and NOK 3.5 billion from
other sources and abroad.

R& D funded by the Government amounted in
2005 to 0.67 percent of GDP. Industry and other
sources made up 0.86 percent.

26 percent of Norwegian industrial enterprises
introduced new or considerably improved pro-
ducts or processes in the 2002-2004 period, and
might thus be referred to as innovative. This pro-
portion is somewhat lower than in the 1999-2001
period.

- Norwegian enterprises spent aimost NOK 22.2 hil-
lion oninnovation in 2004. This correspondsto 1.1
percent of total turnover, and represents a decline
from 2001 when the innovation costs amounted to
1.5 percent of total turnover inthe Industrial sector.

- The number of applicationsfor tax deduction
(SkatteFUNN) has declined since 2003 when 4 740
applications for tax deduction were filed. In 2006
the corresponding number was 2 600. In 2005,
funding of R&D in the Industria sector through
SkatteFUNN was NOK 0.5 billion, while other
Government funding of R& D was NOK 0.6 bil-
lion.

- For 2007, the Norwegian Government Budget
Appropriation or outlays for R&D (GBAORD)
was estimated at NOK 16.6 billion. In real terms
the annua growth in expenditures during 2005-
2007 was estimated to 4.6 percent.

Human resources

- In 2005, over 54 000 persons were involved in
R&D in Norway. Of these 37 000 were defined as
researchers or persons with five years or more of
higher education.

- Theoveradl percentage of female researchersin
2005 was 32 percent. In the Higher education sec-
tor the proportion was 39 percent, in the Institute
sector it was 34 percent and in the Industrial sector
19 percent of the researchers were women. The
overal increase from 2003 was 3 percentage
points. The largest increase was in the Higher edu-
cation sector.

- In 2005, total personnel accounted for 30 500 per-
son-years, of which 21 700 were performed by
researchers and 8 800 by technicians and support
staff.

- Thenumber of studentsin Norway has remained
stable from 2002 at approximately 220 000. The
number of students studying abroad has been
declining.

- 1n 2005, the overall number of higher degree candi-
dates at Norwegian higher education ingtitutions



was 8 400. Thisrepresents an increase of 9 percent-
age points from 2003.

In total, Norwegian ingtitutions have awarded

15 000 doctoral degrees over the years. This num-
ber is constantly increasing, and 900 new doc-
toral degrees were awarded in 2006. The increase
is nevertheless lower than in the other Nordic
countries. In Sweden the number of awarded doc-
toral degreesistwice as high asin Norway, ad-
justed for the number of inhabitants. Also Finland
and Denmark have awarded considerably more
doctoral degreesthan Norway.

Most of the doctors find work within the Govern-
ment sector, mainly at universities and university
colleges.

The number of employeeswith ahigher education,
5 years or more, increased in all industries. The
largest proportion in 2006 wasin oil and gas
extraction, where 16 percent of atotal of 38 000
employees had higher education.

Unemployment among employees with higher
education in 2007 was 0.7 percent.

Cooperation in R&D

Overdl atotal of NOK 10.7 billion wastransferred
in 2005 in order to buy and finance R& D acrossthe
R& D performing sectorsin Norway and abroad.

Half of the Norwegian firms performing R&D
reported cooperating with other firmsin 2005.
Contractors were the most important type of coop-
eration partner. As much as 93 percent of the coop-
eration partnersin the Industrial sector were situ-
ated in Norway.

In 2004, 33 percent of the innovative firmswere
involved in cooperation in innovation. 72 percent
reported that cooperation with contractors was
important or very important.

Staff in the Higher education sector performs 87
person-years as adjunct professorsin the Ingtitute
sector and the other way, staff from the Institute
sector performs 46 person-years as adjunct profes-
sors in the Higher education sector. The use of
adjunct professorsis stable.

More than half of all Norwegian articlesin interna-
tional scientific journalsin 2006 were co-authored

with foreigners. International collaboration has
increased, primarily with the EU.

At the start of 2007 Norway participated in 2 490
applications for the 6th European Framework pro-
gramme on R&D, of which 30 percent were grant-
ed compared to an average of 20 percent for all
countriesin the Framework programme.

The number of applications with Norwegian con-
tribution to the European Patent Organization
(EPO) increased from 205 in 1996 to 430 in 2005.
In the 1996-2005 period most EPO applications
with a Norwegian contribution were to be found
within chemicals/ pharmaceuticals.

Results from R&D and
Innovation

In 2006, Norwegian researchers published nearly
7 200 articles, compared with 5 500 in 2004.
Norway has strengthened its position within most
of the scientific fields during the last decade.

Thereis high activity in Norwegian research par-
ticularly within biology and geology, while the
activity isrelatively low within fields like physics,
chemistry and technol ogy.

Norwegian articles are cited more often than be-
fore, and especially since the mid-1990s there has
been a positive devel opment. During the 2002-
2006 period, Norwegian articles were cited 18 per-
cent more often than the world average.

For the research institutes, reports represented the
dominating publication form in 2006, but the pro-
duction of scientific articlesisincreasing. Most
articles are written by researchers at the primary
industry institutes.

New or significantly improved products accounted
for 5.9 percent of total turnover in the Industrial
sector in 2004. Thisis adecline from 2001 when
the proportion was 7.7 percent.

Innovative firms that cooperate with other firms
are more successful in the innovation activity than
other firms. 70 percent of the cooperating innova-
tors reported that the innovation activity was suc-
cessful. Inthegroup of “converted innovators’ the
majority experienced the innovation effort as
medium or not successful.
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The Norwegian system of
education, research and innovation

Thetotal population of Norway was 4.7 millionin
2007. More than 1 000 000 Norwegians were study-
ing in that year, including just above 210 000 at insti-
tutions of higher education. In 2005, 54 000 individ-
uals were involved in research and experimental
development activitiesin Norway, and 70 percent of
these had qualifications corresponding to the Master's
degree level or above.

The following figure introduces key parts of the
Norwegian system of education, research and innova-
tion. It distinguishes between ingtitutions of the gov-
ernment (such as ministries), ingtitutions in the public
sector (agencies and service providers, such as The
Norwegian Research Council, the Ministry of Educa
tion and Research, etc.), and organisations in the pri-
vate sector (for profit and non-profit enterprises such
ascommercial firms, non-governmental organisations,

etc.). The figure distinguishes between three levels:
the governmental level, the ingtitutional level, and the
level of research and innovation where the activities
take place. Some general characteristics of these are
presented below to introduce the reader to the Norwe-
gian environment.

The governmental level. The Norwegian Govern-
ment and the Parliament - the Storting - set the overall
policy agendafor the areas of education, research, and
innovation. Governmental priorities are, in instrumen-
tal terms, expressed in the national budget proposal
that the government forwards each year for approval
by the Storting, cf. section 1.1.4. The government may
appoint its own interministerial research committee,
GRC, but policy priorities and relevant appropriations
in Norway are made at the level of the ministries. Sev-
eral higher level initiatives have been made over the

The Norwegian System of Education, Research and Innovation
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years to integrate policy areasto a greater degree
across traditional ministerial mandates.

The Norwegian public sector plays a particularly
central role in the country's education system. To
emphasisethisrole, the education systemislargely
placed inside the system of public servicesin the fig-
ure. Public institutions also provide important support
structures for research and innovation. A notable fea-
ture of the Norwegian landscape is the country's sig-
nificant number of research institutions, which are
formally independent of the higher education system.
Originating in the public sector, many of these institu-
tions have since become private foundations although
most depend on public funding to some degree. In the
figure, the research ingtitutes are therefore shown to
extend beyond the private sector. Similarly, since state
ownership in industry is significant in Norway, the
business sector is shown to extend beyond the private
sector and into the system of public services.

While the system of education is fundamentally
shaped by the Sorting (Parliament) and by the Minis-
try of Education and Research, the governance of the
research and innovation system is more complex. A
number of ministries and government agenciesinitiate
and support activities here. These public bodies are
aso involved in formulating overal priorities and
strategiesin the area. Public efforts are further com-
plemented by significant contributions of the business
system to the development of strategies and priorities.

Theingtitutional support structure. Several public
agencies help operationalize and coordinate research
and innovation policies as formulated at the govern-
mental level. The Research Council of Norway isthe
central support ingtitution in the Norwegian research
and innovation system. The Council isorganised in
three divisions, which allocate research resources to
Basic science, to Large strategic initiatives and to Inno-
vation. Innovation Norway, is the main policy channel
for public support to research based innovation and
business development. It replaced four organisationsin
2004: The Norwegian Tourist Board, the Norwegian
Trade Council, the Norwegian Industrial and Regional
Development Fund and the Government Consultative
Officefor Inventors. Innovation Norway fallsunder the
purview of the Ministry of Trade and Industry.

The state owned company SIVA (Industrial Devel-
opment Corporation of Norway) is designed to build
networks between regional, national and international
R& D environments. This public corporation under the
the Ministry of Local Government and Regional
Development is aco-owner in more than 60 innova-
tion centresin Norway.

A number of private research funds exist, but are
oftentoo small to play asignificant rolein the research
system beyond specific niches. Interesting and impor-

tant exceptions are found in medicine, and dsoin
fisheries and agriculture where tax based funds pro-
vide resources for sector specific research and innova
tion.

Level of research and innovation. Research is car-
ried out in the system of higher education, in the Insti-
tute sector, and in the Industrial sector. The strategic
efforts of universitiesand of leading firmsin anumber
of different industries, complement the strategic efforts
of the Research Council of Norway and other agencies.

The Industrial sector. Lessthan one half of al Nor-
wegian R& D expenditures are incurred by business
firms. An important part of traditional industrial activi-
tiesin Norway are related to the extraction of raw ma
terials and natural resources (oil and gas, fish, wood),
and to their industrial processing into bulk products
and semi-finished goods. Such industriesare lessR&D
intensive than industries such as pharmaceuticals and
ICT, and there has been broad political agreement that
efforts should be made to foster more R&D intensive,
“knowledge based” industries. See also chapter 1.5.2
on R&D expendituresin different industries.

The Ingtitute sector. The large number of research
institutions outside the system of higher educationisa
characterigtic feature of the Norwegian innovation
system, and of the system of research. Historically,
research ingtitutes were established in the Post World
War |1 period as a complement to the University of
Osdlo, the Norwegian Institute of technology in Trond-
heim, etc., and were intended to concentrate their
efforts in specific knowledge areas that were deemed
important for both policy and business reasons. Today,
approximately one quarter of total R& D resources are
spent in the Institute sector. In international termsthe
Institute sector is spilt into the Business Enterprise
sector and the Governmental sector, see also box on
performing sectorsin chapter 1.

The system of higher education. Almost athird of
al R&D in Norway takes place within the system of
higher education, mainly within universities and spe-
cialised university ingtitutions. There are also 24 state
university collegesin the various regions of Norway.
R&D ismainly funded over the ingtitutions ordinary
budgets, but supplementary financing is obtained for
programmes and equipment, mainly from the
Research Council, see chapter 1.2. Asin many other
countries, the Norwegian Higher education sector has
during the last years underwent many changes. A Re-
form of the Quality of Higher Education has resulted
in anew funding system for higher education institu-
tions, anew marking system, new student programmes,
more intense follow-up of students and new forms of
evaluation. Contract research has been carried out for
awhile in the research system, first and foremost in
the institute sector, but also in universities.
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Key indicators

The following two tables present aset of key indica=  The second table compares the status of Norway to
tors. Theintentionisto introduce essential trendsof  that of the other Nordic countries, the EU, and the
Norwegian research and innovation in a concise OECD. Seeadlso theindicatorsin the Table section
form. Thefirst table shows main trends in Norway. of this report.

Key indicators for R&D and innovation in Norway in 1999, 2001, 2003
and 2005

1999 2001 2003 2005
Resources for R&D and innovation
R&D expenditure as a percentage of GDP 1.64 1.59 1.71 1.53
R&D expenditure per capita in constant 2005 prices
(NOK) 5480 6010 6 280 6410
R&D expenditure funded by government as a
percentage of total R&D expenditure 42 40 42 44
R&D expenditure funded by industry as a percentage
of total R&D expenditure 49 51 47 44
R&D expenditure in the Higher education sector as a
percentage of total R&D expenditure 29 26 27 31
Innovation costs as a percentage of turnover in
manufacturing and mining 2.7 2.1 . 2.3t
Human resources
Percentage of the population with higher education 27 31 31 33
R&D full-time equivalent per 1 000 capita 5.7 6.0 6.4 6.6
R&D full-time equivalent per qualified researcher/
scientist per 1 000 capita 4.1 4.4 4.6 4.7
Percentage doctoral degree holders among qualified
researchers/scientists 23 22 24 27
Percentage women among qualified researchers/
scientists 28 28 29 32
Cooperation in R&D and innovation
Extramural R&D expenditure compared to intramural
R&D expenditure in the Industrial sector (%) 40 33 26 30
Companies involved in cooperation on R&D as a
percentage of all R&D companies . . 46 52
Companies involved in cooperation on innovation as a
percentage of all innovative companies . 41 . 37t
Articles in international scientific journals co-authored
by Norwegian and foreign researchers as a
percentage of all articles by Norwegian researchers 44 47 51 52
Results of R&D and innovation
Percentage innovative companies in the Industrial
sector 31 29 25 26!
Number of articles in international scientific journals
per 100 000 capita 107 110 120 146
Number of patent applications to the European
Patent Organization per million capita 128 133 117

Source: NIFU STEP, Statistics Norway
1 2004.



Key indicators for R&D and innovations in 2005 or last available year
with comparable data in Norway, Sweden, Denmark, Finland, EU+ and
OECD

Norway = Sweden Denmark Finland EU OECD
Resources for R&D and innovation
R&D expenditure as a percentage of GDP 1.53 3.89 2.45 3.48 1.87 2.25
R&D expenditure per capita (NOK) 6 410 10 890 7280 9400 4970 5770
R&D expenditure funded by the government as a
percentage of total R&D expenditure 44 24 28 26 34 29
R&D expenditure funded by the Business enterprise
sector as a percentage of total R&D expenditure 46 65 60 67 55 63
R&D expenditure in the Higher education sector as a
percentage of total R&D expenditure 31 21 25 19 22 18
Innovation costs as a percentage of turnover in
manufacturing and mining2 1.8 6.5 5.6
Human resources
Percentage of the population with higher education® 33 30 34 35 24 26
R&D full-time equivalent per 1 000 capita 6.6 8.6 8.0 11.0 5.0
R&D full-time equivalent per qualified researcher/
scientist per 1 000 capita 4.7 6.1 5.2 7.5 2.9 3.3

Cooperation in R&D and innovation

Companies involved in cooperation on innovation as a
percentage of all innovative companies 33 43 43 44

Companies involved in cooperation on innovation as a
percentage of innovative companies in manufacturing
and mining? 37 48 42 47

Results of R&D and innovation

Percentage innovative companies in the Business
enterprise sector? 26 48 46 39

Percentage jnnovative companies in manufacturing
and mining? 30 51 51 44

Number of articles in international scientific journals
per 100 000 capita®* 146 184 164 159

Number of patent applications to the European
Patent Organization per million capita® 117 285 236 306 161

Source: NIFU STEP, Statistics Norway, OECD, Eurostat, national R&D statistics for Denmark and Sweden.

1 EU 15.
2 2004.
3 EU 19.
4 2006.
52003.
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Growth, welfare and cultural development in a mod-
ern society presuppose awell functioning R&D sys-
tem. This has been the premise for modern research
policy since World War 11. To make R&D an inde-
pendent policy areaand to make governments able to
act with regard to the R& D system, it has been neces-
sary to develop methods for mapping the system with
the aim of obtaining reliable and periodic knowledge
on political, relevant characteristics of national R& D
activities.

Research policy isbased on statistical information
on acountry’s R& D resources and systems, and on
the development of criteriato assess what the infor-
mation tells us about the system’s “health status”:
Arenational R&D activities sufficient? Are R&D
activities and resources adequately distributed across
research areas, R& D institutions, objectives and type
of research: (basic, applied and experimental devel-
opment)? | s there a good balance, interaction and
connection between the different elementsin the sys-
tem? What about cost versus benefit? On the basis of
such criteria to assess selected, central parametersin
the R& D system, statistical datain this area become
indicators — of trends and changes, for the better or
worse, and of the needs for political decisionsto be

taken in order to achieve development in the desired
direction.

This chapter explores several dimensions of the
resources dedicated to R& D as well as innovation
activitiesin Norway. It presents data on the composi-
tion of R& D expenditure, including cross-country
comparisons, on the performance of R&D and inno-
vative activitiesin universities and university col-
legesin the Higher education sector, in the Institute
sector and the Industrial sector.

1.1 R&D expenditure in
Norway

1.1.1 Total figures for R&D performing
sectors

Total R& D expenditure in Norway amounted to
NOK 29.6 hillion in 2005, or 1.5 percent of GDP, as
shown in Table 1.1. The Industrial sector had 46 per-
cent of the total R& D expenditure, while the Higher
education sector and the Institute sector had 31 and
23 percent of the total R& D expenditure, respec-
tively.

Table 1.1
Total R&D expenditure in Norway by performing sector and source of funds in 2005.
Million NOK.
Source of funds
Total Industry Government Other Abroad
national
Of which: Of which: sources Total Of which:
The
Research
ail Council of
companies Norway EU-
Performing sector Total Total commission
Industrial sector® 13640 11226 973 569 201 513 1331 59
Institute sector 6907 1505 363 4404 1610 210 788 218
Of which: Research institutes
serving enterprises2 2211 1017 279 853 506 75 326 104
Government sector 4636 488 85 3551 1104 135 462 114
Higher education sector 9096 431 139 7964 1655 428 274 166
Total 29 643 13163 1476 12973 3466 1151 2393 443
Share of GDP 1.53 0.68 0.08 0.67 0.18 0.06 0.12 0.02

1 Private and public enterprises.
2 Non-profit institutions.

15



16

1 R&D and innovation resources

R&D surveys

NIFU STEP and Statistics Norway carry out na-
tional statistical surveys on resources devoted to
R&D in Norway. NIFU STEP is responsible for col-
lecting, processing and dissemination of statis-
tics and indicators regarding the Institute and
Higher education sectors, while Statistics Nor-
way is responsible for the Industrial sector. NIFU
STEP is also responsible for compiling the data
into the official R&D statistics for Norway. Annual
statistical surveys are carried out for the Indus-
trial and Institute sectors. For the Higher educa-
tion sector, the survey is carried out every
second year. Main figures are produced every
year for all three sectors. The statistics are pro-
duced using guidelines by the OECD (2002),
“Frascati manual”.

Current expenditure on R& D amounted to NOK
27.6 hillion in 2005: 64 percent was spent on sala-
ries, the rest on other current costs. Thisis the same
distribution asin 2003. A little more than NOK 2 hil-

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

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

The term R&D covers three activities:

Basic research is experimental or theoretical
work undertaken primarily to acquire new
knowledge of the underlying foundation of phe-
nomena and observable facts, without any par-
ticular application or use in view.

Applied research is also original investigation
undertaken in order to acquire new knowledge.
It is, however, directed primarily towards a spe-
cific aim or objective.

Experimental development is systematic
work drawing on existing knowledge gained from
research and/or practical experience, which is
directed to producing new materials, products or
devices, to installing new processes, systems or
services, or to improving substantially those al-
ready produced or installed.

The basic criterion for distinguishing R&D
from related activities is the presence in R&D of
an appreciable element of novelty and the reso-
lution of scientific and/or technological uncer-
tainty, according to the Frascati Manual.
Proposed Standard Practice for Surveys on
Research and Experimental Development,
OECD, 2002.

lion was spent on investments on R&D: 1.5 billion
on instruments and equipment, the rest on land and
buildings. There was a marked decline in capital
investments from 2003 to 2005. The reduction
amounted to NOK 360 million, distributed evenly
between scientific equipment and land and buildings.
The decline in expenditure on instruments and equip-
ment was caused by a considerably lower level of
investmentsin the Industrial sector. The Institute sec-
tor had an increase in R&D expenditure on instru-
ments and equipment of 33 percent nominally, and
the corresponding growth in the Higher education
sector was 17 percent.

Total expenditure on R& D in Norway increased
by NOK 2.3 billion from 2003 to 2005. In fixed
prices this corresponds to a 1.7 percent annual
growth. By comparison, the same growth was 2.7
percent per year from 2001 to 2003 and ashigh as 6.0
percent per year from 1999 to 2001.

The Industrial sector’s R&D expenditure
decreased by 1.8 percent annually from 2003 to
2005. The decline in capital investmentsis an impor-
tant cause of thisreduction in the two year period,
but expenditure on salaries also showed a small
decrease.

Total R&D expenditure in the Institute sector
experienced areal annual growth of 1.7 percent from
2003 to 2005, with a small increase in current expen-
diture and declining capital investments. In the
Higher education sector, however, R& D expenditure
was much higher in 2005 than in 2003. Part of the
increase can be explained by changesin the data
basis at the university hospitals, but most of the
growth isrea. Adjusted for the university hospitals,
real annual growth in this sector was 6.0 percent
from 2003 to 2005.

Total R& D expenditure’s share of GDP of 1.5
percent represents a decrease from 2003, when this
share was 1.7 percent and compared with 2004 as
well, when the R&D share of GDP was 1.6 percent.
In the same period there has been astrong increasein
GDP.

Looking at Norway's R& D expenditurein a
longer time perspective, the three R& D performing
sectors show different developments, as shownin
Figure1.1. In 1970 there were only small differences
intotal R& D between the sectors. 35 yearslater —in
2005 — R&D in the Industrial sector was twice as
high as the Institute sector, and the Higher education
sector had a considerably higher level of R&D
expenditure than the Institute sector. However, the
figure shows that there has been a stagnation in the
Industrial sector in recent years, compared with the
other two sectors. Estimatesfor 2006 show continued



Performing sectors for R&D

In Norway, national R&D statistics are catego-

rised according to three basic sectors:

e The Industrial sector: Firms, organisations
and institutions whose primary activity is the
commercial production of goods and ser-
vices for sale to the general public at an eco-
nomically significant price

e The Institute sector: Private non-profit insti-
tutes mainly serving industry (incl. in the
Business enterprise sector in OECD’s classifi-
cation), research institutes and other R&D
performing institutions (other than higher
education) mainly controlled by and funded
by the government (Government sector in
OECD’s classification), and non-market, pri-
vate non-profit institutions serving the gen-
eral public (Private non-profit sector in
OECD'’s classification)

e The Higher education sector: Universities,
governmental and private university institu-
tions, national institutes of the arts and
state university colleges
Based on these categories, the Business

enterprise sector encompasses the private busi-

ness sector and units that mainly serve that
sector. The Government sector in Norway is
understood here in the same way to encompass
units in the Institute sector linked to govern-
ment and other public and semi-public institu-
tions and public mission-oriented institutes.

Few Norwegian institutions can be classified in

the private non-profit (PNP) sector. Thus, in

reports to the OECD and other international
statistics, PNP-institutions are included in the

Government sector. R&D performed in interna-

tional institutions is not covered by interna-

tional R&D statistics. For this reason total
figures in national statistics deviate somewhat
from those in international statistics. National
and international statistics are identical for the

Higher education sector. See also the box on

international comparisons in Chapter 1.7.

growth for the Institute and Higher education sectors,
while preliminary figuresfor Industrial sector show a
small decreasein R&D.

1.1.2 The Government’s R&D priorities

The Government's latest Report on R& D to the Stor-
ting indicates areas of particular importance with
regard to R& D. These are areas where development
of knowledge is regarded as having a major impact
on society in general and where specia efforts are
required. These future priorities are classified into
three groups:

1 R&D and innovation resources

Figure 1.1

R&D expenditure in Norway in 1970—2006 by
performing sector. Estimates for 2006.
Constant 2000 prices.

Million NOK
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Industrial sector
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Higher education sector /
8 000 A
6 000
4 000
Institute sector
//
2 000 P
-70 -79 -85 -91 -97 -03-06

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

Structural priorities (Internationalisation, Basic
research, Research-based business development and
innovation);

Thematic priorities (Energy and environment,
Food, Sea, Health);

Technological priorities (Information and com-
munication technology (ICT), Biotechnology, New
materials).

In the R& D survey for 2005, questions on the-
matic and technological priorities were included for
all three performing sectors, to enable monitoring of
the Government’s priorities over time. Energy and
environment was the thematic area with most R& D
resources in 2005; more than NOK 5 billion. NOK
4.5 billion was oriented towards health, and sea and
food had R& D expenditure of NOK 2.0 and 1.4 bil-
lion, respectively.

NOK 10 hillion, or 36 percent of total current
expenditure on R&D, was spent on technological pri-
orities. Information and communication technol ogy,
with NOK 6.4 billion, was by far the largest priority
in this category. Compared with ICT, efforts within
biotechnology with NOK 1.9 billion and new materi-
aswith NOK 1.4 billion seem rather small.
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1.1.3 R&D funding

In 2005, NOK 13.2 billion or 44 percent of the total
R&D expenditure was funded by industry. Thisisa
relative decline compared with 2003, when the share
was 47 percent. R& D funded from public sources
increased from 42 percent in 2003 to 44 percent or
NOK 12.9 hillion in 2005, almost as much asfunding
from industry, see Figure 1.2. Sources from abroad
amounted to NOK 2.4 hillion. The effect of the tax
deduction system for R&D (SkatteFUNN) in 2005 —
slightly over NOK 500 million —is posted under
“Other domestic sources”.

Figure 1.3 illustratesthe size of the contributions
from each financing source in 2003 and 2005 in
constant prices. Industry, without oil companies,
had areal declinein financing R&D of almost 4
percent in the two-year period, while at the same
time oil companies increased their funding of R&D
by 10 percent in fixed prices. Funding from the
Research Council of Norway increased by almost 7
percent, and other government sources had a 9 per-
cent growth. Total funding from abroad had 12 per-
cent real growth from 2003 to 2005, and sources
outside the EU are responsible for this positive
development. Financing from the European Com-

Figure 1.2

Sources of R&D funding

In Norway, the national R&D statistics are
based on the following categories:

Industrial sources: Expenditure made by
industrial enterprises or other industrial activity,
in most cases for R&D activities in the enter-
prise itself.

Government sources: Expenditure made by
the government, especially contributions by the
Norwegian ministries directly to universities and
other R&D institutions as well as contributions
channelled through the Research Council of
Norway. A small proportion also comes from
county and municipal administrations.

Other domestic sources: Private trusts, gifts,
loans, grants from voluntary organisations and
own funds in the Higher education and Institute
sectors and SkatteFUNN (Tax deduction system
for R&D, see separate box) in the Industrial
sector.

Sources from abroad: Contributions made
by foreign enterprises, institutions and foreign
trusts as well as those from the EU, Nordic and
other international organisations.

R&D expenditure in Norway in 2005 by source of funds and performing sector.

Total expenditure: 29.6 billion NOK

w3 />

Industrial sector

Sector of performance
13.6

L 1
Abroad 2.4
Other national
sources 1.1 Government
Source of funds Industry 12.9
13.2

CNORTICAS

Higher education
sector Institute sector
9.1 6.9

1 Other national sources include private funds, gifts, own income/profit and tax deduction in the Industrial sector

(SkatteFUNN).
Source: NIFU STEP, Statistics Norway/R&D statistics




Figure 1.3
R&D expenditure in 2003 and 2005 by source
of funds. Constant 2000 prices.
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mission declined by about one percent in the period,
mostly caused by a reduction in the number of EU
projectsin the Industrial sector.

1.1.4 Government budget appropriations
for R&D

Analyses of the state budget or the government
budget appropriations or outlays for R& D
(GBAORD) have been conducted yearly by NIFU
STEP since 1970. The analyses are based on budget
documents and other information and describe the
government’sintentions with R&D allocations, in
contrast to the R& D surveys, which describe the
actual expenditure on R&D.

There are some differences between the two
methods of quantifying R& D funding that lead to
varying results. The figures estimated in the budget
analysis contain R& D grants for sources abroad,
while the R& D statistics only include research con-

1 R&D and innovation resources

ducted in Norway. Resources from counties and
municipalities are not included in the budget analy-
Sis, but are registered as government sources in the
R&D statistics.

The estimated appropriations for R&D in the
2007 budget amount to NOK 16.6 billion, which rep-
resents an increase of more than NOK 900 million or
5.9 percent nominally from 2006. From 2005 to 2006
the budget increased by 10 percent. In constant prices
annual growth was 4.6 percent from 2005 to 2007. In
the 2007 budget the increase was in international
R& D collaboration in particular, whereas alarge part
of the marked growth in the 2006 budget was alloca-
tions aimed at basic research and industrial oriented
research.

In 2007, NOK 8.5 billion or 51 percent of govern-
ment appropriationsfor R& D was channelled through
the Ministry of Education and Research. Therewasa
large gap to the next ministrieswith regard to the size
of R&D allocations. The Ministry of Health and Care
Services and the Ministry of Trade and Industry had
10 and 9 percent of the appropriations for R&D,
respectively.

R& D constitutes 2.33 percent of the state budget
in 2007. Thisis approximately the same share asin
2006, but higher than in 2005 with 2.18 percent.
R&D grants as a share of GDP is estimated to 0.78
percent in 2007, and this represents only a small
increase from 2005.

In 2007, 41 percent of the appropriations were
channelled to higher education institutions, and 29
percent was allocated to the Research Council of
Norway. The remaining categories of recipients —
other research institutions, abroad and project
grants — were of about the same size: 10 percent
each. There has been a considerable increasein
alocations for higher education institutions in the
period from 1995 to 2007, an increase of 3.7 per-
cent per year in constant prices. In the same period
allocations to the Research Council of Norway
experienced an even greater increase: 4 percent
yearly in real terms.

1.1.5 Type of R&D activity

In 2005 almost 20 percent of current expenditure on
R& D was spent on basic research, close to 37 percent
on applied research and 44 percent on experimental
development. The corresponding figuresin 2003
were 18 percent on basic research, 34 percent on
applied research and 48 percent on experimental
development. Figure 1.4 shows that the three R& D
performing sectors have very different profiles
regarding type of R&D activity.
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Figure 1.4
Current expenditure on R&D in 2005 by type of
R&D activity and performing sector.

Figure 1.5
Current expenditure on R&D in 2005 by fields
of science and technology.
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In al three sectors there has been anincreasein
basic research in 2005 compared with 2003. In total,
current expenditure on R&D in basic research in-
creased by 16 percent in fixed prices between 2003
and 2005. Applied research also experienced ared
growth of 12 percent, while experimental devel op-
ment had a 3 percent real decline.

Seenin alonger time perspective, itisparticularly
inthe Industrial and Institute sectorsthe R& D profile
has changed, in the Industrial sector in the direction
of ahigher share of total basic research — from less
than one percent in 1970 to 7 percent in 2005. The
Institute sector has developed in the opposite direc-
tion and was responsible for 24 percent of current
expenditure on R& D in 1970, compared with 18 per-
cent in 2005. The Higher education sector had 75
percent of basic research both years.

1.1.6 Fields of science and technology

R& D activity in the Industrial sector isnot distri-
buted by fields of science and technology, but is
mostly oriented towards technol ogical development

Humanities
4 %
Not elsewhere classified
R&D in the Industrial sector
47 %

Agricultural
sciences
5% .
Social
sciences
0,
Medical Natural 11 %
and health Engineering sciences
sciences
11 % and technology 11 %
° 11 %

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

—"“unspecified” in Figure 1.5. If we exclude current

expenditure on R&D in the Industrial sector (which
amounted to 47 percent in 2005), the humanities and
agricultural sciences were the smallest fields of sci-
ence, with 4 and 5 percent of current expenditure on
R& D in 2005, respectively. Socia sciences, natural
sciences, engineering and technology and medical
and health sciences were all about the same size, with
11 percent of current R& D expenditure each.

1.2 R&D in the Higher
education sector

The Higher education sector is an important part of
the Norwegian R& D system, amounting to 31 per-
cent of the total Norwegian R&D effort in 2005.
The Higher education sector in Norway under-
went some major changes between 2003 and 2005.
The Agricultural University of Norway (now: Nor-
wegian University of Life Sciences) and Stavanger
State University College (now: University of Sta-
vanger) were both granted university status from
2005. In addition the implementation of the Reform
of the Quality of Higher Education has resulted in
some important changes, including a new funding
system for higher education institutions, a new mark-



ing system, new student programmes, more intense
follow-up of students and new forms of eval uation.

1.2.1 Main results

Total expenditures on R& D in the Norwegian Higher
education sector amounted to NOK 9.1 billion in
2005. Thisrepresents areal growth of 11 percent
since 2003, adjusted in relation to the change and
expansion of the statistical basisfor the university
hospitals. Thisincrease was considerable higher than
for the other sectors. The Institute sector saw growth
of 3.4 percent from 2003 to 2005, while the Indus-
trial sector experienced a recession of 3.6 percent.
The current expenditures amounted to 90 percent of
the R& D expenditures in the Higher education sec-
tor, of which salaries amounted to 56 percent.

In 2005, 9 420 R& D person-years were per-
formed in the Higher education sector. This corre-
sponds to 31 percent of the total R& D person-years
performed in Norway, and represents an increase of
19 percent since 2003. Compared with the other sec-
tors, the highest growth in R& D person-yearswasin
the Higher education sector. The total increase in
R& D person-years for al sectors was 5 percent.

The R&D statistics for 2005 include 45 different
higher education institutions; from the largest univer-
sitiesto the smallest private universities colleges. The
universities together with the university hospitals
represented the main part of the R& D expensesin the
sector in 2005: 83 percent. The state university col-
leges together with the private university colleges
represented 11 and 6 percent, respectively. This
distribution of the R& D expenses has not changed
much from 2003. However, looking at the develop-
ment in awider time perspective, e.g. from 1995 to
2005, the share of the state university colleges has
increased considerably.

Thetrend isthat R& D activity in state university
collegesisstill increasing. All in all both the current
and the capital expenses on R& D increased, but for
the state university colleges, capital expenses decreas-
ed by 20 percent from 2003 to 2005 (constant prices).
R& D expenditure on land and buildings vary consid-
erably from year to year, depending on whether buil-
ding operations have been put into effect, see Figure
1.6. According to the OECD guidelines for R&D sta-

1 Report no. 27 to the Storting (2000-2001): Do your duty —
Demand your rights, Ministry of Education and Research.
Michelsen, Svein, Hakon Hest and Jens Petter Gitlesen
(2006): Evaluation of the Quality Reform in Higher
Education. The Quality Reform between education and
research, part report 10/2006 in the series Evaluation of the
Quality Reform.
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Figure 1.6

R&D expenditure in the Higher education
sector in 1995—-2005 by type of expenditure.
Constant 2000 prices.
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tistics, the whole investment is supposed to be ac-
counted for the current year.

1.2.2 R&D funding

R&D activities in the Higher education sector are
largely funded by public sources. A basic distinction
can be drawn between general university funds
(GUF) and external funding. GUF isaform of basic
funding that includes ingtitutional funding from the
Ministry of Education and Research and the Ministry
of Health and Care Services. External funding in-
cludes all other sources, such as funding from the
Research Council of Norway.

Figure 1.7 illustrates that the share of general
university funds has declined from 70 to 65 per-
cent during the period from 1995-2005. Funding
from the Research Council and funding from other
governmental external sources hasincreased. Thus
the total share of public funding from national
sources only declined from 90 percent in 1995 to
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Figure 1.7
R&D expenditure in the Higher education
sector in 1995—-2005 by source of funds.
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88 percent in 2005. During the same time span,
R& D expenditure in the sector has increased from
NOK 4.1 billion to NOK 9.1 billion in current
prices.

A closer ook at external R& D sources shows that
the Norwegian Research Council was clearly the
largest source of funding in the Higher education sec-
tor in 2005. Funding from the Research Council con-
stituted well over 50 percent of the external funding,
closeto NOK 1.7 billion in 2005.

Public external funding experienced areal growth
of 66 percent from 2003 to 2005. These fundsinclu-
de funding from the Ministries — without GUF — and
from directorates and other governmental institu-
tions. It is mainly within the fields of medical and
health sciences and social sciences that these re-
sources have been used. The Ministry of Health and
Care Services and the Ministry of Education and

Figure 1.8

R&D expenditure in the Higher education
sector in 1995—-2005 by field of science.
Constant 2000 prices.
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Research were the main contributors to R& D within
medicine and social sciences, respectively.

R& D funding from the European Commission
was NOK 166 million in 2005. In 2003 the corre-
sponding amount was NOK 148 million. Most of the
funding from the European Commission went to
R&D within natural sciences and medicine and
healthcare sciences.

The Industrial sector’s funding of R&D in the
Higher education sector amounted to NOK 430 mil-
lion in 2005, but thisis arelatively small share. In
2001 funding from industrial sources constituted 6
percent of thetotal R& D expenditure in the Higher
education sector, but in 2005 this share had declined
to less than 5 percent.

1.2.3 Fields of science and technology

Medical and health sciences was the largest field of
science in the Norwegian Higher education sector in
2005, representing one third of the R& D expendi-
tures. Together with engineering and technology,
medical and health sciencesis also the field of sci-
ence that has experienced the largest increase in
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Ré& D expenditure between 1995 and 2005. Thisis Figure 1.9 ) _ _
illustrated in Figure 1.8. The other fields of science ~ R&D expenditure in the Institute sector in
together experienced smaller growth than this sector. 1983—2005. Current and constant 2000 prices.
Part of the impressive growth within medical and Million NOK
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cies, industry associations, and museums. Non-teach- -83 -85 -87 -89 -91 -93 -95 -97 -99 -01 -03-05

ing hospitals are also classified in the I nstitute sector.

Source: NIFU STEP/R&D statistics

Figure 1.10
R&D expenditure in the Institute sector in 2003 and 2005 by type of institutes. Current prices.
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Figure 1.11

R&D expenditure in the Institue sector in
1983—2005 by source of funds. Constant 2000
prices.
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Ininternational R& D statistical terms, the Institute
sector includes units from the government and pri-
vate non-profit sectors, and also non-profit institu-
tions performing R& D within the Industrial sector.

Thus, the Institute sector is heterogeneous regard-
ing extension of R&D activity, research topics and
size of ingtitutes. A formal division can be drawn
between research institutions and other institutions
conducting R&D. However, for the sake of simplic-
ity all units that belong to the Institute sector will be
referred to asinstitutes.

Total R& D expenditurein this sector amounted to
NOK 6.9 billion in 2005, which was NOK 550 mil-
lion more than in 2003. This corresponds to an an-
nual growth of 4.3 percent or areal growth of 1.7
percent, correcting for wage and price inflation.
R&D expenditure in 2005 reached an all-time high.
Asillustrated in Figure 1.9, the development in R& D
expenditure has been far more positive in recent
yearsthan in the second half of the 1990s, when there

was a dlight decrease in R& D expenditurein real
terms.

R& D was carried out by more than 100 institutes
in 2005. In addition there are numerous museums
and health institutions, in which R&D only consti-
tutes amarginal element. There were 62 research
institutes that reported key figures according to the
“Guidelines for public funding of research insti-
tutes.” Total R& D expenditures by the research
institutes amounted to NOK 5.7 billion in 2005,
which corresponds to 82 percent of the total expen-
diture in the sector. As shown in Figure 1.10 techno-
logical-industrial research institutes accounted for
most of the expenditure with NOK 2.8 billion,
followed by primary sector research institutes with
NOK 1.5 billion. NOK 1.2 billion (18 percent of the
R& D expenditure) was spent at institutions with
other main objectives than conducting R&D in
2005.

67 percent of the total R& D expenditure was
spent by public oriented institutes and 33 percent was
spent in ingtitutes serving enterprises. Annual growth
in real terms from 2003 was 3 percent in public ori-
ented institutes, whereas there was a 1 percent
decrease in institutes serving enterprises. In alonger
perspective, there is atendency for an increasing
amount of R&D in the Institute sector to be carried
out by public oriented institutes. In the mid-1980s,
public and industrial sector oriented institutes were
roughly equal regarding R& D volume.

Theinstitutes also vary in size. A huge share of
the R& D activity was carried out by a handful of the
largest ingtitutes. The R& D expenditure in the five
largest ingtitutes accounted for nearly NOK 2.5 bil-
lion in 2005, i.e. more than one third of the total
expenditure.

64 percent of the expenditure devoted to R&D in
2005 was funded by public sources, 22 percent of the
funding came from industrial sources, and 11 percent
was funded from abroad. From 2003 to 2005 funding
from both government and industrial sourcesin-
creased by 2 percent annually in real terms, while
the increase in R&D funding from abroad was 1 per-
cent. Thereal growth from government sources was
due to increased funding from the ministries (4 per-
cent), whereas there was a decline of approximately
1 percent in funding from the Norwegian Research
Council.

Figure 1.11 shows developmentsin funding in the
Institute sector since 1983 in constant prices. Since
the mid-1980s, government funding has amounted to
more than 60 percent of the total expenditurein the
Institute sector, reaching apeak of 67 percent in 1989.
During the 1990s the public share fell to about 60
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Current R&D expenditure in the Institute sector in 2001—-2005 by subject field. Current prices.
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percent, before increasing again in 2003. Industrial
sources funded one third of the R& D expenditurein
the early 1980s, but the share decreased consider-
ably later that decade. During the 1990s, the share
funded by industrial sources remained quite stable
at around 25 percent, until it declined again in 2003.
Inalonger view, funding from abroad hasincreased
the most. In the early 1990s it amounted to only 5
percent of total funding; since then the share has
more than doubled.

The funding shows that the institutes serve a
wide range of clients, including the civil service and
the Industrial sector. The variety of customers also
reflects the variety of subject areas in the sector.
Technology is the dominating area with more than
one third of the total R& D in 2005. The second larg-
est subject area was the natural sciences with 20 per-
cent. Social and agricultural sciences had 18 and 16
percent respectively; medical and health sciencesand
humanities were the smallest with 9 and 3 percent.
Asillustrated in Figure 1.12, all subject areas except
the humanities have had an increase during the last
years.

1.4 R&D in the Industrial
sector

About half of the R&D in Norway is carried out in
the Industrial sector. Although the sector’s share of
the total R& D hasincreased over the last 20 years,
there have been signsin the last few years that this
share is decreasing. Adjusted for price and wage
growth, the Industrial sector’s share of thetotal R& D
has decreased 1.9 percent from 2003 to 2005. In
comparison, the real growth in the Higher education
sector was 11 percent.

1.4.1 Main results

R& D expenditures by Norwegian enterprises
amounted to NOK 13.6 billion in 2005. Compared
with 2003, thisis adecrease of just under 1 percent.
By type of cost, wages increased by 2.4 percent from
2004 to 2005, while other current costs increased by
16 percent from 2004 to 2005. However, other cur-
rent costs decreased from 2003 to 2004 by 9 percent.
Other current costs accounts for 28 percent of total
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Figure 1.13
Intramural R&D expenditure in 2001-2005 by
performing industry. Current prices.
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R& D expenditurein 2005, compared with 27 percent
in 2003.

Traditionally, the manufacturing sector has been
the largest sector, and it accounted for just under 50
percent of total R&D in 2005. Thisis only aslight
nominal increase compared with 2004. The service
industry had much larger growth, increasing its share
of the total R&D from 38 percent in 2004 to 41 per-
cent in 2005.

The largest enterprises, with more than 500
employees, were the largest contributors to the
increase in the total R& D for 2005. This share has
increased during the last few years, after adecline
from 2001 to 2003. In 2005, the share of R&D per-
formed by the largest enterprises amounted to 39 per-
cent, compared with 37 percent in 2004 and 35 per-
cent in 2003. Enterprises with 100499 employees
also increased their share of total R& D from 2004 to
2005, while the smallest companies, with less than
100 employees, have experienced adecreasein intra-
mural R&D of 2 percent from 2004 to 2005. This
decline came in spite of the SkatteFUNN tax deduc-
tion scheme, specifically targeted at smaller compa:
nies. However, mergers, demergers and other

reorganisations affect the distribution of intramural
R& D by size of enterprise, because enterprises may
move to a different size group from one year to the
next.

Norwegian enterprises also purchase R&D serv-
ices from others. In 2005, Norwegian enterprises
spent NOK 4 050 million on extramural R&D serv-
ices. Thisisagrowth of 11 percent from 2003 to
2004, and a growth of almost 3 percent from 2004
to 2005. By comparison, purchased R& D decreased
by 17 percent from 2001 to 2003. The service indus-
try increased purchases of R& D by 13 percent,
while the manufacturing industry experienced a
decrease of 9 percent from 2004 to 2005. For the
entire Industrial sector, enterprises spend over three
times as much on intramural R& D as on purchased
R& D services.

Acquisition from other Norwegian enterprisesis
the most common source of extramural R& D serv-
ices, and accounts for 46 percent of total extramural
R&D in 2005, a dlight increase from 2003. The fig-
ures for acquisitions from abroad were greatly af-
fected by a change in one company’s expenditure.

If we exclude this company, there has been an in-
crease in extramural R& D from abroad of over 20
percent from 2003 to 2005, but if this company is
included, there is a decrease of 13 percent. Acquisi-
tions of R& D services from research institutes, uni-
versities and colleges have remained stable at
between 19 and 21 percent for the last 10 years.

As previoudly, only asmall percentage of R&D
expenditure in the Industrial sector is spent on basic
research activities. Only 3 percent of the R& D ex-
penditures were classified as basic research in 2005,
while 23 percent were applied research. Thusthe
remaining 74 percent was spent on development
activities. Production of new products or services
accounted for 45 percent of total R& D expenditurein
2005, while improvement of existing products or
services constituted 31 percent of the total R& D ex-
penditure. Product-oriented R& D amounted to 76 per-
cent of the total R& D in 2005, compared with 74 per-
cent in 2003. Process-oriented R& D made up the
remaining 24 percent of the total R& D expenditure
in the Industrial sector in 2005.

The amount spent on product and process ori-
ented R&D variesin different industries. This
reflects the importance of the production processin
relation to the final product in the industry’s activi-
ties. However, there is only a dlight difference be-
tween manufacturing companies and service oriented
companies. An important exception is extraction of
oil and gas, where only 19 percent of R&D activity
was product oriented. For the entire Industrial sector,
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Extramural R&D in the Industrial sector in 2005 by performing industry.
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product-oriented R& D accounted for 58 percent of
total R& D expenditure in 2005.

In 2005, 41 percent of R& D was conducted in
relation to information and communication technol-
ogy (ICT), compared with 34 percent in 2003. 69
percent of enterprisesin the service industry report
R&D on ICT. For enterprisesin the manufacturing
industry, R& D expenditures on |CT accounted for 24
percent of total expenditure — an increase of 5 per-
cent compared with 2003. In the 2005 survey there
were additional questions on nanotechnology and
biotechnol ogy. Nanotechnol ogy constituted 1 percent
of total R& D expenditure, and biotechnology accoun-
ted for 8 percent of total R& D expenditures in 2005.

1.4.2 R&D funding

Most R&D costsin Norwegian enterprises are
financed internally, as shown in Figure 1.15. In 2005,
internal funding accounted for 77 percent of R&D
expenditure. Foreign capital, external financing from
other private Norwegian enterprises and public
financing constituted the remaining share. Contribu-
tions from units in the same corporate group
accounted for alarge part of external private and for-

Figure 1.15
Intramural R&D expenditure in the Industrial
sector in 2005 by source of funds.
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SkatteFUNN

Tax deductions for R&D expenditure in the
Industrial sector were introduced for small and
medium-sized enterprises from 2002, and all
companies from 2003. The aim is to stimulate
R&D activity in the Industrial sector. Enterprises
with less than 250 employees may claim a 20
percent tax deduction based on R&D costs,
while larger enterprises can claim 18 percent.
The maximum amount of R&D expenditure as
basis for deduction is NOK 4 million. This
amount can be extended by an additional NOK
4 million in joint projects with an approved R&D
institution. Also companies not currently liable
for taxation are eligible under the scheme, and
will be paid an amount corresponding to the tax
deduction directly from the tax authorities. The
maximum amount has not been changed since
2002, and in real 2006 prices this is just under
NOK 3.5 million.

eign funding. Funding from EU institutions consti-
tutes only asmall contribution, at 0.4 percent of the
total R& D expenditures.

Funding from the SkatteFUNN tax deduction
scheme made up amost as much as other public
funding of R&D in 2005. The SkatteFUNN scheme
accounted for NOK 500 million, while other public
funding was reported at NOK 600 million. Public
funding decreased from NOK 1.3 billion in 2003 to
NOK 1.1 billion in 2005. Funding from abroad is
more important for enterprisesin the serviceindustry
than for the manufacturing industry, but for both
industries the share of funding from abroad has
increased.

Figure 1.16 illustrates how internal funding also
varies between different enterprise size groups. The
smallest companies, with 10-19 employees, reported
internal funding of 82 percent of their R&D costsin
2005, while the largest companies, with more than
200 employees, reported 79 percent internal funding
of R&D. SkatteFUNN is much more important for
the smallest enterprises, and about 10 percent of the
total funding comes from the tax deduction scheme.
For the largest companies, only 0.5 percent of the
funding comes from SkatteFUNN. Enterprisesin the
service industry have significantly lower shares of
funding from SkatteFUNN than enterprisesin the
manufacturing industry and other industries.

The SkatteFUNN scheme was very popular when
it was introduced in 2002, and the number of applica
tions peaked in 2003. Since then, there has been a
steady declinein the number of applications, down

Figure 1.16
R&D expenditure in the Industrial sector in
2005 by source of funds and size group.

Percent
100

90

80

70

60

50

40

30

20

10

0

(&)} (o)) (o)}
il b T
o o o
— o~ n

Number of employees

=
|
=]
O
|

100-199
200-499

Over 500

SkatteFUNN
Public funding (excl. SkatteFUNN)
Abroad

External private Norwegian funding

Own funding

Source: Statistics Norway/R&D statistics

from 4 740in 2003 to 2 600 in 2006. About 70 percent
of the applications are approved each year. For 2006,
the budgeted R& D expenditure was NOK 8.3 billion
for approved projects, including both new projects for
2006 and ongoing projects from previous years. This
isadecrease from NOK 9.1 billion in 2005 and NOK
9.9 billion in 2004. The decreaseis similar between
new and previoudy approved projects.

According to information from the tax authorities,
not all R&D projects are carried out as planned. Of
about 4 000 projects for 2005, only 2 911 enterprises
have reported finished projects to the authorities, and
been granted a tax refund. Thus, the original costs of
NOK 9.1 billion were reduced to NOK 6.8 hillion for
2005. The share of enterprises finishing their projects
decreased from 2002 to 2005, and was at 75 percent
in 2005. It ismainly the smallest companies, with
fewer than five employees, that do not carry out their
projects as planned. One reason for this may be that
the smallest companies are more vulnerable to
adjustments in the market.



Figure 1.17
Sale of R&D services in 2005 by performing
industry and purchaser.
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In total, the tax deduction for 2005 amounted to
NOK 1.1 billion. Of this, NOK 813 million was refund-
ed to enterprises not liable for taxation. It is mainly the
largest companiesthat are liable for taxation.

1 R&D and innovation resources

Another source of funding for enterprisesis sell-
ing R&D services to other enterprises or to other
units in the same corporate group, see Figure 1.17.
Only 2 percent of companies reported selling R&D
servicesin 2005. However, selling of R&D services
amounted to NOK 2.9 hillion in 2005, or 21 percent
of total intramural R&D. Most of the enterprises that
sell R&D arein the service industry, and afew large
companiesin this sector are especially large sellers of
R&D services.

More and more of the R&D activity is concen-
trated in afew large companies. In 2003, 10 percent
of the largest companies accounted for 68 percent of
total R& D. For 2005, this share has increased to 72
percent. However, there are some differences be-
tween industries. For the manufacturing industry, the
10 percent largest companies accounted for 72 per-
cent of total R&D, while for the service industry, the
10 percent largest companies accounted for 69 per-
cent of the total R& D activity in 2005. The figures
are comparabl e to the figures for 2003.

1.5 Innovation in the
Industrial sector

This chapter examines the results of the 2004 Inno-
vation Survey of the Norwegian Industrial sector.
Indicators such as the share of innovative enter-
prises, innovation expenditures, information
sources, and hampering factors are examined. Co-
operation on innovation projects is presented in

OECD’s definition of innovation

The terms innovation, innovative and innovation
activity are used about product or process innova-
tions (PP innovation) that includes the introduction
of new or considerably improved products or proc-
esses. The innovation survey of 2004 also mapped
organisational and marketing innovation. However,
unless otherwise stated, innovation in this context
refers to PP innovation. The definitions of the dif-
ferent terms used in the innovation survey are:

Product innovation is a product or a service
that is either new or significantly improved with
regard to its characteristics, technical specifica-
tions, built-in software or other immaterial compo-
nents or its user-friendliness. The innovation must
be new to the enterprise, but not necessarily new
to the market.

Process innovation includes new or significantly
improved production technology/methods and
new or significantly improved methods for delivery
of goods and services. The innovation should be

new to the enterprise, but the enterprise does not
necessarily have to be the first to introduce this
process.

Organisational innovation is the implementa-
tion of a new or significantly changed structure in
the enterprise or new or significantly changed
managerial strategies in order to increase the
enterprise’s use of knowledge, the quality of goods
and services or the efficiency of working proces-
ses.

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

See the OECD, 2005: Oslo Manual: guidelines
for collecting and interpreting innovation data/a
joint publication of OECD and Eurostat. 3" ed., for
further descriptions of the terms.
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Figure 1.18
Share of innovative enterprises in the periods
1999-2001 and 2002—2004 by size group.
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chapter 3.2, and results from innovation are dis-
cussed in chapter 4.4.

1.5.1 Innovative enterprises

The 2004 Innovation survey showed that 26 percent
of al Norwegian enterprises had introduced new or
significantly improved products or processes in the
period 2002—-2004 and may thus be defined as inno-
vative. The reported innovation activity for the
period was a little lower than for the previous com-
prehensive innovation survey for the period 1999
2001. Manufacturing and service enterprises are for
the most part stable in their innovation activity.
Within other industries, including extraction of oil
and natural gas, electricity and water supply and con-
struction, thereis adecline.

The innovation activity in Norwegian enterprises
tendsto vary with the size of the enterprise, as shown
in Figure 1.18. The largest enterprises are by far more
innovative than smaller enterprises. Within the Indu-
strial sector as awhole, 62 percent of the enterprises
with more than 500 employees introduced new or
significantly improved products or processesin the
period 2002—2004. Only 20 percent of the enterprises
with between 10 and 19 employees did the same.
This may be for various reasons. Larger enterprises

often have more resources to be used for innovation
purposes, both financial and human. Furthermore,
large enterprises aso tend to have awider range of
products and more processes than smaller enter-
prises, and thus have greater opportunities for inno-
vation in at least one area.

The difference between large and small enter-
prisesis more pronounced within manufacturing than
service industries. As much as 77 percent of the larg-
est manufacturers were innovators, while only 26
percent of the smallest enterprises stated the same.
Within the service industries, 50 percent of the larg-
est enterprises introduced new or improved products
or processes, while 24 percent of the smallest enter-
prises created the same results.

The majority of the innovative enterprises have
introduced products that were new to the enterprise —
21 percent report this. Far fewer, only 11 percent,
have introduced products that are new also to the
market. A 16 percent share of the enterprises can be
called processinnovators as they have introduced
new or significantly improved production techno-
logy, or methods of production or delivery. The ten-
dency is, however, that the same enterprises are both
product and process innovators.

The majority of the innovative enterprises state
that they mostly develop their own innovations.
Product innovators were particularly self-reliant in
innovation activities— 71 percent declared that the
enterprise developed innovations independently.
While 22 percent of the product innovators devel-
oped their innovation in cooperation with others,
only 8 percent let other parties develop the products.
Among the process innovators the differences are
less pronounced, but also here the self-reliant enter-
prises make up the mgjority — 51 percent devel oped
the processes within the enterprise.

Manufacturing enterprises are more innovative
than service enterprises, aswas also found in previ-
ous surveys. While 37 percent of manufacturing
enterprises have introduced new or improved prod-
ucts or processes, only 28 percent of service enter-
prises can say the same. Some industries stand out as
particularly innovative, and these are industries that
have been above average in past surveysaswell. The
single most innovation-intensive industry is the manu-
facturing of radio, television and communication
equipment and appar atus, in which 73 percent of the
enterprises were innovative. There was also a high
share of innovators in manufacturing of chemicals
and chemical products (63 percent), manufacturing
of basic metals (58 percent) and manufacturing of
medical, precision and optical instruments (58 per-
cent). Among service enterprises, computers and



Figure 1.19

Innovation expenditure in 2004 by type within
mining and manufacturing and service
industries.
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related activities and telecommunications stand out,
with a share of innovative enterprises of 61 and 51
percent, respectively.

1.5.2 Innovation expenditure

The Industrial sector’sinnovation expenditures
totalled amost NOK 22.2 billion in 2004. This
equals 1.1 percent of the total turnover, and repre-
sents a decline from the 2001 survey (1.5 percent)
and 1997 (1.7 percent). The Industrial sector has seen
aslight nominal decline in innovation expenditures.
Therelative decline, however, is larger, as the sector
has significantly increased its turnover in the same
period.

Over half of all innovation expenditures can be
attributed to intramural R&D. Figure 1.19 shows
the distribution of innovation expenditures on manu-
facturing and mining and service industry. In addi-
tion there are expenses connected to extramural
R& D, acquisition of machinery used in innova-

1 R&D and innovation resources

tion processes and market introduction of innova-
tions.

The enterprises often have difficulties reporting
their innovation expenses and separating them from
other costs of production. These are figures that are
not readily available in the enterprises’ accounts.
Expenditure excluding R& D expenses seem particu-
larly difficult to report. Hence, these figures are
uncertain.

1.5.3 Information sources

The enterprises gather information needed for suc-
cessful innovation from various sources. Internal
sources are the most important — 51 percent state
they gather the necessary information from sources
within the enterprise. Clients and customers provide
information to 35 percent of the enterprises. Suppli-
ers, which are most frequently reported as co-opera-
tion partners, are only used as a source of informa-
tion by 22 percent.

Competitors, consultants and commercial labora
tories/R& D enterprises are used to alesser extent as
information sources, only by 9, 4 and 3 percent of the
enterprises, respectively. Nor are universities and
higher education institutes (3 percent) or research
institutions (4 percent) common sources of informa-
tion.

1.5.4 Obstacles to innovation

A considerable number of enterprises reported that
their innovation activities were limited or obstructed
during 2002—2004. Primarily, financial factors are
reported: 17 percent of the innovative enterprises
report that high innovation costs hampered their
innovation activities. Lack of external or internal
funding is cited as an important factor by 12 and 13
percent, respectively. Relatively few enterprises con-
sider internal factors such aslack of qualified person-
nel or lack of information about technology or the
market as substantial obstacles. Nor is there awide-
spread view that uncertainties concerning demand or
the dominance of other enterprises significantly ham-
per innovation.

1.5.5 Organisational and marketing
innovations

The 2004 Innovation Survey contains more informa-
tion about organisational and marketing innovation
than has been the case in past surveys. Of all enter-
prises, 22 percent have carried out organisational
aterations of akind that can be called organisational
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Figure 1.20

Organisational and marketing innovation in the period 2002—2004 by size group. Share of
enterprises with and without product and process innovation.
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innovation. Among these enterprises, 73 percent
have altered the management structure or organisa-
tional structure, while 52 percent have introduced
new knowledge management systemsto improve use
or exchange of information.

Of all enterprises, 20 percent have implemented
marketing innovations during the period 2002—2004.
Among these, 74 percent have found new client ba-
ses or market segments, while 46 percent have signi-
ficantly altered the design or packaging of a product
or service.

The survey shows that organisational and market-
ing innovations are primarily introduced by enter-
prises engaged in product or process innovation.
Moreover, large enterprises are generally more often
engaged in these types of innovation as well, than
smaller enterprises, as shown in Figure 1.20.

1.6 The geographic
distribution of R&D activity

Ininternational R& D statisticsthereisastrong focus
on regiond distribution of indicators describing R& D
and innovation. Figure 1.21 shows Norway’s total
R& D expenditure by geographic region in 2005. Nat-
uraly, the capital area Oslo and Akershusisthe dom-
inating region with regard to R&D activity. NOK
12.5 hillion, corresponding to 42 percent of total
R&D, was related to this region. At the other end of
the scale are Hedmark and Oppland with only 2 per-
cent of R& D expenditure in 2005. Northern Norway,
with 6 percent of R&D resourcesin 2005, also in-
cludes Svalbard.

In addition to Oslo and Akershus, Ser-Trandelag
and Hordaland are R& D intensive regions, with 16




Figure 1.21
Total R&D expenditure by regionl in 2005.
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Northern Norway
1 747 million NOK

Trgndelag
4 833 million NOK

Oslo and Akershus
12 494 million NOK

Western Norway
4 480 million NOK

Agder and

Rogaland

2 384 million NOK
Hedmark and Oppland

Eastern Norway 671 million NOK

3 034 million NOK

1 Svalbard is included in Northern Norway.
Source: NIFU STEP, StatisticsS Norway/R&D statistics

and 12 percent of total R& D expenditure in 2005,
respectively. Sar-Trandelag —with NOK 16 600 on
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R&D per capita—is not far below Oslo with NOK
17 050. The average for Norway was NOK 6 500 per
capita. In addition to the two most R&D intensive
counties — Oslo and Sar-Tragndelag — in terms of

R& D expenditure per capita, Hordaland, Troms and
Akershus were all above averagein 2005.

1.7 International
comparisons of R&D and
innovation

In this chapter Norwegian R& D expenditureis
put into an international context by comparing fig-
ures with central OECD members and the other Nor-
dic countries. We look at the sectorial R& D profiles,
funding and growth of R&D.

1.7.1 Total R&D expenditure

The OECD countries together spent NOK 6 700 hil-
lion on R&D in 2005. The United States is still the
leading nation for R& D investments and represen-
ted 42 percent of total R&D effortsin the OECD
area. In an international context Norway is a small
nation when it comesto R&D. The Norwegian
R& D expenditures of almost NOK 30 billion corre-

International comparisons

The international comparisons are based on the
R&D surveys that each country conducts, stand-
ardised through the OECDs “Frascati manual”.
This manual contains definitions, classifications
and guidelines on how to treat data in order to
measure R&D activity.

According to the OECD guidelines, the per-
forming sectors are supposed to form the basis of
the mapping of R&D effort. There are four per-
forming sectors:

Business Enterprise Sector

Government Sector

Private Non Profit Sector (PNP Sector)

Higher Education Sector

In addition to the Industry, the Business
Enterprise Sector in Norway also covers some
units in the Institute sector. These units mainly
serve the Business enterprise sector and include
special branch institutes and task oriented indus-
try institutes. The Government sector includes

units in the Institute sector that are subject to
Departments or institutions directly connected to
Departments, in addition to other public or semi-
public institutions and Government directed task
oriented institutes. Institutions within the PNP
Sector are small and few in Norway. In reports to
the OECD and other international statistics, these
institutions will therefore be included in the Gov-
ernment Sector. R&D conducted at international
institutions is not supposed to be reported in
international statistics. The numbers for the
national statistics for Norway will therefore differ
from the numbers reported internationally,
because the national statistics include R&D con-
ducted at Nordic institutions. The Higher educa-
tion sector is therefore the only performing
sector that is identical for both national and
international statistics. See also the box on per-
forming sectors in Chapter 1.1.
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Figure 1.22
R&D expenditure in selected countries in 2005 or latest year for available data.
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sponds to 0.4 percent of the total R& D effort in the
OECD area.

During the last few years, the OECD has a so col-
lected data from some non-member countries.? The
sum of R&D expenditures in member and non-mem-
ber countriesis NOK 7 700 hillion. Chinaisthe fast-
est growing country when it comesto R&D efforts.

R& D as a proportion of gross domestic product
(GDP) isacommon indicator for evaluating a coun-
try’sR& D effort ininternational comparisons. Figure
1.22 shows R& D expenditures as a proportion of
GDP and per capita expenditure in selected coun-
tries. The Norwegian proportion of 1.53 percent is
below OECD average of 2.25 percent and below the
other Nordic countries. Sweden and Finland are
among the world leadersin thisregard, with an R& D
proportion of GDP in 2005 of 3.9 and 3.5 percent
respectively.

2 Argentina, China, Israel, Romania, Russia, Singapore,

Slovenia, South-Africa and Taiwan.

However, Norwegian R& D expenditures are
higher than the OECD averagerelative to population.
In 2005, Norway spent NOK 6 400 per capitaon
research, while the OECD average was almost NOK
5 800. Nevertheless, the Norwegian amount was far
below the rest of the Nordic countries on thisindica
tor. Sweden spent NOK 10 900 per capitain 2005
while the corresponding amount for Finland was
NOK 9 400, Iceland NOK 8 900 and Denmark NOK
7 300.

Figure 1.23 presents the growth in R&D expendi-
tures from 1999 to 2005. Among the countriesin the
figure, China and Korea had the largest growth. Nor-
wegian R& D expenditure had an annual growth of
4.2 percent, which isjust over the OECD average of
3.2 percent.

Among the countries with the highest growth:
China, Korea, Austria, Japan, Switzerland and Aus-
tralia, the figure shows that the Business enterprise
sector contributed strongly to this growth. Also for
Iceland, Finland and Denmark the Business enter-




Figure 1.23

Annual real growth in R&D expenditure total
and Business enterprise sector in the 1999—
2005 period or latest year for available data.
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prise sector showed a higher growth than total
growth, while in Sweden and Norway the Business
enterprise sector had a smaller growth than total
R& D expenditures.

Thefigure also reveals that several of the large
European research nations (Germany, Great Britain
and France) and the USA had alower growth than
the OECD average. Over time this will influence the
geographical distribution of research performancein
the world.

In the OECD the largest share of R&D efforts are
conducted by the Business enterprise sector; in 2005
the average was 68 percent.3 In Norway the Business
enterprise sector’s share has decreased from 60 per-
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Figure 1.24
R&D expenditure as share of GDP in 2005 by
size group.
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cent in 2001 to less than 54 percent in 2005. This
shareissimilar to that in Iceland, the Netherlands,
Spain and Canada. The highest share of R& D expen-
ditures in the Business enterprise sector in 2005 was
in Japan with 76 percent. Also USA, Finland, Ger-
many, Chinaand Denmark had a high share of R&D
activity in this sector, at about 70 percent.

When we look at branches where R&D is con-
ducted we find a different composition in Norway
than in the other Nordic countries. In Denmark, Fin-
land and Sweden most of the R&D is performed in
high-technology and medium-high-technology bran-
ches. Asashare of GDP the R& D performed in these
sectors amounted to 2.4 percent in Sweden, 1.8
percent in Finland, 0.9 percent in Denmark and in
Norway 0.3 percent.

Figure 1.24 shows ancther characteristic of the
Norwegian R&D performed in the Business enter-
prise sector: the high share of small and medium-
sized businesses. While Denmark, Finland and Swe-
den had most of their R& D conducted in large busi-
nesses with more than 250 employees, in Norway
small and medium-sized businesses had about the
same performance of R&D as large businesses.

3 In Norway the Business enterprise sector consists of the

Industrial sector and research institutes serving the Industrial
sector.
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Figure 1.25

R&D expenditure as a share of GDP by source
of funds in selected countries in 2005 or latest
year for available data.
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Figure 1.25 shows funding sources of R&D asa
share of GDP. We see that the Business enterprise sec-
tor is the dominating sector when it comes to funding
R&D, aswe have seen it is regarding performance of
R&D. The Business enterprise sector performed 68
percent of R&D inthe OECD in 2005, whileit funded
62 percent of R&D in OECD countries. In Norway the
Business enterprise sector funded 46 percent of R&D,
in Iceland the share was 48 percent, while Denmark,
Finland and Sweden had a much higher share with 60
percent, 67 percent and 65 percent respectively.

Other national sources funded less than 2 percent
of total R&D in Norway. Among the countriesin the
figure, total R& D funded by this source was 10 per-
cent in Canada and about 6 percent in Great Britain
and the USA.

Funding from abroad amounted to 8 percent in
Norway in 2005, which is about the same level asin
the other Nordic countries. In Great Britain 19 per-
cent of R&D activities were funded by this source,
while the share was less than 1 percent in China,
Korea and Japan. The average in the EU15 countries
increased from 7 percent in 1995 to almost 9 percent
funded by sources from abroad in 2005.

Internationally the share of government funding
of R&D isdecreasing. Among the OECD countries
there has been a decline from 42 percent in 1985 to
34 percent in 1995 and less than 30 percent in 2005.
The Norwegian share has been higher and has not
had such a strong decline. In 2005 the government
share was 44 percent in Norway.

As ashare of GDP, government funding of R&D
in 2005 was 0.67 percent in Norway. Thisisthe same
asthe OECD average, but less than the other Nordic
countries. For Norway this means asmall decrease
from 2003 when the share in Norway was 0.73 per-
cent and the OECD average was 0.68 percent.

The size of the Higher education sector differs
among the OECD countries. As an average this sec-
tor amounted to almost 18 percent of R&D in 2005.
In Norway the share amounted to 31 percent. Other
countrieswith alarge share of R& D performed in the
Higher education sector were Canada with 36 per-
cent, Spain with 29 percent and the Netherlands with
28 percent. Among the other Nordic countries, Den-
mark had the second largest share after Norway, with
24 percent of R& D performed in this sector.

1.7.2 R&D intensities at the industrial
level

R&D intensity, as defined by theratio of R&D costs
to production value, show considerable variation
from industry to industry. When comparing whole
economies, the composition of industriesin each
country issignificant for the aggregated performance
on thisindicator. In many international comparisons
this problem is overlooked, although there are seve-
ral ways of taking the problem into consideration. In
this chapter two aternative methods are used. Firstly
we compare industry by industry to assess each
industry’s performancein relation to the more or less
similar activitiesin other countries. Secondly we cal-
culate national R& D intensities on the basis of obser-
ved intensities in each industry, under the condition



that al countries have the same industrial structure.
The benchmark structure used is that of the original
EU15. Dueto constraints in data availability, the
comparisons only include manufacturing industries.
Data sources are the OECD ANBERD database for
R& D, comparable Norwegian R& D and production
data, and production data for EU15 from the EU
KLEMS database.*

Correcting for industrial structuresis not unprob-
lematic. Problemsinclude access to internationally
comparable data broken down to the relevant level of
industrial aggregation. This generally takes time and
is especialy problematic for service industries. A
related problem isthat there are no precise guidelines
asto what is the most adequate level of aggregation.
Ideally the breakdown should allow comparisons of
identical, or competing, activities, but thisis not fea-
sible from a practical point of view, and the oppor-
tunistic solution isto choose alevel that can be hand-
led in practice. It is also important to remember that
firms compete across the somewhat arbitrary clas-
sifications of industries, for instance producers of
fish competing with producers of meat. Lastly, an
indicator adjusted for structure becomes a synthetic
measure whereas practical policy hasto take the
existing structure as its starting point. We must also
be aware that the choice of benchmark (EU15,
OECD total, G7) affects the result. The adjusted
measure neverthel ess allows a decomposition of the
observed R& D intensity into a structure-driven com-
ponent and a component driven by the level of R&D
in each industry, allowing a more targeted policy.

Theresultsfor 2004 reveal a considerable change
in Norwegian R&D intensity after correction for
industrial structure, from avalue of 4.7 percent
uncorrected to 6.2 percent after correction, see Fig-
ure 1.26. However, the relative position among the
10 countriesincluded is less affected, moving Nor-
way from 8th to 7th position. Also Sweden, Italy and
Spain obtain higher R& D intensities after correction,
whereas the remaining countries all have their R&D
intensities reduced. Swedenisin aposition of itsown
with R&D intensity at around 15 percent both before
and after correction. Seven countries have corrected
R& D intensities of relatively equal magnitude, rang-
ing from 6.2 percent (Norway and USA) to 8.2 per-
cent (Japan). At the bottom of the ranking we find
Spain and Italy with R&D intensities of around 3
percent.

4 For more information on production value from KLEMS:

http://www.euklems.net.
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Figure 1.26

R&D expenditure in the Business enterprise
sector as a share of the gross product of the
sector within the manufacturing industry in
selected OECD countries in 20041. Total and
adjusted for the industry structure of the EU.
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Looking at the comparative performance of the
different industries reveals that only very few per-
form as low as rank 8. Among these we find chemi-
cal products and machinery and equipment. By con-
trast, we also find a number of industries performing
among the best. These include textiles and wearing
apparel, wood products, metals, and metal products.
The industries that have the best performance in the
comparison generally turn out to have low R&D
levelsand/or small shares of overall production. This
is the reason why the overall performance of Norwe-
gian manufacturing ends up with aweaker relative
performance than we find for the majority of indus-
tries.

1.7.3 International comparisons of
innovation resources

The harmonisation of the European countries’ inno-

vation surveys through Eurostat facilitates compari-
sons between Norwegian and other countries’ inno-
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Figure 1.27

Enterprises with innovation activities in the Nordic countries in the period 2002—-2004, by size

group.
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vation data. Comparisons are important asit isim-
possible a priori to know what goals to set for the
level of innovation and for the innovation projects
results. Innovation is part of the enterprises’ market
adjustment; thus, reasonabl e levelsare determined by
what the competition is doing. Since large parts of
the Norwegian Business enterprise sector are interna-
tionally competitive, the innovation activities of
other countries are of consequence. It must be men-
tioned, however, that comparisons across countries
arenot straightforward. Even countries often used for
comparison may have very different business struc-
tures, and this can affect the total figures for innova-
tion intensity.

The Norwegian Business enterprise sector’s inno-
vation activities are similar to those of the other Nor-
dic countries. Typically, large companies are inno-
vative. There are al'so similarities across Nordic bor-
dersin terms of the extent to which the enterprises
develop their own innovation or co-operate with oth-
ers. However, the total share of innovative enter-
prisesis lower in Norway than in the other Nordic
countries. In Denmark and Iceland, 52 percent of all
enterprises had innovation activities in 2002—2004,
whereas the corresponding numbers were 50 and 43
percent in Sweden and Finland, respectively. The
Norwegian share was 37 percent.
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Research and experimental development (R&D) is
founded on human knowledge and competency.
Access to people with adequate education and expe-
rience is thus a basic condition and the most impor-
tant resource in order to be able to perform R& D and
innovation. Competency is a decisive factor when it
comes to using and exploiting existing technology in
new ways to develop new technology. A high compe-
tency level istherefore important to be able to main-
tain competitiveness and a high national standard of
living.

In Norway there was considerable growth in the
number of students from the 1980s to the mid-1990s,
and Norway is among the OECD countries with the
highest educational level. There has been considera-
ble growth in the number of employees with higher
education in both the public and private sectors.
Although the number of students has stopped rising,
the education level of the population will continue to
increase for along time.

The focus on women in research and science has
been intensified in many countries. Even though
Norway isin the forefront in many areas when it
comes to gender equality, the situation for Norwe-
gian women in science and research is characterised
by uneven representation; while there are more fe-
mal e students than mal e students, there are relatively
few women who occupy professorships or senior re-
searcher positions.

This chapter will present statistics and indicators
related to graduates, R& D personnel, the labour mar-
ket for people with higher education, and some inter-
national comparisons on higher education.

2.1 Higher education

2.1.1 Graduates

After over 30 years with continuous growth in the
number of students, it appears the growth has finally
stopped, see Figure 2.1. Since 2002 the number of
students, including foreign students, has remained
more or less constant at about 220 000. The number
of Norwegian students abroad has declined during
recent years, but the number of studentsin Norway
has remained at approximately the same level.

In 2005, the total number of registered studentsin
the Higher education sector in Norway was 211 200.

Figure 2.1
Total number of students in 1970—-2006 by
sector of education.
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Thisrepresented an increase of 1 300 compared with
2004. Preliminary figures for 2006 indicate a further
increase of 400 students compared with 2005.
Thereis a difference between female and male
studentsin relation to the increase in the number of
students. The numbers for 2006 show an increase of
1 200 female students in higher education compared
with 2005. The trend during the last 20 years has
been that there has been amgjority of women in high-
er education. In 2006 women represented 60 per-
cent of the total number of students. Figure 2.2
shows how the proportion of women and menin
higher education among the total population aged
19-24 years has developed during the period from
1980 to 2004. At the beginning of this period, only
about 10 percent of thisage group wasto befound in
higher education. The proportion among the male
population was dlightly larger than among the female
population. Since the mid-1980s the proportions
have increased considerably for both sexes. The
increase has nevertheless been much larger among
women than among men. Towards the end of this
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Figure 2.2

Men and women aged 19—24 in higher
education as a share of total number of
persons in the same age group in 1980—2004.1

Figure 2.3

Graduates with a higher degree from univer-
sities and specialised university colleges etc.
in 1995—-2005 by field of study.
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period, 35 percent of the women in this age group
and 24 percent of the men were in higher education.

The Reform of the Quality of Higher Education
was implemented during the autumn of 2003. Thisis
the most extensive reform ever implemented in Nor-
wegian higher education (Michelsen & Aamodt,
2007). One of the main reasonsfor implementing this
reform was the obvious indications that students
were taking too long to graduate and too many stu-
dents were dropping out (Hovdhaugen & Aamodt,
2006).

Implementation and evaluation of the reform
started simultaneously. The evaluation was con-
ducted by NIFU STEP and Rokkansenteret in Bergen
(www.rokkansenteret.uib.no). They completed the
evauation in January 2007. One of the most interest-
ing findings was considerable changes in forms of
teaching and evaluation. The students are followed
up more intensely than before the reform, and the
productivity in the Higher education sector has
improved.

2.1.2 Graduates with a higher degree

In 2005, the total number of graduates with a higher
degree from universities, university colleges, state
colleges and other colleges was 8 420. 90 percent of
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the graduates came from universities, university col-
leges and other colleges, and 10 percent came from
state colleges. During the last decade the number of
graduates with a higher degree has increased by 37
percent and since 2003 by 9 percent.

The highest number of higher degree graduates
was in the field of natural sciences and technology,
with nearly 2 300 graduates. Thisfield of study had
the smallest increase during the decade 19952005,
with 14 percent. Humanities and social sciences had
astrong, steady increase in the production of gradu-
ates in the same period, with 44 and 63 percent re-
spectively. Thisisillustrated in Figure 2.3.

The number of higher degree graduates at state
colleges has increased strongly, by 62 percent, from
1995 to 2005. The increase is mostly due to the fact
that more and more state colleges are offering
courses resulting in a higher degree. In 2005 there
were 17 state colleges that offered such courses.



Figure 2.4
Awarded doctoral degrees in Norway in 1970—
2006 by gender.
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Figure 2.5
Doctoral degrees in four Nordic countries in
1990-2006.
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The proportion of women in higher education
increased from 39 percent in 1991 to 51 percent in
2005. It hasincreased in all fields of study, with the
smallest increase in education and communication,
(from 70 to 73 percent) and natural science and tech-
nology (from 29 to 34 percent) and the highest in-
crease in medicine and health subjects (from 51 to 65
percent).

2.1.3 Doctoral degrees in Norway and the
Nordic countries

Almost 11 000 doctoral degrees have been awarded
at Norwegian institutions during the 1990-2006
period. This constitutes more than two-thirds of all
doctorates ever awarded in Norway. The number of
annual awards has doubled in the last 15 years. The
increase was particularly strong in the early 1990s,
see Figure 2.4. Since then, developments have been
more variable, with occasiona dropsin some years
around the turn of the century.

The share of female doctors has increased over
timein Norway. In 1990, 17 percent of the doctoral
degrees were earned by women. This percentage dou-
bled over the next six years. By the end of the 1990s
the trend was more moderate, and in the 2002—2006
period the proportion of women has remained stable at
about 3840 percent. In the first half of 2007, how-
ever, the women’s share jumped to 47 percent.

Source: NIFU STEP/NORBAL

However, theincrease in the number of doctorates
awarded in Norway has been slower than in the other
Nordic countries, as shown in Figure 2.5. In real
terms, Sweden has always had a higher number of
doctoral awards than its neighbouring countries as a
natural consequence of its population size. In 1990,
Norway, Denmark and Finland awarded about the
same number of doctorates. A few yearslater, the sit-
uation changed considerably. Whereas the total num-
ber had doubled in Norway between 1990 and 2005,
it had tripled in Finland over the same period. In
Denmark, the number of doctorate awards also in-
creased more than in Norway. In recent years, how-
ever, the growth rate has been almost the samein
these two countries. Nevertheless, the overall growth
in the number of trained research personnel has been
lessin Norway than in its neighbouring countries
during the last fifteen years. The proportion of fe-
males with a doctoral degree in 2005 was 49 percent
in Finland, 45 percent in Sweden, 41 percent in
Denmark and 40 percent in Norway.

In Norway 37 percent of the doctoral degrees
awarded in 2006 were in the natural sciences and
engineering — about the same percentage as in the
other Nordic countries. This represents a decrease
from 1990, when the natural sciences and engineer-
ing accounted for more than the half of al doctoral
awardsin Norway. In 2006 the medical and health
sciences accounted for 24 percent of doctorates, the
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Table 2.1
All doctoral degrees in Norway 1817—2006, by
awarding institution.

Figure 2.6
R&D personnel in Norway in 1995—-2005 by
performing sector.
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School of Mission and Theology (2006) 3
Total 15 657

Source: NIFU STEP/Doctoral Degree Register

socia sciences 20 percent, the humanities 12 percent,
and the agricultural sciencesincluding veterinary
medicine 7 percent.

There has been an increasing share of non-Nor-
wegian citizens among the doctoral graduates, from
10 percent in the early 1990s to about 20 percent in
the recent years.

In connection with the Reform of the Quality of
Higher Education in Norway, which took effect in
2003, the number of doctoral titles— previously 14 —
has been reduced to just two. Research courses now
lead to a PhD, corresponding to the Anglo-American
degree system. In addition the Dr.philos. degree has
been retained for people who wish to pursue their
own working plans, independently of their tutor, con-
tract, and time schedule. At present 18 institutions
are authorised to award doctoral degrees, including
all seven universities, eight specialised university
ingtitutions (public and private), and three state uni-
versity colleges.

Thefirst Norwegian doctoral degree was awarded
at the University of Osloin 1817. By the end of 2006
the total number of awards had amounted to more
than 15 600, see Table 2.1.

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

2.2 R&D personnel

2.2.1 R&D personnel in Norwegian R&D
performing sectors

In 2005, 54 000 individuals were involved in R&D
activitiesin Norway. Of these 24 000 were employed
in the Higher education sector, nearly 21 000 in the
Industrial sector, and well above 9 000 in the Insti-
tute sector. These numbersinclude all personnel that
contributed to R&D, including technical personnel
and personnel that in other ways assisted in carrying
out R&D. The development isillustrated in Figure
2.6. From 2003-2005 the largest growth was to be
found in the Higher education sector, where the
number of R& D personnel increased by 2 200 per-
sons or 10 percent. During the 1995-2005 period,
R& D personnel in the Industrial sector increased by
60 percent, and was thus more than doubled during
this period. However, the Industrial sector has expe-
rienced a serious decline in the number of research-
ersinthelast few years. In the Higher education
sector the increase was about 30 percent, while the
number of R& D personnel in the Institute sector
remained approximately the same throughout the
whole period.

In Norway, 10 000 of atotal of 37 000 researchers
involved in R&D in 2005 held a doctoral degree, or
27 percent of those with qualifications corresponding
to aMastersdegree or above. Inthe Higher education
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Researchers in 2005 by field of science and technology and performing sector.
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sector the proportion of total academic staff holding a
doctoral degree was 37 percent; in the Institute sec-
tor, 35 percent, and in the Industrial sector, 10 per-
cent. Thus, the proportion of researchers holding a
doctoral degree hasincreased for all three sectors
from 2003. In the Higher education sector and the
Institute sector the increase was 3 percentage points,
whilein the Industrial sector the increase was 2 per-
centage points in the same period.

Figure 2.7 shows distribution by subject fieldsin
the Higher education sector and the Institute sector.
In 2005, 5 700 researchers or academic staff worked
in the social sciences, the largest field. Three-quar-
ters of these were employed at universities and state
university colleges. A further 5 600 were employed
within medical and health sciences, mainly at univer-
sities or university hospitals. Maore than 3 900 per-
sonswere engaged in the natural sciences: 73 percent
of these were in the Higher education sector and 27

percent in the Institute sector. The area of engineer-
ing and technology was evenly distributed across
both sectors and was the largest subject field in the
Ingtitute sector. The numbers of researchers within
this subject field was 3 800. Humanities employed
just over 3 500 researchers, while 1 700 were em-
ployed within agricultural sciences.

Compared with 2003 all fields of science have
experienced an increase in the number of researchers.
For both the sectors the increase has been 9 percent.
The largest increase has been within medical and
health sciences, where the increase in R& D person-
nel has been 20 percent. One third of this growth is
due to the extension and change of the statistical pop-
ulation.

The figure also breaks down researchersin the
Higher education sector. Here it distinguishes betwe-
en personnel at universities/specialised university
colleges and at state university colleges, which
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Figure 2.8
PhD students in the Higher education sector in
1995—-2005 by field of science and technology.
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covers professional teaching establishments for
teacher education, nursing and technicians. For the
Institute sector the figure shows the distribution
between research institutes serving enterprisesi.e.
non-profit institutions (NPIs) and the Government
sector. Ininternational R& D statistics NPIs and the
Industrial sector are included in the Business enter-
prise sector, see the OECD Frascati Manual 2002.

The number of PhD students in the Higher educa-
tion sector amounted to more than 3 800 in 2005.
This represents an increase of 800 persons compared
with 2003. As a proportion of the total R& D person-
nel in the Higher education sector, PhD students con-
stituted 21 percent, an increase of 2 percentage points
from 2003. The number of research fellows hasin-
creased relatively more than the rest of the R&D
personnel. The increaseis mainly due to an increase
in PhD studentsfinanced directly through the general
university fund.

Figure 2.8 illustrates the development in the num-
ber of PhD students during aten year period from
1995 to 2005. In particular it isthe social sciences,
medical and health sciences and the area of engineer-
ing and technology that have experienced a steady
growth. The number of PhD students within natural
sciences declined in the middle of this period, but
then rose again in 2005. The number of research fel-
lows within the humanities and agricultural sciences
has also varied, but the humanities experienced a
considerable growth in 2005.

Figure 2.9

Women'’s proportion of the total number of
researchers in Norway in 1995—-2005 by
performing sector and type of institution.
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2.2.2 Women in science

In 2005, 11 750 women with higher education were
involved in R&D in Norway. This amounts to 32 per-
cent of the total number of R& D personnel in Nor-
way and represents an increase from 24 percent in
1995. The Higher education sector had the highest
share of women, 39 percent, followed by the Institute
sector with 34 percent. In the Industrial sector, only
19 percent of the researchers were women in 2005.
Figure 2.9 shows that there has been an increase in
the proportion of women in all sectors from 1995 to
2005. State university colleges had the highest share
of women in the period 1995-2005, followed by the
Government sector. The Business enterprise sector,
which consists of the Industrial sector and research
institutes serving enterprises, had the lowest propor-
tion of women during the entire period.

The proportion of women varies with the level of
position. Among full professorsin the Higher educa-
tion sector, 17 percent were women in 2005, which
was the same percentage as two years earlier. 31 per-
cent of the associate professors were female. Lectur-
ers had the highest share of women in 2005, 57 per-
cent, and among the lecturersin medical and health
sciences at the state university colleges, as many as
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Figure 2.10
Women'’s proportion of the total number of researchers in selected OECD countries in 2003 by
performing sector.
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77 percent were women. Research fellows came
closest to achieving gender equality with 48 percent
women. Among the post doctors, the share of women
dropped from 50 percent in 2003 to 43 percent in
2005. Of 620 post doctorates starting between 2003
and 2005, only 34 percent were women. Social sci-
ences and agricultural sciences were the only fields
that recruited more women than men into post doc-
torates during this period. Natural sciences had the
highest growth in the number of post doctors from
2003 to 2005. Of the doctorates granted in natural
sciences in 2000—-2004 in Norway, 34 percent were
granted to women, which mean that there were fewer
female doctorates to recruit post doctors from.

At the university hospitals, 31 percent of the phy-
sicians participating in R& D were women. Women's
proportion was 18 percent for chief physicians, 26
percent for physicians and 45 percent for junior phy-
sicians. The university hospitalswere thus the type of
institution in the Higher education sector with the
lowest participation rate of women. The data show
that the higher the position, the smaller the propor-
tion of women.

Approximately half of the research candidatesin
Higher education in the OECD countries are women,
but among R& D researchers, only 25-30 percent are

Source: OECD — Main Science and Technology Indicators 2007-1

women. The gender gap islargest in Austria, Japan,
Koreaand Switzerland, while Greece, New Zealand,
Portugal and Slovakia have a higher proportion of
femal e researchers. Women participating in R&D are
often found within biology, health, agricultural sci-
ences and pharmacy, while there are fewer female
researchersin physics, informatics and communica-
tion technology and engineering.

The proportion of women participating in R&D
varies by performing sector, as shown in Figure 2.10.
The share of women in the Norwegian Business
enterprise sector, 19 percent, was among the lowest
in the OECD countries that reported the share of
women in 2003. In Denmark, 25 percent of the re-
searchers in the Business enterprise sector were
female, while in Portugal this share was 30 percent.
Iceland had the highest proportion of women in the
Business enterprise sector, with 33 percent. Several
OECD countries, including Germany, Hungary, the
Netherlands, Norway and Spain, experienced a
decrease in the proportion of female researchersin
the Business enterprise sector from 2001 to 2003.
The decrease was biggest in the countries where the
number of researchersin the sector did not risein the
period, namely Germany, the Netherlands and Nor-

way.
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The Government sector in Norway consisted of Figure 2.11
34 percent female researchersin 2003. Thiswasfar ~ Total person-years on R&D in 1970-2005 by
below Portugal, where 58 percent of the personnel performing sector.
involved in R&D in the Government sector were Number
women. The other OECD countries that reported the 16 000
share of women for this sector al had between 30
and 40 percent female researchers.
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ual, no sing|e individua can represent more than one Source: NIFU STEP, Statistics Norway/R&D statistics
full-time equivalent in any year, and hence cannot

perform more than one full-time equivalent on R&D.

Figure 2.12

Total number of researchers in head counts
and person-years on R&D in 2005 by

2.3.1 Person-years on R&D in the .
performing sector.
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Figure 2.13

R&D person-years performed in selected OECD
countries by researchers and technicians per
1 000 employees in 2005 or latest year for
available data.
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Based on full-time equivalents on R& D, research-
ers represent a high percentage of total R& D person-
nel. In 2005, about 21 700 FTE were performed by
researchers or persons with a master’s degree or
higher, and 8 800 by technicians or equivalent staff.
During the 1993—2005 period the number of R& D
person-years performed by researchers or persons
with a master’s degree or higher has increased more
rapidly than the person-years performed by techni-
cians or equivalent staff.

Compared with the number of R&D personnel,
the number of R& D person-years gives a somewhat
different picture if we look at the three different sec-
tors. Figure 2.12 illustrates how the Industrial sector
isthe largest when it comesto R& D person-years.

2 Human resources

Counting heads, the Higher education sector isby far
the largest. In the Institute sector, 6 500 R& D person-
nel performed 5 100 person-years. This means that
the relative research intensity was highest in this sec-
tor, closely followed by the Industrial sector.

2.3.2 International comparison of R&D
person-years

Figure 2.13 compares R& D person-yearsin total and
R&D person-years performed by researchers/univer-
sity graduates per 1 000 employeesin 2005. Norway
isranked relatively high among the countries when it
comes to total number of R& D person-years per-
formed per number of employees, but nevertheless
last among the Nordic countries. When it comes to
R& D person-years performed by researchers, Nor-
way, with aproportion of 71 percent is ranked before
al the other groups besides the Asian countries. In
China, Korea and Japan this proportion is 82, 84 and
77 percent, respectively.

2.4 The highly educated in
the Norwegian labour market

2.4.1 Educational level of the labour force

Real competency is an important condition for the
development of innovation and competitiveness. Itis
difficult to make good indicators on level and types
of competency in the labour market. In this context
we choose to use formal education as an indicator.
We have data on education and employment from
1986 to 2006 at our disposal.

Figure 2.14 breaks down the proportion of
employees with at least 5 years of higher education
by industry in 1986, 1996 and 2006. The largest pro-
portion of highly educated people in 2006 wasin oil
and gas extraction, mining with 16 percent of the
industry’stotal workforce of 38 000. The oil industry
was followed by business activities, data processing
inwhich 15 percent of the 265 000 employees had at
least five years of higher education. Public sector
was the third industry on thislist, where 10 percent
of atotal workforce of 900 000 had higher education.
Thisisthusthe largest single-sector employment,
mainly due to the fact that skill-intensive functions
such as education, hospitals and public administra-
tion are found here.

Agriculture, forestry, fishing, electricity, gas,
water supply, construction and trading activity have
alow proportion of highly educated workers. In each
of these three major industrial divisions the propor-
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Figure 2.14

Proportion of the employees with higher education® in 1986, 1996 and 2006 by industry.
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tion of workerswith higher education was below two
percent. Trading activity, which is the largest indus-

try after public sector, by number of employees, had
the lowest proportion of highly educated workers of

al theindustries.

The figure also shows how this measure of know-
ledge intensity has changed over time by looking at
the development from 1986 to 2006. The proportion
of highly educated workers hasincreased in al in-
dustries. During the period it increased significantly
in manufacturing and in transport and communica-
tion. The increase in the public sector and within
business activities, data processing was weaker.
Neverthelessit has to be said that the proportion of
highly educated employees in the manufacturing
industry is still considerably lower thanin, for
instance, the public sector.

Figure 2.15 illustrates how employees with differ-
ent kinds of higher education are divided between the
eight industriesin 2006.

The horizontal bars show the distribution of
employees with higher education within natural sci-
ence and technical engineering, everyone with higher
education (including those with education within nat-
ural science and technical engineering), and the total
number of employeesin every industry, with every
level of education, respectively. The figure shows
that public sector had the largest number of employ-
ees, and therefore included a large share of highly
educated people in Norway. Business activities, data
processing was the industry with most employees
with a higher education within natural science and
technical subjectsin 2006. A third of al employees
with this kind of education were employed in this
industry, a quarter in the public sector and asixthin
the manufacturing industry. There are a high propor-
tion of employees with higher education within natu-
ral science and technical subjectsin business activi-
ties, data processing. In this industry we will find
consultancy firms within technical subjects, consult-
ative engineers etc.
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Figure 2.15
Proportion of employees with higher education® in 2006 by industry.
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2.4.2 Mobility among employees

Every time an employee changes employer, he or she
brings with them their formal competency and more
specific knowledge acquired during their everyday
working life. Mobility among employeesistherefore
an important mechanism for transfer of knowledge
and competency across companies and industries.
Thisis not to say that mobility should be as high as
possible. Mobility also entails aloss of competency,
in particular when indispensable employees leave a
company. These employees often possess a lot of
tacit knowledge, which they take with them when
they move on and which it will take otherstime to
gain.

There are different ways of measuring mobility
among employees. In Figure 2.16 we look at persons
that have changed workplace from one year to an-
other. Most will aso change employer, but the num-
bers also include people who change workplace
within the same company.

AsFigure 2.16 illustrates, there are no great dif-
ferences between people with higher education of
five years or more and those with higher education
within natural science and technical engineering. The
yearly rates of mobility follow each other closely. If
we look at the mobility for all employees, it is about
6 to 7 percentage points higher. Thisismainly dueto
the fact that the youngest employees are far more
mobile, because of part-time working, few jobs—and
amore active search for new jobs.

There are no obvious reasons for the variationsin
the mobility from year to year. The economic situa-
tion, i.e. thelevel of unemployment and the number
of new businesses, do have an effect on yearly mobil-
ity, but not in an unambiguousway. Theratesare also
strongly influenced by statistical routines. The great
changes we see in the 1994-1997 period are due to
changes and reorganisation in relation to the imple-
mentation of a new register (The Central Coordinat-
ing Register for Legal Entities), and to the very
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Figure 2.16
Proportion of mobility among employees in
1986—2006 by type of education.
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special economic situation in some parts of the
labour market in relation to the dotcom-bubble.

2.4.3 The professional career of doctoral
degree holders

Most doctoral degree holders who earned their de-
gree at aNorwegian ingtitution are employed in the
public sector, and most of them at universities and
colleges, according to arecent study (Olsen, 2007).
The study confirms the common understanding that
most persons holding qualifications at doctoral level
aspire to a career in academic or other research insti-
tutions.

However, for along time alarge minority of the
doctoral degree holders have filled positionsin other
business and enterprises, both in the private and the
public sector. The share of employed doctoral degree
holders working in the private sector has been increas-
ing over time.

Even if the mgjority of the doctoral degree hold-
ersare still employed in the public sector, this applies
to adecreasing share of doctoral degree holders.
About 80 percent of the people awarded a doctoral
degree in the 1970s were employed in the public sec-
tor 2003. The corresponding percentage of the 1990
cohorts was only 60 percent.

Figure 2.17 shows the sectorial and subsectorial
affiliation in 2003 of the economically active doc-

toral degree holders. More than 60 percent were
working in the public sector. Two thirds of the doc-
torsin the public sector were attached to subsector
Education. One in four doctorate holders in the pub-
lic sector worked in Health and social services and
onein ten were in Public administration or Other
public activities.

The distribution among subsectors has remained
relatively stable over time. However, alarger percent-
age of the 1970 cohorts than the succeeding cohorts
are employed within Education.

In 2003 about 3 600 doctoral degree holders were
classified in the Education sub sector. AlImost all of
them were affiliated with universities and university
colleges. The women'’s share of the doctoral degree
holders in Education was 28 percent.

Most of the 1 400 doctoral degree holdersin
Health and social services worked at somatic hospi-
tals. Not surprisingly, 93 percent of them hold a doc-
toral degreein medical and health sciences. Only one
in five doctoral degree holders working in a hospital
were women. In socia services, by contrast, there
was a magjority of women among the doctoral degree
holders.

The 400-odd doctoral degree holders working in
Public administration etc. were distributed along
several activity categories, among which Defence
employed alot.

In 2003, the private sector included dightly below
40 percent of al employed doctoral degree holders.
Half of them were working at research ingtitutions or
enterprises (NACE code 73 Research and develop-
ment) with R& D as amain objective. It should be
noted that even though, in this context, units classified
as NACE code 73 are considered private, many of
them are in fact non-academic research institutions
primarily funded by the government. It should also be
noticed that code 73, despite its name, only coversa
smaller share of the total R& D activities, and does not
include the Higher education sector or R&D at enter-
prises with a main objective other than R&D.

One quarter of the doctoral degree holdersin the
private sector worked in the subsector Services and
smaller sharesin manufacturing Industry and Qil,
gas, mining. There are amost no doctoral degree
holdersin Primary industry.

About every fifth doctoral degree holder in the
private sector was a woman.

In 2003 all employees in Norway amounted to
2.26 million people. The number of employees hold-
ing a Norwegian doctoral degree earned during the
1970-2002 period, was 8 680, which is 0.4 percent
of all employees. In 2007 the percentage will proba-
bly increase to above 0.5 percent. However, persons
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Sectorial and subsectorial affiliation of economically active doctoral degree holders in 2003

having earned a Norwegian doctoral degree in the 1970—2002 period.
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holding formal research qualifications still constitute
only avery small part of the total Norwegian labour
force.

2.5 International comparison
of higher education

International reports show an increasing demand for
workers with higher education. Since the mid-1980s
it has also been observed how the economic return of
higher education has increased. However, the data
from the OECD database Education at a Glance does
not indicate that thisis the case for Norway.

Today Norway isone of the countriesin theworld
with the highest educational level. The tendency to-
wards getting higher education has not only increased
in Norway the last 10-20 years, but also in many
other countries. Because of this, we cannot take it for
granted that Norway will keep its position as one of
the countriesin the world with the highest educa-
tional levels. Figure 2.18 shows the share of the
youth population that will complete higher educa-
tion. According to this indicator, countries like Den-
mark, Great Britain and Iceland, which today have a
lower educational level than Norway, are experienc-
ing astronger tendency among young people towards
getting ahigher education. Over time these countries
may attain a higher educational level than Norway.
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Figure 2.18

Calculated proportion of age cohort (the
typical age of graduation) which completes
higher education in selected OECD countries in
2004.
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Comparing the share of the youth population in
Norway that starts on a course of higher education
within the highest level of education — ISCED 5A/6"
—with the corresponding share in selected OECD
countries, gives a picture that is more advantageous
for Norway. In this context Norway is humber four
on theligt, just behind Sweden, Iceland and Finland.

The recent period of strong economic growth in
Norway hasled to avery low unemployment rate,
especially for employees with higher education. In
2007 only 0.9 percent of the employees with alower
degree and 0.7 percent of employees with a higher
degree, were unemployed.

Figure 2.19 shows the unemployment rate by educa-
tional level in selected OECD countriesin 2004, which
isthelast year for which comparable data are available.

In spite of the high educational level in the Nor-
wegian workforce, Figure 2.19 shows that the unem-

1 IsceD (International Standard Classification of Education) 6
corresponds to education at PhD level. ISCED 5A is educa-
tion at a high theoretical level that gives access to PhD edu-
cation, while ISCED 5B mainly is vocationally oriented edu-
cation lasting 2 years or more.

Figure 2.19
Unemployment rate in selected OECD
countries in 2004 by educational level.
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ployment rate among workers with higher education
still ismuch lower in Norway than in other countries.
Only 2.4 percent of the workforce with higher educa-
tion was unemployed in 2004. But the figure al'so
shows that unemployment was generally lower in
Norway than most other countries. The probability of
unemployment for workers with higher education
relative to the probability for workers without higher
education was higher in Norway than in the other
countries, with the exception of Sweden. This can
indicate that the high educational level in Norway
hasled to higher unemployment among workerswith
higher education. Also, over time, the difference in
the unemployment rate between those with and those
without higher education has diminished.

The wage premium for workers with higher edu-
cation is much lower in Norway than in most other
countries. Thisisatraditional part of the Norwegian
welfare model with high emphasis on income equity,
and cannot be explained by the high educational
level. Nationa studies have found that the wage pre-
mium has increased also in Norway. Nevertheless,
the benefits of investing in higher education will not
be as obviousin Norway, asin other countries.
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3 Cooperation in R&D and Innovation

Research, development and innovation are not iso-
lated activities that take place apart from the rest of
the world. Rather there is an extensive interaction
with the surrounding environment, but in different
ways and with different intensities. These are the
relations that contribute to the establishment of what
we refer to as the research and innovation system.
While the rest of this report describes activities and
resourcesin the different parts of this system, chapter
3 addresses indicators that say something about the
interaction and cooperation between the different
parts of the research and innovation system.
Interactions and rel ations are important for many
reasons. For instance, they influence the likelihood of
innovation processes succeeding by supplementing
other elements of contribution. Thus the analysis of
the relationship between input and output will bein-
complete if interaction and cooperation are not taken
into consideration. Also, mgjor parts of public politics
focus on strengthening relations and knowledge trans-
fer between different actorsin order to get the most out

Figure 3.1

of investmentsin competency. To be able to evaluate
the policy, it is therefore necessary to have an under-
standing of and good indicators for innovation.

3.1 Cooperation in R&D and
Innovation

Cooperation in R&D and innovation is mainly based
on formalised cooperation between different partici-
pants, but informal contact and networking between
the industry, universities and university colleges and
research ingtitutes, together with exchange or loan of
personnel, is also of great importance in this context.
In the Oslo Manual (OECD 2005) different forms of
interaction and cooperation are described. Included
here are open information sources without any sub-
stantial costs, buying technology, consultancy serv-
ices, contract research and cooperation relations
where both parties actively contribute.

Resources used on R&D cooperation in 2003 and 2005 by funding source.
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On the basis of the R& D statigtics, in this chapter
we have calculated the transfer of resourcesin rela-
tion to R& D activities.

Altogether NOK 10.7 billion were transferred in
2005, intended for purchasing and funding of R&D
across the three sectors and abroad. Funding of R&D
cooperation conducted in Norway amounted to NOK
8.2 billion, while Norwegian funding of R&D con-
ducted abroad amounted to NOK 2.5 hillion in 2005.
Thelast part coversforeign aid projects and member-
ship feesfor international organisations like the
Framework Programmes of the European Commis-
sion, CERN and ESA. Thisfunding isin addition to
the total amount of NOK 29.6 billion spent on R&D
in Norway in 2005.

The Industria sector spent NOK 3.8 billion buy-
ing R& D from other Norwegian companies, funding
R& D projectsin the Higher education sector and in
the Institute sector. Funding of R& D cooperation
from public sources and foreign sources amounted to
NOK 2.0 billion and NOK 2.4 billion respectively in
2005.

From 2003 to 2005 the total amount spent on
R&D conducted in Norway and abroad with Nor-
wegian funding increased by more than NOK 1 bil-
lion or 12 percent. In this period the funding of
R& D from abroad and the Industrial sector’s pur-
chase of R& D from Norwegian companies both
increased by 17 percent. It was, however, the Indus-
trial sector’s purchase of R& D from abroad that
increased the most: by 22 percent. Funding of R&D
conducted in Norway by the European Commission
decreased from 2003 to 2005, and constituted less
than 20 percent of the total foreign funding of R&D
in Norway in 2005. Public funding of R&D con-
ducted in the Industrial sector also decreased from
2003 to 2005.

3.2 Cooperation in R&D and
iInnovation in the Industrial
sector

Chapter 3.2.1 is about cooperation on R&D in the
Industrial sector, based on the 2005 R& D Survey. In
chapter 3.2.2 results from the 2004 R& D and Innova
tion Survey are examined, where the cooperation is
on innovation projects. Hence, results for the two
years are not comparable.

Figure 3.2
Share of enterprises with R&D cooperation in
2005 by size group.
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Figure 3.3

R&D expenditure in cooperation projects in
2005 by size group (left axis). R&D expendi-
ture in cooperation projects as a share of total
R&D expenditure in 2005 (right axis).
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Figure 3.4
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Cooperation partner and important cooperation partner in 2002—2004. Percent of enterprises

with innovation cooperation.
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3.2.1 Cooperation in R&D in the
Industrial sector

Half of all R& D enterprises cooperate with others,
according to the 2005 R&D Survey. In mining and
manufacturing, 52 percent of all enterprises with
R& D reported having cooperated on R& D projects
in 2005, while the corresponding figure for the serv-
ice industries was 26 percent. In some industries
practically all enterprises cooperated with others on
R&D. Large companies report having cooperated on
R& D more frequently than smaller companies, see
figure 3.2.

R&D cooperation means active participation in
joint R& D with other organisations — either other
enterprises or non-commercial institutions. It does
not necessarily imply that both partners derive
immediate commercial benefit from the venture.
Pure contracting out of work, where thereis no
active collaboration, is not regarded as coopera-
tion.

Suppliers were the most frequently cited coopera-
tion partner: 64 percent of al enterprises with R&D
cooperation reported this. 62 percent reported custom-
ers and clients as a partner, while 47 percent cooper-
ated research institutions.

As much as 93 percent reported having coopera-
tion partnersin Norway. Many companies also found
their partners elsawhere; partnersin the Nordic coun-
tries and the EU were reported by 39 and 40 percent,
respectively. A share of 19 percent had partnersin
the USA, and 19 percent cooperated with partners
from other countries.

In the 2005 survey, the respondents were asked
about the share of their total R& D expenses spent on
cooperation projects. Although half of all R&D enter-
prises reported having such projects, only 17 percent
of the Industrial sector’stotal R& D expenditure —
just over NOK 2.3 billion — were spent on cooper-
ation projects. Thisin turn means that each R&D
cooperating firm spent 31 percent of their R&D
expenditure in cooperation with others.
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3.2.2 Cooperation in innovation activities
in the Industrial sector

The 2004 Innovation Survey addressed innovation
cooperation in the Industrial sector. The survey
shows that this kind of cooperation is quite common.
A successful innovation project often requires the
enterprise to cooperate with other parties, and 33 per-
cent of the innovative enterprises had such coopera-
tion agreements.

Suppliers are most frequently cited as partners. A
72 percent share of all enterprises cooperating with
others report they have this form of cooperation
agreement, while 29 percent assess that cooperating
with suppliersisvital to their innovation project.
Customers are amost as frequently used as partners
in such agreements — 70 percent report this—and
cooperation with customersisthe form of agreement
most frequently reported as vital to the project (42
percent state this).

Consultants are cited as partners by 51 percent,
while government and private research organisations
are reported by 48 percent and universities and
higher education institutes are reported by 44 per-
cent. Shares of 11, 14 and 12 percent, respectively,
assess these cooperation arrangements as vital to the
enterprise’sinnovation project. Thisisillustrated in
figure 3.4.

There are, however, some differences between
enterprises of different sizes, when it comes to choos-
ing partners for cooperation agreements. While
consultants are reported as partners by roughly half
of all enterprises regardless of size, research organi-
sations and universities and higher education insti-
tutes are much more frequently used by the larger
enterprises. Among enterprises with more than 500
employees, 73 percent cite the former as a partner,
while 70 percent cooperate with universities and
higher education institutes.

3.3 International
collaboration in publications

International collaboration in R& D can be observed
in scientific journalsthat have co-authorsin different
countries. The authors have to state their addressin
the journals, and thisinformation isthen registered in
the bibliometric databases at Institute for Scientific
Information (1Sl).

Through I1Sl, NIFU STEP has obtained data about
85 208 scientific articles that were registered at ISl
during the twenty years from 1987 to 2006, and that

Figure 3.5

Number of articles with international
collaboration by geopolitical region in 1987—
2006.
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have at least one author address registered in Nor-
way. Thisisthe majority of all the articles published
by Norwegian researchersin international scientific
journals during this period.

An increasing share of these articles also has
author addresses in other countries. In 1985 there
was international co-authorship in 23 percent of the
articles. Ten years later this share had risen to 40 per-
cent, and in 2005 52 percent of the articles had com-
binations of Norway and other countriesin the ad-
dresses. The strongest increase was during the 1990s.
In recent years the share has remained stable at just
above 50 percent. There has also been a strong
increase in the number of Norwegian articlesin this
period: from 2 700 in 1987 to 6 600 in 2006.

In spite of thisincrease, Norway’s proportion of all
scientific articlesindexed at | Sl hasremained relatively
stable at 56 per thousand during the whole period.
Norwegian co-authored articles also belong to other
countries. In addition world production hasaso in-
creased, and thisisto a great extent due to an increas-
ing co-authorship in every country’s articles. The pro-
portion of such articlesishigher in small countriesthan
inlarge countries, but it hasincreased in every country.
The tendency of international integration in there-
search publicationisinitself international.

Asin every other Western country, the USA isthe
largest collaborator for Norway. This should be seen



in relation to the fact that USA isthe world's largest
research nation measured in the number of 1Sl arti-
cles. Our Nordic neighbours have higher proportions
of Norway’s co-authored articles, than they have of
the world production of 1S| articles. The Nordic
countries are thus close collaborators for Norway.
China and Japan are examples of the opposite.

Twenty years ago five countries dominated the
Norwegian collaboration articles: USA, Sweden,
Great Britain, Germany and Denmark. These are still
the most important collaboration countries, but the
collaboration profile of Norway has broadened in
recent decades and now includes co-authorship with
scientists in most countries that are activein re-
search.

Figure 3.5 shows the number of Norwegian col-
laboration articles divided into four geopoalitical
regions. If the collaboration is only with Denmark,
Finland or Sweden, the articles are counted in the
Nordic countries category, which also includes Ice-
land. USA and Canada are included in the North-
America category. The figureillustrates that EU is
now more important than North Americain the inter-
national collaboration related to Norwegian research.
This change is particularly notable from 1994 and
can be related to the Norwegian participation in the
EU Framework Programmes from the mid-1990s.
The strong historical tradition of internal Nordic col-
laboration has lost much of its weight within a
broader collaboration profile.

In recent years there has also been a considerable
increase in collaboration with countries outside the
three main geographical areas. At the same time the
relative importance of the three main areas has
changed.

3.4 Norway’s participation in
the EU Framework
Programme

This section focuses on Norwegian participation in
projects supported by the EU Framework Pro-
gramme on Research and Technological develop-
ment. Thisisthe world’s largest research coopera-
tion. The 7" Framework Programme amountsto 50.5
billion Euros.

As amember of the European Economic Area
agreement (EEA), Norway has participated in this
cooperation since the 4" Framework Programmein
1994. The contingent for participation among the
EEA countriesis related to GDP. The Norwegian
financial contribution for the 6th Framework Pro-
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gramme was about NOK 660 million per annum. For
the 7th Framework Programme it will cost about
NOK 8.9 billion or NOK 1.28 billion per annum on
average.

The results of the Norwegian participation in the
Framework Programme have been very good. Thisis
shown in several evauations. The 6th Framework
Programme has been afar-reaching programme con-
sisting of seven thematic priorities and nine horizon-
tal activities.

Asof April 2007 Norwegians had participated in
2 490 applications, 1 724 of which came under the
thematic priorities and 766 under the horizontal
activities. Of these 749 were recommended for
grant. This gives a Norwegian success rate of 30
percent; thisis 10 percent higher than EU average.!
There were especially many Norwegian applica-
tions within Information Society Technologies,
while Sustainable Transport Systems had the high-
est success rate.

The international dimension of the programmeis
considerable. Norway'’s participation entails coopera-
tion with 105 countries. Cooperation is primarily
with the 15 old EU countries, then with the 10 new
plus Switzerland, and arelatively smaller share with
other European countries. Cooperation with non-
European countriesis sparse and of smaller volume.

Figure 3.6 shows the 20 most frequent countries
of cooperation with Norway according to number of
applications and granted projects. The number of
granted projects compared with applications is espe-
cialy high for projects with Belgium, but also for the
Netherlands, France, Denmark and Great Britain.
Germany is the most frequent cooperation partner
both when it comes to applications and granted
projects. This has both historical reasonsand is
related to the country’s size. Relative to population
numbers, the results are different. Cooperation with
other Norwegian partnersis naturally the most fre-
quent, followed by cooperation with researchersin
Denmark, Sweden, Finland, Ireland, the Netherlands,
Belgium and Greece.

When it comes to a sectorial division of the Nor-
wegian participation in granted projects, the Institute
sector has the highest share with 35 percent of the
participations, followed by the Industrial sector with
29 percent, the Higher education sector with 25 per-
cent and 11 percent other participations. The last cate-
gory includes participations by public services and
different organisations. Relative to the number of
applications, it is also the Institute sector that has the

1 These figures do not include the Marie Curie activities and

EURATOM projects.
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Figure 3.6

Norway’s 20 most important countries® of cooperation in EU’s 6th Framework Programme.
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highest share of granted applications followed by
others, the Industrial sector and the Higher education
sector.

3.5 Norwegian co-patenting
in Europe

Economic agents rarely innovate on their own. Inno-
vation tends to involve cooperative efforts that bring
together different types of knowledge from different
places. Co-patenting, in which different agents par-
ticipate in the same patent application, provides
potential insight into thisincreasingly prevaent form
of collaboration. This section presents two types—or
levels — of thiskind of patent-oriented cooperation.
(i.) Type 1: the relationship between multiple

agents who are co-applicants in a patent application.
Cooperation between applicants indicates coopera-

tive effort in the development and/or utilisation of the
invention

(ii.) Type 2: the relationship between applicant(s)
and inventor(s). The relationship implies cooperation
or transfer of knowledge between inventors and the
applicant(s).

Thefocus here is on Norwegian applications filed
with the European Patent Organization (EPO). The
publication date at the EPO lays the basis for the ten
year period, 1996-2005.2 The presentation is based
on European patent applications (EP-A) involving
Norwegian actors; i.e., applications with at |east one
applicant and/or inventor with a Norwegian address.

EPO applications involving Norwegian actors
increased from 205 in 1996 to 430 filings in 2005,
with apeak of nearly 500 in 2004. Co-patenting

2 Norway formally becomes part of the EPO system in January
2008. Applications filed with the EPO before then will
generaly reflect earlier, typically first-filingsin Norway with
priority dates which are significantly earlier.



Figure 3.7
European filings involving Norwegian actors in
1996—2005 by category of applicant(s).
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Figure 3.8

Norwegian EPO filings in 1996—2005 by
technological area and number of inventors
per application.t
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involving co-assignees (Type 1) isfound in a minor-
ity of thesefilings. The rate of co-patenting of this
type remains stable at about 20 percent throughout
the period. Thoseinvolving two applicants and those
involving three or more applicants make up 9 and 1
percent of the total, respectively.

These ‘Norwegian’ filings at the EPO fal into
three categories as presented in Figure 3.7:

Applications involving only Norwegian appli-
cant(s); applications involving only foreign appli-
cant(s) but with at least one Norwegian inventor; and
applications with at least one of each.

Figure 3.7 indicates that Norwegian filings at the
EPO generally involve Norwegian applicants. Dur-
ing the period, 76 percent involved one or more Nor-
wegian applicants, while five percent involved a mix
of domestic and foreign applicants. The remaining 19
percent feature a combination of foreign-only appli-
cants but at least one Norwegian inventor. Norwe-
gian private individuals (no affiliation provided) are
most prevalent among co-assignees, followed by
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Norwegian firms, foreign firms (often an interna-
tional corporation), and foreign private individuals.
A small minority explicitly involves both domestic
and foreign actors at public research organisations.

From this angle, the form of co-patenting that
grew fastest in the period was the combination of for-
eign applicants and at |east one Norwegian inventor.
Co-patenting in chemicals and pharmaceuticals, par-
ticularly, exhibits a number of interesting features.
This areamakes up the largest group of filings at the
EPO with Norwegian involvement (N=856), it in-
volves the greatest number of applicants per appli-
cation (1.2 per application) in the population, itisthe
fastest growing, and with 63 percent it has the lowest
level of Norwegian involvement on the applicant
side.
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The more general tendency is that the number of
inventors per application grows rapidly through the
period, especially from 1999 onwards. The increase
is again technology specific, with the average num-
ber of inventors increasing most in process techno-
logies aswell asin chemicals and pharmaceuticals.
Figure 3.8 shows that three technological areas are
more inventor-intensive, namely chemicals and phar-
maceuticals, instruments, and electronics. The
remaining areas are dominated by single-inventor
applications.

The most inventor-intensive applications are
again found in the chemical and pharmaceuticals
area, with as many as 20 inventors on the same appli-
cation. Thistype of collaboration (Type 2) involving
multiple inventors per application is aso relatively
common in instruments and process technologies.
Figure 3.9 illustrates that applications with multiple
inventors also vary according to who the primary
applicant is. It distinguishes between six categories
of primary applicant as correlated by the number of
inventors.

Thefigure shows that the majority of applications
with asingle inventor also have a single applicant.
These make up alarge proportion of the applications
filed by private individuals.

More than half of the filings with a Norwegian
firm as the primary applicant involve multiple inven-
tors. The proportion is higher for public research
organisations, which are more likely to bein the
chemicals and pharmaceutical area. Overall, the
increase in co-patenting in Norwegian filings at the
EPO tends to be down to Type 2 collaborations
involving foreign applicants and one or more Norwe-
gian inventors.

Figure 3.9
Link between primary applicants and number
of inventors in 1996—2005.1
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Documentation of the usefulness and results of
research and innovation activities is given a great
deal of attention both in national and international
institutions and in public and private budget proc-
esses. In Norway different types of result indicators
have been of great importance both in connection
with the new incentive-based financing in the Higher
education sector, and in the discussion of a new
financing system in the Institute sector. In the EU,
with contributions from the OECD, some major
projects are underway to monitor and coordinate the
development of research and innovation policy at
both national and regional level. The goal isto en-
courage EU members to develop national research
and innovation political strategiesthat are in accord-
ance with the policy of the European Commission.
The purposeisincreased quality of life, welfare,
employment, solidarity, economic and sustainable
development and competitiveness.

Norway too has seen an extensive effort in the last
few years to establish different arrangements specifi-
cally in order to raise the quality of Norwegian re-
search. Some of the arrangements that merit mention
in this context are for instance the 21 Centres of
Excellence (13 established in 2002, eight in 2006),
14 Centres for Research-based Innovation (estab-
lished in 2006), and six clusters within the Norwe-
gian Centres of Expertise programme (established in
2006).

This chapter presents established results indica-
tors for knowledge production and innovation.

4.1 Publications and citations

This section presents various bibliometric indicators
on the performance of Norwegian science. The indi-
cators measure two basic parameters:. 1) the extent of
publishing in international scientific journals, and 2)
the extent to which these papers have been referred
to or cited in subsequent scientific literature. In turn,
these indicators represent indirect measures of know-
ledge production and of scientific impact and inter-
national visibility. Through a bibliometric survey
information is thereby provided on the structure and
output of the nation's research system. Theindicators
are based on data provided by Thomson Scientific
(formerly Institute for Scientific Information, 1SI),

Table 4.1
Scientific publishing in 2006 in selected
countries.

Proportion of world | Number of articles|  Relative citation
Country production®|  Per 1000 capita index?
Switzerland 15 2.26 145
Sweden 15 1.84 123
Denmark 0.8 1.64 135
Iceland 0.0 1.60 135
Finland 0.7 1.59 120
Israel 0.9 151 111
Norway 0.6 1.46 118
Netherlands 2.1 1.44 132
Canada 39 137 116
Australia 2.4 1.35 108
New Zealand 0.5 1.30 9
UK 6.8 1.28 125
Belgium 11 1.22 122
Ireland 0.4 1.03 104
Austria 0.7 1.02 117
USA 25.8 0.99 135
Germany 6.4 0.88 119
France 45 0.83 110
Taiwan 15 0.73 74
Greece 0.7 0.73 83
Spain 2.1 0.71 101
Italy 35 0.68 107
Czech Republic 0.5 0.58 81
Japan 6.3 0.56 91
Portugal 0.5 0.55 90
Korea 2.1 0.48 80
Hungary 0.4 0.45 9%
Poland 12 0.34 74
Turkey 12 0.19 49
Russia 18 0.14 57
Brazil 15 0.09 67
Mexico 0.6 0.06 67
China 6.1 0.05 73
India 2.3 0.02 60

1 Number of articles 2006 divided by the sum of all

countries' article production

2 Based on the publications from the period 2002—2006
and the citations to these publications. The index for
each country has been weighted according to the
countries’ relative field distribution of articles.

Source: National Science Indicators Thomson Scientific/
NIFU STEP

the producer of the most important database for biblio-
metric purposes.
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4.1.1 Scientific publishing and citations —
overall figures

The USA isthe world’s largest scientific nation and
accounted for 26 percent of the global production of
publications in 2006 measured as the sum of all
countries’ production, cf. Table4.1. Then follow four
countries with proportions above 5 percent: UK, Ger-
many, Japan, and China. It isworth noting that China
has doubled its number of publicationsin no more
than five years and will probably soon take over as
the world’s second largest scientific nation.

Norwegian researchers published 7 200 scientific
articlesin 2006, representing approximately 0.6 per-
cent of the world production of scientific publica-
tions. This percentage has remained fairly stablein
recent decades. Measured as number of articles per
1 000 capita, Norwegian scientists produced 1.46
articlesthis year. Norway thus ranks as number 7
among the nations shown in Table 4.1. Among the
Nordic countries, however, Norway has the lowest
per capita production. Here, Sweden is by far the
largest scientific nation with atotal number of arti-
clesthat is amost twice as large as that of the next
ranking country, Denmark.

Table 4.1 also shows an overall citation indicator
for the countries. In absolute numbers the countries
with the largest number of articles also receive the
highest numbers of citations. It is however common
to use a size-independent measure to assess whether
acountry’s articles have been highly or poorly cited.
One such indicator isthe relative citation index
showing whether a country’s scientific publications
have been cited above or below the world average
(=100). Because there are large differencesin the
citation rates among different scientific disciplines a
country’s overall citation rate will depend upon the
relative distribution of its papers within different sci-
entific disciplines. A relatively large number of
papers within highly cited fields would significantly
increase a country’s overall level of citations. In
order to account for such differencesthe relative cita-
tion rates are weighted according to aworldwide
(average) field distribution of articles. Thisthen
gives an indicator that allows direct international
comparisons.

In terms of citations Norway ranks 11th of the
countriesin Table 4.1, with arelative citation index
of 118. This means that the Norwegian publications
were cited 18 percent above average. For along time
Norwegian publications have been cited below the
world average. Thisis evident from Figure 4.1,
which shows the annual relative citation index for
four Nordic countries for the period 1981-2006. It

Figure 4.1
Relative citation index for four Nordic
countries in 1981—2005.1
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was not until the middle of the 1990s that Norway
passed the world average. Switzerland is the nation
that has the highest scientific impact measured by
citations. Swiss articles were cited 45 percent above
the world-average for the period 2002—2006. Then
follow three countries with a citation index of 135:
USA, Denmark and Iceland.

The general tendency isthat the differencesin
citation rates between the countries have been
reduced over the period. At the beginning of the
1980s there was a gap between Sweden and Den-
mark on the one hand, and Finland and Norway on
the other. Norway has been improving, particularly
since the mid-1990s. Just as striking is the rapid
increase in the citation rates of Finnish articles dur-
ing the 1990s. The scientific production of Sweden
and Denmark has been highly cited during the entire
period, although there has been amoderate declinein
Sweden. The reason for Norway's improved position
at the end of the 1990s has not been analysed in
detail. Apparently, clinical medical science in partic-
ular has contributed to the positive trend for Norway.
Also we find a considerable increase in the share of
international co-authorship during the period and



these articles are generally more highly cited than the
articles authored by Norwegian scientists alone.
Thus, the increase in international collaboration
seems to have contributed to improving theimpact of
the research.

4.1.2 Fields of science

Norway has a distinct scientific profile. Thisis
reflected in the so-called “ specialisation index”. This
index states whether a country has a higher or lower
proportion of its publicationsin a particular subfield
than the average for all countries. A strong speciali-
sation in aparticular field does not necessarily imply
ahigh citation rate, or vice versa. Generally, Norway
has arelative high publication activity in the geo-
sciences and biology. In contrast, there is a de-spe-
cialisation in the “hard” sciences physics, chemistry
and engineering. This scientific profile hasits roots
in historical traditions and has been described as a
“bio-environmental model”, that is, the pattern most
typical for developing and more ‘natural’ countries
(e.g. Australia or South Africa) with biology and
earth and space sciences being the main focus.

In biology Norway has a particularly strong spe-
cialisation in aguatic sciences, ecology/environment
and animal science. In biomedicine and clinical med-
icine the picture is heterogeneous. We find a positive
specialisation in clinical medicine and particularly in
dentistry, while in biomedicine the overall publica-
tion proportion is dightly lower than “expected”. In
chemistry, physics and engineering the Norwegian
proportion of the world production is very low, a
characteristic that has remained a part of the Norwe-
gian scientific profile for along time.

The citation rates also show large variations
among the different disciplines. Analysing citation
frequencies of articles published in the period 2002—
2006, we find a particularly strong performance with
acitation rate of 30 percent or more above the corre-
sponding world average in the following disciplines:
environment/ecol ogy, clinical medicine, mathemat-
ics, engineering, and computer sciences.

4.2 Patent indicators

This section presents a general snapshot of the level

of Norwegian patent activity at the European Patent

Office (EPO). Norway formally joins as a full-mem-
ber of EPO in 2008 as essentially the last European
country to do so (see also blue box). The brief pres-

entation complements a detailed presentation? that
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The Norwegian transfer to the European
Patent Convention

The main purpose of the European Patent Con-
vention (EPC) is to make it possible for one pat-
ent applicant with one application to gain
patent in those countries that are members of
the Convention. The negotiation of the EPC was
finished in 1973 and came into force in 1977.
Norway participated in the negotiation of the
Convention and signed on October 5th 1973,
but has still not ratified it.

The Ministry of Trade and Industry has now
initiated a Norwegian approval to the EPC. It is
supposed to be put into effect in January 2008,
more than thirty years after the issue was
raised for the first time. There have been sev-
eral reports and hearings during these years.

The patent directive of the EU was included
in the European Economic Area agreement
(EEA) in 2003 and then carried out in the Nor-
wegian court. The material patent legislation
was completely harmonised with the EPC. Nor-
way is obliged to have the same rules for pat-
enting as the EPC.

documents Norwegian patenting on the eve of its
transition to the regional patent regime. An addi-
tional presentation of current patterns of cooperation
of Norwegian actorsin EPO patenting is found el se-
wherein thisreport (3.5). Asaresult, the next round
of the report will provide a more complete presenta-
tion of Norwegian patenting.

Patent statistics have long been used as an indica-
tor of the level and orientation of technological inno-
vation. Patents indicate inventive activity with a pre-
sumed potential for commercia application. There
are several dimensions to the indicator. The most
common distinction runs between the patent appli-
cations, where the claim of inventiveness remains
unverified by the patent authority. In this case, there
is greater uncertainty about the innovative content of
the indicator, but the indicator is more current. The
inverse caseisthat of the patent grant, where the
claim to novelty has been tested. The trade-off isthat
the granting process entails a considerable time-lag
(typically 3-5 years). Thislag detracts from the cur-
rency and thus the value of the indicator, particularly
in fast-moving fields.

Patent applications and grants are traditionally
seen as an output indicator of innovative activity.

1 Thatis asignatory of the European Patent Convention

(EPC).

2 Delrapport 1/2007 of the original Norwegain report.
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Figure 4.2

Number of patents applied for at the European
Patent Office (EPO) in 1993—2003 per one
million capita in the four Nordic countries and
the EU15.
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However, patenting can also be regarded as repre-
senting an input factor, especialy in cases where
innovation processes are cumulative and involve
multiple technologies. In addition, patent statistics
are constrained by a series of other interpretation fac-
tors, such asthe variation of the value of patenting,
the variation in the propensity to patent across tech-
nologies. One of the most salient features of the pat-
ent-based indicators is the ability to track develop-
ments between countries and in technologies over
time.

Figure 4.2 presents a general picture of patents
applied for at the EPO for selected countries. It illus-
trates that patent intensity in Europe increased in the
eleven year period ending in 2003.

The number of applications involving Norwegian
applicants doubled in the period to 117 applications
per million Norwegiansin 2003. The average for the
European-15 countries was by way of comparison
161 applications per million. The most patent-inten-
sive countries by population in the group were Swit-
zerland, Germany and the other Nordic countries.
Norway, which was still not a member of the EPO in
the period, is consistently among the least patent-
intensive countriesin the overall comparison. The

general trend over timeisabreak in the strong
growth of European patenting in 2000, followed by a
relative stabilisation. The trend is different for differ-
ent countries. The downturn in Sweden and Finland
is consistent with the observation that the downturn
inthefirst years of the millennium first and foremost
affected information and communi cation technol ogy.
The Danish patent intensity continued to increase.

4.3 Results from Norwegian
research institutes

Norwegian research institutes published over 2 000
scientific articlesin 2006. Nearly 8 000 reports were
published, 230 books and 1 830 chapters and articles
in books were written. 44 patents were applied for,
and 26 were granted. NOK 5 million was entered as
licence income and nine new companies were estab-
lished based on the activity of research institutes. In
the last ten years, research institutes have published
nearly 17 000 scientific articles, nearly 2 000 books
and 86 000 reports.

Norwegian research institutes and |aboratories are
a heterogenous group in terms of their mission, disci-
plinary focus, organisation and size. For adescription
of these insitutions, see Chapter 1.3.

The contribution of research institutes and labora-
tories to the academic community comes in different
forms. Their primary contribution takes the form of
the production of articlesin scientific journals,
books, and conference papers, and by providing stu-
dents with the opportunity to take part in research
while studying.

The number of articles published in refereed jour-
nalsis shown in Figure 4.3. On average for the 1997—
2006 period nearly 1 700 articles and 200 bookswere
published annually. This includes specialised books,
textbooks and other independent publications, and on
average this corresponds to just over 0.4 articles and
books per researcher person-year. The number of sci-
entific articles has increased in recent years, but the
number of published books has been stable. The
sameis also true for the number of publications per
researcher person-year. Even though there are some
variations from one year to the next, the main ten-
dency isthat nearly one article or book is published
for every second researcher person-year during the
whole period.

The production of scientific articlesin refereed
journals varies between the different groups of insti-
tutes. Most articles are written by the researchers at
institutes in the primary industries. This group pub-



Figure 4.3

Articles and peer review journals and books
authored by employees at Norwegian research
institutes and laboratories in 1997—-2006.
Number of articles and books authored by
researcher person-year FTE.
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lished 0.7 articles per researcher person-year. The
corresponding number for the researchers at insti-
tutesin environmental or developmental research
was 0.6, for institutesin social research it was 0.4,
and 0.2 for researchers at institutesin technology and
manufacturing industry. The average article produc-
tion for the 19972001 and 2002—2006 periods
shows that the biggest increase in the production of
articles per researcher person-year was at the insti-
tutesin socia sciences, and at the institutesin the pri-
mary industries. The two other groups did increase
their production, but not by much.

The most usual result from aresearch assignment
is some form of areport. These vary from extensive
publications like books to relatively informal dupli-
cated or online publications. Even though the total
number of reports dropped from 9 500 to 8 000 from
1997 to 2006, reports are still the dominating type of
publications at institutes. In relation to the number of
researcher person-years, approximately 1.8 reports
are produced per researcher person-year, while the
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corresponding number for scientific articlesin refe-
reed journalsis 0.4. Most reports per researcher per-
son-year are produced at institutes in technology and
the manufacturing industry: 2.2 reportsin 2006. In
their own periodicals, research institutes published a
total of 2 500 reportsin 2006. Over 600 reports were
published in other institutes’ periodicals.

One last category of reportsisthose returned to
the employer without being published in any formal
way. In 2006 over 4 800 such reports were produced,
of which 80 percent were made at institutes in tech-
nology and the manufacturing industry.

In the 1997-2006 period the research institutes
applied for over 780 patents. More than 90 percent of
these applications came from institutes in technology
and the manufacturing industry, while the remaining
10 percent came from institutesin primary industries.
The number of announced patents has remained sta-
ble since 1997. During the 1997—2006 period, Nor-
wegian institutes have been granted 233 patentsin
total, which means approximately every third appli-
cation is granted.

Researchingtitutesalso sell licensesfor productsas
aresult of R&D activities at the ingtitute. From 1997
to 2006, 1 070 licenses have been sold, most of which
from ingtitutes in technology and manufacturing.

4.4 Results from the
Industrial sector’s innovation
activities

Innovation isin itself aresult of research and devel-
opment, as enterprises introduce new and improved
products and processes, and implement organisa-
tional and marketing related changes. Innovation also
creates results for the enterprises. This chapter exam-
ines the effects of the enterprises’ innovation activi-
ties, as they were reported in Statistics Norway’s
2004 Innovation Survey.

4.4.1 Turnover from new products

New or significantly improved products generated
5.9 percent of the entire turnover in the Industrial
sector in 2004. This represents a decline from 2001,
when the corresponding figure was 7.7 percent.

The share was highest in mining and manufactur-
ing, where new and improved products generated 9.7
percent of the total turnover. However, the mining
and manufacturing industries saw the largest decline
since the last survey —in 2001, 13.4 percent of the
total turnover came from innovated products.
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In the services industries, the share has increased Figure 4.4
by over two percentage pointsover threeyears,to 7.3 ~ Turnover from new and improved products in

percent in 2004. This was not enough, however, to mining and manufacturing in 2004 by size
. - ’ ’ .P t of total t .
stop the decline for the Industrial sector as awhole. grotip. Fercent of fota’ turnover
There are several possible explanations for the Percent
declinein turnover shares from innovated products. 15

One isthat the share of innovators declined some-
what in the period. Another is the sharp increasein
overall turnover.

Total turnover increasing significantly more than
the turnover from new products can seem paradoxi-
cal. One possible explanation is that the enterprises
have praoblems reporting the correct figures. Innova
tion and corresponding terms can seem vague and be
difficult to report or find in the enterprises’ accounts. >

Furthermore, the time horizon may be afactor. It
isdifficult to make generalisations about the life span
of aninnovation — the time before it isreplaced by a
new product. How long it takes from itsintroduction 0

10

until it generates turnover also varies across indus- I 9 2 2 o o S
tries and size groups. Goods and services introduced P ¢ 9 g I 1 ;
in previous periods are not counted as innovations. If S IS 3
enterprises generate large shares of their income Number of employees

from pr_oducts that were innovated, say, in the previ- B New products for the enterprise

ous period, the innovation survey draws a somewhat B New products for the market

skewed picture of the impact of innovations on total

turnover. Source: Statistics Norway/Innovation Survey
Figure 4.5

Effects from the innovation activities in the 2002—2004 period, by main industry. Share of
innovative enterprises reporting the effect in question to be of great importance.
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Furthermore, the innovation survey isstill arela
tively new survey and is still under development.
Comparisons over time should thus be made with
some caution.

4.4.2 Positive effects from innovation
activities

The result of innovation activities may cause other
positive effects for the enterprise. Improved quality
of goods and services and an increased range of
goods and services are the effects that most enter-
prises report asimportant, 28 and 26 percent, respec-
tively, as shown in Figure 4.5. A 16 percent share
reported an increased market share as the result of
their innovation activities.

Different enterprises report to a greater extent
than in previous surveys the same effects of innova-
tion activities. The various effects are present with
relatively small variations, regardless of size or
industry.

The enterprises experience different effects from
the organisational and marketing innovations.
Among the effects from organisational innovations,
increased capacity stands out — 29 percent report this
effect. 27 percent state their enterprise has increased
its profitability, and 26 percent have had quality im-
provements in the enterprise’s goods and services.

A 21 percent share experienced reduced rates of
employee turnover or improved employee satisfac-
tion as aresult of organisational innovations.

Enterprises engaged in marketing innovation
experience positive effects aswell. Of all marketing
innovators, 68 percent report increased sales, and 48
percent have aso increased their profitability asa
result of the marketing innovations.

4.5 International trade in
industries with different R&D
intensity

Nations' industry-specific trade patterns, and in par-
ticular success on export markets, isawidely used
criterion of successin international benchmarking.
According to the established definitions and indica-
tors of technological and economic success?, the
Norwegian economy isin aparadoxical situation. On

3 Themain reference is Science and Engineering Indicators

(SEI) http:/iwww.nsf.gov/statistics/seind06/, which presents
the indicators that benchmark nations' technological and
€C0oN0Mi C SUCCeSS.
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the one hand Norway scoreslow on most of the input
indicators, which say something about the basis for
economic results. The typical measures are research
and innovation. On the other hand Norway scores
high on output indicators, which say something about
economic growth, welfare, productivity and quality
of life. This section highlights this paradox by |ook-
ing at industry-specific export performance.

The prevailing indicators reflect existing regimes
of measurement and available statistics, which are by
and large based on registered research and devel op-
ment effort. R& D effort as an indicator, whichin this
caseisused to classify industries with different R& D
intensity, captures only parts of the knowledge that
feeds into innovation and positive economic results
in industries and firms. In existing statistics and
benchmarking, industries with high R& D effort have
been incorporated as normative when assessing eco-
nomic success. Indicators need to be developed that
capture the internal variation in industries and that
capture the fact that firms and industries generate
knowledge and develop, innovate, in many different
ways.
Initslatest Science and Technology Scoreboard
(2005) the OECD focuses on the positive devel op-
ment of industries with high and medium-high R&D
effort after the crisisin 2000—2001. The countries
concerned can however refer to structural differences
when it comes to export, a point we will returntoin
the comments on the figure below.

The OECD is cautiousin its normative reflections
initslatest publications®. But even if the OECD took
anuanced approach in early presentations of the clas-
sification® of industrial branches on basis of their
average R&D effort®, the classification was from the
outset interpreted normatively in benchmarking of
technology and innovation policy. Export sharesin

4 Science and Technol ogy Scoreboard 2005 and Economic

Surveys Norway 2007.

5 The OECD dlassifiesindustries according to R&D
expenditure as a proportion of turnover. Four groups are
identified: high technology in which R& D expenditure
amounts to 4 percent or more of turnover; medium-high
technology in which the R& D expenditure amounts to
between 2.5 percent and 4 percent of turnover; medium-low
technology in which the R& D expenditure amounts to
between 1 and 2.5 percent; and low technology in which the
R& D expenditure amountsto less than 1 percent of turnover.
The groups are based on the mean values for the industries
across all OECD countries in such away that the same
industries are found in the same group in al countries.

6 See OECD, OECD Science and Technology Indicators, No
2: R&D, Invention and Competitiveness, (OECD, Paris),
pp.58-61, or for example OECD, 1996, The knowledge
based economy, OECD, Paris.
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combination with the OECD classification have thus
led to a normative interpretation of export activity.
Because high R&D effort is considered an indisputa-
ble strength for industrial branches, exports from
industrial branches with high R&D effort have also
been considered an undisputabl e indicator of success.
Competitiveness is measured by export activity, but
only industrial branches with a high average R&D
effort are taken into account.

It is considered good to be in industrial branches
with high R&D intensity, while industrial branches
with low R&D intensity are not positive in the long
run. They are considered to be “sun-set” industrial
branches. This normative understanding of the sig-
nificance of certain industrial branches has had uni-
form conseguencesin the EU, in the USA (and in the
OECD), and in therest of the world. The countries
are working hard to support industrial activities with
high R&D intensity. The Norwegian paradox con-
sistsin Norway's high welfare and good economic
resultsin elucidation of the normative assessment of
high R& D as economic policy salvation in nations.
This necessitates closer scrutiny of the regime of
interpretation of branch-specific result indicators.

Export from different industrial branches givesan
indication of acountry’s most competitive industrial
branches on international markets, in relative terms.
In previous versions of thisreport we have shed light
on trade in industrial branches by means of the men-
tioned OECD definition. Figure 4.6 compares ex-
ports from the different types of industrial branches
in Norway with a selection of OECD countries.
Industrial branches with low R&D intensity domi-
nate the total Norwegian export activity. Of the coun-
triesin the figure, only Spain has alower share than
Norway of export from industrial brancheswith high
R&D intensity. If weincludeindustrial brancheswith
medium-high R&D intensity, Norway is exceeded by
Spain and ends up asthelast but one, exceeding only
Greece. At the other end of the scale we find South
Korea and Germany, where exports from industrial
branches with high R& D intensity dominate. In this
comparison, Germany has the lowest export share
from industrial branches with low R&D intensity.

Figure 4.6

Total industrial export in selected OECD
countries in 2003 by industries with different
R&D intensity.
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We have interpreted this export indicator in eluci-
dation of the countries' different industrial structures.
Generally, export shares from industrial branches are
strongly related toindustrial structure, asfor example
an overview of industrial branches' contribution to
production value added reveals. Hence, industrial
branches with low R&D intensity dominate Nor-
way'’s total production.
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Tables
Table 1
Total R&D expenditure in Norway by sector of performance and source of funds. 2005. Million NOK.
Industry Government Abroad
Total Total Of which: Total Of which: Other Total Of which:
oil Research national EU-
companies Council sourcest commission
Sector of performance of Norway
Business enterprise sector 159111 122437 1251.8 1422.3 707.3 587.9 1657.2 163.6
Of which Industrial sector? 13640.3 11226.4 9733 569.4 2014 513.2 13313 59.3
Institutions serving enterprises® 2270.8 1017.3 278.5 852.9 505.9 4.7 325.9 104.3
Government sector 4636.0 487.9 845 3551.3 1103.9 135.2 461.6 1135
Of which Institutions serving government 46205 4875 84.5 3549.1 1103.9 135.2 448.7 113.5
International organisations 155 0.4 - 2.2 - - 12.9 -
Higher education sector 9096.3 431.0 139.3 7963.8 1655.1 4213 274.2 166.2
Of which Universities and Specialiced 8112.8 415.6 139.3 7030.2 1573.9 410.6 256.4 149.7
university institutions
State university colleges 983.5 154 933.6 81.2 16.7 17.8 39584.0
Totalt 296434 131625 14756 12937.3 3466.3 1150.6 2393.0 4434

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

1 Includes private funding, gifts and SkatteFUNN in the Industrial sector.

2 private and public enterprises.
3 Non-profit institutions (NPI).

gﬁglgntzexpenditure on R&D by sector of performance and field of science. 2005. Million NOK.

Field of science Total Industrial sector® Institute sector? Higher education sector
Humanities 10424 174.3 868.1
Social scienes 29916 12215 17701
Natural sciences 30024 13218 1674.6
Engineering and technology 3169.9 2265.5 904.4
Medical and health sciences 31445 576.3 2568.2
Agricultural sciences 15005 .. 1095.5 405.0
Not elsewhere classified 12719.9 12719.9 - -
Total 275712 12719.9 6 660.9 8190.4

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

1 private and public enterprises.

2 Includes government sector, private non-profit sector and non-profit institutions (NPI) mainly serving enterprises.
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-(It—ﬁgleen?expenditure on R&D by type of R&D and sector of performance. 2005. Million NOK and
percent.
Total Basic research Applied research Experimental
Sector of performance development
Industrial sector® Million NOK 12719.9 386.3 2926.6 9407.0
Percent 100 3 23 74
Institute sector? Million NOK 6 660.9 958.9 4204.8 14972
Percent 100 14 63 23
Higher education sector Million NOK 81904 4034.0 2979.8 1176.6
Percent 100 49 37 14
Total Million NOK 27571.2 5379.2 101112 12 080.8
Percent 100 19 37 44

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

1 private and public enterprises.

2 Includes government sector, private non-profit sector and non-profit institutions (NPI) mainly serving enterprises.

Table 4
R&D expenditure in Norway by sector of performance and type of cost. 1970—-2005. Million NOK.
Current prices.

Total Industrial sector® Institute sector? Higher education sector

Total Current | Investments Total Current | Investments Total Current | Investments Total Current | Investments
Year expenditure expenditure expenditure expenditure
1970 891.0 774.1 116.9 275.6 255.5 20.1 329.3 295.3 34.0 286.1 223.3 62.8
1972 1236.0 1094.5 1415 355.4 335.3 20.1 459.3 4173 4.0 413 341.9 79.4
1974 1633.1 1467.3 165.8 478.6 434.4 4.2 629.5 578.8 50.7 525.0 454.1 70.9
1977 2716.2 2356.1 360.1 850.0 T47.4 102.6 958.8 859.6 99.2 907.4 749.1 158.3
1979 3265.2 2951.9 313.3 10265 941.6 84.9 1229.9 11346 95.3 1008.8 875.7 133.1
1981 4261.7 3865.2 402.5 13344 1209.8 124.6 17133 1569.5 143.0 1220.0 1085.9 134.1
1983 5764.6 5207.2 557.4 1886.4 1737.6 148.8 2 404.6 21421 262.5 14736 13275 146.1
1985 8202.9 73617 841.2 3574.0 32487 325.3 2826.4 2493.8 332.6 1802.5 1619.2 183.3
1987 10319.4 9216.1 1103.3 45485 4036.7 511.8 3605.1 3232.2 372.9 2165.8 1947.2 218.6
1989 11662.2| 103137 1348.5 4590.3 4056.6 533.7 4300.5 3839.3 461.2 27114 2417.8 353.6
1991 127440 112852 1458.8 4979.8 4463.2 516.6 4405.2 40243 380.9 3359.0 2797.7 561.3
1993 143356| 126675 1668.1 5631.2 4906.8 724.4 4810.7 43382 4725 3893.7 34225 472
19953 15970.4| 14 389.2 1581.2 7.340.6 6 437.6 903.0 4490.7 42715 219.2 4139.1 3680.1 459.0
1997 18243.9| 16 485.2 1758.7 8571.5 7742.0 829.5 4826.6 45186 308.0 4845.8 4224.6 621.2
1999 203465 184414 1905.1 9540.0 8772.3 767.7 4987.1 47528 234.3 5819.4 4916.3 903.1
2001 24 469.4 22 305.3 2164.1 12 613.7 113485 1265.2 55815 53374 244.1 6274.2 5619.4 654.8
2003 27332.2|  24899.7 24325 134771 121635 1313.6 6 360.0 60753 284.7 7495.1 6 660.9 834.2
2005 296434 275712 2072.2| 13640.3| 127199 920.4 6906.8 6 660.9 245.9 9096.3 8190.4 905.9

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

1 Pprivate and public enterprises.

2 Includes government sector, private non-profit sector and non-profit institutions (NPI) mainly serving enterprises.
3 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.
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Appendix
Table 5
R&D personnel (head count) in Norway by sector of performance and gender. 1974—2005.
Total Industrial sector Institute sector Higher education sector
Researchers* Researcherst Researchers* Researchers®
Total Total Total Total
Year Total Women Total Women Total Women Total Women
1974 21820 9756 5152 1419 7599 3286 306 9069 5051 606
1977 23952 10818 5851 1688 8108 3517 334 9993 5613 775
1979 25154 11851 6402 2017 8605 3982 375 10 147 5852 841
1981 26 297 12 939 6473 2316 9138 4376 511 10 686 6247 955
1983 27930 14 002 7254 2909 9793 4663 504 10883 6430 1032
1985 30979 15923 10 041 4 475 9818 4792 638 11120 6 656 1178
1987 31898 18 128 . 10332 5897 . 10077 5343 843 11489 6888 1336
1989 2871 19515 3599 9734 5861 741 10 639 5882 1131 12 498 1772 1727
1991 31473 20118 4020 8634 5671 780 10 094 5909 1204 12 745 8538 2036
1993 33979 21879 4837 9402 6192 966 10514 6339 1500 14063 9348 2311
1995° 40915 26712 6454 12 631 8012 1209 10092 6048 1551 18192 12 652 3694
1997 43972 30280 7907 14 326 10 377 1815 9998 6118 1730 19 648 13785 4362
1999 43893 30994 8629 14545 10710 2063 9279 5920 1721 20 069 14 364 4839
2001 48 752 34907 9904 18 353 13 666 2574 9285 6077 1912 21114 15164 5418
2003 51228 35740 10529 19 856 13174 2381 9411 6350 2049 21961 16 216 6099
2005 54 360 37013 11750 20730 12 442 2422 9425 6484 2207 24 205 18 087 7121

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

1 personnel with a higher education degree (ISCED-level 5A and 6). Only academic staff is included in the Higher education sector.
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.
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Table 6
R&D personnel (FTE) in Norway by sector of performance. 1970—-2005.
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 11 395 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 2711 4524 2600 1924
1979 14810 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 19 036 9767 9269 6 687 299% 3692 7095 3605 3490 5254 3167 2087
1987 20 140 11557 8583 7187 4102 3085 7619 4181 3438 5334 3214 2060
1989 20471 12 256 8215 6579 3862 2717 8108 4725 3383 5784 3669 2115
1991 20530 13570 6 960 6 747 4599 2148 7810 4817 2993 5973 4154 1819
1993 22 166 14 803 7363 7482 5021 2461 8026 5045 2981 6 658 4737 1921
1995 24003 15964 8039 9437 6169 3268 7611 4802 2809 6 955 4993 1962
1997 24935 17520 7415 10410 7662 2748 7463 4767 2 696 7062 5091 1971
1999 25 444 18319 7125 1099 8080 2915 7136 4718 2418 7313 5521 1792
2001 27108 20077 7031 12 636 9684 2952 6938 4723 2265 7484 5670 1814
2003 29 057 21023 8034 13901 9810 4091 7238 4962 2216 7918 6251 1667
2005 30511 21669 8842 13815 9070 4745 7276 5088 2188 9420 7511 1909

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

1 Ppersonnel with a higher education degree (ISCED-level 5A and 6). Only academic staff is included in the Higher education sector.
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.



Table 7
EU indicators for science, technology and innovation. Structural indicators in selected countries in 2005 or latest year for available data.
Nether- Switzer-|  United
Indicators EU25| EUL5| Austria| Belgium| Denmark| Finland| France| Germany| Hungary| lceland| Ireland ltaly| Japan| lands| Norway| Portugal|  Spain| Sweden land | Kingdom USA
1 {Human resources
1.1 | Public spending on R&D as a percentage of GDP 51 55 6.0 85 6.4 58 46 54 76 48 46 3.7 5.2 76 5.3 43 74 6.0 5.3 51
2|R&D expenditure
2.1 Gross domestic expenditure on R&D as a percentage
of GDP 1.85 191 2.36 1.82 2.44 3.48 2.13 2.51 0.94 1.25 151 0.81 1.12 3.86 2.93
2.2 | Gross domestic expenditure on R&D financed by
industry as a percentage of GDP 545/ 548 457| 60.3] 599 69.3| 5L7| 668 394| 439| 587 745|511 492| 3L7| 480 6501 69.7| 442 614
2.3 | Gross domestic expenditure on R&D financed by
government as a percentage of GDP 47| 344\ 34| 235 271 263 376 304 494 401] 329 17| 36.2| 419 601 410 235| 227 328 304
2.4 | Gross domestic expenditure on R&D financed by
abroad as a percentage of GDP 8.5 85| 176 129| 103 3.2 8.8 25 107|145 6.6 03| 113 7.4 5.0 6.2 7.3 52( 172
3| Internet access
3.1 {Level of internett access - percentage of all house-
holds 480 530{ 470/ 500| 75.0{ 540( 340/ 620{ 220{ 840 470/ 39.0| 570 780| 640{ 310] 3608 730 60.0| 550
4| Science and technology graduates
4.1 | Total tertiary graduates in S&T, age 20-29 years per
1000 capita 13.4 9.8 10.9 14.7 17.7 22.5 9.7 51 10.1 24.5 11.6 13.7 8.6 9.0 12.0 11.8 14.4 14.6 18.4 10.6
4.2 | Female tertiary graduates in S&T, age 20-29 years
per 1 000 capita 8.4 46 6.0 10.1 10.8 12.9 48 31 7.6 15.0 8.7 4.1 35 4.7 9.7 7.2 9.9 4.7 11.4 6.8
4.3 [ Male tertiary graduates in S&T, age 20-29 years per
1000 capita 183 148 157| 193] 243] 320 145 70| 125| 338 143| 230| 136 131| 143| 162 187 246| 253| 142
5|Patents
5.1 [ Number of patents applications to EPO per mio. cap-
ita 136.1| 160.7| 195.1| 1445| 235.8| 305.6| 149.1| 3117 18.9| 153.6 713 87.3| 219.1| 2443| 1171 75 30.6| 2849 33| 1214) 1676
5.2 | Number of patents applications granted by USPTO
per mio. capita 236 281| 402 27.0{ 264| 506 230/ 585 19| 269 213| 149 2760 37| 131 08 401 487 0.0 227 2747
6| Venture capital investments
6.1 | Venture capital investments, early stage, as a per-
centage of GDP 0022 0012 0021| 0.051| 0.044| 0.027| 0.014| 0.004 0.022 0.002 0.002| 0.028| 0.039| 0.013| 0.052 0.021| 0.047| 0.035
6.2 | Venture capital investments, expansion & replace-
ment, as a percentage of GDP 0.115| 0.039| 0.019| 0351 0.052| 0.071| 0.043| 0.048 0.043| 0.045| 3.400| 0.157| 0.108| 0.103| 0.075| 0.248| 0.022| 0315| 0.147
7/ 1CT expenditure
7.1 | Expenditure on information technology as a percent-
age of GDP 30 31 3.0 2.9 34 37 34 31 24 2.0 19 42 39 31 2.2 17 44 4.2 4.2 4.0
7.2 | Expenditure on telecommunication technology as a
as a percentage of GDP 34 33 33 34 31 33 26 31 57 32 34 37 2.1 5.2 38 4.2 34 3.8 2.7
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E-commerce

Share of turnover sold via the internet by enter-
prises among business enterprises

Youth education attainment level

Proportion of population, age 20-24 years, with
completed at least upper secondary education

Proportion of females, age 20-24 years, with com-
pleted at least upper secondary education

Proportion of males, age 20-24 years, with com-
pleted at least secondary education

E-government on-line availability
Online availability of 20 basic public services
E-government usage by individuals

Percentage of population, aged 16 to 74 who have
used the internet, in the last 3 months, for interac-
tion with public authorities

Percentage of females, aged 16 to 74 who have
used the internet, in the last 3 months, for interac-
tion with public authorities

Percentage of males, aged 16 to 74 who have used
the internet, in the last 3 months, for interaction
with public authorities

Use of public internett servies among business
enterprises

Percentage of enterprises which use the internet for
internacion with public authorities

Broadband

Number of broadband lines subscribed in percentage
of the population

Export of high technological products

Export of high technology products as a share of
total exports

Source: Eurostat
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Table 8
EU indicators for science, technology and innovation. Indicators for benchmarking in selected countries in 2005 or latest year for available data.
Nether- Switzer-| - United
Indicators EU2| EU15| Austria| Belgium|Denmark| Estonia| Finland| France| Germany| Hungary| Ileeland| Ireland ltaly| Japan| lands| Norway| Portugal|  Spain| Sweden land| Kingdom USA
Human resources
1.1 | New PhDs within S&T, proportion of persons aged
20-29 (%) 127] 136 87| 112| 138 89| 174] 220 9.0 51| 108 231 101| 134 79 9.0 110{ 125 159| 146 181 102
1.2 | Proportion of population with tertiary education,
aged 25-64 (%) 228| 240 17.8| 3L0| 335 333| 346| 249| 246 171] 306 29.1| 122 374| 30.1| 326 128 282| 292| 288 206| 384
1.3 Participation in life-long learning, proportion of per-
sons aged 25-64 (%) 11.0 12.1 13.8 10.0 21.6 59 24.8 7.6 8.2 4.2 26.6 8.0 6.2 16.6] 194 4.6 12.1 34.7 26.9 29.1
1.4| Employment in medium-high and high-tech manu-
facturing as proportion of total workforce (%) 6.7 6.7 6.5 6.5 6.3 48 6.8 6.3 104 8.2 2.1 6.0 74 7.3 3.3 39 3.3 4.7 6.5 7.3 5.6 3.8
1.5 | Employment in high-tech services as proportion of
total workforce (%) 34 35 2.7 37 47 28 45 39 34 30 5.0 36 2.9 41 4.0 18 28 5.1 38 43
1.6 | Proportion of persons aged 20-24 with upper sec-
ondary education (%) 769| 741 8.9| 803| 760 80.9| 848| 828/ 7L0| 833] 530[ 861 729 746 96.3| 484| 613| 87.8] 85 7171
2|Knowledge creation
2.1|Public R&D expenditures as a percentage of GDP 07 0.7 0.7 0.6 08 0.5 1.0 08 08 05 12 04 0.6 0.7 08 0.7 04 0.5 0.9 0.7 06 07
2.2 | Business R&D expenditures as a percentage of GDP 12 12 15 13 17 04 25 13 18 04 16 08 0.6 24 1.0 0.8 03 0.6 2.9 2.2 12 19
2.3.1| EPO high-tech patents applications per mio. capita 136.7| 161.4| 195.1| 1445| 2358 155 305.6| 153.7| 3117 18.9| 153.6 713 87.3| 1742 2443| 1171 75 30.6| 2849| 4256| 1214| 1426
2.3.2| USPTO high-tech patents applications per mio. cap-
ita 509 60.2| 747| 524 729 12| 1046 568 1230 53| 574 374 312| 3046 783] 349 19 77| 109.7| 168.4| 446| 2771
2.3.3| Number of patent applications to EPO, USPTO and
JPO per mio. capita 27 389 3B7| 3R0] 3RN4 101.7|  36.5| 852 19| 285 148| 116 1021| 596/ 248 06 27| 663 1089 330| 479
2.4 [ Number of new trademark registrations in the EU
per mio.capita 100.7| 1157| 187.0f 922 159.8| 3L7| 106.8| 76.0| 140.5| 188 79.1| 1430 92.7| 1L7| 1410 29.2| 73.8| 1409| 136.7| 225.2| 1252| 338
2.5 [ Number of new design regnistrations in the EU per
mio. Capita 110.9| 1276| 195.8| 1246 2432 92| 955/ 881| 186.5| 152| 296 49.0| 176.3| 132 1328| 37.7| 49.8| 106.2| 136.9| 2100| 76.1| 175
3| Transmission and application of knowledge
3.1 | SMEs innovating in-house as a percentage of all
SMEs in manufacturing and mining 42.5 38.3 16.1 29.8 37.6 29.2 46.2 17.0 46.5 47.2 31.0 15.3 42| 288 36.2 24.3 35.2 34.4 22.4
3.2 | SMEs involved in cooperation on innovation as a per-
centage of all SMEs in manufacturing and mining 771 166| 208| 160 17.3] 115 8.6 6.6/ 140 156 4.3 69| 123| 113 7.0 57( 20.0| 121| 126
3.3 | Proportion of SME with organisational innovation (%
of all SME in industry) 41| 381] 571 392 470{ 359 532 191| 540| 496 322 262| 232 40.7| 276| 440] 630
3.4 Innovation expenditures as a percentage of total
turnover in manufacturing and mining 2.0 2.4 1.6 2.5 2.2 2.9 13 1.7 17 18 1.3 1.0 2.6 0.9 35 1.4 16
4| Innovation finance, output and markets
4.1 | High-tech venture capital investments as a percent-
age of total venture capital investments 80.2| 80| 795 847 620[ 8.4 868] 923 87.8 85.0 878/ 86.7| 879| 69.7| 6L1| 77.0 927 920| 9L7| 89.9
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Nether- Switzer-|  United
Indicators EU2| EU15| Austria| Belgium|Denmark| Estonia| Finland| France| Germany| Hungary| Ileeland| Ireland ltaly| Japan| lands| Norway| Portugal|  Spain| Sweden land| Kingdom|  USA
4.2 | Venture capital investment, early phase, as a per-
centage of GDP 0.023| 0.009| 0.019| 0.068 0.036| 0026) 0015 0.002( 0.048| 0021 0.002 0.005| 0.022| 0.033| 0.011| 0.067| 0.024| 0.048| 0.072
4.3.1 | Sales of "new to market" products as a percentage
of all sales by industrial enterprises 5.2 4.8 5.2 44 9.7 6.2 75 42 49 5.6 6.3 4.0 210 108 3.8 8.3 4.9 6.4
4.3.2 | Sales of "new to firm but not new to market" prod-
ucts as a percentage of total turnover by industrial
enterprises 5.4 8.2 58 76 5.1 56| 100 25 78 45 5.6 43 51| 151 100 5.1 5.8 76
4.4 | Internett access by households and enterprises
(composed indicator) 106 120 116| 174| 220( 111 187 139| 102 45| 225 44 95| 163 224 184| 101 100{ 171 203| 135| 149
4.5|ICT expenditures as a percentage of GDP 6.4 6.4 6.3 6.3 6.5 98 7.0 6.0 6.2 8.1 5.2 5.3 76 76 5.2 74 55 8.6 7.7 8.0 6.7
4.6 | Proportion of enterprises receiving public funding for
innovation (%) 17.8 11.7 78 0.3 15.2 6.6 9.2 5.7 48 21.8 14.0 129] 161 13.7 9.0 9.1 4.7 38
4.7 | Export of high tenchnology products, as proportion
of total export (%) 184 17| 147 71 133 101 178| 201 154 217 24| 291 71 224 191 35 75 57| 141 223 228| 268

Source: DG Enterprise
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Appendix

Acronyms

ANBERD Analytical Business Enterprise Research and Development database
BE Business Enterprise

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

EEA European Economic Area

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 Genera University Funds

HE Higher Education

ICT Information and Communication Technology

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

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

NPI Non-profit institutions

NS National Science Indicators

OECD Organisation for Economic Co-operation and Development
PhD Doctor of Philosophy

PNP Private Non-Profit

R&D Research and Experimental Devel opment

RCN Research Council of Norway

RTD Research and Technological Development

S&T Science and Technology

SCI Science Citation Index

STAN Structural Analytic Database
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