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The Knowledge Society Development Barometer is a globally unique instrument for measuring countries'
technological and scientific expertise and development. Based on a ample literature on innovation and
technological development, it consists of nine indicators providing index-type key values to measure the
state of technology at a given moment. The barometer is based on models depicting society's development
as it evolves from an information society via a knowledge society towards a knowledge-value society. Its
data illustrate a transitional phase and give an overall impression of how far we have come in our journey
to a knowledge-value society. Interestingly enough, reaching the knowledge-value society stage seems to
correlate with a high GDP per capita and low unemployment rates.
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Introduction

Technological development generates im-
mense opportunities, but at the same time in-
novative activities are becoming more complex
than ever as a result. Decisions on the direc-
tion technology and know-how are headed,
prioritisations related to them and resource fo-
cusing are major issues for future competitive-
ness.

EU heads of state and Governments are de-
termined to make the EU the most competitive
and dynamic knowledge-based economy by
2010. This Lisbon strategy should be clear in
all the EU activities. In introducing focal
points for its activities, the Council's long-term
strategy for 2004-2006 states that 'the Union
is determined to pursue this overall strategy to
make Europe the most competitive and dy-
namic knowledge-based economy, creating

sustainable growth and new jobs and deeper
economic and social solidarity while ade-
quately considering the environmental as-
pects. The European Council, among others,
has emphasised this point of view in its spring-
term meetings by issuing a political statement
and making concrete decisions in key areas.'

In economics, several established indicator
sets or barometers have already proved useful.
In this article, a similar indicator set is created
on the techno-economic development of a giv-
en country. The Knowledge Society Develop-
ment Barometer is based on models of the de-
velopment of society that envision us evolving
from an information society via a knowledge
society towards a knowledge-value society. In
an information society, investments in human
and intellectual capital are the fundamental
element, whereas in the knowledge society it is
the fruits of the investments that matter. A
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knowledge-value society is an advanced form
of an information society as well as a knowl-
edge society. Innovation, technology develop-
ment, economic regeneration, openness to
new ideas and their active exploitation are all
inherent elements of a society's basic values
and culture.

The terminology around the information
society, knowledge society development and so
forth is generally extremely conceptual and
symbolic. With the development of the barom-
eter, one aim is to make this qualitative termi-
nology more quantitative and descriptive.

Theoretical background: innovation and
technological development in modern
societies

New evidence and conclusions on the features
of innovation across the economy as a whole
have given rise in recent years to new theory
and new approaches to policy. The theoretical
background for these studies is diverse and in-
cludes literature from traditional microeco-
nomic theory to modern systemic theory of in-
novation. In this section, | briefly review three
relevant approaches to innovation and the in-
novation society.

First, | discuss the role of innovation in tra-
ditional micro- and macroeconomic theories.
Then | briefly address the innovation studies
approach, which draws on the Schumpeterian
concept of how competition takes place. Com-
petition is pre-eminently a differentiating pro-
cess in which firms try to establish control
over markets by developing new products and
new processes. Lastly, | present some views on
innovation and the innovative society from a
political science and social science perspective.
It should be noted though that most academics
in the field consider information society litera-
ture to be a collection of intellectually rather
loose popular writings with no real theoretical
significance. Attitudes have gradually started
to change, and major turning point has been
Manuel Castells' Information Age trilogy in
1996-1998 and how it was received in the so-
cial science community. In his trilogy, Castells
makes the first effort to systematically grasp
the essential features of this fundamental soci-
etal transformation.

Innovation and technological development in
traditional micro and macroeconomic theory
The production function approach is one of
the foundations of mainstream neo-classical
economics. The firm is viewed as a functional
relationship between production inputs and
outputs. As to innovation policy, the central
concept in traditional microeconomic theory
is the concept of market failure, as is thought
to occur if markets fail to achieve the most effi-
cient allocation of resources. In neo-classical
models, innovation is presented as an exogen-
ous element. The flow of innovations has
weighty economic consequences, as it deter-
mines the results of production processes, but
it is not viewed as being affected by them
(Teece 1988). In these models, technologies
arising from innovative activities are consid-
ered information-intensive goods (Arrow
1962).

Macroeconomic growth is historically deter-
mined by such factors as physical capital, la-
bour and technical progress. In a neo-classical
growth model by Solow (1956), technical pro-
gress is the most critical factor for a country's
sustainable economic growth. However, tradi-
tional neo-classical growth models cannot ex-
plain why growth rates differ from one country
to another, and why rich and poor countries
can coexist in aworld economy.

In recent years, ample literature on endo-
genous growth models (Romer 1986, Lucas
1988 and Rebelo 1991) has explored the idea
that investment in knowledge and learning
can affect long-run growth rates. Endogenous
growth models make an effort to clarify the
fundamental factors of growth rate divergence
by describing the internal mechanism that en-
dogenously determines technical progress as
an engine of economic growth. It is noted for
example that the productivity of human re-
sources in future periods depends on current
assignments (Lucas 1988, 17). In this literature,
R&D investments are always central to growth.
Consequently, the level of the basic education
and schooling and the skills and knowledge of
the general public in a nation and private and
public investments in research and develop-
ment are used as measures on the develop-
ment barometer. The former is considered a
proxy for human capital investments.
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Innovation studies

Since the early 1980s, new industrial econom-
ics has moved away from the idea of perfect
competition. It has done so by invoking the
structure-conduct-performance approach: in
addition to prices, other means of competi-
tion, i.e. marketing, RAD and so forth play a
role in determining firm behaviour. Firms seek
competitive advantages by continuously devel-
oping technologically differentiated products
and changing processes to generate these pro-
ducts with competitive cost structures. In their
seminal study, Nelson and Winter (1982) show
that this competitive innovation process gener-
ates a plausible explanation for economic
growth.

Let us select four important and related de-
velopments with respect to innovation and
technological development: (1) the idea that
technological change is localised,) the no-
tion that innovation at the firm level is the out-
come of a cumulative process, (3) the different
incidence of factors determining the appropri-
ateness of new technologies, and (4) dramatic
value increase with each additional node or
user, i.e. they exhibit network externality.

The idea that technological change may be
localised is put forward in a theoretical article
by Atkinson and Stiglitz (1969). They contend
that a localised 'bulge’ in the neo-classical in-
dustrial production function may represent
technological change better than simply a uni-
form shift of the whole frontier. The location of
the bulge essentially depends on the point
where firms were initially producing, i.e. on
their prior technological choices.

It can be argued that all large firms innovate.
Moreover, multinational corporations tend to
operate in more or less the same fashion wher-
ever they are active. In scanning the local cul-
ture for innovation and technological develop-
ment, the focus is on the innovative proce-
dures of small and medium-sized companies..

Another prominent feature of RAD is that
it generates cumulative knowledge. Present-
day knowledge capabilities may thus depend
on past knowledge creation activities. This
knowledge can be codified or tacit, but in
either case it raises a barrier against new activ-
ity. In a relatively new type of research focused
on a knowledge-based view of the firm, Cohen
and Levinthal (1990) argue that absorptive ca-
pacity, i.e. a firm’s ability to recognise the value
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of new external information and assimilate
and apply it, is critical to its innovative capabil-
ities.

The focus on the Knowledge Society Devel-
opment Barometer moves from a nation's gen-
eral skills and knowledge to its science and
technology capabilities. Science and technol-
ogy capabilities are considered an important
component of competitiveness. This measure
examines whether conditions external to the
enterprise are more or less favourable to the
production of new knowledge.

The third characteristic of innovation is
that the knowledge incorporated in new tech-
nologies can be appropriated to varying de-
grees by the innovating enterprise. Since it is
appropriation that allows for a temporary pre-
emption of imitation and hence quasi-mono-
polistic rents and productivity, the appropria-
tion of technological knowledge is essential to
the innovative process. Although measuring
productivity in science and technology is no
simple task, several indicators have been devel-
oped. The development barometer includes pa-
tenting and scientific publications, the percen-
tage of high- and medium high-tech industries
and knowledge intensive services, the technol-
ogy balance of payments and the percentage of
new-to-market products.

Particularly in high technology, the level of
interdependence between technologies is in-
creasing. When a technology is adopted by
firms and end users, the value of complemen-
tary technologies also increases, thus influen-
cing the adoption decision of other users (Katz
and Shapiro 1994, Arthur 1996). This results in
the competition of various technological op-
tions and standards, and their diffusion
throughout the population is affected by the
installed base and the rate of adoption (Baptis-
ta 2001). In the case mentioned above, the
good is said to exhibit network externalities,
i.e. the higher the value of the good to an indi-
vidual, the more people will use a similar
good. | get back to this important issue in the
discussion on knowledge-value society.

Concepts of information, knowledge and
knowledge-value societ

There is currently no universally accepted con-
cept of exactly what can or cannot be termed
an information society. The information so-
ciety is viewed as a successor to the industrial
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society. The term was introduced in the early
1970s by Yojeni Masuda, but similar concepts
were discussed in the 1950s and 1960s. Har-
vard University's Daniel Bell was the first to
put forward the concept of a post-industrial so-
ciety in 1959, and in 1979, he renamed it the in-
formation society. Behind Bell's contribution
was the discovery that between 1909 and 1949,
in the non-agricultural sector growth rates,
skills accounted for 87.5% of the growth, and
labour and capital a mere 12.5%.

In the early 1990s the Institute of Informa-
tion Studies, consisting of the Aspen Institute
and other agencies in the USA, published an al-
manac for 1993-94 entitled The Knowledge-
based Economy: The Nature of the Informa-
tion Age in the 21st Century. The United Na-
tions immediately endorsed the term and gave
it a clearer definition in 1996. It defines a
knowledge-based economy as an economy
whose most important elements are the pos-
session, control, production and utility of
knowledge and intellectual resources.

A knowledge society develops on the foun-
dation of science and technology achieve-
ments. The rapid development of computers
and telecommunication networks has boosted
the information expansion. Data and informa-
tion are far more accessible now to everyone
who is linked to information networks or
knows how to access them (Soete and Ter Well
1999, 9). Indeed, one of the major impacts of
the information and communication technol-
ogies (ICT) is the further acceleration of the in-
novation process. Though modern ICTs do not
automate innovation activities, they do be-
come an enabling technology.

Information and communication technolo-
gies currently constitute a prime focus of R&D
in the industrialised nations. Close to 30% of
all the public and private R&D budgets is de-
voted to them. The level of spending varies
considerably however from one country to the
next. The USA and Japan have a sizeable lead
over European countries whose R&D budgets,
although disparate, generally remain limited
(Pouillot and Puissochet 2002). On the devel-
opment barometer, three indicators are used to
measure the extent to which IC technologies
are applied in a nation.

The knowledge society produces commod-
ities of high knowledge values. The values bear
properties of high technique, high art, and

high skill that vastly increase the value of pro-
ducts and services as compared with their pro-
duction costs. Many customers are able to use
them simultaneously in distant places and
they do not wear out. Intellectual property in-
cluding patents, brands, advertisements, ser-
vices and consultancy plays a significant role.

The term 'knowledge-value society' was in-
troduced by Taichi Sakaiya in a book he wrote
in 1985. The term was defined as 'a society
where the value of knowledge is the primary
source of economic growth and corporate prof-
its.'

The Japanese nation had devoted all its en-
ergy to becoming an industrialised society
that mass-produced standardised goods. The
school system was designed to produce highly
patient and cooperative people with less ori-
ginality and creativity, perfectly suited to work
in standardised mass-production industries.
The media and other information sources
were centralised in Tokyo, and products manu-
factured to the same standards were distribu-
ted throughout the nation accompanied by
identical information. As a result of this pro-
cess, however, the knowledge-value revolution
in Japan was delayed. This was because the na-
tion had meticulously developed a government
administrative organisation, industrial struc-
ture, financial system, employment practices,
educational system and information environ-
ment that were appropriate for a standardised
mass-production society (Sakaiya 2000).

In the knowledge-value society, creative la-
bour is a major factor. The economy mainly in-
cludes intellectual enterprises, hi-tech parks
where the entrepreneur is also the scientist.
The society is characterised by a positively syn-
ergistic interaction of information, knowledge
and affect. Leading companies develop holistic
models of corporate cultures built upon shift-
ing duties, team structures, and high levels of
expedient personnel turnovers. The unit of
analysis for innovation is not a product or tech-
nology, but a business concept (Hamel 2000).
Business concept innovation, not only the
technology that enables it, is the key to creat-
ing new wealth.

Today it is the rapidly growing small and
new firms that provide employment growth.
In the Netherlands between 1994 and 1998,
60% of the new jobs in the existing businesses
were at just s % of the rapidly growing firms. Si-
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milarly, in the USA some 350,000 firms cre-
ated two-thirds of the jobs from 1993 to 1996.
The Global Entrepreneurial Monitor (GEM)
study (Reynolds et al. 2001) notes that the level
of entrepreneurship positively correlates with
GDP gains and that variation in the rate of en-
trepreneurship may account for as much as a
third of the variation in economic growth. Ac-
cording to Bygrave (1998), the most significant
strategic U.S. advantage is entrepreneurship.

On the development barometer, entrepre-
neurship and venturing is an important
knowledge-value society measure. Entrepre-

neurship not only produces jobs, it stimulates
the economy and binds society in weaker re-
gions, it raises productivity and competitive-
ness and lowers consumer prices.

Innovation increasingly relies on the combi-
nation of various sources of knowledge and ex-
pertise. Cooperation with other firms and via
public research can help accelerate the produc-
tion and diffusion of new ideas. Globalisation
is reflected in the relative importance of for-
eign sources in financing the business sector's
R&D. Crucially, countries can try to attract for-
eign financing for R&D by being attractive as
locations for direct high-tech foreign invest-
ments with sophisticated R&D activities that
potentially create international knowledge
spill-overs.

In a globalised world, successful firms, re-
gardless of their size, are the ones that can tap
into a global network and meet global produc-
tion standards. Many analysts feel that loca-
tions will become irrelevant in a world of glo-
bal input-factor arbitrage. Global networks en-
able industries to source labour, materials and
supplies more efficiently while minimising
their costs. The knowledge-value society is
emerging in a context of globalisation, where it
will thus always encounter stiff competition.
However, cooperation will generate efficiency
and mutual benefits. On the development bar-
ometer, the issues of globalisation, openness
and internationalisation of R&D are covered
in the innovation networks and internationa-
lisation of R&)D measure.

ComparingTechnological and Scientific Development
Barometer framework

Statistical indicators

The Knowledge Society Development Barom-
eter is based on models that envision society as
evolving from an information society via a
knowledge society towards a knowledge-value
society. The barometer data thus illustrate a
transitional phase and present an overall pic-
ture of how far we have come in our journey
towards a knowledge-value society.

In the information society, information pro-
duction, processing, dissemination and exploi-
tation play central roles. The knowledge so-
ciety produces commodities of high knowl-
edge values. Knowledge and expertise consti-
tute crucial elements in production, with
information and communication technologies
comprehensively supporting the interaction,
dissemination and exploitation of knowledge,
plus the provision and accessibility of ser-
vices.

A knowledge-value society is an advanced
form of an information and knowledge society.
Innovation, technology development, eco-
nomic regeneration, openness to new ideas
and their active exploitation are all inherent
elements of the basic values and culture in the
society. These three themes of the development
barometer are presented in figure 1.

A reference group of eight countries is
used, Finland, Sweden, Denmark, The Nether-
lands, Germany, the United Kingdom, Japan
and the USA. The development barometer
comprises nine measures that provide an in-
dex-type key value to measure the state of tech-
nology at a given moment. The results can be
monitored and compared by conducting meas-
urements at different moments. The measures
are introduced in the theoretical background
section of this article and described in greater
detail in the subsequent sections.

To calculate the index values, the data are
standardised, i.e. an average performance on
the indicator results in the value of zero and
only a very good or very bad performance re-
sults in values of over one or less than minus
one. The measures are then aggregated to see
how well each nation does as to the informa-
tion society, knowledge society, knowledge-va-
lue society and sustainable development meas-
ures.
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Figure 1 Three Themes of the Knowledge Society Development Barometer

Results

Information society
As is noted above, there is currently no univer-
sally accepted concept of exactly what can or
cannot be termed information society. Follow-
ing the endogenous growth literature, the defi-
nition of the information society focuses on in-
vestments in human and intellectual capital.
In other words, the level is measured of the ba-
sic education, schooling, skills and knowledge
of the general public in a nation and the private
and public investments in research and devel-
opment. The results are presented in figure 2.
The measure of human capital investments
consists of two components. The first evalu-
ates the level of basic education and schooling
and the second the skills and competencies of
the general public. The level of basic education
and schooling is evaluated by the OECD's Pro-
gramme for International Student Assessment

Basic education

and schooling
Reading literacy in PISA
Mathematical literacy in PISA
Scientific literacy in PISA

General skills and
knowledge

(PISA). PISA measures reading, mathematical
and scientific literacy on continuous scales. Ja-
pan and Finland score the highest on the PISA
and Germany the lowest.

General skills and knowledge are measured
by four indexes: three literacy skills from the
International Adult Literacy Survey (IALS) and
participation in life-long learning. IALS shows
that rather than enlarging the pool of highly
skilled workers, the tendency is to increase the
skills of the already skilled. Sweden scores the
highest on this indicator and the USA and the
UK the lowest.

Investments in R&.D are at the core of a
knowledge-based economy because its dy-
namics and competitiveness depend primarily
on the production, distribution and use of
knowledge and information. However, R&D
expenditure is only an input factor. It does not
tell us anything about the efficiency of produ-
cing knowledge outputs, which is determined

Investments in R&D

Public R&D expenditures
Business expenditure on R&D
Innovation expenditures as a percent\
of all manufacturing turnover

International Adult Literacy Survey
(Prose, Document, and Quantitative]®
Participation in life-long learning

Figure 2
in Human Capital and Research and Development

Information Society Measures: Information Production and Capabilities Development by Investments
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Table 1 Information Society Measures
Index Basic education General skills Investment
and schooling and knowledge in R&D

Finland 0.78 1.08 0.25 1.01
Sweden 0.77 - 0.10 1.37 1.03
Denmark -0.24 -0.74 0.38 -0.36
Netherlands -0.25 n.a. - 0.01 -0.49
Germany -0.63 - 1.22 -0.57 -0.09
UK -0.41 0.53 -0.76 - 1.00
USA -0.42 -0.69 -0.89 0.32
Japan 0.33 1.13 n.a. -0.46

by the efficiency of the innovation system (re-
search infrastructure, cooperation, interac-
tions, capability to absorb external technology
and so forth). In R&D expenditures, Sweden
and Finland score the highest and the United
Kingdom the lowest.

The aggregate information society measure
consists of three components (see table 1). Fin-
land and Sweden score the highest in invest-
ments in human resources and Germany the
lowest.

Knowledge society

The knowledge society is an economy directed
by knowledge where the generation and utilisa-
tion of knowledge play a prominent role in the
process of producing wealth. The knowledge
society measures assess the extent to which
human and intellectual capital investments
are geared towards science and technology, the
use of information and communication tech-

nologies, and the outcomes of these invest-
ments. The results are presented in figure 3.

The measure of science and technology cap-
abilities consists of a number of indicators.
Finland and Sweden score the highest. Surpris-
ingly, The Netherlands scores the lowest.

- A population with a college or university
education is a general indicator of the supply
of advanced skills.

- The number of new graduates in science
and engineering is an indicator of the capa-
city to produce and the availability to the en-
terprise sector of the skills most necessary to
produce, absorb and use new technology.

- New PhDs in science and technology repre-
sent the highly qualified output of the educa-
tion system in disciplines of crucial impor-
tance to industry in this new economy.

- The participation of women in the produc-
tion of knowledge is an important indicator

S&T Productivity

\Number of patents, scientific publication”
i(id highly cited papers per capita
Labour productivity, value added in hhjl
Vtechnology industries, KIBS
\echnology balance of payments

Applications of ICT
Value of ICT markets to GDP
Use of ICT

eCommerce

S&T capabilities
Population with a tertiary education
* Graduates in S&E, S&T PhDs, Wome
Employment in med-high and high+t<
manufacturing and in high-tech
Number of researchers

Figure 3 Knowledge Society Measures: An economy directed by knowledge where the generation and utilisa-

tion of knowledge is essential to the creation of wealth
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of the extent to which the full potential of
human resources is used in a society.

The percentage of total employment in me-
dium-high and high technology manufactur-
ing sectors is an indicator of the percentage
of economic activity in manufacturing sec-
tors characterised by high levels of innova-
tive activity.

- The high technology services provide ser-
vices directly to consumers such as telecom-
munications and provide inputs to the inno-
vative activities of other firms in all the sec-
tors of the economy. High tech services,
when properly used, can increase productiv-
ity in many economic sectors and support
the diffusion of a range of innovations.

- The number of research scientists and engi-

neers reflects the current use of human re-

sources in R&D occupations. Research work- -

ers are responsible for producing knowledge
and using it. They also transfer knowledge
when they cooperate with other researchers
in different institutions or countries and
when they change professions or move from
one sector to another.

Three indicators are used to measure the ex-
tent to which IC technologies are applied in a
nation. The three indicators combine a num-
ber of sub-indicators, especially the use of ICT,
which consists of ten sub-indicators. In this
measure, the United States and Sweden score
the highest and Germany the lowest.

- Calibrated by GDP, the total volume of ICT
markets in the various countries gives a
measure of ICT penetration in the economy
and indirectly of progress towards the knowl-
edge-based economy.

- A large number of sub-indicators are used
to evaluate the use of IC technologies in a
nations The Nordic countries score the

highest and Japan the lowest. -

- The indicator for eCommerce comprises
four sub-indicators: Internet users who have
purchased online, percentage of companies
selling online, percentage of companies buy-

ing online, and number of secure servers. -

Commercialisation and increasing competi-
tiveness are reflected in emerging new activ-
ities and new products for the domestic and ex-
port markets. The productivity in science and
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technology is measured by several indicators.
On this measure, the USA and Sweden score

the highest and Japan, Denmark and the Uni-
ted Kingdom the lowest.

- An application for a patent indicates the pro-

duction of new knowledge linked to an in-
vention, and more importantly that this
knowledge may have potential economic re-
turns.

The number of scientific publications indi-
cator is very often used as a sign of the re-
search capacity and growing knowledge pool
of a country or a specific research commu-
nity. Numbers of publications only tell us
about quantity; quality is more closely asso-
ciated with the indicator related to citation
counts.

Labour productivity is an indicator that
measures the value added that is created by
one unit of labour. It is associated with the
relative percentage of activities in high and
low productivity sectors. It also depends on
the capacity to absorb new technology and
the availability of highly qualified workers
able to take advantage of the benefits of tech-
nological progress.

Value-added is the best measure of manufac-
turing output, whereas other indicators such
as total production can be biased by screw-
driver plants with little value-added. In Eu-
rope, Sweden, Finland, and the UK have the
highest percentage of high technology value-
added. The results for Finland and Sweden
are generated by the mushrooming ICT sec-
tor there. The UK benefits from aerospace
and pharmaceuticals.

The percentage of high- and medium high-
tech industries indicates the strength of an
economy in R&D-intensive activities and
the capacity to transform scientific and tech-
nological knowledge into economic activity.
The percentage of knowledge-intensive ser-
vices in total economic output demonstrates
the relative importance of knowledge-inten-
sive activities and structural change towards
a knowledge-based economy.

The technology balance of payments indica-
tor measures the importance of a country's
receipts from exporting technical knowledge
and services. It indicates a country's compe-
titive position on the international knowl-
edge market.
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Table 2 Knowledge Society Measures
Index S&T Applications S&T
capabilities ofICT productivity

Finland 0.24 0.95 -0.32 0.09
Sweden 0.53 0.58 0.54 0.47
Denmark -0.25 -0.35 0.01 -0.41
Netherlands -0.36 -1.05 -0.25 0.22
Germany -0.29 -0.37 -0.50 -0.02
UK -0.10 -0.01 0.13 -0.41
USA 0.52 0.26 0.75 0.56
Japan -0.26 -0.05 -0.30 -0.42

- The new-to-market products indicator is a
direct output measure of innovation that is
not distorted by market speculation. The
product must be new to the firm, which in
many cases also includes innovations that
are world firsts.

The aggregate measure of a nation's develop-
ment towards a knowledge society is based on
the three measures cited above. The results are
presented in table 2. In the aggregate knowl-
edge society measure, the USA scores the high-
est followed by Sweden and The Netherlands
scores the lowest.

Knowledge-value society

The knowledge-value society measure focuses
on entrepreneurship and venturing, innova-
tion networking and adaptations of innovative
practices. The results are presented in figure
4.

When measuring a country's innovative
procedures, the focus is on the activities of
small and medium-sized companies (SMEs).
SMEs are fertile breeding grounds for new
ideas and innovations, which is why support-
ing SMEs in their R&D activities has now be-

come an important policy objective. Complex
innovations, particularly in ICT, often depend
on the ability to draw on various sources of in-
formation and knowledge or collaborate on the
development of an innovation. The percentage
of all the manufacturing SMEs with coopera-
tion agreements on innovation activities is
used as an indicator. This indicator is a proxy
for the existence of a knowledge transfer be-
tween public research institutions and firms
and among firms. The third indicator focuses
on SMEs with in-house innovative activities
that develop product or process innovations
themselves or in combination with other
firms. Denmark scores the highst on SMEs' in-
novative activities. The United Kingdom scores
the lowest. No data is available on the USA
and Japan.

The variation in entrepreneurial attitudes
can be followed through to the point where
many of the largest companies in the USA to-
day are very young, while in Europe all the
largest companies in 1998 were already large in
1960. This is clear from the measure of entre-
preneurship and venturing. The USA and The
Netherlands score the highest. Germany and
Japan score the lowest.

Entrepreneurship am

ventu nng
il Activity
7Volume of vc investment in early
Business™anpels’ activity

Innovation networks
rnationalisation of R&D activities

Innovative proced 5/

SMEs innovating in-house

rcentage of innovative firms
cooperating with others

Figure 4 Knowledge-value Society Measures: Creativity, technological development, openness to new ideas
and their proactive exploitation as driving forces of a networked society
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- The Global Entrepreneurship Monitor
(GEM) is a global initiative that explores
links between entrepreneurship and eco-
nomic growth. GEM produces data on na-
tions' entrepreneurial potential, thus provid-
ing reference material for economic policy-
makers interested in entrepreneurship.

The capital market functions imperfectly in fi-
nancing new high tech and knowledge-inten-
sive activities that are risky and uncertain.
This weakness makes it necessary for new
sources of finance and adequate institutional
frameworks to be created for financing new,
risky and promising opportunities.

- Although relatively small, the volume of ven-
ture capital available in the early stages plays
a strategic role in financing innovation and
thus supporting structural change towards a
knowledge-based economy. Venture capital
companies not only provide equity capital,
they also provide managerial skills and com-
petencies crucial to the success of firms at
the early stages of their life cycle.

- The business angels' activity indicator meas-
ures the total number of deals done by busi-
ness angel networks. Business angels are pri-
vate informal investors that fund projects
generally too small for venture capital insti-
tutions. They often also play a mentoring
role.

Innovation networks and internationalisation
of R&D are linked to strategic issues in the de-
velopment of a dynamic knowledge production
and absorption system. Countries can try to at-
tract foreign R&D financing by being attractive
as locations for high-tech foreign direct invest-
ments (FDIs) with sophisticated R&D activities
that potentially create international knowl-
edge spill-overs. Ever-increasing levels of trade
and investment are only made possible by the
substantial progress in recent years in opening
economies to international competition. Re-
cent research suggests that the value of market
openness in terms of fostering innovation and
stimulating improvements in competitiveness
is at least as important, if not more so, than
just access to international markets. On the in-
novation network measure, The Netherlands
clearly scores the highest and Japan clearly the
lowest.

- UNCTAD's Inward Foreign Direct Invest-
ment Performance Index ranks countries by
the FDI they receive relative to their econom-
ic size, calculated as the ratio of the coun-
try's share in global FDI inflows to its share
in global GDP.

- There are also sources of funds external to
transnational corporations, raised by foreign
affiliates in host countries and international
capital markets. Expenditure on establish-
ing, acquiring or expanding international
production facilities is thus higher in value
than the amount normally captured by FDI
flows. Regardless of how it is financed, the
capital base of international production is re-
flected in the value of assets of foreign affili-
ates.

- The internationalisation of business sector
R&D activities is reflected in the increased
role of foreign investments in knowledge
creation and provides the potential for inter-
national knowledge spill-overs.

- Market openness gives consumers an oppor-
tunity to be exposed to new products and
technologies that simply would not be avail-
able without international competition (Ro-
mer 1994). More open economies are able to
absorb and benefit more rapidly from R&D
activities elsewhere (Helpman 1997). Market
openness pushes domestic companies to
compete on the basis of innovation or be dis-
placed by imitative lower-cost substitutes
from abroad (Porter 1990,1998).

- Innovation cooperation can have important
effects on S&T productivity in firms by shar-
ing (and thus reducing) the costs of R&D,
while improving the quality of new products
and shortening product life cycles.

The knowledge-value features of a society are
measured by its adaptation of innovative pro-
cedures, level of entrepreneurship and ventur-
ing and the role innovation networks play. The
aggregate results with respect to these three
measures are presented in table 3. Here, The
Netherlands scores the highest followed by
Sweden and Japan scores the lowest.

From information society towards knowledge-
value society

The development barometer shows that na-
tions'techno-economic situations vary consid-
erably. On the indicators related to the infor-
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Table 3 Scores on Knowledge-value Society Measures
Index Innovative
procedures
Finland -0.14 -0.03
Sweden 0.41 0.27
Denmark 0.37 1.29
Netherlands 0.60 -0.07
Germany -0.33 -0.13
UK -0.15 -0.72
USA 0.26 n.a.
Japan -0.80 n.a.

mation society, Finland scores the highest.
This is not very surprising, since Finland has
been investing for some time in the creation
and production of information. On the knowl-
edge society measures on knowledge invest-
ments, Finland's position is distinctly lower
and it is even below the average in the compar-
ison group on the indicators on the knowledge-
value society. This means Finland might do
well to reconsider its national technology pol-
icy.

General trends in the nations' performance
are presented in figure 5. Sweden scores the
highest on all the measures and Germany and
the United Kingdom generally score the low-
est. The performance of The Netherlands,
Denmark and the USA is especially interest-

ComparingTechnological and Scientific Development

Entrepreneurship Innovation
and venturing networks
0.04 -0.43
0.55 0.41
-0.13 -0.05
0.83 1.04
-0.69 -0.17
-0.23 0.51
0.81 -0.29
-0.67 -0.93

ing. With small inputs at the information so-
ciety level, their entrepreneurship, networks
and internationalisation enable the Dutch to
place themselves at the top on the knowledge-
value society level. The profile of the USA is
somewhat similar. What is striking is that of
the eight countries, The Netherlands, Den-
mark and the USA are the ones that have the
highest GDP per capita (on purchasing power
parity basis) and the lowest unemployment.

Discussion

The barometer raises an interesting question
about the development of the knowledge so-
ciety. It cannot just be a matter of the maturing

Finland

Sweden

Denmark

Netherlands

Germany
~—UK
-+—USA

Japan

Figure 5 Sample Nations' performance on Information Society, Knowledge Society and Knowledge-value So-

ciety Measures
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of investments in the creation of information.
Denmark and the Netherlands bounce to the
top of the knowledge-value society indicators
from very moderate positions on the indicators
for the preceding stages. Have these nations
successfully used the results of technological
development without an especially large input
of their own in the development work, and if
so, how have they managed that? On the other
hand, Finland's shining results in the interna-
tional competitiveness surveys do not show up
as a rise in its standard of living. Is Finland's
present innovation system based on a one-
sided or overly narrow idea of the innovation
process?

The barometer shows a clear correlation be-
tween the scores on the knowledge-value so-
ciety measures and high GDP and low unem-
ployment levels. In this respect, the outcome
of Sweden is paradoxical. Why isn't the leader

.on almost all the information, knowledge and
knowledge-value society measures the leader
in GDP and employment? Indeed, Sweden has
gone from being one of the richest countries in
the world in terms of GDP per capita to a posi-
tion below the OECD average.

Swedish investments in intellectual capital
would be expected to translate into high tech-
nology exports and hopefully rapid economic
growth for a highly export-dependent econo-
my. But while R&D investments have soared,
Swedish exports remain largely specialised in
medium and low-technology products. There
might be limited transformation pressure in
the Swedish economy. The formation and
growth rate of new high-technology firms are
both low in Sweden (Rickne and Jacobsson
1999). None of the 50 largest Swedish corpora-
tions have been founded since 1970, and more
than 60% were founded before the First World
War.

Several explanations for this lack of entre-
preneurship have been noted (cf. Johansson
2002): The tax system strongly favours the in-
stitutional ownership of firms and individual
owners, business angels, venture capital and
stock options are punished by double or triple
taxation. Unemployment benefits are strongly
linked to seniority in permanent employment.
Labour market legislation tends to increase the
transaction costs of hiring staff, putting a spe-
cial burden on new and expanding firms. A
very flat wage structure has lowered the wage

premium on education - the percentage of
youngsters entering college or university has
decreased - while high taxation tends to iower
the utilisation of the educated workforce.

The main objective of this trial implementa-
tion of the barometer has been to test the con-
cept and practise carrying it out. Judging from
the response and the results, there seems to be
a permanent need for it in the field. In Fin-
land, the objective is to use the barometer as an
aid in making long-term steering decisions on
developing technologies, expertise and re-
source allocation.

Notes

1 This research was initiated and funded by the
Finnish Association of Graduate Engineers
(TEK).

2 In Europe, these are enterprises that have less
than 250 employees and either have an annual
turnover not exceeding ECU 40 million or an
annual balance-sheet total not exceeding ECU
27 million, and conform to the criterion of inde-
pendence. The Japanese define SMEs as compa-
nies with less than 300 employees.

3 Home Internet access, Internet use in the popu-
lation, Cellular phone subscribers, Internet in
schools, Workers who use computers for work,
Internet dial-up access costs (residential), Inter-
net dial-up access costs (business), ADSL prices,
Home ADSL access, Availability of government
services online.
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