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FOREWORD

The idea to produce this book was based on  the observation  that
technical change in small countries has been rather well described,
but not very well explained. In addition, it is based on recognising
that technical change is produced by the interaction of a large
number of technical, economic, social and institutional factors. It
was thus quite natural to take the concept of national innovation
systems, as formulated by Bengt-Åke Lundvall and used by several
other researchers, as a key concept for the book. We wanted to take
Finland as an illustration of more general developments, but also to
include international comparisons to allow more general conclu-
sions to be drawn on the basis of the material to be produced. We
thus invited several researchers and experts of various fields to give
their views on why developments have turned out as they have, and
to form a coherent picture of where we are now and where we are
heading. Fortunately, we succeeded in getting a well-balanced
group of prominent experts to take part in this project. We would
like to thank the authors warmly for their contributions.
Most of the papers in this volume were presented at a seminar held
on February 2, 1993 in Helsinki. That occasion produced a lively,
and, in our view, fruitful discussion about matters that are highly
relevant for technical change. The participants were, even though
representing various disciplines and lines of thinking, really discuss-
ing the same problems and issues, not just presenting their own
views. For this we would like to thank the authors and other seminar
participants.
We are indebted to several persons for help in producing this book.
Pekka Ylä-Anttila was one of the initiators of the project, and an
informal group consisting of Markus Koskenlinna, Tarmo Lemola,
Raimo Lovio, Erkki Ormala and Pekka Ylä-Anttila, in addition to the
editors, discussed the goals and contents that would be relevant for
it. Timo Lepistö translated one of the chapters, and  Kristina
Puranen and John Rogers checked and improved the language of
the others. Maarit Säynevirta assisted with data and editing tasks,
and the figures were drawn by Arja Selvinen. Tuula Ratapalo and
Elina Mikkelä produced the final layout of the book. Thanks are also
due to Martti Mäenpää for useful comments at the above-mentioned
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seminar. Financial support from The Technology Development
Centre (TEKES) is gratefully acknowledged.

Helsinki, December 1993

Synnöve Vuori Pentti Vuorinen  
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1  Outlines of the Finnish Innovation System:
The Institutional Setup and Performance

Synnöve Vuori and Pentti Vuorinen
ETLA, The Research Institute of the Finnish Economy, Helsinki, Finland

1.1 POSING the QUESTION

1.1.1 Technical Change and the Size of the Economy 

In times of rapid technological change, small countries have specific problems.
They are, more than larger ones, affected by the limited availability of resources,
by the small size of markets and population, by a limited number of large national
carriers of technological know-how, and often also by larger problems of brain
drain. They are also more dependent on foreign trade and thus, both more severely
hit by protection and more vulnerable to changes in the global competitive scene.
Small economies have less opportunities to monitor technical development on a
wide front and develop new basic technologies. With growing internationalization
and recent structural changes in the world economy, the 'small country squeeze'
has even worsened and narrowed the domain in which the smaller countries can
operate without major problems (see e.g. van Tulder 1989).

In new technology, there is a tendency towards an increased complexity over
all industries which raises entry barriers and makes it more difficult for small
economies to compete in the global market. For example, Walsh (1988) argues
that the technology of today's car production is approaching the complexity
characteristic of yesterday's aircraft industry. 

One outcome of this development is that for the effective exploitation of
technologies in industry, a much broader spectrum of R&D capability is required.
This seems to be true even in sectors with medium- and low-tech products. Conse-
quently, much greater expenditure on human and financial resources is needed. 

Hence small countries must either spread their resources more thinly over
the available areas, or otherwise select certain areas as priorities for R&D invest-
ment. For example, international comparisons of patenting activities reveal that
small countries are more narrowly specialised in particular technological fields
than large ones (Soete 1988).

However, in spite of the obvious disadvantages of smallness, many small
economies have shown remarkable success. This is confirmed, e.g., by the rise of
the 
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Johnson, when discussing technological development as an institutional
learning process, formalized the main components of a national innovation and
production system as in figure 1.1  (Johnson 1988). In his approach searching and
learning are the crucial processes of technological change. The national system
creates the context, directing, supporting or restraining these processes. 

Nordic countries from a very modest beginning in the early 20th century among
the richest countries in terms of per capita domestic product. 

Many authors (e.g.. Tisdell 1982) claim that small economies - e.g. the
Nordic countries in comparison with the USA - have reacted promptly to changed
world economic conditions and have remained flexible in their science and
technology policies. It can thus be argued that it is not the size, but rather adapt-
ability, flexibility and the preparedness to develop appropriate productive struc-
tures that are the crucial factors (e.g. Walsh 1988). Consequently, the combined
institutional characteristics of a national innovation and production system may
have more power to explain technological change than the size or any other
directly quantitative economic indicators.

1.1.2 National System of Innovation and Production

According to Edquist and Lundvall (1989), the national system of innovation
consists of the institutions and economic structures affecting the rate and direction
of innovative activities in the economy. There is no precise model for the system:
the boundaries of a national system have to be determined by a concrete analysis
combining theoretical and historical issues. The components, internal structures
and dynamics of a national innovation and production system change historically. 

The weight of the 'national' component also varies. Technological advance
has, to a growing extent, become international and global, and the international
institutions often play a major role in national development. However, e.g..
Lundvall (1992) emphasizes that nation states have worked as 'engines of growth'
by creating the institutional framework and state policies that have supported the
rapid economic transformation. Many small nations - Finland especially - still
constitute culturally homogeneous systems and offer coherent institutional
contexts for socio-economic development. 

The elements of a national innovation and production system include e.g.
(see Lundvall 1992): 

- the internal organization of firms
- inter-firm relationships and economic structures
- role of the public sector
- institutional set up of the financial sector
- R&D intensity and R&D organization
- the national education and training system
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1.1.3 The aim of the book: explaining Finnish technological
development

According to many indicators, technological development of the Finnish economy
has been rapid (see section 1.3). However, this development has been only
vaguely explained. The topic has been the subject of only a few economic studies,
and scholars of other scientific disciplines have been even less interested in
technological issues. 

There are institutional and internal reasons for this. Whereas conventional
economic science seems to have relatively poor instruments to grasp the essential
dynamics of technological change, more unorthodox approaches are still scarce in
Finland. Within history, philosophy and policy studies, technology has neither
been a popular subject of study, partly because of the lack of research traditions
and a few theoretical explanations and models available in national discussion.
Nor is there any research institute specialized in technology studies. Only a few
fields - such as industrial sociology - have acquired more comprehensive

 Outlines of the Finnish Innovation System        3
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experience in technology issues. Hence, in terms of technology studies, Finland
lags far behind most industrialized countries, although in terms of actual techno-
logical development, she has fared well (see e.g. Lemola et al. 1990).  

In the present situation, with tightening European integration, rapidly
widening international markets and intensifying technological competition, the
understanding of the dynamics of technological change has become urgent. It is
even more important in the light of the severe conditions of the Finnish economy.
A new growth path for the Finnish economy urgently calls for a sound
technological basis. In creating this basis, policy measures are crucial. They can
only be adequately designed, if the dynamics within the national innovation and
production system are known.

The aim of this book is to review and analyze the characteristics and
performance of the Finnish innovation system in the last couple of decades, and to
assess the development paths possible in the near future. This first article presents
some background information on the features of the Finnish innovation and
production system (section 1.2) and an analysis of the technological performance
and productivity developments of Finnish industry in the last 20 years (section
1.3). The other articles have been written by experts representing various research
disciplines. While this first article mainly describes technical change in Finland so
far, the experts will explain these developments in the following articles from
their own point of view.

1.2 The Institutional Set-Up for Technical Change in Finland

1.2.1 Production Structure and Technological Development 

The Background to Development: Channels of Early Technology Transfer. A
major share of technology is transferred from abroad and not developed domesti-
cally. This is especially true for small industrial latecomers like Finland. Myllyn-
taus has studied the Finnish model of technology transfer from a historical point
of view. He separates eight basic types of technology transfer (table 1.1). During
the industrialisation period, the imports of foreign machinery were the most
important transfer channel, accompanied by nationals' journeys abroad and natural
diffusion.  Later on, the role of recruiting foreign experts has declined, while the
acquisition of foreign licences and patents became important, especially after
World War II (Myllyntaus 1992).

 The modest role of direct foreign investment is a special feature of the
Finnish model. It seems to be related to the strong tendency of economic national-
ism that has also restricted the utilisation of foreign turn key deliveries and joint
ventures. Myllyntaus emphasizes that even the postwar development rests on
some of the nationalist principles typical of the late 19th century (Myllyntaus
1992). He concludes:
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Another peculiarity of the model has been the strong emphasis on promote nationals' role
in the transfer and practical application of foreign technology. At the beginning, this
meant choosing a long and slow road to industrial and technological modernisation. A
basic reason for this was to keep technology transfer under the recipient's control. This
could also be called a cornerstone of the Finnish model of technology transfer. (Myllyn-
taus 1992) 

Table 1.1. The significance of different technology transfer channels in Finland from 1809
on

1
3
1
3

1
1

3
3

1
3
0
2

0
2

2
3

11

3
0
1

1
3

3
2

Direct foreign investments
Importing foreign machinery
Acquiring turn-key plants
Acquiring foreign licenses and
patents
Setting up joint ventures with
foreigners/
foreign companies
Recruiting skills from abroad
Encouraging nationals' journeys and
studying abroad
Natural diffusion through trade,
publications etc. 

1945-
1992

1918-
1944

1809-
1917

 
Channels for technology transfer

1  Scale 0 - 3: from unimportant to very important 
Source: Myllyntaus 1992

Economic Structure and technological development: development blocks.
Technology is often transferred from abroad; however, it is not planted in virgin
soil but in the already existing institutions and production structures. Lundvall
emphasizes the role of historical developments even in this respect: 

In most small countries, the present pattern of specialization in exports can be traced far
back in their economic history - agro-industrial products in Denmark and Holland,
products related to timber and metalworking in Sweden and Finland, products relating to
shipping in Norway, etc. (Lundvall 1986)

In the core of this specialization pattern are industrial complexes or 'develop-
ment blocks' that can be defined as broad sets of interconnected users and produc-
ers, developing in close interaction with each other and often supported by private
or public organizations producing knowledge. Such a development block typically
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comprises various domestic sectors coupled with strong linkages, and it is often
constituted around a strategic export sector (Edquist & Lundvall 1989). In a
national production system development blocks construct the framework for inter-
active learning and the specific national combination of such blocks is vital in
regulating the speed and direction of technological change.

In Finland, the forest sector forms the focal development block. The forest
sector has dominated the Finnish industry, and has been able to create dynamic
growth with a constantly widening scale of exports. The sector has had an impact
on Finnish society extending over the economic dimension. For example, the
significance of the forest industries in the formation of communities in Finland
has been obvious (see e.g. Raumolin 1990).

Even if the metal and engineering industries have grown much faster since
the early 1970s, they have not built up such a consistent complex (figure 1.2). The
metal and engineering industries are rather based on producing capital goods for
other sectors, being less coherent and having more diversified connections with
other complexes. However, the role of the metal and engineering industries has
been steadily growing, and, in terms of R&D, it is by far the most important sector
(see section 1.3). 

The important status of the forest industries is illustrated by their high global
market shares. E.g., in many paper product groups Finnish corporations are the
leading exporters. The overall market share of Finnish companies in world paper
and board exports has remained between 14 and 15% since the 1960s. However,
the product structure has changed towards products with a higher value added;
e.g., the market share of writing papers grew from 21.5% in 1960 to 30.5% in
1989. Simultaneously, the market share of world pulp exports - largely due to an
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increasing vertical integration - dropped from 16.6.% in 1960 to 6.5% in 1989
(Lilja et al. 1992). 

The success has often been explained by the internal dynamics of the sector,
which  has been able to mobilize diverse agents with even opposing interests into
a 

huge collective project. The development  block, or a business system, of the
forest industries includes, in addition to forestry, the mechanical and chemical
forest industries also several supplier and customer industries, which together
create a strong entity with intensive user-producer interactions.

Lilja et al. explain the success with a multitude of largely institutional factors
within the system. These include the specific corporate specialization pattern,
close relations with the banking sector, general technological modernism, consor-
tative business operations, specific labour relations within the sector and distinct
linkages to the state (Lilja et al. 1992). 

This combination of economic, social and political factors within the sector
has also led to rapid technological advance. The mechanisms promoting technol-
ogy diffusion 

..include the closeness of the mills to each other, networks derived from the educational
institutions, a joint R&D research institute, professional societies, consulting firms,
suppliers of machines and systems and career paths from one corporation to another.
Companies which have failed in their modernization efforts have found a safety network
in the industry because they have been acquired by firms with stronger resources (Lilja et
al. 1992).

However, a recent critique points out that the forest sector has not invested
much in product innovations. The Finnish forest industries have largely relied on
incremental development within the conventional product variety, and they are
facing problems with more radical product innovations entering the world market.
This includes the revision of attitudes and regulations concerning the
environment, e.g., on the share of recycled mass in paper products. This fact is
also shown in the low figures of R&D expenditure of the industries: in 1989 the
share of R&D expenditures in value added was only 2.2% in pulp, paper and
paper products, as against, e.g., 24% in drugs (see section 1.3).

Supplier industries have been technologically more active, and in many
types of paper machinery Finnish companies are among world leaders, in respect
of both market shares and technical standards. The development only started after
the Second World War: the first paper machine was exported (by Wärtsilä/Kone
ja Silta) in 1948 to Czechoslovakia, exports took really off during the 1950s, and
in the late 1980s, Finland was the world leading exporter of paper machinery
(Hjerppe 1990). This is largely an outcome of the integration and intense user-
producer co-operation within the sector. The forest industries have bred techno-
economic advancement to supplier industries.  
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It is not confined to the machinery industry only. The linkages go further:
also the growth of the electronics industry has been firmly interwoven with the
forest sector. Although the birth of the sector is less related to the forest sector, the
development of technologically more advanced products is. For example, the
automation industry is largely a result of interaction between the manufacturers of
electronics and paper machinery. Company histories tell the same story: many
electronics firms are spin-offs from forestry/paper machine companies, often
remaining within the same group of companies.

The growth of the electronics industry in the 1980s was quite phenomenal,
in terms of company internationalization, market developments and technological
advance. As a company, Nokia was often taken as an example of the national
structural change, with the focus of business moving from the forest industries
towards the electronics and telecommunication industries. As a research institute,
the company also became the by far largest in Finland during the decade, with the
bulk of its activities being directed to developing the electronics (see e.g. Lovio
1989) industry. 

However, by the end of the decade the growth had largely reached its peak,
and at present the most advanced units have either been sold to multinationals -
e.g. computer manufacturing from Nokia to ICL and, as the last step, Alhström
automation to Honeywell - or been closed down (Micronas integrated circuit
manufacturing). The reasons for this remain open: was the basis for a radical
structural change not firm enough, was there not enough technological capability,
or were the basic reasons financial? However, in a national perspective, the role of
the forest industries seems to be enhanced again.

In addition to the forest industry block, the production chain around the
mining industry can be mentioned as a similar type of development block. Like
the forest industries the mining industry has bred technical and economic develop-
ment through intensive linkages to the machinery and electronics industries.
However, in this case the international structural change of the complex has
proceeded further, while mining activities are increasingly decreasing in Finland.
The focus of activities has moved to international operations and the planning and
manufacture of mining equipment. 

Diffusion of process technologies. In the core of the Finnish production system,
the forest industries, production technology is among the most modern in the
world, and the newest technologies have diffused quite evenly throughout the
respective sectors. The situation is quite comparable in some other process indus-
trial sectors, e.g., petroleum refining.

In other sectors of the manufacturing industries the conditions are somewhat
different. In fact, with the occasional exception of the textiles and clothing indus-
tries the Finnish production structure has nowhere outside the forest industries
comprised  any real mass production. Product series and production units have, by
international standards, been very small. 
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This is reflected in the utilization of production technologies. Table 1.2
reveals  that the diffusion rate of robots - technology typical of producing long
product series - has been very low. Even the diffusion of NC machine tools has
been modest, but in flexible manufacturing systems the Finnish figures are inter-
nationally rather comparable. This observation is often explained by the especially
flexible use of the Finnish FM systems; thus they have even been employable in
producing batches of very few units only. However, the peak is quite thin, and the
most modern technologies are all employed by a few top companies (Ollus et al.
1990; see also Ray 1992). 
Table 1.2. The number of flexible manufacturing systems, numerically controlled machine
tools and robots in relation to 100 000 industrial workers in some countries in the late
1980s

312
88
84

145
1113
253
244
153

1004
565
991

1118
1461

...
904
946

3.7
1.9
1.7
1.4
1.2
0.9
0.9
0.6

Sweden
Finland
United
Kingdom
France
Japan
Tsechoslovakia
F.R. of
Germany
USA

RobotsNCMTsFMSCountry

Source: Ollus et al. 1990

Product Innovations. The technological level of products in a country is often
described by patent statistics and statistics on trade in high-tech products. Interna-
tional comparisons of patenting activities reveal  that small countries are more
narrowly specialised in particular technological fields than large countries (Soete
1988). 

This is quite true for Finland as well: the majority of patents are related to
the core sectors of industry. For example, the majority of Finnish companies
taking patents in the USA in the 1980s were engaged in the machinery, electronics
and chemical sectors. However, about one third of all patents were related to the
process or machinery of the forest industries. The same statistics show that
Finnish patenting in the USA has slowed down since the late 1980s. This was
largely due to the decrease in the patenting activities of old companies and old
technological fields which has not been compensated by new fields of technology
or new innovative firms. (Valkonen & Lovio 1991). Finnish exports of high-tech
products are relatively small but growing steadily. The Finnish trade in high-tech
and patenting issues will also be discussed in Section 1.3.
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1.2.2  Infrastructure and Institutional Support

Skills, Education and Training. Abilities to innovate, implement, improve and
use new technologies in existing economic organizations are the basic conditions
for all technological advance. Hence education, training and other forms of skills
development are crucial issues. Here skills should be viewed from a broad angle;
it is neither technical skills alone, the skills acquired formally through education
nor individual skills that are important. Technological progress is also implanted
in many basic skills, which are often acquired through informal methods, like
learning  by  doing  and  communicating;  furthermore, collective skills embodied
in the 
Table 1.3. The highest level of education attained in the Nordic Countries as of 1988, by
age group, per cent

  
19.3
24.0
9.8

  
37.1
42.6
27.5

  
43.7
33.4
62.7

Sweden
total, 30-64
30-39
60-64

  
18.2
24.1
9.0

  
35.3
44.5
23.3

  
46.5
31.4
67.7

Norway
total, 30-64
30-39
60-64

  
16.7
20.3
8.7

  
34.8
49.9
13.7

  
48.5
29.8
77.6

Finland
total, 30-64
30-39
60-64

  
18.3
23.3
10.4

  
36.6
38.0
26.4

 
45.2
36.7
63.2

Denmark
total, 30-64
30-39
60-64

  
Third level

Secondary,
second stage

Comprehensive
education only

Source: Statistical reports of the Nordic countries No. 56

organization and cooperative patterns within a working team are often more
important than high skills of individual team members.

In respect of creating conditions for technical change through formal educa-
tion Finland is doing quite well. The Finnish educational system is usually praised
for being both comprehensive and proficient. Statistically, everybody leaving the
compulsory comprehensive school at the age of 15/16, is guaranteed an opportu-
nity to continue education within the system for secondary education. In practice,
approximately 5% of primary-school leavers were left outside the system after
compulsory education in the 1980s. However, even some of them continued their
education later through apprenticeship or other forms of adult education. 
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If we look at the whole population, the educational situation is not so good.
A Nordic comparison (table 1.3) reveals a drastic difference between age groups.
In the younger age groups (30-39), less than 30% - the lowest figure in the Nordic
countries - had only compulsory education, while in the oldest age group (60-64)
the share was 77.6%. This was clearly the highest Nordic figure.

 In the younger age group of 30 to 39, the Finnish figures were especially
appreciable in secondary second stage education, which was the highest level
attained by almost 50% of the age group. Historically, the figures show  that a vast
majority of the working population did not have any formal vocational education
during the first two or three decades after the Second World War.  Formally
acquired vocational skills have only become common since the late 1970s (see
also Asplund 1991). 

It could be argued  that the basic period of industrialisation and technologi-
cal catching-up was rather based on skills acquired through practice and general
social factors like economic organization, work values and attitudes than on
formal education. Informal training and adult education not shown in the statistics
might have played some role. However, vocational adult education in industrial
occupations has been very modest up to the 1970s (e.g. Komiteanmietintö
1988:28). The role of informal education and learning by doing is more difficult
to prove. One explanation could be searched from the background of industrial
workers in the 1950s and 1960s: a majority of them came from an agrarian
environment. Was the industrialization and basic technological advance actually
based on agrarian skills - and values - converted into a new industrial
environment? 

Conversely, the 'informatisation', or 'postindustrial' period seems to be much
more based on formally acquired skills and vocational education. Or, is it only
that Finland has also 'caught up' other industrial countries in terms of education as
well?

Later developments in the system of secondary education include increased
cooperation between, on one hand, general and vocational secondary education,
and, on the other hand, between vocational education institutions and companies.
The prevailing system has been widely criticized for being too rigid and formal.
For example, the very theoretical emphasis of vocational education from the
beginning has often curbed the motivation of practically oriented pupils and led to
interruptions of studies (see Ekola et al. 1991).

Generally the situation is very similar in higher education. In the late 1980s,
Finland was still lagging behind in the number of third-level degree holders as
compared with other Nordic countries. However, if we consider the technologi-
cally most important group, science and engineering graduates alone, the picture
is entirely different (table 1.4). In 1988, the number of graduates was even, in
absolute terms, higher than in any other Nordic country. Also the growth of
science - and especially engineering - graduates has accelerated remarkably in the
1980s. 
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The status of first post-secondary level education can also to be raised by
transforming some of the best technical and business education institutes into
vocational colleges and combining the resources of previously independent insti-
tutes. 

Table 1.4.  Science and engineering graduates (first post secondary level) per 100.000
persons of working age in the Nordic Countries in 1988

2771
4302
3020
4086

90
142
126
84

Denmark
Finland
Norway
Sweden

Number of graduatesGraduates/100.000

Source: Statistical reports of the Nordic countries No. 56

Other Infrastructure Issues. One peculiar feature of the Finnish education
system is that further education and training abroad have been rare up to the
1980s. This is quite true even for academic studies, but especially for lower
grades. Only since the late 1980s policies have put more emphasis on acquiring
experience from foreign studies. However, the basic principle that everyone
should be guaranteed an opportunity for further studies in the home country has
not changed. 

In addition to education and training, communication technologies for logis-
tical networks, the financial system and the issues related to social infrastructure
institutions are important for technological development. On the other hand, the
building-up of infrastructure has, in itself, created technological advance.

From the point of view of initial industrialization and the building-up of the
basis for technological advance, networks of physical communication were
crucial. Basic networks of roads, railroads and canals - especially important for
transporting raw materials for the forest industries - were constructed quite early
in the late 19th century. 

 The creation of telecommunication networks also started relatively early -
Finland stands internationally very high, e.g., in the comparison of telephones per
capita - and the modernization of the network has taken place quite rapidly. The
networks for portable NMT phones are comprehensive, which is related to the fact
that Nokia has succeeded globally very well in the manufacture of portable
phones. There may be a specific connection between the large area of Finland, the
high need for telecommunication, the early building-up of networks and the
technical progress of the sector in Finland.  

Other basic infrastructure issues include the building-up of the energy supply
system, (basically water) power plants and electricity transfer networks. This was,
as such, a demanding technological task, and - as Myllyntaus (1991) proves - an
important arena for transferring foreign technology in the country and for learning

12        Synnöve Vuori and Pentti Vuorinen 

+                                                                                                                            +

+                                                                                                                            +



by doing. The same holds largely true for the construction of industrial and
residential buildings, although on a lower and less demanding technological level.
This was especially intense in the decades of rapid industrialization and internal
migration from the agrarian periphery to the south, towns and other more central
regions. 

Finance is another basic condition for technological development. Typically
the share of equity capital has  been very low in Finnish industry, and the role of
banks has been crucial. The ownership structures of Finnish industrial complexes
are very much concentrated around the main banks. The crisis of the early 1990s
has revealed the vulnerability of the financial system and ownership structures
quite severely.

In respect of technical change, finance has been a problem, in spite of the
rapidly expanding public support (see section 1.2.3). Scarce finance hits most
severely small high-tech firms developing new products. The more advanced and
the more based on basic technology the innovation concerned is, the longer will
the development phase before the real market stage be. The period of no profits
and high-costs may take years. 

Various venture capital and development companies became quite important
sources in financing small high-tech firms in the 1980s. For example, their
electronics companies employed ca. 4.000 people in the late 1980s, a 10% share
of the sector's total employment (Lovio 1990). The recession of the early 1990s
has, however, severely hit the activities of venture capital and development
companies.

Even large corporations face problems in financing further technological
developments. The sales of important divisions to multinational companies is one
indicator of this. Does this mean that it is finally impossible for companies in a
small country to compete on the edge of high-tech because of the rising costs of
technological development? Moreover, is this a sign of an inevitable internation-
alization of production? In Finland, where foreign industrial capital has been rare,
this will mean a drastic change in the development model. 

1.2.3 Firm Behaviour: Technology Management, Linkages and
Labour Relations 

Technology Strategies. Technical advance is not a question of the industrial
structure or formal skills, but an outcome of the management strategies and
behavioural decisions of existing companies. Technology strategies are only one
dimension in companies' overall strategies - technology is just one means of
competing, surviving and developing. However, the role of technology seems to
be increasing, and the technological aspect is included to a growing share of
business issues. 

Conventionally, it is typical to divide companies in respect of technology
strategy - especially product technology - into defensive or offensive ones.
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Offensive companies try to stay on the edge of technical advance, ahead of their
competitors and conquer new markets through product innovations. Defensive
companies carry out only the necessary changes in their products and compete
more with production costs. Accordingly, a company with a defensive product
innovation strategy may be highly up to date in renewing process technologies.

In his study of product innovation strategies of Finnish firms, Lindell (1989)
has divided companies according to whether the main aim of strategy is the exist-
ing business area or if the company is aiming at new areas. On this basis, he has
constructed four prototypes of companies: the analyzer, the defensive defender,
the offensive defender and the prospector.

The analyzer has a combination of old and new areas as its goal being
relatively cautious and analytic in making decisions. The defensive defender stays
in existing business areas and bases its operations on reacting to the actions of
competitors;  the strategy often emphasizes drastic short-term reactions. The
offensive defender lays great emphasis on both old and new business areas, and
bases its strategy on planned long term goals. The prospector is aiming with deter-
mination at new business areas, representing usually a new firm in the growth
phase (Lindell 1989). A prospector type of strategy is typical of new high-tech
firms and relatively new in the Finnish context.  

Perhaps a strategy resembling the defensive defender has been the most
common among Finnish corporations. To a large extent, the Finnish technological
catching up process has also been based on this type of approach. Product innova-
tions are more often introduced as a reaction to competitor's measures than as an
active pursuit. However, the introduction of an innovation is often combined with
the advancement of process technology and incremental developments in the
product. 

Lindell's case studies point out that the strategy has often produced poor
results. This may be the case even more generally in the present context of rapidly
changing technologies and a more uncertain economic environment - where the
technology gap to be catched up is small. 

The changing environment and needs for more comprehensive technology
strategies are among the issues that have led to new organizational solutions
within and between companies. Technological progress is, to a growing extent, an
issue of organizational cooperation and user - producer interaction. Even for large
firms the monitoring of all technical novelties in their business area often demands
too much resources. Mastering all relevant technologies is a more or less impossi-
ble task. For small firms external resources are even more essential.  

Firm Linkages: Networks of Small and large firms, research institutes and
Universities. More than large corporations, small high-tech firms are often
regarded as the main carriers of the new technological paradigm. This is not
necessarily true: for example, most of high-tech production and the majority of
private sector R&D work takes place within large corporations. 
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Table 1.5.  R&D expenditures in industry, by the size of firm, in Denmark, Finland,
Norway and Sweden in 1989, %

100100100100

1
2
2
5

90

11
71
8

12
62

3
2
2
5

88

10
5
9

15
61

    5 - 49
  50 - 99
100 - 199
200 - 499
over 500

SwedenNorwayFinlandDenmark

Source: Nordisk Industrifond 1991

In Nordic comparison, the share of R&D expenditures of firms employing
less than 50 persons is remarkably low in Finland and Sweden (Table 1.5). The
differences in size structures are actually reverse: 82.0% of industrial firms in
Sweden employ less than 50 persons, 82.6% in Norway, 84.0% in Finland and
76.8% in Denmark (Nordisk Industrifond 1991). The figures reveal that the share
of high-tech firms of all small firms is very small and that the R&D performed by
them is rather insignificant in comparison with the R&D by large firms.

However, small firms are an essential element within the technological
dynamics. For example, the interaction between small and large firms in the
Finnish electronics sector is well described by Lovio (1989): Small firms have
often been behind important innovations. But they do not have sufficient
resources to develop the new products up to the market stage. Consequently, firms
- or the  majority of their shares -  are sold to larger companies. From then on,
innovations are developed and brought to the market by the large company.

The circular movement, however, continues. New small technology firms are
again born as spin-offs from the large corporation, or they are intentionally
created by the corporate management by divisionalizing activities. Similar devel-
opments are typical in more central and larger industrial countries.

The tight linkages between small high-tech firms and large corporations are
mentioned also in a study of firms in the Otaniemi Science Park. 54% of the inter-
viewed ( n = 54) small firms had at least weekly contacts with large Finnish
corporations. This was the highest figure of all contacts, while the Helsinki
University of Technology came second with 33% of the firms having at least
weekly contacts there (Kauranen et al. 1991).

These findings support the notion of close and frequent linkages between
single firms and between firms and research organizations as a significant dimen-
sion of national production and innovation systems. The importance of close
linkages to, on one hand, other firms, both as suppliers of services and other
supportive functions, buyers and sources of information, and, on the other hand to
research organizations as sources of information is emphasized in many studies of
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small high-tech firms (see e.g. Autio et. al. 1989, Vuorinen et al. 1989). For
example, most small high-tech entrepreneurs also have their background either in
universities or in older existing companies (ibid.).

The close linkages within technological production have assumed their
geographical form in 'new industrial spaces' (see e.g. Scott 1988), well typified by
Silicon Valley and other Science/Technology Parks. In Finland, the location of
high-tech - or research intensive - production generally follows the existing
location patterns of large companies, and concentrates quite clearly within the
Turku - Tampere - Helsinki triangle, especially in the south between Helsinki and
Turku. These are the economically most active regions in the country, with an
abundant supply of services and information linkages.

Nearest to the concept of 'new industrial spaces' comes the Oulu region, 600
km north of Helsinki, with an evident cluster of high-tech production concentrated
around the Oulu University and the Oulu Technology Park. The technology park
was established in 1982 as the first of its kind in the Nordic countries. All the
characteristics of the more famous science park environments also exist here: a
mixture of research units of large corporations, small high-tech firms, various
applied and basic services, university institutions and a heavy concentration of
knowledge/research intensive sectors. The Park also has clearly visible regional
effects, with spin-off firms in Oulu and the neighbouring municipalities and in
locations further off (Vuorinen et al. 1989).  

Similar technology parks have been established in the mid-1980s in six other
regions. All parks have been set up in a location near a university, and technology
transfer from the university/research institute environment to firms is a central aim
of the activities. The tenants in all technology parks consist of small start-up high-
tech firms, research units of large corporations, university institutions and various
service providers. The role, if not magnitude, of high corporate participation is
important. For example, Nokia has already established a unit in every park in an
early phase (Vuorinen et al. 1989).  

However, it is questionable whether the Finnish 'new industrial spaces' of
high technology can ever reach the point of 'the critical mass' needed to create a
sustainable growth. The recession has worsened the conditions, and technology
parks have incurred their lot of financial problems. 

 
Internationalization. Increasing internationalization is the other changing
regional dimension of industrial activities. Historically, technology diffusion from
abroad has been important for technical advance in Finland, as mentioned above.
However, the role of foreign capital in developing industry has been very modest. 

The share of foreign companies has been highest - 40% of employees in
1960 - in the electronics industry. However, by international standards, they have
only played a minor, even though a positive role, in the creation and growth of the
sector. Their earlier significance lay in setting up companies in Finland, which
helped to diversify the industrial structure and served as a channel for technology
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diffusion. At later stages, their other major contribution was to offer skills,
channels and resources for exporting Finnish know-how (Lovio 1992).

Vice versa, the situation has been quite similar. The international operations
of Finnish industrial firms have been fairly modest even in the 1970s. Only a few
companies had establishments abroad, and a majority of them were sales organiza-
tions or representatives. Compared with, e.g. Sweden, productive activities abroad
were rare.   

The situation has changed radically from both perspectives during and since
the 1980s. The internationalization of Finnish companies started in the 1970s and
accelerated swiftly: 

Rapid growth is reflected, for example, in the fact  that in 1990 the total turnover of
Finnish-owned manufacturing companies abroad already amounted to almost FIM 100
billion, or nearly triple the amount five years earlier. 45% of turnover came from EC
countries, 33% from the EFTA countries and 19% from North America. In five years, the
number of jobs in the companies abroad more  than doubled, i.e. from 63 000 to 141 000
employees in 1990. (Kuitunen 1991) 

Simultaneously, the main target area of foreign direct investment has shifted
from Sweden to the EC, and partly also to the USA. Also the motives for foreign
direct investment have diversified. In addition to the traditional motives - promot-
ing marketing, moving manufacturing in the market area, acquiring raw materials
or, in some cases, moving production to regions of cheaper production costs - the
intention to create linkages to sources of information and to possible users of
developed technologies appears often.

The fact that foreign activities are connected with firm-specific know-how is obvious,
since companies have expanded abroad primarily horizontally. They have strengthened
their main industrial branches through foreign activities. Their objective has been to
ensure similar competitive conditions as their competitors, to strengthen their market
positions, obtain additional resources and enhance their efficiency by means of labour
division between their domestic and foreign production units. (Kuitunen 1991)

Also the share of foreign capital in Finland has grown, although more
slowly.

At the end of 1990, the stock of foreign-owned investment in Finland amounted to about
FIM 18 billion. The most important investor country, Sweden, accounted for some 50%
of the stock of outstanding investment. (Kuitunen 1991)

The most significant flow of foreign investment has taken place through
acquisition of Finnish firms. From the technological point of view, the most
important foreign operations so far have been the sales of Masa Yards to the
Norwegian Kvaerner, Strömberg to the ABB and Nokia Data to the ICL. For the
moment, the linking of these firms seems to have positive effects on them. The
shipyard is prospering more than for years, Strömberg has expanded its Finnish
R&D activities, and the ICL is increasing computer production volumes in the
country. Within the ABB, Strömberg has gained a status, global linkages and
support for technology development that would have been quite unlikely had the
firm stayed under Finnish ownership (see Piironen 1992).

 Outlines of the Finnish Innovation System        17

+                                                                                                                            +

+                                                                                                                            +



In a global perspective, one of the most important issues of intenationaliza-
tion is the growth of international R&D cooperation between firms. The concept
of 'strategic alliances' has become a slogan: even large firms are cooperating on an
international scale to solve the basic problems of technological development
together. One of the most recent endeavours is a high-level development
programme of manufacturing automation technologies, The Intelligent Manufac-
turing Systems programme, in which firms and research organizations from
Europe, Japan and the USA participate. The programme has a time span of more
than a decade and very extensive targets.  

The research cooperation activities of Finnish firms have also grown rapidly.
At least four forms of cooperation seem to be important. First, firms have created
working linkages to international user-producer networks through their 'natural'
linkages and business connections. Second, firms have established units monitor-
ing research and technology in environments rich in new innovations. Third,
originally Finnish firms have established themselves through foreign acquisitions
inside the existing development networks. Fourth, Finnish companies are, to a
growing extent, participating in the technology development programmes initiated
by the EC and other international organizations.

Labour Relations. Finally, human resources are the most crucial factor in techni-
cal advance. Work organization and labour relations are thus also important
factors in technical change. It is often argued that the way of using manpower has
changed as a result of the introduction of flexible production techniques, a need to
rapidly change the product varieties, the competitive need to produce more quality
and the need to exploit all innovative resources, even the resources of the shop-
floor work force. The argument is that a strict division of labour along the
taylorist principles is disappearing, and a new organizational model based on team
work, good training and broad work tasks is gaining more ground.

There are plenty of examples of radical changes in work organizations. More
autonomous working is often used in technologically advanced companies, and
company executives stress the importance of well trained workers. Even decision
making is often delegated to lower hierarchical levels, and factories themselves
are often regarded rather as networks of relatively independent workshops than
rigid hierarchies (see e.g. Ollus et al. 1990).

However, many studies (see e.g. Alasoini 1990) point out that this is far
from the current reality. Most of the companies using up-to-date technologies and
production philosophies in their general operations and strategies are organized on
the old principles. There are also workers not so eager to change the working
methods they are used to. 

Even more generally, the recession has tarnished the image of  'workers as
the most important resource' of an enterprise. Arguments of flexibility, the devel-
opment of work organizations and working conditions are easily forgotten under
the pressure of more urgent problems. Furthermore, for many firms, it is appealing
to  change the work force at times when the supply of labour is abundant.
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On the other hand, the uncertainty of employment and the lack of improve-
ment in working conditions has also deteriorated the other part of the new work
models of organization and company spirits. Workers may not identify themselves
as easily with the 'firm culture' as was often thought in the 1980s (see e.g. Ollus et
al. 1990). 

Many seeds of new labour market conflicts may have thus been sowed
during the recession. Will these developments undermine some elements of the
labour relations largely based on consensus and negotiation? These labour
relations have also paved way for the introduction of technical renewals, and
made further incremental advances possible by learning and developing them at
the shop-floor level.

1.2.4 Technology in national development and Attitudes   

Industrialization, Technology and Nationalism. Public opinion and attitudes
about technology are important in creating the climate for technological develop-
ment in the national context. Especially relevant are interest group attitudes and
actions. In many countries, trade union opposition has been able to retard the
introduction of technical innovations. Through political mechanisms, the prevail-
ing ideological climate towards technological technical change also paves way for
- or impedes - technology policies and other forms of public technology support.

In the Finnish history, industrial development has played a special role. It
has been the other side   of nationalism, the 'great project' of building up an
independent and prosperous Finland. Thus, industrialization has not encountered
much resistance, although political parties have had varying attitudes. All
'progressive' issues related to national development - higher education, strengthen-
ing national culture, creating strong industry - have been generally favoured. This
is exemplified by old newspaper articles proudly announcing the establishment of
a new - 'biggest in the world' - power station or paper mill (see e.g. Kuisma 1991,
also Myllyntaus 1991).

This seems to be true with regard to the trade unions as well. Especially,
while industrial development has been expanding, technical advance has not
encountered notable criticism. The general belief in the positive effects of
progress and technical development is also reflected in this attitude. The problems
of employment and changing working conditions in the context of individual
firms and plants have been compensated by the generally increased industrial
employment. 

This continued even during the 'informatization' period from the late 1970s
onwards. Trade unions more or less supported the introduction of microelectron-
ics. This is well exemplified by two books dating from 1979 documenting
seminars held by the Central Labour Union, SAK and the other by the Metal
Workers Union, Metalliliitto. Experts in technology and representatives of the two
left-wing parties, speaking to trade union decision makers, all strongly supported
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technical advance. The only cause of concern was the 'taking care of the possible
negative effects of automation' (SAK:n automaatioseminaari, 1979; Työ ja
teknologia, 1979).  

There are two special conditions prevailing in Finland and not in most of the
older industrial countries, which may explain this: 

First, the corporate three-partite system had been well-established by the
time of the breakthrough of microelectronics', which made it easier to create
formal negotiative procedures to deal with technical renewals. This is linked to the
fact that the two left-wing parties were in the Government in the late 1970s, and
thus the labour movement was, in fact, deeply involved in creating the new
technology policies.

Second, the informatization of Finnish industry took place in a period when
industry was expanding. Industrial employment only started to decrease, and
modestly, from 1982 onwards. The introduction of microelectronics was thus not
connected with decreasing employment as closely as in most of the older indus-
trial countries. Subsequently, fears of unemployment were well muted by techni-
cal optimism. Hence, even quite comprehensive technological renewals, such as
the transition to digitalized printing and the automation in the banking sector, have
been carried through by negotiations with a minimum of conflict. 

However, many problems may have been hidden during the period of
economic growth. It seems that Finland is only in the 1990s facing the deindustri-
alization problems typical in Europe in the 1970s. While the introduction of
microelectronics took place in the context of  expanding industrial output and a
growing service sector, the later developments have taken place in an environment
of decreasing industry, decelerating growth of private services and a need to cut
down the public sector. Simultaneously, the strength and unity of trade unions and
the corporate negotiative system are disintegrating. This may pose new problems
even for introducing technical innovations in the economy in the future.

Technical Change and entrepreneurial spirit. The nationalist emphasis can also
be seen at the level of entrepreneurial activity. Kuisma (1991) observes the excep-
tional drive of Finnish entrepreneurs, especially in the years after the Second
World War, to devote their time and resources to develop their businesses. This is
best exemplified by the stories of many pioneers of technology, recalling the
constant lack of money and the difficulties of acquiring even the simplest raw
materials. However, raw materials and equipment had to be obtained somewhere:
substitutes could be used, often equipment had to be made by oneself, sometimes
even illegal methods to gain  obtain the necessary materials had to be used (see
e.g. Jauho 1992).

 Kuisma highlights that business and profit related motivations were far from
enough to explain the activities. The underlying driving forces were more general,
and the personal ambitions were interwoven with the beliefs of national develop-
ment and the rebuilding of the country after the destructions of the war. On an
ideological level, the drive to build up an independent national state in the
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interwar years was continued during the reconstruction period after the Second
World War. Kuisma concludes that if profitability had been the main criterion for
industrial and technical development, no paper machines would have been built
and most of the other technical advances would  have remained undone as well.
The activities of entrepreneurs and innovators in the postwar years were far from
based on calculated comparative advantages and profit expectations.

Seen in the historical light, the current situation may perhaps also be blamed
for lacking entrepreneurial spirit. Profit expectations do not suffice, especially in
economically hard times. Did the years of easy finance and hasty stock market
profits of the 1980s lead to a wrong image of the market economy?  

1.2.5 Policy for developing technology  

Origins of technology policy. Early Finnish industrial policy supported - already
before the country's declaration of independence - especially investments that
favoured the diffusion of new mining and agricultural techniques (Hjerppe 1990).
The trend has continued, and technical novelties have been supported by industrial
policy during the interwar period and after the Second World War. 

However, the policy was mainly diffusion policy, supporting investing in
new machinery and equipment. The main target was to raise price competitiveness
and cut down production costs by introducing up-to-date production methods.
Development of new products and research in private companies did receive much
less public support. 

On the other hand, the creation of the network of research institutes had
begun quite early. The Helsinki Polytechnical School was established in 1872 and
converted into the Helsinki University of Technology in 1908. Sectoral research
institutes established by industry and industrial organizations also had a relatively
early start. For example, the Central Laboratory, the research institute of the forest
industries, was established soon after the declaration of independence. The
Technical Research Centre of Finland, the VTT, was established by the state in
1941.

Up to the 1960s, technical colleges, universities and the VTT were the main
agents of technology policy. Neither were any selective targets formulated, nor
were any specific instruments to guide firms' research activities introduced. The
foundations for a separate technology policy infrastructure were created in the
1960s: a technology unit was established at the Ministry of Trade and Industry
and the Finnish National Fund for Research and Development, SITRA - a special
credit institution to support technical research -  was founded under the Bank of
Finland. New policy instruments were also introduced, and product development
loans, subsidies to companies and support for applied research in research insti-
tutes and universities were granted. However, in the 1960s and 1970s, technology
policy did not, unlike industrial policy, follow any clear selectivity in allocating
resources: support decisions were made by the Ministry on the basis of
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applications. A quantitative increase of resources was almost the only explicit
target, and also the most important advance in the policy system in the 1970s.

Technology policy was criticized during the late 1970s in two respects. First,
the system was blamed for bureaucracy, inefficiency and the lack of technical
expertise. Second, new technical advances and the rapid diffusion of microelec-
tronics raised the question of selectivity in targeting technical development.

A new phase. The Technology Committee of 1980 became a turning point in
technology policy. The Committee recommended a set of national technical devel-
opment projects, which represented a new way of thinking in technology policy
and a new level of state intervention in technical change as well. The recom-
mended projects focused on semiconductors, information technology, automation
in batch production and biotechnology in process industry. The target has clearly
been to steer technical change towards microelectronics and information technol-
ogy. Moreover, the traditionally dominating area of the forest industries is missing
from the core of recommendations.

After the Committee, from the early to mid-1980s, the policy system devel-
oped rapidly. The most important institutional renewal was the establishment of
the TEKES, the Technology Development Centre, based on the model of the
Swedish STU, in 1983. The main task of the organization was to take over most
of the technology activities from the Ministry of Trade and Industry - the finance
and administration of research - and, above all, to create a more targeted and
planned technology policy. 

One of the first duties of the TEKES was to carry out the comprehensive
national technology programme with the value of about FIM 190 million. A
common denominator for all the twelve projects in the programme was high
technology, especially information technology, which was through this
programme, in fact, adopted as one of the main development targets of Finnish
industry. Substantial selectivity was also introduced as an essential feature of
technology policy.

Another new feature in the national technology programme was its way of
organization. For the first time, the programme was consciously organized in the
form of close cooperation between universities, research institutes and companies,
thus even formally supporting the creation of user-producer networks. 

 Since the late 1980s, technology programmes have focused on generic
technologies applicable in many areas, and technologies promoting the renewal of
the forest industries and the metal and engineering industries, the nationally most
important industries. The technology programme committee of 1989 singled out
11 areas of national technology programme development:

1. Advanced applications of electronic components;
2. Chemical synthesis technology;
3. Development of process systems;
4. New production technologies and computer-aided planning and production;
5. Advanced information processing systems;
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6. Materials in manufacturing industry;
7. Information technology applications in products;
8. Telecommunication technology;
9. New pulp and paper technology;
10. Wood products and production;
11. Advanced construction, building materials and materials manufacturing.

Another typical feature of technology policy in the early 1990s is the
increasing participation in international research organizations and projects.
Finland has participated in the EC Eureka programme from the beginning. In
December 1986, Finnish companies participated in 12 projects of a total of some
100 Eureka projects, while by the summer of 1992, the number had increased to
the participation of Finns in 80 projects. 

For the time being, there are not many comprehensive and systematic analy-
ses of the impact of the various measures available in Finland. Single projects and
programmes have been evaluated by the VTT, the TEKES and the Academy of
Finland and by some research institutes. The OECD has also published its evalua-
tions of the Finnish technology policy, and the assessments have generally been
fairly favourable:

The Examiners recognised ... that Finland has established an impressive collection of
science and technology policies and now possesses a sizeable scientific and technologi-
cal potential, both in terms of institutional diversification and resources.    ...  

The vigour of the national research and development effort is impressive. The impor-
tance of science and technology in Finland's economic and social development should be
acknowledged in the other sectors, so that adjustments can be made to remove obstacles
and stimulate growth (OECD 1987).

Other Policies. Technical change has also received plenty of direct and indirect
support through other public policies. Educational developments have been
mentioned above: the supply of sufficient manpower through technical education
has been among the central goals of educational planning. The strengthening of
universities and research institutes has also been a main target of education and
science policy.

Regional policy is another field in which developments related to informa-
tion technology were taken seriously. This was based on the notion  that the
decline of old industries and agriculture in connection with the growth of new
industries threatened to raise the problems of periphery onto a new level. This led
to the development of regional technology policy, with, e.g., all provinces launch-
ing their own technology policy programmes in 1989. The underlying concept
was to build up a new infrastructure for 'information society' (see e.g. Vuorinen
1990).

Activities in regional policy have led to new institutional arrangements as
well. Technology parks were already mentioned: they are seen as an important
means of developing and diffusing technology in their regional environments. In
addition to technology centres, information technology centres which concentrate
on training and supplying information technology services to firms in their
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environment. The centres are usually set up in close contact to - or as a depart-
ment of - a local business or technical college. These organizations are supported
both by education and regional policy. One of their aims has been to expand
cooperation between public educational organizations and local small firms. 

 In the early 1990s, the regional policy activities have partly become a daily
routine, although the most intensive drive to develop a regional information
society has also slowed down. This is, on one hand, due to the recession, and on
the other hand, to the relatively modest results. The production structures of
peripheral areas have not been much modernized, and high technology firms have
not, to any larger extent, settled into regions outside the clusters mentioned above.
Has regional technology policy thus only succeeded in retarding the decrease of
peripheral regions?

1.3 TECHNOLOGICAL PERFORMANCE of the FINNISH
INNOVATION SYSTEM

1.3.1 Research Efforts and the Finnish Manufacturing Industry in
International Comparison
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In the last three decades, the structure of the Finnish manufacturing industry has
experienced important changes. Of the larger industrial sectors, the metal and
engineering industries and the chemical industries have increased their share in
total manufacturing  output,  while  the shares  of the forest industries and the
textile and clothing  industries have decreased  (Table 1.6).  However, within  
these  large

Table 1.6.  Manufacturing output by industry in 1960 - 1990
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sectors, the changes in the product and market structures have been even larger.
Thus, for example, in the paper industry, there has been a remarkable shift
towards moreupgraded products. Within the last 15 years, the share of the open
sector in total output has decreased, partly because of the collapse of trade with
the former Soviet Union, but Finland can still be regarded as a highly open
economy (Figure 1.3). This means that Finnish products broadly compete in the
world market. A decisively important part of international competitiveness is
based on the technological performance of manufacturing.

Rapid Growth but a medium level of R&D expenditures. Finnish industry
started to intensively raise its technological level relatively late, but since the
beginning developments have been fairly rapid. From the period from the 1950s
to the 1960s, there is only scattered quantitative information on the trends of
Finnish research intensity, and the figures are not fully comparable with the time
series material which has been systematically gathered from the late 1960s
onwards. For example, on the basis of a survey concerning 1956, it was estimated
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that total research expenditures (excluding research at universities) amounted to
0.35% of GDP in that year. Within manufacturing, the metal and engineering
industries were already at that time the major spenders on research, with a 61%
share of the total. In contrast, the forest industries had a 13% share while the
chemical industries, still at the emerging industry stage in Finland, only spent 9%
of the total manufacturing research expenditures (See Elfvengren 1958). Accord-
ing to another study, the share of technical research in GDP increased from 0.39%
in 1962 to 0.49% in 1968. In the latter year, total research expenditures were
estimated to be 0.8% of GDP; in Sweden the corresponding figure was already
1.6% (Nurmi 1970, p. 27-28).
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In the late 1970s and 1980s, investments in R&D increased very rapidly in
Finland. The annual growth rate of the volume of R&D was nearly 10% on
average in the 1980s, or higher than in most of the other OECD countries.
However, compared with the major spenders on R&D, the level of R&D invest-
ments is still fairly low. Instead, R&D expenditures relative to the level of GDP
are in Finland on a comparable level with, e.g., Canada, Denmark and Norway
(see Figure 1.4).

When looking separately at the R&D spending of the manufacturing indus-
tries, the international picture is quite similar to that on the national level: while
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manufacturing spends relatively more on research than the economy as a whole,
the major spenders are the same countries (the U.S., the United Kingdom,
Germany, Japan and France among the larger countries, and Sweden among the
smaller ones, see Figure 1.5). In absolute terms, the industries which spend the
largest amounts on R&D in Finland are, just as in most other industrialized
countries, the metal products and engineering industries and the chemical indus-
tries. The former category of industries accounts for as much as two thirds of the
total research expenditures of the manufacturing industries (Figure 1.6).

A more detailed analysis shows that there is considerable variation between
subsectors of the different industries as to how much they spend on R&D. In some
fairly narrow product categories the share of R&D expenditures in value added
was, for instance, in 1989 quite high: 24% for drugs, 55% for petroleum and coal
products, 37% for computers and office machines, etc. (Table 1.7). Most of these
sectors are regarded as genuine high-tech industries.

In contrast, the pulp and paper industry is quite a different example, which is
especially important in the Finnish industrial structure. In international classifica-
tions, the industry is regarded as a low-tech industry, whereas in Finland the
product category, as a whole, spent in 1989 only 2.2% of its value added on R&D
- about half of the manufacturing average. Nevertheless, parts of the paper indus-
try have distinct characteristics of a high-tech industry: without a high level of
expertise and ability to use technologically complicated processes, the manufac-
ture of high-quality papers would simply not be possible. A substantial part of the
technologies used in the industry are created outside the sector, i.e. in the sectors
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producing machinery and equipment. The research efforts made in those sectors
benefit the paper industry as well. In fact, the sector producing pulp and paper
machinery is much more research-intensive: in 1989 it spent 9.5% of its value
added on R&D.
Table 1.7.  Research and development expenditures of Finnish manufacturing firms in
1989, share in value added, per cent, selected product groups

4,7Total manufacturing

1,8
0,1
0,5
2,2
8,7

24,2
54,9

9,5
37,1
14,7

Food
Clothing
Wood and wood products
Pulp, paper and paper products 
Industrial chemicals
Drugs
Petroleum and coal products
Pulp and paper making machines
Computers and office machines
Instruments

%Product group

Source: Statistics Finland

In addition, the pulp and paper industry funded research activities performed
outside the firms themselves with an amount which was about one-fourth of the
industry's "intramural" research expenditures; this is an exceptionally high share.
Thus, the picture got by looking at the firms' own R&D expenditures alone is far
from complete; in many cases, the diffusion and use of technologies developed by
other firms or research units may be highly important.

It should also be remembered that the industrial research activities are highly
concentrated on large companies. For example, in 1989 the ten largest manufac-
turing firms accounted for 54% of the total R&D expenditures of manufacturing,
while their shares in total sales and exports were only about 44% and in the
number of employees only 40% (Table 1.8). The degree of concentration
increased very rapidly in the 1980s.

Table 1.8.  Ten largest manufacturing companies: sales, exports, R&D and employment,
share in total manufacturing, 1983 and 1989

19891983198919831989198319891983COMPANY

EMPLOYMENTR&DEXPORTSSALES
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30        Synnöve Vuori and Pentti Vuorinen 

+                                                                                                                            +

+                                                                                                                            +

50

100

150

200

250

300

Ind
Denmark

50

100

150

200

250

300

Ind

80 85 901975

Norway

50

100

150

200

250

300

Ind
Finland

80 85 901975
50

100

150

200

250

300

Ind
Sweden

 R & D expenditures  Fixed investment

ETLA

Fig. 1.7. Volume of R&D expenditure and fixed investment in
manufacturing in the Nordic countries (1975=100). Sources: Statis-
tics Finland; OECD.



Structural shift from fixed investment to research investments. In most indus-
trialized countries, the manufacturing industries have increased their R&D expen-
ditures much more rapidly than investments in fixed capital over the past 15 or 20
years. This structural shift has been remarkable in countries like the U.S. and the
Nordic countries. Despite the exceptionally rapid shift in emphasis of investments
in Finland (see Figure 1.7), the relative level of intangible investments is still far
behind Sweden, as noted above. The much faster growth in research expenditures
than the growth of fixed investments can be clearly seen also when looking at the
growth rate differentials of the main subsectors of manufacturing in the 1980s
(Table 1.9).

In Finland, the investment ratio has been internationally high in the postwar
period. In the 1980s, gross fixed capital formation amounted to about 25% of
GDP, on average, which was almost 5 percentage points higher than the EC
average and about 3.5 percentage points higher than the average for small
European OECD countries. This high ratio is partly explained by the rather heavy
investments in the housing sector and in agriculture, but also within manufactur-
ing the investment ratio has remained at a relatively high level, although there has
been a long-run downward trend (see Figure 1.8).

Among the larger industrial sectors in Finland, the wood, pulp and paper
industries are the most capital-intensive ones: in 1989 they accounted for 44% of
the fixed capital investments of total manufacturing, and they spent 12.5% of their
turnover on these investments, whereas the manufacturing average was 7%. At the
same time, these industries' share in the total intangible investments (including
R&D, training, marketing, software, etc.) of manufacturing was only 15.5%; they
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spent 1.7% of their turnover on intangible investments, while the manufacturing
average was 2.7%. These figures can be compared with the corresponding figures
for the industries producing machinery and equipment, which are much less
capital-intensive but more research-intensive. The share of these industries in
fixed 

Table 1.9.  Manufacturing fixed investment and R&D expenditures by industry in 1980
and 1990
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capital investments of total manufacturing was only 6.5%, whereas their share in
the intangible investments of total manufacturing was as much as 14.5%. As
mentioned above, part of the research results of this sector are transferred to the
users of the machinery and equipment produced by this sector.

1.3.2 Industrial Growth and Results of Research Efforts: Measures
of Technological Advance

While it is clear that the growth of Finnish R&D investments has been internation-
ally quite rapid in the 1980s, the results of these investments are not easy to
measure. The next section deals first with productivity developments, which are,
in general, thought to be related to the changes in research efforts. Another way of
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trying to find out the results of increasing research investments is to look at the
trends in the patenting activities and trade in high-tech products.

Productivity Developments. By international standards, Finnish industrial
growth has been rapid in the postwar period. This growth has been almost
continuous, two notable exceptions being the mid-1970s and the early 1990s.
Within this period, however, there has been a marked change in the character of
growth: the earlier years were characterised by extensive growth based mainly on
an increased use of the basic inputs, labour and capital. In contrast, since the early
1970s, growth has been of a more intensive kind, based on factors such as a more
efficient use of inputs, better organization and technological advance. In other
words, much more than before, the growth in total factor productivity (TFP) has
contributed to the growth of industrial output.

Table 1.10.  Growth of manufacturing output in Finland and contributions of labour and
capital input and total factor productivity (TFP), average annual changes, per cent
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Indeed, the contribution of TFP to output growth in manufacturing was
about 56%, on average, from 1960 to 1973, whereas it increased to as much as
94% in the post-1973 period (Table 1.10). However, there are large variations
both between industries in both periods and between periods for each industry.
For instance, the average growth contribution of TFP in the chemical industries
only increased from 39 to 66% between the periods, whereas in the wood industry
it grew from 88 to 460%. At the same time, there was a marked slowdown in the
average annual growth rates of output for both industries, just like in total
manufacturing.

The rate of growth of both total factor productivity and labour productivity
in the business sector as a whole, was in the 1980s clearly higher in Finland than
in most of the other OECD countries (Table 1.11). In addition, the slowdown of
productivity growth as against the 1960s and the early 1970s has not been as
strong as generally in other industrialized countries. The factors behind this
slowdown are, however, probably partly the same for Finland as for the industrial-
ized countries in general: the effect of large changes in energy and raw material
prices, the slowdown of capital accumulation, lower expenditure on R&D,
demographic change affecting the average skill level of the labour force, and
reduced opportunities for "catching up" since the 1950s and 1960s (OECD
Economic Outlook).

Studies of the effects of firms' own R&D activities on total factor productiv-
ity have, in general, produced the conclusion that, especially before the economic
crises of the 1970s, the returns on R&D have been very high, often in the range of
20-80%. Most of these results, however, have concerned the U.S.A. and other
large countries. Similar analyses based on Finnish, Swedish and Norwegian data
have indicated that the returns on firms' own R&D are perhaps not as high in these
countries as has been thought on the basis of previous research (see Vuori 1986
and 1991).
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Table 1.11.  Productivity in the business sector in selected countries, percentage changes at
annual rate
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It has thus been argued that the role of firms' own R&D and that of technol-
ogy diffusion may be different in small open economies, like Finland, from the
situation in larger and earlier industrialized countries. Diffusion seems hence to be
extremely important for smaller countries, but it can be achieved only by means of
sufficient own capabilities of firms, which are partly built on their own research
activities. The decisive role of diffusion could explain the fact that very strong
empirical evidence of the positive impact of firms' own research on their produc-
tivity has so far not been found for the Nordic countries (Vuori 1992).

Patenting and Trade in High-Tech Products. As for many other industrialized
countries, the United States is the most important foreign country where Finnish
applicants apply for patents. In the 1980s, there was a rapid increase in Finnish
patenting activities; the average annual growth rate for patents granted in the U.S.
was 8.5% during the decade. This rate can be compared with the growth rate of
domestic patent applications: only 4.5% a year, on average, (see Table 1.12). The
growing intensity of patenting activities can be seen as an indication of increased
research activities and of more patentable research results, but also possibly of
changes in patenting behaviour, as a result of, for example, keener international
competition.

Also in terms of being able to produce exportable high-tech products, the
performance of the Finnish manufacturing industry has improved considerably in
the 1980s. While the share of high-tech products in total merchandise exports is
still low by international standards, it has grown steadily, and in the last few years
very rapidly. The growth in high-tech imports has been much slower, and thus the
relative size of the high-tech trade deficit has decreased. In 1990, the share of
high-tech exports in total Finnish exports was higher than in Denmark and
Norway, but still  clearly lower than in Sweden  (Table 1.13). A trade deficit
exists in almost all
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Table 1.12.  Patenting activities of Finnish applicants, 1980 to 1990.
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Table 1.13.  The share of high-tech products in foreign trade in some OECD countries, %
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product categories, the most important exception being telecommunication equip-
ment: in this product category exports in 1990 exceeded imports by as much as
86% (Teknologian soveltaminen ja siirto 1990, Koulutus ja tutkimus 1992:2).

To summarize, Finland has been able to raise her technological level consid-
erably in the last two or three decades. Research efforts have grown more rapidly
than in most of the other OECD countries. Technology diffusion has also been
extremely important, as Finland has been able to adopt technologies created
elsewhere and to adapt them to her own needs. Increased investments in research,
education and technologically advanced machinery have produced many
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favourable results: increased productivity, more high-tech exports and more inter-
national patents. However, the levels of the technological leaders have not yet
been reached, and probably will never be reached - except for a few fairly narrow
niches - because of the relatively limited resources of a small country like Finland.
The results of the extensive intangible investments in the 1980s have, to some
extent, not yet been seen. Was the allocation of resources in that decade success-
ful? The relative position of Finland in the international technology race of the
1990s hence continues to be an open question.

1.4 Concluding Remarks

Tentatively, the specific historical features of the Finnish innovation system could
be summarized in five factors:

1. Technical development started, as a dimension of basic industrialization, both
relatively late and slowly, but in a fashion that could accumulate a substantial
and solid competence base - also in institutional terms - for further develop-
ment. 

2. The slow development was linked to the exceptional nationalism in the devel-
opment model. The role of foreign capital and technology transfer in industri-
alization was unimportant, and technical knowledge was acquired mainly
through nationals' activities.

3. On one hand, the narrow basis of industrial structure limited the scope of
technical development, but could, on the other hand, help in creating a closely
working development block based on long experience of user-producer
cooperation. This co-operation expanded the innovative activities up and down
the production chain and fostered the creation of a network of supporting
institutions.

4. Ideological and value related factors created a favourable climate for steady
technical advance. Strong drive for independent national and economic devel-
opment, a distinct belief in the value of education and knowledge in combina-
tion with the devoted work values - perhaps inherited from the very recent
agrarian past - supported industrialization and technical development both as
generally accepted national aims and in practice by mobilizing the existing
skills into practical development work. 

5. Later on, the creation of a corporate welfare state that integrated trade unions
to a three partite negotiative system and a largely consensus based idea of
social development facilitated the introduction of new technologies, the accep-
tance of technology based 'structural change' as an economic policy target and
the creation of a relatively straightforward and rational technology support
system.
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In the international comparison, the notably rapid technical advance from the
early 1970s onwards sprang up from this kind of a historical background. Until
then industrial growth had still been characterised by extensive growth based
mainly on an increased use of the basic inputs, labour and capital. Since the early
1970s, growth has been more intensive, based on factors like a more efficient use
of inputs, better organization and technological advance. 

During this period, Finnish industry narrowed remarkably its technology gap
to older industrialized countries. This was indicated by, e.g., the exceptionally
high annual growth in the volume of R&D, nearly 10%, on average, in the 1980s,
which was much above the growth rate of fixed investments. The R&D expansion
was related to a structural change, on one hand, towards high-tech industries and,
on the other hand, integrating high-tech components into the basic industrial
complexes. The Finnish innovation system has thus also shifted the main focus
from the diffusion of existing technologies towards more research-based
development.

There are inherent contradictions in the effects of growing research invest-
ments. A paradox is  that while R&D investments have accelerated rapidly since
the early 1970s, both the average annual manufacturing output and productivity
growth rates have slowed down markedly - although less than in most other indus-
trialized countries. Moreover, any strong evidence of the positive impact of firms'
own research on their productivity has so far been found, neither in Finland nor
the other Nordic countries.

The slowdown of productivity growth could be explained by the sharp
changes in energy and raw material prices, a deceleration in capital accumulation,
changes in the industrial structure and perhaps weakened prospects for a further
decline of the technology gap. However, do these explanations suffice, and what
have really been the effects of growing R&D investments? Do they rather reflect
the growing difficulties in further technical development than its success? Is the
main role of firms' own R&D to facilitate the implementation and further incre-
mental development of existing innovations and thus, in the first hand, to help
accelerating diffusion?

However, in the 1980s, the share of high-tech products in total merchandise
exports has grown, even very rapidly during the last few years. In 1990, the share
of high-tech exports in total Finnish exports was higher than in Denmark and
Norway. In telecommunication, the exports of 1990 exceeded imports by 86%,
although a trade deficit actually existed in almost all other high-tech product
categories.

1.4.1 The End of an Era?

In the early 1990s, the basic set-up is facing radical changes. The rapid growth in
the 1980s has ended in a deep recession and led to an overall confusion. The
forest industry sector seems to be, again, the cornerstone of the Finnish economy
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while the post-industrial information society has not risen from the ashes of the
old industries. 

Many of the original background factors of the Finnish model of progress -
especially the ideological dimensions - seem to be eroding as well: There were no
national aspirations behind the investors' drive to the overheated stock markets in
the 1980s; the consensus-based system is largely questioned, and even the existing
institutional infrastructure of a welfare state - including the basic principles of
education - are questioned; and it is often argued that only traces of the old work
values are left. 

However, the more physical features of the model are also changing. As a
result of internationalization, the national innovation system is opening from both
ends. On the one hand, foreign capital has gradually begun to gain better access
inside the country, even in some technologically quite central firms. On the other
hand, Finnish firms have rapidly loosened their domestic ties through international
operations. This is well illustrated e.g. by the relocation of some Nokia depart-
ment headquarters abroad. While operating in an international context, the weight
of national considerations further diminishes in the corporate strategies and
decision making.

From a technological point of view, there is not much to gain from narrow-
ing the technology gap any longer. The gap, of course, still exists, but the advan-
tages from filling it will decrease. For example, in many cases, the technical and
financial demands are growing rapidly also for companies pursuing a followers'
strategy.     

Further advance and increasing internal complexity of high-tech products is
changing the nature of technical competition. Entry barriers and development
costs will be higher, and there are likely fewer basic technical development paths
to choose from. The direction of technological change may become, to a growing
extent, predecided in the global centres of technology. Further on, the participa-
tion in development may - because of high development costs and entry to vital
knowledge - also become more dependent on participating in international devel-
opment cooperation. This will make it still harder for both small firms and small
countries to stay on the edge of technical change.  

In this situation, the whole national innovation system may have to be
redefined. What will be the role of the national component, when most of the
advances and operations are decided internationally, and even the substantial
development is bound to international linkages? In the context of integrating
Europe, firms do - by definition - even generally execute their transactions more
loosely under less national limitations. 

The same opening is true in respect of other components of the innovation
systems. For example, firms are more open to use labour force from anywhere.
The national pool of competence will thus face much more competition from two
directions: it will become easier to recruit people from abroad and it will also be
easier to relocate operations in other European countries. Similarly, it will be
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easier for technology intensive firms to get information and expertise from
elsewhere in Europe, or relocate operations in the sources of knowledge.

However, the reality may not be that 'loose'. Both cultural issues and close
interaction between users and producers of technology and other networking
linkages make drastic relocations difficult for high-tech firms. 

Another possible outcome from the development towards a more global
world with less national limitations may be a world of local and regional milieus,
based on intense interaction, tight linkages and dynamic development - milieus
interacting and co-operating more with similar environments in other European
countries than with other regions in the home country. But even such a develop-
ment model implies radical changes in national policies and development targets.

We can hence summarize: in the last two or three decades, Finland has
considerably raised her technological level. Increased investments in research,
education and technologically advanced machinery have produced many favour-
able results: increased productivity, more high-tech exports and more international
patents. 

However, many results of the extensive intangible investments in the 1980s
still remain to be seen. Was the allocation of resources successful? Were the target
sectors the right ones: not much is left of the expressive growth of electronics.
Telecommunication and consumer electronics remain in domestic hands, while
foreign capital has taken over production within most of the other subsectors of
electronics. 

Moreover, what will be the future role of the forest sector? Will the country
be retarded back into a producer of basic, raw-material based paper products? Or,
could the forest industry sector once more - in analogy to the electronics sector -
induce new dynamic areas of developing technology? What might they be:
innovations related to biological or environmentally friendly paper products, or
even other sectors of environmental technology, e.g. water protection and clean-
ing technologies?

The position and prospects of Finland and Finnish firms in the international
technology race in the 1990s hence continue to be a widely open question: there
are too many open - and new - parametres affecting technological competition in
the near future.
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2  Pecularities of Social and Technological
Change in the Finnish Society

Erik Allardt

University of Helsinki and Åbo Akademi University, Finland

In the prosperous days of the second half of the 1980's it was in Finland not
uncommon to ask whether Finland is an exceptionally modern country. The
question was often attributed to foreign observers although it was usually
triggered of by Finns and Finnish national ambitions. Yet, the idea of Finland
being exceptionally modern was not only a reflection of Finnish ethnocentrism but
it was also based on some widespread popular assumptions with roots in the
Enlightenment and Western liberalism. The first is the idea that there exists a
unique but central model of development towards which all countries move or
wish to move. The second is the assumption that modernization can be assessed
by some simple indicators of economic development. The third is that moderniza-
tion as being the most important thing in the world is something all individuals in
their right mind should aspire to.

All three assumptions are difficult if not altogether impossible to sustain. It
seems reasonable to assume that there are alternative paths to development.
Furthermore, modernization is a multidimensional phenomenon whereby the
developments on different dimensions have to be accounted for. Third, from a
human point of view its seems more important to give priority to problems such as
order versus disorder, peace versus violence, equality versus inequality etc. than
to just modernization. At any rate, in analyzing and describing the roots and
consequences of technological change a whole array of circumstances outside the
economic and technological realms of life have to be taken into account.

2.1  The Multidimensionality of Modernization

Processes of modernization occur both in politics, the social life and economy.
They are all dependent on and influence each other. It is not reasonable to postu-
late that the economic and technological development are isolated phenomena or
even that they can be treated and described without references to their political
and social connections. Here particularly three aspects of modernization will be 
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emphasized:  political mobilization, social differentiation and technological devel-
opment. A basic assumption in this paper is that an important part of the economic
problems of the Finnish society is due to institutional structures. The famous
political scientist Karl Deutsch (1961, 494-495) coined the term social mobiliza-
tion to denote the political aspects of modernization. He defined social mobiliza-
tion as "the process in which major clusters of old social, economic and
psychological commitments are eroded and broken and people become available
to new patterns of socialization and behavior". Many occurrences such as the  
response to the mass media, change of residence, urbanization,  and literacy can
be taken as indicators of social mobilization. Here the focus will be on political
developments, whereby it seems feasible to speak directly about political instead
of social mobilization. As a simple but crucial indicator of political mobilization
voting participation in the general parliamentary elections will be used in the
forthcoming text.

In social life one of the most important aspects of modernization is caught by
the term social differentiation. Modern societies are highly differentiated and
contain a vast amount of social roles and institutional structures. Recruitment to
these roles is as a rule not ascribed in advance by kinship, territory, caste, status at
birth etc. As one leading theoretician of modernization, S.N. Eisenstadt (1966, 3)
once concluded "Perhaps the most important aspect of this differentiation and
specialization of roles in all major institutional spheres is the separation between
the different roles held by an individual - especially among the occupational and
political roles, and between them and the family and kinship roles". Historically
the latter type of separation of roles came first. Modernization meant that people
were less and less ascribed to their occupational roles on the basis of their family
background and kinship. In a later phase of modernization there was a separation
of an individual's occupational roles on the one hand, and his political and cultural
roles on the other. For instance, a given occupation does not automatically entail
the incumbency of a particular role in politics. Furthermore, within each institu-
tional realm (in politics, in the economy, in the sphere of social organizations, in
territorial activities) there developed distinctive units that were organized around
the goals specific to each realm. The different institutional realms are not in a
modern society fused into a vast network in which family, occupational, territorial
and political roles are clearly tied to each other.

It is often simply and flatly assumed that social differentiation has proceeded
very far in the modern society, and that roles from different societal realms are not
fused and strongly dependent on each other. This is an assumption which at least
as regards the Finnish society can be seriously questioned. Finland was quite
recently an agrarian society with an agrarian type of politics in which family,
occupational, territorial and political roles were tied together. Despite dramatic
changes in the political structure there are still many signs of an agrarian type of
politics with a fusion of family, occupational, territorial and political interests.
There is also plenty of evidence about instances in which political party member-
ship has influenced the allocation of positions and jobs in other spheres of life. 
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Furthermore, and perhaps most significantly there are signs of strong, almost rigid
connections between occupational roles and political standpoints. Special-interest
organizations have arisen in most walks of life. They are usually based on occupa-
tional roles but the interest organizations bargain not only for wages but also for
political power, and they strongly influence the capacity of the society to adopt
new technologies and innovations. Such a pattern is typical for what is labeled a
corporatist society.

A crucial feature of modernization in the economic sphere is a rapid pace of
technological development. Since technology may also have detrimental effects,
the development of technology creates many moral and human problems. Yet,
there has in all so-called modern societies occurred a development based on the
systematic application of knowledge strongly fostered by preferences for a
Newtonian type of science. This is also reflected in the fact that the growth of
research expenditures has been regarded as one of the best indicators of moderni-
zation. It is well known that there was a rapid growth of the investments in
research and development (R & D) in Finland in the 1980's, and that the country's
R & D as a per cent of GDP in this decade rose from a fairly low to a medium
level among the OECD-countries (Vuori and Vuorinen, 1993, 23-29). A simple
but nevertheless very telling indicator of the same trend has been the changes in
the occupational structure. A customary division for analyzing social development
in terms of the occupational structure has been the three-sector model consisting
of agriculture or the primary sector, the  processing industry or the secondary
sector, and the service industries or the tertiary sector. With the development of an
information industry and technology a quarternary sector consisting of informa-
tion occupations (Kennesey 1985) has been to become identified as a separate
entity.

There are many other kinds of indicators for the development in the national
production system than the model based on changes in the occupational structure.
Industrial output, technology transfers, the number and kind of persons graduating
from different educational levels, the number of patents, information about
productivity etc. can all be used for describing some aspects of the technological
development but as a shorthand description and an over-all measure the four-
sector model will here be used as a main indicator of the technological
development.

In the following a general description of the developments in the Finnish
society will be presented in terms of the simple indicators here chosen.

2.2   The Decline of Political Mobilization

As stated, the rate of participation in the general parliamentary elections is here
taken as the main indicator of political mobilization. Unlike the development in
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other Nordic countries the electoral participation in Finland has undergone a very
uneven development. As the first European country with universal suffrage both
for men and women, Finland had its first general parliamentary elections already
in 1907. It was an occasion of great and intensive political mobilization, and the
voting rate of 70.7 per cent was for those early times of universal suffrage excep-
tionally high. The voting turnout in these first elections was not reached and
exceeded until the first elections after the Second World War in 1945, when
voting participation rose to 74.9 per cent. In the 1920's the voting participation
was below 60 per cent in all elections, and in the 1930's the highest rate of partici-
pation was 66.6 per cent in 1939. As a contrast the electoral participation in
Denmark, Norway and Sweden showed an undramatic but steady increase all
through the decades preceding the Second World War.

Also later there has been considerable fluctuations in the voting participation
in the Finnish society. The main feature is a clear decline of voting participation in
recent elections. In the two last parliamentary elections in 1987 and 1991, the
voting participation was 72.1 per cent, the lowest voting turnouts after World War
II. 

In a parliamentary democracy with a multiparty-system a trend towards
disinterest in politics is a highly problematic feature. It testifies to an increase in
political alienation, which appears even more problematic considering that the
youngest age groups eligible for voting abstain from voting more than others
(Martikainen and Yrjönen 1991, 113).

2.3  The Development of the Web of Interest Organizations

During the first phase of industrialization there was a clear increase in the pattern
of social differentiation. A separation took place between family ties and occupa-
tional roles. Individuals became less and less predestined to certain occupations
and societal roles.   Yet, it seems as if new hindrances to social differentiation
have arisen. Political party membership has been the basis for many appointments
of tenured civil servants even in fairly modest positions. A major development in
the Finnish society in recent decades has been the rise of new interest organiza-
tions and a process of unionization. Traditionally Finland was known for a very
low degree of membership in labor unions. The unionization rate in the 1930's
was 10 per cent, the lowest figure ever recorded in a market economy. As late as
in 1960 only a third of the labor force consisted of union members, and in the
middle of the 1960's the unionization was still below 50 per cent of the total labor
force. Then almost suddenly a great wave of unionization began. From the second
half of the 1960's there was a steep increase in the union membership rates.
Already in 1978 the big labor unions including both industrial and white collar
workers covered more than 80 per cent of the total labor force. The current
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membership in the beginning of the 1990's is 87 per cent, one of the highest in the
world (Kauppinen, 1992, 303).

Yet, unionization in itself is not a remarkable feature nor a source of grave
problems. Industrial workers are organized all over the world, and the accom-
plishments of the labor unions through collective bargaining have often had
clearly positive consequences for productivity. However, there are some
additional features which are both remarkable and problematic. First, the strength
of the unions as well as of other interest organizations has not only resulted in
higher wages for their members but it has led to a rigid system of legal entitle-
ments and rights which are hard to change with altering economic circumstances.
Second, the great wave of unionization not only concerned the working class but
there was also a rapid unionization in both the lower and upper middle class.
Being organized in an interest organization became popular and the general rule
even in groups such as professors, artists, and research council researchers in
which individual incentives and competition are basic for their activities. Third,
the Finnish farmers had been strongly organized already before the great wave of
unionization started. As a consequence the farmers have been sheltered by fiscal
arrangements which are hard to change even when the position of the agriculture
in the national economy changes. Despite the high degree of unionization it
almost goes without saying that the very weakest groups in the society such as the
unemployed, the part-time workers, the foreign immigrants, and  temporarily
employed researchers are not organized. At any rate, the great wave of unioniza-
tion and the rise of interest organizations of different kinds have led to a rigid
system of entitlements constituting a hindrance to social differentiation.

2.4  The Rapid and Ruptuos Changes in the Occupational
Structure

Almost up to the 1960's Finland was a predominantly agrarian country. It resem-
bled the countries in Eastern Europe, and its path of development differed clearly
from the other Nordic countries. In the mid-1960's Finland rapidly developed into
an industrial nation. The most thorough change doubtlessly occurred in agricul-
ture. In 1950 around 46 per cent of the Finnish labour force worked in agriculture
but 25 years later, in 1975, the corresponding percentage was only 15.

The great structural change of the 1960's and 1970's was in the first hand
observed as a great wave of migration. The Finns moved to cities, especially the
Helsinki region, and to Sweden. Around 125 000 Finnish citizens moved during
the second half of the 1960's to Sweden. The greatest immigration wave both in
terms of numbers and consequences occurred in southern Finland. During the
years 1951 - 75 the Helsinki region received  a net gain of almost 300 000 persons
from other parts of Finland.
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In an international, comparative context it appears that rapid structural
change in the 20th century has been an attribute of countries located in the periph-
eries (Alestalo, 1986, 34 - 39). During 1960 - 80 the decline of the labour force in
agriculture and forestry was in Finland  the second largest among all the OECD
countries. The decrease of the labour force in the primary sector was largest in
Greece, while the corresponding decline in Finland  was roughly on par with what
happened in Spain, Japan, Ireland and Italy. A clear decline although smaller than
in Finland occurred also in Portugal and Turkey. The structural change of the
Finnish society in the 1960's and 1970's is an illustration of a general regularity.
Development and modernization in the peripheries often lag behind, but when
they occur they come with force and high speed.

The structural changes in the occupational structure altered dramatically the
class structure of the Finnish society. Undoubtedly, the greatest change was that
the agrarian proletariat all of a sudden became almost non-existent. The issue of
the social conditions in the countryside, the living conditions of the landless
population, and later of the small farmers had been for hundred years by far the
greatest social problem in Finland. It had given rise to conflicts, radicalism and
agrarian reforms. Suddenly the agrarian proletariat disappeared before the very
eyes of astonished politicians and economists (Alestalo, 1986, 63-71).

In 1950, over a quarter of a million people worked on farms with a culti-
vated area less than 5 hectars, but in 1985, this number had shrunk to 30 000, and
in 1980 to only 16 000 individuals. At the same time the agrarian workers
decreased in number, disappearing almost completely, while the number of
persons engaged in forestry significantly diminished. Even today, small farmers
and agricultural workers are poorer and less healthy than other groups in Finnish
society. The rural proletariat has ceased to be a politically explosive and central
issue but the group is still an important target group for social policy.

The great changes of the 1960's and 1970's had considerable human costs in
terms of social and personal distress. Many categories of persons became socially
uprooted. The change did not affect only those who moved to the densily
populated urban areas in southern Finland or to Sweden. It also hit those who
stayed behind in rural areas becoming almost devoid of human and social activity
and those who lived in the target areas of migration and who had to adjust to the
fact that newcomers began to form the majority in their local community.

Only afterwards has it become understood what the rapid changes in the
1960's and 1970's meant in terms of human costs. There was, for instance, a
marked increase in the number of homeless "winos". In a comparative study
carried out in the early 1970's on welfare and human relationships in all the
Nordic countries, the number of completely isolated individuals with no social
contacts whatsoever was significantly greater in Finland than in the other Nordic
countries. According to this comparative study, 26 per cent of the adult Finnish
population had not a single good friend outside the nuclear family. When this
question was asked in a Gallup poll ten years later in 1982, the category of people
with no friends at all had gone down to 12 per cent, which is the general level in
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the other Nordic countries. Other indicators show in a similar fashion the great
human and social costs of the wave of the sudden change and migration (Allardt,
1985, 62-65).

The structural changes, however, did not stop at the great movement from
the countryside and the rural occupations in the 1960's and 1970's. It is important
to note that during the same decades the labour force in the secondary sector, the
processing industry had already began to decline in the advanced countries of
Western Europe. Countries such as Belgium, Great Britain, Holland, Sweden,
Australia and Switzerland experienced during the period between 1960 and 1980
a considerable decrease of the labor force in industrial work. In Finland there was
still at that time an increase of the labour force in industry but in the 1980's a
downward trend of the number of people in the industrial sector began. In 1975 26
per cent of the labour force worked in industry but in 1985 it has declined to 23
per cent. An even more substantial change was the growth of the service sector.
From 1980 to 1985 the industrial work force decreased by 30 000 individuals only
but at the same time the work force in the tertiary or the service sector increased
by 100 000 individuals. In Finland as in the other Nordic countries employment in
the service sector is now greater than in industry (Allardt, 1988, 175-181).

Even more profound were the changes in the nature and quality of work.
This can be observed when the four-sector model, introducing a quarternary or
"information occupations" sector, is used. It has been shown that when applying
Marc Porat's (1977) criteria for defining information occupations the quarternary
sector had become larger than any of the primary, secondary and tertiary sectors
already in 1985 (Paakkolanvaara, 1988, 94-96).

To sum up: in less than forty years Finland passed from an agrarian to an
information society. It is obvious that such a dramatic change also invokes consid-
erable human and social costs. 

The changes in the occupational structure have here been taken as an indica-
tor of rapid technological change in the Finnish society. Also other indicators, as
seen from other presentations in this volume, indicate that the technological level
in Finland has risen considerably in the last three decades. Finland adopted
technologies developed elsewhere while at the same time increasing its own
research efforts. Yet, the question arises to what extent the changes have been
beneficial for the society and the economy. There have in Finland been deliberate
efforts to raise the level of technology as part of a national strategy. The increase
of the technological level has been considered as a goal in itself and as a source of
national pride, but the question remains:  how much  can the technological level
be raised without corresponding changes in other societal realms?

2.5  Problems of a Frozen Party System
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Political scientists have already for several decades spoken about "the frozen party
system". The background for using such a metaphor is the fact that while the
social structure in the West European countries has undergone profound changes
during the decades after the Second World War the party system and the strength
of the dominating political parties have remained almost intact. Thereby it has
become questionable whether people's aspirations and existing social conflicts are
properly translated into the party system and political representation anymore.

The question of whether the party system is frozen is indeed very relevant
when analyzing Finnish political life. The Finnish social structure underwent, as
shown, profound changes during the last four decades and actually passed from an
agrarian not only to an industrial but also to an information society. There have
not been corresponding changes in the Finnish party system. Some changes,
however, have occured. The Finnish Communist Party, which in the 1950's
received something between a fourth and a fifth of the total vote, has more or less
disappeared from the political scene.This is due to changes in both the interna-
tional order and Finnish social structure. With the disapperance of the rural prole-
tariat and the decrease of the labour force in certain industries the former Commu-
nist electorate has almost ceased to exist. Otherwise, however, the party system is
to a considerable extent the same as it was several decades ago.

The low voting participation with 28 per cent of the electorate abstaining
from voting is at least partly a sign of the fact that large groups of voters do not
have political representation of their interests. In the local elections held in
October 1992 the Greens made considerable gains in some of the most urban
municipalities, such as Helsinki, while in some other municipalities different
groups of independents succeeded in being elected. Nevertheless the non-voters
were close to 30 per cent. As indicated, a most problematic feature is the fact that
the non-voters are frequently young persons, in the age group from 18 to 24
(Martikainen and Yrjönen, 1991, 113-115). It is hard to avoid the conclusion that
the present party system does not respond to the interests and needs of many of
the voters. The question is to what extent the elections in the present situation
really gives possibilities for ascertaining what people really want?

2.6  The Rigidity of the Web of Interest Organizations

Simultaneously as the ideologically based political parties have lost ground, as
have also culturally oriented voluntary organizations, there has been an upsurge of
economically and instrumentally oriented interest organizations. As mentioned
above, the degree of unionization in Finland is among the highest in the world. In
briefly discussing the implications some ideas from texts of the well-known
economist Mancur Olson will be borrowed. In "The Logic of Collective Action"
(1965) Olson points out that the services of associations such as labour unions,
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professional associations, cartels, farm organizations etc. resemble the basic
services of the state in the sense that the public goods they provide go to everyone
in the group in question. The members they serve have no rational incentives to
contribute involuntarily to their support. Accordingly, organizations of this kind,
especially when they represent large groups are not supported because of the
collective goods they provide, but they are supported because of what Olson
labels selective incentives. A selective incentive is one that applies to the individu-
als selectively depending on whether they do or do not contribute to the provision
of the collective good. There are both negative and positive selective incentives.
Negative incentives include, for instance, the coercion to pay dues and simply the
inability to get a job unless one is a union member. Positive incentives in many
organizations are exemplified by favourable insurance policies, publications,
group air fares, and other things made available only to members. In a later
volume "The Rise and Decline of Nations" (1982) Olson  spells out some of the
implications of the rise of interest organizations for the functioning of national
economies.

Of special interest here are some of Olson's conclusions concerning the
effects of different kinds of interest organizations. He makes a distinction between
big encompassing and small special-interest organizations. The incentives facing
an encompassing organization are dramatically different from those facing an
organization representing only a narrow fragment of society. The members of a
highly  encompassing organization own so much of the society that they have an
important incentive to be actively concerned about how productive it is. They are,
in fact, in the same position as a partner in a firm that has only a few partners.
Olson (1982, 48) gives a fictious example about an organization representing a
third of the income-producing capacity in society. Such an organization will, on
the average, "bear about a third of any loss in the society's output that results from
the policies it obtains". And Olson continues "Thus any effort to obtain a larger
share of the national income for the clients of such an encompassing organization
should not make sense if it reduced the national income by an amount three or
more times as great as the amount shifted to its members ...this can be a constraint
of great practical importance. Clearly the encompassing organization, if it has
rational leadership, will care about the excess burden arising from distributional
policies favorable to its members and will out of sheer self-interest strive to make
the excess burden as small as possible".

The situation is entirely different in small special-interest organizations.
There is, in principle, no constraint on the social cost such an organization will
find expedient to impose on the society in the course of obtaining a larger share of
the social output for itself. It is hard to avoid saying that Olson's conclusions
correspond to experiences from the Finnish society. Encompassing organizations
such as the Central Organization of Finnish Trade Unions (SAK) and Finnish
Employer's Confederation (STK) act with considerable constraint in presenting
demands. In contrast unions and interest organizations representing special
groups, such as airplane pilots, doctors, teachers, nurses, technicians, and
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crewmen on ice breakers, have little or no incentives to make any significant
sacrifice in the interest of the society. In labour struggles they simply tend to
argue about their rights to seize a larger share of the society's production. The
same may be true for farmers and some groups of workers such as metallworkers,
longshoremen, and truck drivers. The intention here is not to give evidence about
which groups have acted without constraints in defending their own interests but
to indicate that there in general seems to  exist a clear difference between encom-
passing and special-interest organizations. The latter do not have to care about
how they influence productivity or about what costs they invoke for having the
system running.

In the Finnish society the attention should not be directed only towards
unions and interest groups. It is to be noted that industrial companies and even
whole production sectors may function in conditions resembling those described
by Mancur Olson. The share of investments within the gross domestic product is
in Finland one of the highest in the world (EVA, 1992, 19). It is also known that
Finnish development and industrial policies have been very national, if not clearly
nationalistic (Vuori and Vuorinen, 1993, 18-20). Even when such aims are not
explicitly stated Finnish investment policies have been led at least partly by
nationally developed images and idiosyncracies. It gives some industrial sectors
special advantages of the kind bestowed upon special-interest organizations. This
is a pattern which definitely needs further study but it seems correct to mention
the agricultural sector as a kind of a special-interest sector. The investment ratio
for agriculture has in Finland been exceptionally high (Pohjola, 1992, 42-47).
This has been so despite the fact that not only has the population in the primary
sector rapidly decreased but that there also has been a clear decline of the contri-
bution of agriculture to the GDP (EVA, 1992, 17). Agriculture has in a sense
developed from an encompassing sector to a special-interest sector. This is a situa-
tion in which the representatives of agriculture can drive their interests in terms of
a combination of self-interest and national values without considering their contri-
bution to over-all productivity. An open question is whether and where one can
find similar cases among the different branches in the processing industry.

At any rate, the great surge of unionization and rise of interest organizations
in the 1950's and 1960's meant if anything that entirely new groups became organ-
ized. Unionization became extended to entirely new sectors in the middle class
and highly educated groups. Many of them represented fairly small groups, and
they clearly developed into special-interest organizations. As a result the legal
web of entitlements and rights grew considerably. This development was certainly
also one of the causes behind the very rapid growth in the government expendi-
ture in Finland. In the 1980's public spending in Finland grew more rapidly than
in Sweden and in the EC countries taken as a group (EVA 1992, 35). Quite typical
for the new Finnish labour market and many occupational categories is that many
entitlements do not have any clear relationship to the work itself, that they extend
the number of vacation days farther than in most countries, and that many rules
invented constitute hinders for voluntary and creative accomplishments. Yet, in
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many fields of work, for instance in most fields of teaching and health care, new
developments require that people do more than they have to do. In any case, there
is a web of entitlements and rights which do not influence productivity in any
positive way but which on the other hand considerably increase the costs of
running businesses and the public sector. 

Today in 1993 the government makes strong efforts in cutting the budgetary
expenditures of the public sector. It is uncertain whether these cuts have the right
address. They mostly amount to an elimination of jobs in the public sector instead
of cleaning the vast system of both special entitlements in the public sector and
nationally oriented but uneconomically directed subsidies in various industrial
sectors.

2.7  The Indiscriminate Urge for Innovations

In the 1980's the Finnish economy overheated. New firms, activities and produc-
tion lines, which later run into financial crises, were created. Of course, it is
known that all resources should not be spent at once, and that in expanding
companies, and production lines one has to secure a certain amount of economic
solidity. Nevertheless there was in Finland in the 1980's almost a blind urge for
expansion. How it came about and what were the driving forces is very unsatisfac-
torily researched. It seems, however, appropriate to ask whether the development
at least partly was invoked by a deceptive and "unholy" alliance between pure
market principles and traditional nationalistic development policies. The market
principle gave the incitament to expand and the nationalistic development princi-
ples gave both legitimization and official support to everything indicating rapid
development.

From individual psychology we know very well that too rapid change, or in
other words an overwhelming amount of new stimuli, are detrimental for the
individual. An excessive amount of new things or stimuli in the environment
create either strong defence reactions, or they lead very rapidly to satiation with
many kinds of negative effects. Some sort of optimal stimulation (Hebb, 1955,
243-254; Littunen, 1958-59, 152-153) is the socially and humanly most advanta-
geous predicament. This is already conventional knowledge in psychology but it
also fits very well with the wisdom exerted by good organizational administrators.
They tend not to use all resources at once, and they do not use or expend at once
all possibilities to expand their organizations. Also in whole societies one can
observe how the pace of consummating stimuli can be too rapid.

There has in Finnish technology policy during the last few decades been a
strong and almost blind emphasis on nationally supported innovations and activi-
ties promoting innovations. It is uncertain whether such a technology policy in the
long run sustains economic development. One should ask whether the investment
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policies and routines have been too much directed by national idiosyncracies, and
whether the technology policy of the other hand has been too much based on a
conception that technological innovations of almost any kind are nationally
valuable.

The word "innovation" has lately been used in several government and
committee reports in a very general and unprecise way. A graver error than the
loose application of the word itself has been the neglect to study the consequences
of different kinds of innovations. When it comes to the nationally oriented
technology policy mainly focussing on product development and innovations with
short-time effects it seems both reasonable and almost mandatory to ask for a
consideration of the social effects of the innovations supported. In Finland's
present economic situation it would be of particular importance to consider the
employment effects of the innovations supported.

There is a famous saying by Knut Wicksell presented in his lectures already
in 1908 (1934, p. 164): "The capitalist saver is thus, fundamentally, the friend of
labour, though the technical innovator is not infrequently its enemy. The great
innovations by which industry has from time to time been revolutionized, at first
reduced a number of workers to beggary, as experience shows, while causing the
profits of the capitalists to soar".

And Wicksell continues by saying that certain types of innovations might
have a negative effect on the marginal productivity of labour. Thereby they reduce
the real wage. In such a situation the technical innovator works against the inter-
ests of labour.

Accordingly, there are technical innovations with very different kinds of
consequences. From a technological point of view they may be equally good and
stimulating but they may not be neutral from the point of view of economic and
social policy. A neutral innovation from the economic and social policy point of
view is one which increases the marginal productivity of both factors of produc-
tion, capital and labour, in the same proportion. Labour-saving technical progress
increases the marginal productivity of capital more than it increases the marginal
productivity of labour, and capital-saving innovations increase the marginal
productivity of labour more than they increase the marginal productivity of capital
(Södersten 1980, 131-148).

The Finnish technology and innovation policy has not been able to prevent
the Finnish economy during the first years of the 1990's from experiencing its
worst recession and highest unemployment rates since the Second War. In the
beginning of the year 1993 there is an unusual situation with both increasing
exports and rising unemployment. Finnish technology policy might need a
thorough reappraisal and overhaul. One of the questions reasonable to pose is
whether government agencies supporting the work for technical innovations
should direct their monetary support to capital-saving rather than to labour-saving
innovations. At any rate, a serious question for consideration in Finnish technol-
ogy policy is whether agencies supporting technological innovations should be
much more clearly related to employment policy than has been the case.
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3  The Social Infrastructure of Innovation in Finland
Antti Kasvio
University of Tampere, Finland

3.1   From Technology-Oriented Studies Towards Comparative
Analyses of National Systems of Innovation

One of the main limitations of traditional innovation research has
been its narrow technological orientation.  Researchers have been
interested mainly in such things as the creation and utilization of
new raw materials, technologies or products. A rather straightfor-
ward relationship has been assumed to exist between the growth of a
nation's R&D expenditure, extensive technology programmes, effec-
tive diffusion of new technologies and the competitiveness of an
economy (see e.g. Niitamo 1958, Rosenberg 1971 and OECD 1980).
Recently, the scope of innovation research has, however, expanded
radically.  Technological and organizational innovations have been
seen to be closely interrelated.  It is also recognized that an
economy's innovative capabilities are in many ways connected with
the entire social infrastructure within which the economy is
functioning.  Innovation researchers are increasingly interested in
such things as the quality of a nation's scientific institutions, the
level of its enterprise cultures, the performance of its educational
system and in the capabilities of its labour relations system to
support new development initiatives.  This paradigmatic change
crystallizes in the lively discussions under way at present around the
'national systems of innovations' (e.g. Dosi et al. 1990, Lundvall
1992, Nelson 1992).
Interesting results have been achieved of the extent and efficiency
with which new technologies are nowadays applied in different
advanced industrial countries.  For instance, the IIASA 'Tes
programme' reports (see Ollus et al. 1990), Boyer's comparisons
between the USA, France, Japan, Germany and Sweden (1989), and  
Jaikumar's analysis of the uses of FMS in the U.S. and Japanese
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So far most of these discussions have been confined to comparisons
between a few advanced industrial countries.  Among these, the U.S.
manufacturing industry has often been sharply criticized for the
prevailing dominance of old-fashioned Fordist mass production
thinking (see e.g. Dertouzos et al. 1989, Adler 1989).  The United
States has also been said to be lacking a well functioning vocational
training system and a developed corporatist system of interest repre-
sentation.  As a national system of innovation the United States has,
however, also certain important advantages on its side.  These
include, for instance, the very high quality and performance of its
leading academic and scientific institutions and as the fluently
functioning relations between business and academic research (see
e.g. Nye 1990).  
Japan has often been described as the foremost example of a well
functioning national system of innovation.  Even though Japanese
research institutions have not always been the leading ones in basic
research and large-scale science-based innovations, the national
technology programmes effectively organized under the custody of  
the MITI have made Japan by far the world's most successful utilizer
of new knowledge.  Japan has also been praised for its strong enter-
prise cultures, the practice of life-long employment and high
employee commitment.  These features have been further strength-
ened by the system of company-level trade union organizations.
Important factors are also the great attention paid to the continuous
development of employees' skills and on the well functioning
horizontal and vertical information structures within enterprises.  It
is important to notice that Japanese factories do not have at all
'unskilled' workers in the sense as this category is known in Western
countries.  They have only 'skilled' and 'not yet skilled' workers (see
e.g. Dore 1987, Cole 1989, Lillrank & Kano 1989).  
Germany has pioneered in organizing large-scale natural science
research in huge industrial laboratories already since the end of the
19th century.  This initiative has supported the strong development

manufacturing industry (1986) can be mentioned here.  All these
studies seem to support the thesis that certain 'societal effects' exert a
very strong influence on the manners in which new 'post-Fordist'
manufacturing strategies are being utilized.  It has also been recog-
nized that these manners are deeply rooted in the entire cultural
heritages of these countries (d'Iribarne 1989).

2    Antti Kasvio          

+                                                                                                                            +

+                                                                                                                            +



engineering culture.  The Nordic countries have an extensive
network of vocational training institutions, although the organiza-
tional forms vary fairly much within the region.  Sweden and
Norway have had a strong tradition of 'managerial humanism', which
has made possible the famous sociotechnical experiments in
Swedish and Norwegian manufacturing industries from the 1960s
onwards (e.g. Sorensen 1980, Elam & Börjeson 1991). 
In all Nordic countries the industrial relations are nowadays built on
an extensive system of corporatist interest regulation, which has
effectively reduced differences between the various  groups of
wage-earnes (see Pekkarinen et al. 1992, Bruun et al. 1992), and the
reformist governments have launched several large-scale work
reform programmes in order to improve the quality of working life
in these countries (den Hertog & Schröder 1989, 17-32).  This insti-
tutional environment has supported broad employee participation
and collaborative approaches in the design and implementation of
user-oriented technical and organizational solutions both within
industry and in different post-industrial spheres of work (e.g.

of Germany's chemical, machine-building and other key industries
during the following decades (Freeman 1992).  As a utilizer of new
technologies German manufacturing industry enjoys nowadays the
special advantages offered by its 'Facharbeiter' institution - both as a
vocational training system and as an important element in the social
hierarchies within  enterprises.  One has to take into account also the
highly institutionalized corporatist labour relations, functioning via
the specific 'dual' system of interest representation (see e.g. Streeck
1992, 137-168).  Partly this description is  also valid for the former
East German area, where great stress was always laid on the 'poly-
technical' training of industrial workers.  
The Nordic countries have often been counted among those econo-
mies which have been able to offer a comparatively favourable
environment for effective utilization of new technologies.  With
their neo-Keynesian economic policies and flexible adaptation
strategies they have been able to stand fairly well the turbulences of
world economic developments since the mid-70s (Katzenstein 1985,
Standing 1988).  Even though these countries' R&D potential cannot
be compared with that of the large industrial powers, in the area of
civilian research the differences are smaller.  Especially Sweden has
also been known for its high-level 
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European Foundation 1989, Freeman 1989; for more general infor-
mation on national systems of innovation in Scandinavia, see
Edquist & Lundvall 1989).

3.2  Finland as a Special Case Among the Nordic Countries

Finland must be regarded as a slightly special case among the
Nordic countries.  The process of industrial modernization started in
Finland somewhat later than in Western Europe, and since the
Second World War, Finland has had a rather specific foreign policy
and trade policy position, characterized by its pact of friendship and
cooperation and extensive economic contacts with the Soviet Union
and other Comecon countries.  Finland's opening to  West European
markets and to broader world market competition has proceeded
gradually (Finland became a full member of the IBRD and  the IMF
in 1948, the GATT in 1949, the OECD in 1965 and the EFTA in
1986), and Finland's macroeconomic policies were not very Keynes-
ian in the post-war decades (Pekkarinen 1988).  Neither have the
institutions of an advanced welfare state or the corporatist industrial
relations developed in the same rhythm in Finland as among her
Nordic neighbours (Crouch 1990).  As a matter of fact, Finland
started becoming a modern welfare state, comparable to other
Nordic countries, only since the late 1960s, and the impact of social
democracy on the development of her institutions has not been as
dominant as in Scandinavia (on the development of  a welfare state
in Finland,see e.g. Alestalo & Uusitalo 1986).  
Even nowadays Finnish industry depends very much on its forest
sector. The paper and pulp industry and the manufacture of forest
industry machinery are the leading branches of Finnish export indus-
tries.  Although the productivity in Finnish industry and its research
intensity have risen fast, especially during the 1980s, Finnish indus-
try is still lagging behind its leading Western competitors
(Rehnström 1992).  Only recently the share of high-technology
products in Finland's industrial exports has started to gain some
significance, and the electrotechnical industry has become Finland's
most expansive export branch.  An important role in this process has
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been played by the large-scale national technology programmes
launched by the  Tekes, the development agency within the Finnish
Ministry of Trade and Industry (Vartia and Ylä-Anttila 1992,
100-102; Landesmann 1992, 261).
In general, Finland's academic research and education can nowadays
be said to be fairly well- equipped, even though especially during
the 1980s, there was a certain conflict of priorities between the
funding of basic research - i.e. universities and the Academy of
Finland - and the more applied research and development activities
via the Tekes and the Ministry of Trade and Industry (Allardt 1990,
629).  Finland has also a very extensive network of universities,
which is dispersed over the whole country.  Its problems are,
however, the small size and relative isolation from the international
scientific community.  The technical universities and medical facul-
ties have fairly well developed industrial contacts, whereas in more
humanistic disciplines the cultural distances between business and
academic research are still rather great.  At present, there is a lively
debate under way in Finnish university politics about the potential
advantages of reducing the number of higher educational institutions
and about the needs to improve their performance and international-
ize their activities (see e.g. Numminen 1992).
General responsibility for the development of science and technol-
ogy policies in Finland is borne by the Science and Technology
Council, a high-ranking body chaired by the Prime Minister.  Tradi-
tionally, the focus of its policy statements has been on the national
R&D system. In recent years, however, the OECD report on new
technologies in the 90s (OECD 1988; the group of experts that wrote
the report was led by Mr Ulf Sundqvist from Finland) and its
follow-up conference held in Helsinki in 1989 (Freeman 1989) have
exerted much influence.  Thus, in 1991 the Science and Technology
Council issued a new review in which it adopted as its starting point
a much broader view of the 'national innovation system'.  The latter
is defined here as the totality of all factors influencing the develop-
ment of new knowledge and skills - science and the educational
system being the most important ones - and which are able to
function as a kind of a toolbox for the production of social, human
and  technological innovations (Valtion... 1991, Seppälä 1991).
Finnish enterprise cultures have originally emerged together with
the industrial revolution, under the influence of such foreigners as,
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e.g., Thomas Finlayson and Hans Gutzeit.  This culture has not,
however, remained very international.  Only during the 1980s the
major Finnish export corporations started actively to internationalize
their operations.  There are some astonishing success stories - like
the development of the Nokia corporation from a local producer of
cables and rubber shoes into Europe's third largest consumer
electronics manufacturer - (Ylä-Anttila & Lovio 1991), but, in
general, Finnish enterprises suffer from their relative isolation from
Europe's leading business centres and from relatively scarce interna-
tional experience.  Serious mistakes were also made when  Finnish
industrial corporations started to expand their international opera-
tions, and even in Finland the best results are at present achieved by
producers functioning under foreign ownership.  The layer of
innovative small enterprises continues to be fairly thin in Finland -
even though their emergence has been actively supported, e.g., by
the creation of 'Science Parks' around all technical universities (see
Vuorinen 1991).
Finland's network of vocational schools is at present one of the most
extensive ones in the world, and nowadays Finland allocates a larger
share (17% in 1988) of her public spending to education than any
other OECD country (see Economist 1992, 16).  The problem is,
however, that a high level of expenditure does not necessarily
guarantee the system's superior performance.  In fact, one special
feature of the Finnish vocational training is its strongly school-
centred character.  Thus it is not as well connected with practice as,
e.g., the German system, in which essential parts of training are
given within enterprises (Asplund 1991).  Neither is the social status
of skilled workers in factories as firmly established in Finland as,
e.g., in Germany; as a matter of fact, recent studies have shown that
Finnish employers often prefer workers without vocational training
in their recruitment policies (see Silvennoinen & Pirilä 1992).  The
resources spent on labour-market and on-the-job training in Finland
have also been fairly modest (Standing 1990, 205).  
Nowadays there are some extensive reform programmes under way
on in the Finnish vocational training system.  One of them is the
'youth school' experiment.  This means that the traditionally very
clear line of demarcation between vocational training and the more
general education given in schools of higher ecucation is to be
radically reduced, and the students are given a possibility to take
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courses from both institutions.  Another important new phenomenon
are the 'polytechnics' or 'Fachhochschulen'.  These institutions
complement the tertiary education given in universities, and individ-
ual courses can be utilized vice versa, but the goals of these institu-
tions are not scientific but vocational.  New measures are taken also
to develop adult vocational training and the training of personnel
within the enterprises (Kämäräinen 1991).  
In practice, Finnish enterprises are, however, still today far from
developing into real 'learning organizations' in the sense given to
this term, e.g., by Charles Handy (Handy 1989, 168-187), i.e. as
organizations, in which the continuous development of employee's
skills has become an essential part of these organizations' everyday
life at all hierarchical levels.  Recently, Finnish enterprises have,
however - at least at a rhetorical level - been laying more stress on
the development of their personnel and on new forms of cooperation
between business and the educational system (see e.g. Kairamo
1989).

3.3  Industrial Relations in Finland

The Finnish industrial relations system has usually been character-
ized as representing the Nordic type of 'social' or  'democratic'
corporatism.  In several recent studies this type of industrial
relations is supposed to have contributed positively to the good
economic performance of these countries (see e.g. Katzenstein 1986,
Pohjola et al. 1992 and Standing 1990).  Also in this respect,
Finland's development has, however, its special features.  Finland
had, as a matter of fact, a rather decentralized system of industrial
relations up to the late 1960s, when the Finnish trade union
movement was unified around the SAK and the general incomes
policies were adopted.  Since then, the unionization rate has reached
a very high level - about 80% -, but the numbers of strikes and the
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days lost in them continued to increase considerably in the 1970s
(see Kauppinen 1989, 98-104, Kauppinen 1992, 219-223).
The relatively late development of the broad corporatist interest
representation system in Finland can probably best be explained by
the particularities of her political history. Unlike other Nordic
countries, Finland has had a strong Communist party with influential
positions within the trade union movement.  There existed still in  
the late 1960s and early 1970s a militant left opposition against the
introduction of centralized incomes policies.  Despite this
opposition, highly concentrated corporatist arrangements were
developed in Finland at that time, and even social legislation was
uniquely connected with them via the 'social packages', annexed to
collective wage settlements (Saari 1992, Piirainen 1992).  Since the
latter half of the 1970s, however, the Finnish industrial relations
system has become increasingly tainted with the general atmosphere
of 'consensus'.  This means that there exists a strong tendency to
solve potential interest conflicts both at the national as well as at the
enterprise level rather via negotiations than an open use of force.
Thus, for instance, fierce industrial conflicts have not broken out any
longer in the traditional male-dominated 'workers' fortresses' (an
interesting case is described in Niemelä & Leimu 1991), whereas
several of these have been experienced within different female-
dominated service and white-collar trades.
The character of industrial relations and managerial cultures are
usually closely linked to each other.  In Finland the prevailing
managerial cultures have traditionally been much more authoritarian
than, e.g., in Norway or Sweden.  The Finnish industrial relations
climate has perhaps been interpreted to require somewhat harsher
methods of command than has been considered necessary in 'softer'
Scandinavian environments.  It must also be taken into account that
several managers in postwar Finnish enterprises were recruited from
the armed forces, and even the rest of Finnish managers had
predominantly an engineering background.  Thus, there was no basis
for the adoption of more broadly 'humanistic' visions of managing
people.  Neither did the actual labour market situation create any
vital needs for an adoption of new approaches, because - unlike in
Sweden - the extensive internal migration secured a fairly good
supply of labour force for Finnish industrial enterprises up to the
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1980s (on the differences between the Finnish and Swedish manage-
rial cultures, see, e.g., Laine-Sveiby 1991).
These kinds of factors probably also explain at least partly the fact
that the international 'socio-technical' movement did not yet gain any
significant influence in Finland in the 1970s, although Finland's
neighbouring countries, Norway and Sweden, were among the
pioneers in adopting new organizational principles.  The ideas of
'humanizing' work were suspected both by Finnish enterprise
managers, strongly oriented towards the traditional thinking of
rationalization, and by the trade union militants, who often regarded
humanization simply as another way of exploiting and manipulating
the workers.  Therefore, at the same time as the new forms of work
organization were broadly experimented in Swedish and Norwegian
factories, and widescale national programmes were launched in
Western Europe to support these experiments, Finnish progress was
very modest (see Hänninen & Kauppinen-Toropainen 1981), and the
main focus of reform activities was laid on the development of
labour protection, occupational safety and other 'concrete, material
issues' (see Kasvio 1991).  Within the Finnish academic social
science, humanization was also discussed strictly as a theoretical
issue (see e.g. Julkunen 1987).
The traditions of corporatist regulation of employment and of broad
employee participation have not been as well rooted in Finland as,
e.g., in Sweden or Germany, either.  As a matter of fact, it could be
said that among West European countries Finland has perhaps been
one of those in which enterprises have had the best opportunities to
adapt their personnel into changing market situations (Emerson
1988; for a Nordic comparison, see Nielsen 1992).  Neither have the
participation rights been very extensive, even though the Act on
cooperation within enterprises was issued after lengthy preparations
in 1979.  This law did not, as a matter of fact, establish any
co-determination rights for employees.  Rather, it obliges enterprises
to inform their personnel beforehand about certain decisions, if these
are considered to have important consequences for their work and
employment situation.  Thus, the system of elected shop stewards
and labour protection delegates and of rationalisation cooperation
have had, in practice, much greater significance as participatory
channels than the bodies formed on the basis of the Act on coopera-
tion (e.g. Flodgren 1992).
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Recently, some progress has been made both at the legislative level
and the level of actual managerial practices.  The 'Finnish work
reform' was started by the Government in 1987 with the target of
bringing Finnish labour institutions to the European level.  Subse-
quently, Parliament has passed new legislation on, e.g., 'Employee
Investment Funds' and on employee representation in the decision-
making bodies of enterprises (see Kasvio 1990, Lilja et al. 1990,
219-220). A new generation of progressively thinking managers has
entered the stage in enterprises, and the management training institu-
tions have campaigned actively in order to change leadership
cultures into a more democratic direction (Allardt 1988).  Also the
sociotechnical organizational thinking has begun to gain new ground
in Finland in the late 1980s and early 1990s, and at present, there are
active preparations in progress for the launching of a new national
QWL programme (see Komiteanmietintö 1991).  A good example of
enterprise-level changes is  the Finnish clothing industry's quick
move from technologically oriented strategies in the 1980s towards
an active search for organizational flexibility via an extensive utili-
zation of teamwork in the 1990s (see Lavikka 1992).
These changes in the Finnish labour policy regime have partly been
connected with  expectations according to which an increasing
scarcity of labour force would be becoming a major problem in
Finland in the 1990s.  Due to the present recession this prognosis
will hardly be realized; it can rather be expected that unemployment
will remain high for several years to come.  However, the new
climate in which new work reforms are discussed has survived at
least for the time being.

3.4  Policies of New Technology in Finnish Enterprises

I have mentioned earlier that a collaborative approach to the design
and implementation of new technologies and procedures has often
been considered as being an important feature of a well-functioning
national innovation system.  At present there are different interpreta-
tions concerning the policies of new technology in Finland.  It can
be stated, e.g., that within the mainstream of managerial tradition
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major technical changes have been decided mainly in the upper
echelons of the enterprises, whereas employees have been informed
about the decisions taken at a relatively late stage. Nor does there
exist any generalized policy of negotiation between employers and
unions over changes in work organization (Lilja et al. 1990, 206).
On the other hand, there are some famous examples of the adoption
of more participating approaches to technological changes in
Finland.  There is, for instance, the paragraph 11 in the collective
agreement of  the Finnish paper industry.  According to this
paragraph, employers are formally obliged to start negotiations with
trade union representatives whenever new arrangements are intro-
duced which can be thought to influence the working conditions at  
some stages of the production process (Alasoini 1992, 360-361).
Fairly much has also been written about the positive experiences of
controlled change in  the Finnish graphical industry  where a special
technological agreement has fixed the employment procedures
which are followed in the change processes.  A third well-known
example has been the way in which new technologies have been
introduced in the Finnish banking sector (see e.g. Murray 1989).
In addition, for instance, during the late 70s and early 80s, when
there was a lively debate about the opportunities and risks connected
with the introduction of new technologies,  Finnish trade unions
took generally an exceptionally positive stand towards techical
development.  This was reflected, e.g., in the discussions of
seminars organized by e.g. the SAK and the Finnish Metal Workers'
Union on new technologies (see Vuori & Vuorinen 1992, 18-19). 
There are, however, also more critical interpretations of the policies
of new technologies in Finnish enterprises.  For instance, Pertti
Koistinen and Kari Lilja are unwilling to talk about a 'collaborative'
approach in the sense that the partners would be joining their inter-
ests on an equal basis.  Instead, they see the 'consensual adaptation'
of employees and their representatives to a change in the working
conditions as being the dominant approach in today's Finland
(Koistinen & Lilja 1988; see also Alasoini 1991). 
Kimmo Kevätsalo, a research specialist of the Finnish Metal
Workers' Union, has, on his part, analyzed the policies of new
technology within the shopfloor trade union organizations of large
Finnish metal industry corporations.  Kevätsalo has identified plenty
of suspicions and defensive attitudes towards the new organizational
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solutions proposed by management, even in those cases in which
these solutions have opened also significant new opportunities for
improving the position of workers in these enterprises.  Kevätsalo's
main interpretation about the situation is that the local cultures of
interest representation have traditionally focused their attention
almost solely to the 'distribution issues', and that is why they are not
without long and difficult learning processes very capable of
handling successfully those 'production issues' that are gaining
increasing importance within factories (Kevätsalo 1991).
Matti Kortteinen has found in his recent dissertation that the new
managerial strategies adopted in Finnish industrial enterprises do not
always produce exactly the expected results.  On the contrary, the
skilled workers who have started enthusiastically their work with
programmable machine tools and FMS stations find often
themselves deeply disappointed with the actual realities of their
work situation.  Very often they react also by returning to the old
strategies of getting as high piecework rates with as little effort as
possible.  This happens especially when the organizations stick to
the traditional social hierarchies which effectively prevent workers
from ascending to the status they feel to be entitled to according to
the character work they are doing (see Kortteinen 1992).  Even if
Kortteinen has been criticized, e.g., for having interpreted too
narrowly the significance which the learning of new skills has for
the workers (Toikka 1992), his analysis reveals undoubtedly impor-
tant potential sources of conflict in modern industry.

3.5  The Innovative Potential of Finnish Cultures of Work

Highly developed and innovative cultures of work can also be
counted among the necessary preconditions for any nation's
competitiveness.  The Finnish economy is able to enjoy the advan-
tages of a strongly established culture of work.  This can be seen,
e.g., in the high active female labour force participation rate (with a
large majority of women being in full-time employment).  Also
according to recent comparative surveys, work is a central life inter-
est for a relatively large share of Finns - both women and men -,
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although we have been moving closer to the more typical European
patterns in this respect.  Finns also lay much stress on accomplishing
something important in their work (e.g. Lotti 1985).  But although
Finland has sometimes been called the most Lutheran country in the
world - which, therefore, ought to be highly committed also to the
values of protestant work ethic - , the regular working hours of the
Finnish industrial workers are among the shortest in the world
(1.723 hours in 1992), and in the 1980s certain pathological behav-
ioural features have come to the fore.  For instance, men in Finland
retire, on average, earlier (at the age of  58 years) in Finland than in
most other European countries (Poikkeus 1992).  There have also
been plenty of discussions about the young people's 'cool' attitude
towards work (Tuohinen 1990), and the national QWL-surveys have
shown an increasing dissatisfaction with their jobs among Finns
(Kolu 1991, Lehto 1991).  
Perhaps the most interesting interpretation of the peculiarities of
today's Finnish culture of work has, however, been presented by
Kortteinen in his dissertation.  According to Kortteinen, it is typical
of Finns to think that 1) work is hard, that 2) one has to fight one's
way through the difficulties faced at work, and that 3) one has to
accomplish this with one's own resources because, basically, it is a
question about one's honour (Kortteinen 1992, 43).  This culture is
not necessarily a particularly happy one, nor is it always very
creative or team-oriented.  Nevertheless, the existence of this culture
with its behavioural consequences must be taken into account when
new managerial strategies are being developed.

3.6  Towards a New Era of Industrial Development

In the 1990s, advanced industrial economies are entering a new era
in their development.  New flexible modes of production are paving
their way through.  This means that also new requirements are set on
the production personnel, and their skills are used much more
broadly than before (e.g. Thurman 1991).  Some authors have inter-
preted this to lead to the formation of entirely new kinds of horizon-
tal and vertical information structures, closer interconnections
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between the design, manufacturing and distribution departments and
to changing forms of enterprise-level industrial relations.  For
instance, Aoki has postulated that in modern industrial enterprises
the higher wages paid to skilled personnel can no longer be under-
stood as purely labour costs in the traditional sense of the word.  It is
rather a dividend paid for the collective skill capital of the
personnel.  Also the management's role is changing: it is no longer
functioning as the owner's representative with respect to personnel,
but rather as a mediator between the interests of the owners of its
physical and knowledge capital (Aoki 1986).
There are different and partly competing models of flexible
manufacturing.  One of these is the model of 'lean production',
described by Womack, Roos and Jones in their recent publication
(Womack et al. 1990).  This model is very much built on the experi-
ences of the Japanese automobile industry.  In Western Europe there
has, however, emerged also a lively debate around the 'anthropocen-
tric' or 'skill-based' production, whose main ideas come from
advanced machine-building industry (see e.g. Lehner 1991).
Although these two models have very much in common - e.g., a
great stress laid on teamwork, close interaction between design and
manufacturing etc. -, there are also many significant differences
between the two approaches.  The 'lean production' concept is, for
instance, more oriented to leadership, whereas the APS lays more
stress on participation; 'lean production' is organized mainly around
existing technologies, whereas the APS wants to adapt also the
technologies to the new requirements etc.  The proponents of the
APS often present also the opinion that their own concept would fit
in better with the European corporatist industrial relations environ-
ment than with the concept of 'lean production'.
For the time being, Finland is not a member of the European
Community, and thus she cannot officially participate in the research
projects on anthropocentric manufacturing organized, e.g., under the
auspices of the Monitor/FAST programme.  This also means that
there are no comparison data on the actual spread of APS principles
in  the Finnish manufacturing industry (for a European overview,
see Wobbe 1992).  Individual Finnish researchers have, however,  
participated in the initiatives that have contributed to the develop-
ment of new EC research programmes on the topic (Ranta 1989),
and at present, there are research programmes under way in which
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the potentials of new paradigms are being tested in practice in four
Finnish manufacturing enterprises (Hyötyläinen et al. 1991).  More
generally, it can also be stated that the special structure of Finnish
industry (which has never been strongly oriented to the Fordist-type
mass production) is apt to experiment with the new strategies -
which do not differ only from the traditional mass production model
but also from the Scandinavian 'sociotechnical' model (see e.g.
Kiviniitty & Alasoini 1992).

3.7  Finland at a Turning Point

At present, the Finnish manufacturing industry is in very special
conditions of change.  This is because after a period of vigorous
progress in the 1980s  the Finnish economy entered the most severe
crisis of her history in 1990.  In two years, Finland's GDP has
receded by about 10%, the rate of unemployment has risen to more
than 18%, property values have fallen dramatically, and the Finnish
banking sector is experiencing a very severe crisis.  All the major
export corporations have made great losses, and their debt expenses
are growing rapidly.  After the depreciation of the Finnish markka
by about one-third and two subsequent zero-level collective agree-
ments, the competitiveness of Finnish industry has, however,
improved considerably, and, at present, her output and exports are
expanding rapidly (see e.g. ETLA 1993).  
The basic issue is, however, that Finland is not undergoing at
present only a normal cyclical crisis.  Rather, the entire position of
Finland in the postwar European system is changing.  For several
decades, Finland was able to develop a fairly sheltered enclave
economy with good export prospects to the Soviet Union, large
supplies of energy and raw materials plus  unlimited opportunities to
operate in Western markets.  With the economic decline of the
Soviet Union and other Eastern European countries - which is
nowadays also complemented with increasing economic problems in
the Nordic welfare states - Finland has to redefine her position in
tomorrow's Europe.  Especially high requirements are set on the
performance of Finnish industry, because it has to retain its
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competitiveness in a situation in which European industry, in
general, is in great difficulties and in which essentially cheaper
facilities are becoming available in its nearby surroundings.

3.8  The Need for Radical Innovations

Finnish manufacturing enterprises have invested heavily in new
machinery in the 1980s - with the expectation that this would raise
their productivity to the level of their West European competitors.
Because of their heavy debt burden and of the crisis of the banking
sector, the Finnish manufacturing industry is not at present able to
start new investments even if its sales were expanding.  This means
that better performance and increased flexibility must be reached
mainly through organizational means.  In this situation, the openness
of the existing labour relations system to innovative solutions
becomes vitally important.
On the macro level, we have to ask how the institutional setting of
Nordic welfare states and  corporatist industrial relations will adapt
itself to the changing conditions.  It has been originally developed to
serve the requirements of Fordist mass production and of a relatively
homogenous wage-earner society.  If we were really moving
towards a Post-Fordist, flexible network economy in which new
'atypical' forms of employment are increasing, can the old social
infrastructure of production survive and be able to contribute
positively to the dynamic development of the new economy that is
emerging?  Or must the Nordic welfare states be built down, will the
climate of concensus and negotiated reforms degrade into deepening
conflicts between the social partners, and will the implicit 'gender
contract', on which the Nordic institutions are resting (e.g. Julkunen
& Rantalaiho 1991) break down?
Several authors consider that in today's industrial revolution radical
changes are required also within the social infrastructures of produc-
tion (e.g. Perez 1983, Roobeek 1987).  For the Nordic countries, the
prognosis is that we shall be moving from the present forms of
'democratic corporatism' into the predominance of 'enterprise-level
corporatism' or 'microcorporatism', in which wage negotiations are
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decentralized and the most essential decisions are taken within
enterprises (see e.g. Brulin 1989, Hohn 1991, Kauppinen 1992,
184-209).  This would naturally mean that also the differences
between wage-earners employed in the more and less competitive
part of the economy would be expanding considerably.  It can be
expected that the present large apparatuses of public welfare service
provision in the Nordic countries shall be replaced by a system in
which the state (national or local) guarantees certain rights to the
citizens, collects taxes and uses them to order a certain amount of
services outside the professional service organizations - either from
public or private, but anyway from organizations which are forced to
continuously improve their performance in order to maintain their
share of the market (see e.g. Kosonen 1991, Normann 1992, Riihi-
nen 1992).
One important question arising necessarily concerns the role of
national policies in the development of tomorrow's economies and
their innovative capabilities.  As, for instance, Robert Reich has
stated, traditionally the focus has been on improved competitiveness
of the nation's leading enterprises.  In the 21st century we are,
however, moving towards an economy in which corporations will
have no nationality.  Capital will be increasingly mobile and search-
ing for well-functioning environments for its different operations all
over the world, and also raw materials, technologies and labour
force will be moving rather freely across the national borders.  In
such conditions, a nation's competitive capacities will no longer
depend on this nation's major enterprises (because there are not
such), but rather on the social infrastructures of production it has
been able to develop.  A crucial factor will be the competitiveness of
a nation's institutions of work, because the wealth of nations will
increasingly depend on the efficiency with which it will be able to
mobilize its labour resources (Reich 1991).
This logic has recently enlivened a new form of Keynesian thinking.
The problem with traditional Keynesianism was that it saw the main
task of public intervention in the regulation of total demand.  It was
a far too easy target for monetarist criticisms at a time when  expan-
sive policies led to soaring public debts, rising foreign trade deficits
and the inflation of national currencies.  At present, a new form of
supply-side Keynesianism is gaining ground which sees the public
sector's main tasks to be on the supply side, i.e. in the continuous
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improvement of the social infrastructures of production (Streeck
1992).  This is a discussion which is becoming increasingly relevant
in the current Finnish conditions in which new means must be found
in order to solve the quickly aggravating problems of unemployment
and new measures to promote equality within the increasingly
deregulated labour markets will also be  needed.

3.9  Finland as Part of the Baltic Sea Region

At present, it is timely to  also ask to what extent the Finnish
economy's problems are really national by nature, and to what extent
they can be solved by developing the social infrastructure of produc-
tion within a nation-state's framework.  This question has been
brought to the fore by the observations according to which the
processes of dynamic economic development and stagnation are
increasingly regional phenomena (Scott & Storper 1987).  Thus, for
instance, when examining the distribution of major scientific and
technical innovations within the EC area, distinct regional differ-
ences can be identified (see e.g. Hingel 1992).
Looked from this angle, it is interesting to analyse Finland's position
in the Baltic Sea region.  At present, it is an area with many severe
problems (an economic downswing in the post-socialist St. Peters-
burg area, Baltic republics and  Poland; slow growth, unstable
currencies and increasing unemployment in the Nordic countries;
stagnation in the traditional industrial centres of Northern Germany;
controversies between ethnic and national groups, military tensions,
hatred and violent riots against foreigners).  But in the future, this
region has all the prospects of becoming one of the most dynami-
cally developing parts of Europe.  It will come closer to the heart-
lands of Europe when the centre of gravity of the European Union is
moving eastwards (which I believe to happen sooner or later).  It
consists of areas with highly developed infrastructures (Nordic
countries and Northern Germany), areas with abundant supplies of
cheap and highly skilled labour force (the post-socialist countries),
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and it is connected (via St. Petersburg) with the world's richest
sources of natural resources. 
In order to realize the positive visions for this region, account should
be taken of such issues  as how to hinder the presently threatening
economic division of Europe, to bring together the different
competitive advantages potentially available, to maintain peace and
democracy in the area, to develop living contacts between the
region's metropolitan centres, to create well-functioning labour
markets and institutions of work within the entire Baltic Sea region,
and how to save the region from the huge ecological risks threaten-
ing its future at present.  If positive solutions can be found to these
problems, one could perhaps in the future start not  talking about the
'national system of innovations' but rather about a dynamically
developing regional system of innovations ranging from St. Peters-
burg up to Northern Germany.  But in this connection it has to be
taken into account that this kind of development does not automati-
cally contribute positively to developments in all parts of Finland.
Rather is it  probable that the 'regionalization' of economic
dynamism will increase the risks of unequal developments within
the country, unless effective counteractive measures are taken.

3.10  Summary: Will the Nordic Democracies Retain their Competi-
tive Advantages?

The analysis shows that at the end of  the 20th century, Finland -
together with the other Nordic countries - will enter a new world,
radically different from the one that existed during the postwar
decades of exceptionally high economic growth and nearly full
employment.  At that time, the Nordic welfare states with their
corporatist regimes were able to act even globally as models of a
'good society', in which economic dynamism and highly developed
enterprise cultures were in a unique manner combined with social
solidarity and  the respect of egalitarian values.
In today's transformation period it is reasonable to ask whether the
basic features of Nordic systems of social corporatism are able to
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survive in the internationalized economy of the 21st century, and, if
this is the case, whether they still have the capacity of contributing
positively to the economic, social and cultural performance of these
societies.  
In recent discussions it has often been pointed out that, for instance,
the ongoing West European integration processes do not necessarily
lead to a convergence of the existing industrial relations systems and
that also the Nordic social corporatism may therefore at least, in
principle, be able to maintain some of its present specific features in
the years to come (McDaid 1991, Bruun & Nielsen 1992, Streeck &
Schmitter 1992).  Thus the most severe challenges for the existence
of Nordic corporatism will not be presented by the external environ-
ment but rather by internal sources, i.e. the break-through of new
managerial strategies and the strong trends towards decentralisation
and enterprise-level solutions in collective bargaining.  But as, for
instance, Pohjola has shown, the social relations of production and
the collective skills emerging in tomorrow's enterprises will open
entirely new outlets for collective interest representation and
renewed forms of 'democratic corporatism' (see Pohjola 1988,
Pohjola 1992, 77-78).
A much more contested issue is, however, whether the Nordic types
of 'social' or 'democratic' corporatism will also be able to offer a
fertile soil for a successful implementation of innovations in the
emerging post-Fordist network economies.  Many critics are
nowadays in favour of a more open play of the market forces, the
'deregulation' of the functioning of Nordic labour markets and of an
immediate elimination of the rigidities hindering the flexible adapta-
tion of Nordic economies to the requirements of tightening interna-
tional competition.
But there exist also different kinds of interpretations of this issue.
According to these, deregulation is not necessarily the best way for
the Nordic countries to adapt their institutions of work to the
requirements of tomorrow's world economy.  One has to take into
account that several other economies would in any way be able to
outdo Finland and other Nordic countries with lower labour costs
and with much more deregulated labour markets.  The specific
competitive advantages of the Nordic institutions of work will not be
found in less regulation but rather in their high level of progress,
which can be reached only through a well- balanced mix of

20        Antti Kasvio

+                                                                                                                            +

+                                                                                                                            +



flexibility and regulation and through active labour political
measures to guarantee a full utilization of these nations' human -
female as well as male - resources.  
As, for instance, Wolfgang Streeck has very convincingly shown in
connection with vocational training, a fully deregulated system, in
which effective market demand is the sole factor determining the
supply of skills, would necessarily lead into continuous market
failures. Moreover, in an era of flexible production these failures
would contradict even the immediate interests of enterprises acting
as subjects within the market.  Thus, in order to produce an adequate
supply of skills, a certain level of neo-corporatist 'regulation', i.e. an
establishment of norms obliging individual enterprises to recruit a
certain number of trainees - more than they would do acting solely
on the basis of their own self-interest -, will also be necessary in
tomorrow's conditions (see Streeck 1989).
This observation could quite well be generalized further, to describe
the potentialities for a renewed Nordic corporatism in supporting the
overall institutional restructuring of the Nordic societies - in close
cooperation with other parts of the emerging Baltic Sea region - into
well functioning post-fordist network economies.  This goal cannot
be achieved without the creation of social infrastructures that are
actively supporting the adoption of innovative practices in all
spheres of life, not only within the productive core of the economy.
Perhaps through these processes of economic and social transforma-
tion the Nordic societies might sometimes in the future find
themselves again in a position in which they are serving as models
of highly performing but, at the same time, egalitarian and morally
just societies for the rest of the world.  But for this positive vision to
be realized, a new consensus should be found between those societal
forces that are able to put the necessary changes into action.
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4  Growth and Technical Change in Finland: The Role of Collec-
tive Sharing of Economic Risks
Vesa Kanniainen1 

Department of Economics, University of Helsinki, Finland

4.1  Introduction

4.1.1  Historical Overview

The post-war economic history of Finland is rather unconventional.
Partially ruined, the country lost more than a tenth of its territory in
the Second World War, repopulated 400.000 new inhabitants from
the ceded areas and paid 5-6% of its GDP in war remuneration over
the years of the late 1940s and 2% in the early years of the 1950s.2   
This all required substantial reallocation of Finland's scarce produc-
tive capacity.  Subsequently, strong policy towards economic growth
built into the tax system, monetary policy, commercial policy, and
the development of state-owned companies launched the economy
into a fast growth over decades.  As indicated by the introductory
chapter of the current book, the growth of Finnish manufacturing
output was 3.1%, on the average, over 1973-1990; however, this
growth rate reached an even more remarkable level of 6.6% in the
preceding period of 1960-1973.  In international income per capita
comparisons, Finland was moving up.  For understandable reasons,
Finland was known as the Japan of the Nordic countries in the
1980s.
The above documentation is, however, only part - the illusory one -
of the whole story.  Towards the end of the last decade, Finland was
hit by a severe downturn with a 10% subsequent loss in her GDP
over the years 1991-92, a reduction in private consumption - quite
an exceptional phenomenon in western economies - and with a
record-high rate of unemployment.  Today, highly indebted abroad,
Finland is paying about the same percentage of her GDP in interest
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2 Cf. Ahvenainen, Pihkala and Rasila (1982).

1 I am indebted to Matti Pohjola, Synnöve Vuori and Pekka Ylä-Anttila for many helpful
comments.



even passed the figures of repopulation after the war.3  At least for
the time being, Finnish prosperity seems to have been a fictive
illusion.  
The current paper seeks to shed light on what I call the Finnish
mystery.  In this endeavor, I repeatedly call attention to the network
of institutional arrangements which are directed towards the
management of economic risks.  Indeed, I claim that many of the
institutions and structures which have emerged in the Finnish
economy and society over the past decades have been characterized
by substantial collective sharing of economic risks through the
public sector.  I find that the insurance through the public sector has
been quite compelling, indeed.  One can legitimately ask what
explains this, though this question may not be easy to answer.  If the
answer is high risk aversion, the unavoidable associated question is
whether the institutional arrangements created have truly helped to
settle the problem of economic instability.
Beyond any doubt, the answer to the latter question is negative:  
exceptional business cycle volatility has been characteristic of the
Finnish economy both in nominal and in real terms.  Output and
employment volatility has been quite severe.  Inflation and price
instability have also over long periods exceeded the corresponding
figures for other OECD countries, on the average.  Then the next
question can be raised:  has the exceptional volatility perhaps
something to do with the very existence of collective risk sharing
institutions?  This question arises in the light of what the theory of
insurance teaches us:  risk insurance with high coverage may not
only provide poor incentives for risk management and monitoring
but may also lead to a moral hazard.  We repeatedly face this
problem in the current paper.
Risk management undoubtedly is essential when it comes to explain
a country's "hunger" for technological progress and competition for
innovations and markets and, thereby, its growth performance.
Though silent on risk aspects, the modern theory of economic

payments on foreign borrowing as she had to pay war remuneration.
The analogy to the post-war years is even more concrete and
complete.  The unemployment figures have reached and
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growth is a helpful framework for a different reason.  By now, this
theory has convincingly demonstrated that the growth rate of an
economy over long periods can be expected to be closely related to
technical progress, accumulation of human capital, quality of knowl-
edge and a country's R&D effort to produce and to utilize new
technology.  To put all these linkages in a proper context, we start
with a set of specific questions to be addressed in this article.

4.1.2  The Questions to be Addressed

This article raises - and seeks to answer - the following set of
questions:

(i) What are the stylized facts of Finnish growth developments over 1970s
and 1980s?

(ii)  What economic models or frameworks are useful for an attempt to organ-
ize one's thinking about the relationship between economic growth and
the mechanisms determining this growth?

(iii) Given the available frameworks and economic models, how is the
Finnish experience to be explained? Given the network of collective
insurance provided by the public sector, in what way have the manage-
rial incentives been influenced? Given this insurance, has the economic
impact been socially valuable in the normative sense?

(iv)  How should  Finnish technological progress and her R&D effort over the
last two decades be evaluated?

When it comes to organize one's thinking of long-term economic
phenomena, we thus ask what economic frameworks are available to
organize the stylized facts. In the current paper, we organize our
evaluation of the Finnish economy using a number of complemen-
tary economic theories. We resort to the modern theory of economic
growth, for example. This theory has convincingly shown that to
understand economic growth over long periods, one has to under-
stand the determinants both of private investment and private saving.
The former does not only include investment on tangible assets.
Indeed, technical progress, accumulation of human capital, quality
of knowledge and a country's R&D effort to produce and utilize new
technology - a key intangible asset - are crucial determinants of the
growth process. The theories of growth are taken up towards the
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later parts of the paper. In the sections to follow, we start with a
description of investment and saving incentives as they have existed.
The theory of economic growth is quite aggregate and based on
stylized models which are abstracted from many important institu-
tional aspects relevant to the issues of this book.  For this reason,
one has also to go into the microeconomics of "the representative
firm" to understand what determines innovative incentives in a
market economy. Given that an R&D project is a leap into the
unknown and often subject to uncontrollable economic risks, one
also has to understand in what way the various methods of public
R&D support participate in risk sharing.  This aspect is most
relevant given that the financial market provides an inefficient
sharing of risks due to informational asymmetries.4 

The limitations of the growth models, of course, stem from their
aggregate nature.  They are not suited for considering R&D risks or
behavior under market uncertainty.  They are bound to be silent on
the structure of the financial system and hence on the degree of risk-
sharing through the capital markets.  They have not yet been
extended to integrate other relevant institutional aspects like distor-
tive factor taxes.  Some branches of this literature have, however,
introduced both imperfect competition and international trade.
These are important elements when it comes to understand the
economic growth of any particular small open economy.

4.2  Some Stylized Facts of the Finnish Economy, 1970-1990

4.2.1  Macro Development and Collective Risk Insurance

1 Business Image. There is room for quite a peculiar interpretation
associated with the Finnish economic developments towards
prosperity.  With the growth of neo-leftist social attitudes during the
1960s, business seems to have borne a negative image at least
throughout the 1970s.  Business was sometimes regarded as more or
less "immoral".  "Making money" was viewed as a secondary career
choice given the more "respectable" substitutes available, like
serving the country as a civil servant.  One now, of course,
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understands the fundamental fatality of this view.  However,
negative attitudes towards business were powerful enough to lead,
for example, to the establishment of a special organization (EVA) to
counteract these attitudes and to create a more positive business
image.
On the other hand, the political leadership covering also the leftist
parties whenever in charge did understand the importance of a
strong economy for economic welfare.  Corporations, especially the
export sector, have consequently enjoyed substantial political
support.  Over the years, this understanding developed to a dominant
strategy of national consensus about the unquestionable priority of
economic growth.5 

2 Rapid Growth, High Volatility. It is a hard fact that among the
western economies the average rate of output growth in Finland has
been rapid by international standards.  Moreover, as Vuori and
Vuorinen indicate in the introductory chapter, gross fixed capital
formation amounted in the 1980s to no less than 25% of GDP, on
the average, in Finland, almost 5 percentage points more than the
EC average and about 3.5 percentage points more than the average
for small European OECD countries.6  
Economic growth was only occasionally interrupted in the l970s and
1980s.  Even the adjustment of Finland to the oil crisis in the
mid-seventies was easier than that of many other OECD economies
because the Finnish terms of trade actually changed to the advantage
of the country preventing any substantial reduction in real income.
As a by-product, no incentives were created for structural change.
But the coin has also its other side. While capital formation in
Finland has been strong, it has also been extremely volatile and
unstable. Moreover, the sad fact is that a substantial part of capital
formation has been directed towards the closed sector, which does
not only include housing. Most disturbingly and due to strong tax
incentives, fixed investment in agriculture has even exceeded that in
metal and engineering industries.
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It is of interest to ask whether the rapid growth is policy-related and,
in particular, due to exceptional technological achievements.  No
econometric evidence is available.  Our interpretation of the Finnish
data (saving, investment, interest rates, taxation), however, suggests
that the growth experience has indeed been strongly policy-related.  
However, in the light of the recent economic disaster of the 1990s, it
is doubtful whether Finland after all has been a growth miracle.  A
more plausible hypothesis is that the rapid growth rate documented
has been due to relatively low initial income per capita.  Moreover,
given the large share of annual output devoted to investment, it is
more surprising that the growth rates of output and productivity have
not exceeded the ones actually recorded.7 

3  Collective Risk-Sharing: Exchange Rate Policy. High volatility
of inflation and fluctuations in employment have had a close linkage
with the Finnish exchange rate policy. The adjustment of the foreign
exchange value of the markka has since the late 1950s followed a
surprisingly regular 10-year cycle providing justification for the
concept of a so called devaluation cycle.8   The adjustments have,
however, been asymmetric.  Failures to revalue during booms in
order to alleviate price and wage pressures have typically led to
ultimate overpricing in the export market and subsequent overvalua-
tion of the currency.  In an international comparison, the devalua-
tions of l956, 1967 and 1977-78 have been quite substantial indeed.
It is natural to interpret the exchange rate policy as a commitment to
collectively insure the risks of the shareholders of the major Finnish
export sectors to restore an equilibrium between capital and labor
income whenever disturbed to the disadvantage of capital income.
This interpretation covers at least the period when capital flows
were controlled by the central bank and when there hence was no
room for speculative attacks against the markka.  One can hypothe-
size that this type of collective insurance probably also has reduced
the risk premium associated with investment in the insured sectors.
This follows from the understanding that the insurance potentially
has reduced the correlation between the open and the closed sectors.
It is, moreover, appropriate to interpret the associated correction in
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the real income of wage earners as an insurance premium against an
unemployment risk.

4 Average Lending Rate Regulation and Inefficiency. One of the
empirical regularities  of corporate  finance is  the  close connection
between annual profits and investment expenditures  in spite of the
existence of credit and capital markets.  

However, there are reasons why debt actually is the desired marginal
source of finance.9   Hence, the functioning of the credit market
deserves some focus.
We will put forward two claims which help to explain the overall
inefficiency of investment in Finland.  First, the average lending rate
regulation system in the banking sector has created an adverse insur-
ance element whereby profitable firms have had to subsidize unprof-
itable ones through being liable to higher than average interest rates.
Second, strict limits on credit availability have promoted credit
expansion to existing firms with established banking relationships as
the primary criterion.  Hence, there has always been the risk that
some projects which would have been ranked high in
NPV-comparisons have not obtained finance.
The latter problem was, however, alleviated through two mecha-
nisms which were developed in the 1970s.  First, given that firms
had different access to the official credit market, a so called "grey
market" developed whereby the available finance was reallocated
through inter-company transactions.  Its impact was perhaps not
socially valuable in the sense  that the terms on black market
contracts generally tend to be unfavorable for the buyer.  Thus, it is
possible that only the high-risk projects were financed through the
grey financial market.
Second, banks started to establish so called finance companies
which extended business loans in packages synchronized with bank
loans.  The loan terms could then be better adjusted to match with
the quality of the applicants.  One should not, however, hasten to
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judge the impact on the efficiency of investment of this procedure.
As always, applicants which are willing to pay an abnormally high
interest rate may just signal that one is dealing with a high risk
project.10   Hence, banks unwilling to have high-risk customers
cannot rely too much on the rationing effect created by high interest
rates.
Regulation of the lending rates by monetary policy as part of the
chosen growth strategy gave rise to a further inefficiency when
combined with the inflationary pressures: real borrowing rates used
to be negative.  The standard theory of corporate investment then
suggests that the required gross rate of return on investment has
been badly distorted downwards.  Having stated this conclusion, we
no doubt have identified one of the major explanations behind the
inefficiency of investment over the past decades in Finland.11 

5 Monitoring and Executive Incentives. The conclusion of the
previous section, i.e. that  the  rate  of return requirement has  been
extremely  low  for  investment in  Finland  provides  the  starting   
point  for  our  next  conclusion:  the  return  on 

monitoring the performance of corporate management evidently has
been very low to the shareholders.12  In periods of negative real rates
of interest, the incentives of owners and the financing banks to
monitor and control the management of corporations seem to be
limited for the natural reason that with a small effort investment
programs can be turned successful.  With good reasons, one can then
ask whether an inefficient monitoring also is one of the key reasons
for the Finnish illusion.  Moreover, it seems that the prolonged
boom in the 1980s created substantially free cash flow in the sense
of Jensen (1986), i.e. the cash flow left over after investing in
projects with positive net present values.  In the financial literature,
free cash flow is associated with perquisite consumption.
Finally, growth incentives built into the tax system (see section
2.1.8) and management's tendency to overinvest have caused lock-in
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effects in that the dividend payout ratio has been quite low in
Finland.13   Hence, firms have apparently not been sufficiently scruti-
nized in the capital market in the sense of Easterbrook (1984).  This
all points to the conclusion that Finnish corporations have avoided
the socially optimal degree of monitoring.

6 Quality of Management. Separation of ownership and control
seems to be quite a recent phenomenon in Finland.  Historically, a
few powerful families have been in an important position in the
industrialization process of the country.  It is, however, not clear
whether industrial competence can be inherited from one generation
to another.  Hence, one can ask whether professional management
should have been substituted for owner-managers earlier than
actually has taken place.

7 Overinvestment in the Closed Sector. Closed sector investments
have competed with capital investments in the open sector and
enjoyed some special public subsidies.  Housing investments in
particular have enjoyed public support on two accounts.  First, there
have been tax subsidies.  Not only has the imputed rent on owner-
occupied housing been tax-free.  In addition, interest on housing
loans has been tax-deductible, albeit up to a certain limit.  Second,
strict rent control has been applied to rental units with the conse-
quence that the rental market almost disappeared with demand
spillovers in owner-occupied housing.  Over time, there has been a
significant capitalization effect on housing prices functioning
against the policy targets.
Tax shelters for investment in agriculture have been the second
major distortion favoring investment in the closed sector. It is not
unfair to ask whether the principle of comparative advantage ever
landed on the continent of Finland.
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8 Public Insurance Through Corporate Taxation. In addition to
the monetary policy of negative real interest rates, with the resulting
low rate of return requirement for new capital formation augmented
by bailing-out property from the exchange rate mechanism, fiscal
policy was built to be growth-oriented.  Through the tax system,
capital income has been taxed at a low effective rate both in the
form of return on debt and return on equity.  First, capital income in
the form of interest has been tax-free for individual savers.  Second,
corporate dividends have been subject to a split rate system with a
rather low total tax rate on distributed profits.14   Effectively, the
return on intramarginal, existing capital has been only weakly taxed.
This was not changed until the end of the 1980s when Finland intro-
duced the imputation system with the consequence that the total tax
rate on distributed profits rose significantly for institutional inves-
tors setting up some tax barriers to  new share issues.  
Moreover, though Finland has applied the strict requirement of
uniform reporting in corporate taxation15 , the tax base of undistrib-
uted profits of corporations has been subject to a number of adjust-
ments (including accelerated depreciation, inventory adjustment,
investment fund reserve, wage allowance etc.). Consequently, the
effective tax rate on undistributed profits has been much below the
statutory tax rate. 
One implication for corporate financial structure has been that
investing firms have become highly indebted.  However, at the same
time, their hidden reserves have also been expanded in the form of
deferred taxes.  These reserves have helped to maintain the debt to
equity ratios under control.  Hidden reserves have, however, led to
the accumulation of another type of debt, i.e. tax liability to the
public sector.16 

To elaborate the arguments slightly further, it seems that the corpo-
rate tax system has actually exerted a dual impact on firms' invest-
ment behavior depending on their expectations of future
profitability. For the firms which have anticipated profitable periods
ahead, the tax system has provided strong investment incentives
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with a substantial governmental risk-sharing, while the system has
preserved tax neutrality for the (more mature) firms which have
stagnated with minor expansion expectations. Moreover, and associ-
ated with the theme of this book, one cannot avoid the conclusion
that the monetary and tax policies, taken alone, have apparently
provided poor incentives to risky R&D efforts for firms to improve
efficiency and the productivity of inputs, to reduce production costs,
or to innovate new products.  The required low rate of return on
investment in traditional capital goods and the production of tradi-
tional consumer goods can be thought to have led 

to lousy managerial incentives and weak efforts to invest in
something new and more risky. (See below our discussion on firms'
incentives to innovate).
Extensive risk insurance through the public sector may have badly
obscured, both in the minds of corporate executives and within the
banking system, the idea of risks and the requirement for managing
risks properly.  

9 Dichotomized Exports. To understand the Finnish growth and
macro performance, it is unavoidable to take account of the fact that
the Finnish export sector has been strictly dichotomized.  The
dominating share of exports has been directed to the competing
world markets.  However, the share of exports to the Soviet Union
reached the top of more than one fifth of exports in the 1980s and
was subject to rather different incentives.  First, the quality of the
latter exports, most notably that of consumption goods, was of a
lower standard than that of western exports.  Second, the Soviet
exports were sheltered from firm-specific (or idiosyncratic) risks by
the public insurance.17 

The estimated receivables associated with the former Soviet trade
now amount to FIM 6-7 billion.  It is thus not only that Finland lost
most of her future exports to the Eastern market.  She and her
taxpayers also have lost their receivables on the past exports to the
Soviet market.  
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Given the large and sheltered export market in the Soviet Union
earlier, one can legitimately again ask what the impact on innovative
incentives could have been.  The problem was, of course, not in the
diversification of exports to two different markets with different risk
characteristics.  The diversification turned out to entail stabilizing
mechanisms.18  The problem was that an export sector which was ex
ante understood to be riskless, turned out to be most risky ex post.
The public insurance could take care of the idiosyncratic risks but
could do nothing to hedge against aggregate risks.

10 Socialization of Saving and Savings Risks. It has been one of
the acknowledged facts that the public sector has traditionally been
running surplus in Finland unlike the case in the other  OECD
economies.  In this sense, also saving has been (at least to some
extent) socialized in Finland. There have been two types of social
costs of this policy. First, public saving has over decades reduced
the need for private saving. Second, in periods of rising income,
large public revenue has facilitated the expansion of public expendi-
tures and public services beyond the actual capacity of the economy.
The early years of the 1990s are most striking although the cycles of
public expenditures have been strongly related to election years
throughout the decades.

Socialization of risks used to be more or less implicit during growth
periods.  Today, the most notable manifestation of collective risk
insurance is the crisis of the banking system.  The taxpayers have
guaranteed all the assets of depositors in the banking system which
otherwise would largely had gone bankrupt or at least caused a
dramatic contraction of loans outstanding.  Together with Norway,
Finland is one of the few European countries which had not even
formally restricted the insurance coverage of deposits.  As a side-
product, full deposit insurance has made the choice of a depositor
between high-risk and low-risk banks irrelevant.
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11  Collective Bargaining and Risk Aversion. The interpretation
of labor market mechanism in the growth process is a complex one.
Growth necessitates saving, finance and sufficient capital income.
Above, we pointed to the negative real rates of interest and the
created wealth transfers through inflation.  In Finland, there has been
another key mechanism which has guaranteed high capital income
(though only in the sense as an average over time).  The growth of
labor movement and the change in the political balance in the 1960s
led to the need to attract the labor movement to support the national
growth policy.  National "consensus" was created as to the wage,
incomes and social policies for decades.  
From the national targets of promoting long-term growth, the
incomes policy obviously has succeeded in guaranteeing sufficient
share of capital income in the economy and high capital formation in
the average sense at least.19   Hence, there is room for a positive
interpretation that the national consensus has resulted in a kind of
first-best Pareto-optimal contractual equilibrium in the labor market
in the spirit of cooperative actions and collective rationality.
However, there is another side of the coin since any free lunches
cannot exist.  First, the positive impact is limited to the average rate
of growth, only. National consensus badly failed in stabilizing the
growth process:  the Finnish economy has been disturbingly sensi-
tive to inflationary pressures.20   Second,  the incomes policy has
been possible only through extensive governmental participation
resulting in expanding public services.  One of the dimensions,
however,  has  been  that the labor unions have accepted  high taxes
on wage incomes as a premium for the extended public insurance. In
a sense,
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wage contracts have been associated with increased public insurance
through social policies. 
A society's degree of unionization can be viewed as a social solution
to an optimization problem.  For an individual agent, membership
involves costs which have to be covered by the anticipated benefits.
High risk aversion among potential members can be thought to be
reflected in a relatively high rate of participation. By international
standards, unionization of the Finnish labor force has been abnor-
mally high.21   This is not only a reflection of the high rate of social
risk aversion so much emphasized in the current article.  Union
membership has also been enjoying collective support from the
taxpayers in that the membership fee has been tax-deductible in
personal income taxation.  Moreover, the tax shelter of membership
has been increased over the years together with the rise in the
marginal tax rates.  
Collective incomes policies have succeeded in generating sufficient
capital income which also has been subject to abnormally low effec-
tive taxation.  Government revenue has been mainly collected (in
addition to the turnover tax) in the form of income taxes on wages
and payroll taxes on labor input.  Hence, incomes policies have not
actually succeeded in maintaining low overall labor costs.  
Throughout this section we argue that the extensive governmental
participation associated with the seemingly successful growth
experience actually has blurred the idea of economic risks and their
proper management.  As a further example we can take the insur-
ance against employment risks: most of the associated premium is
collected from the government and the employers, not from the  
insured.  Of course, over a longer run this premium will be capital-
ized in nominal wage contracts.  However, the incidence of the
premium is fully arbitrary between industries and firms with
low-unemployment risks and high-unemployment risks.  
Has the unionization of society gone too far?  In the cost-benefit
evaluation, one has to compare the social gains in terms of increased
security not only against the cost of insurance premium but in the
light of the benefits and costs of the services rendered by unions.
The downturn of the economy has led to problems in activities also
conducted by unions.22   From  a wider perspective, one can, of
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course, question the rationale for tax subsidy on membership.  Given
the record-high and rising unemployment, this question seems today
more legitimate than ever:  the unions' strategy choice during the
economic downturn has apparently been based on long-term targets
without sufficient attention to the short-run costs to their members
and society.  This argument, of course, is quite an unconventional
one:  instead of the ordinary claim of myopic behavior it puts
forward the view that the union leaders may be married to a discount
rate that is too low!

12 Government Production. Presence of the public sector in
production is most explicit in the case of state-owned enterprises
which are giants in the national context in several areas. The leader-
ship  of these enterprises  has most often been  able
to operate in monopolistic conditions with no threat of bankruptcy.
Moreover, also the state-owned enterprises operating in competitive
international markets have been conducted without a positive
probability of bankruptcy due to the taxpayers' guarantee of equity
injections in the case of losses.
One has, of course, realized that through privatization the incentive
structures could be improved.  However, this process has started
very slowly indeed.

13 Big Firms Cannot Go Bankrupt. There is one more reason why
Finland has not been a market economy in the true sense of the
word: big firms cannot go bankrupt.  This fact derives from the
inter-linkages between domestic banks and big firms.  Banks' stakes
in firms are concentrated and poorly diversified both as creditors and
shareholders.  While this gives rise to valuable monitoring gains,
inefficient risk-sharing is the other side of the trade-off.  The under-
standing has been that a failure which would threaten the stability of
the banking system is out of question.23 

4.2.2  Finnish R&D and Productivity:  Evaluation
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ownership of its major creditor, SKOP-bank, to the possession of the central bank of
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The above rather long section emphasized the extensive role of
collective risk sharing in the Finnish growth process over the past
few decades.  We pointed out that the impact on understanding and
managing risks may have been quite harmful in general and that the
extensive public involvement may have distorted managerial incen-
tives towards activities requiring less innovative efforts.  This
section attempts to summarize some of the stylized facts about
technological change, R&D and their relationship to the economic
growth in Finland.  It is mainly based on the interpretation and
evaluation of the material produced by Vuori and Vuorinen at the
beginning of this book.

1  Technology Policy as a Risk Insurance Device.  It is helpful to
view a technology policy as a matter of an insurance policy whereby
some risks of R&D efforts are shifted from private firms to the
public sector.  Insurance as such, of course, by the logical necessity
substantiates risk-taking because as a result, the risks will be spread
more efficiently.  Risk-taking may indeed be quite productive; there
will be an abnormal rate of return on a risky project that turns out to
be a success.  This view is confirmed by the introductory chapter of
Vuori and Vuorinen.  
However, whether an R&D policy functions as strongly desired is
dependent upon  the  way  it  has been constructed. The principal
agent theory teaches that for

efficient effort choice and efficient risk-sharing, part of the risk has
to be carried by the principal and that full insurance coverage is
devastating for the incentives.  Moreover, loans, grants, guarantees,
equity participation and tax reliefs all have quite different effects on
innovating incentives through their dissimilar impact on the way
risks are shared. It is doubtful whether Finland has applied the
proper policy mix and whether appropriate incentives have been
created. One can refer to the limited role of venture capital and to
general R&D support through the tax system.  Private venture
capital has not really succeeded and today is almost non-existent.
Also from this perspective, risks on R&D are socialized in that the
three major venture capital institutions are all public.
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2  Domestic R&D or Technology Transfer?  The introductory
chapter by Vuori and Vuorinen provides some cross-country
evidence that the Nordic countries (with the exception of Sweden)
have devoted less to R&D (1 - 1.9%) over the l970s and the l980s
than have, for example, France or the UK (2 - 2.4%) not to mention
the USA, Germany or Japan (1.9 - 3%), when counted as a percent-
age of GDP.  Essentially, this conclusion is confirmed by the figures
when R&D expenditures are related to value added in manufacturing
industries.
Finland also seems to have been more an importer than a producer
of R&D.   In addition to low patent intensity, this can be judged
from Table 3.8, too.  It indicates that the share of high-tech products
in the Finnish exports (10.8%) is substantially smaller than is the
corresponding share in the exports of many other western economies
(with the exception of Norway and Denmark).  In the late 1970s and
1980s, the rate of growth of R&D in real terms was very rapid in
Finland (nearly 10%) when contrasted to the 6% in the OECD, on
the average.  Data also indicate that the Finnish total factor and labor
productivity growth have been high.  However, these observations
may point to low initial levels rather than to exceptional
performance.
Whether a strong contribution to R&D effort is optimal for a small
economy is a matter of dispute.  Japan is an example of a country
which never has been a leader in basic research but which through
applications of modern technology has gained a leading position in
the product markets of many high-tech commodities.  Also the
Finnish R&D policy seems to have been based rather on diffusion or
imports of technology than production and exports of innovations.
There are thus two options to follow and the rate of diffusion chosen
can be viewed as a matter of social optimization.24 

3  One Major Development Block Only. The idea of
characterizing the historical data in terms of development blocks is
most helpful.  For natural reasons, the forest sector has been the key
block in the Finnish economy.  In addition, Finland has effectively
utilized  the R&D of  the metal and engineering industry  to
substantiate
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the comparative advantage of the forest sector. The technological
innovations in this combined block have been the major element
behind the strong real competitiveness of the paper industry, on one
hand, and exports of technology, on the other hand, in the form of
paper machines. Indeed, towards the late 1980s, Finland had become
the world's leading exporter of paper machines. Also the patent
statistics show that one-third of the patents were forest-related.
Has Finland had her eggs in one advanced basket only?  This is not
quite true: there are some other blocks.  But their macroeconomic
role falls much behind that of the forest block.  Heavy concentration
on one major development block has the disadvantage of rendering
the economy highly vulnerable to fluctuations in demand for the
output of this particular block.  The trade-off in developing other
blocks would be between more diversification, less aggregate risks
in output, on one hand, but more risks in producing that block, on
the other hand.  

4  Skills, Education and Training.  In the Nordic comparison,
Finland is not a special case in formal education.  In a broader inter-
national comparison, it is above the average.  In the evaluation of the
education system and its role one has, however, to consider a
number of issues.  No doubt the quality and quantity of both basic
education and professional training are highly important for
economic progress.  However, many task-specific or firm-specific
skills are acquired at the working place within the firms.  Quality of
this type of human capital is indirectly reflected in the real competi-
tiveness of the industry and cannot be judged on the basis of formal
education.  Indeed, as the economic theory of education teaches,
formal education may be more used as a signaling device by the
employers reflecting the innate abilities rather than unbiased indica-
tors of the efficiency of schooling.  This is but an alternative way to
pinpoint the importance of the learning-by-doing mechanism.25   
Second, as the success story of Japan indicates, the most important
element in determining the productivity and efficiency at the
working place is the organization of work, i.e. what incentives and
penalties have been structured in the production systems.  Indeed,
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while Finns are known to be industrious, the Finnish production
sector has perhaps turned out to be much less innovative in creating
motivation and developing incentives through the organization of
work.

5  Innovations and Firm Size. The learning-by-doing effect also
operates when considering the evolution of small firms into larger
ones. The share of aggregate R&D expenditures of small firms is not
very large in Finland or in Sweden. This may be so because large
firms tend to have more retained profits to finance their R&D activi-
ties. Moreover, large firms can diversify some of the risks by under-
taking simultaneously several uncorrelated risky R&D projects.
Small firms are, however, important for total innovative activity in
that many ideas tend to be produced by  small  firms although the
commercial products may subsequently be developed

by larger firms. Hence, a recession which is fatal to small firms
tends to have a severe adverse long-term impact on the future devel-
opment of the economy. No doubt, many Finnish business ideas of
the 1980s were failures and had to die out. However, in the light of
the current deep recession and financial crisis in Finland, the high
failure rate of small firms has a potentially substantial adverse
impact on the economy over the long run.

6  Multinational Enterprises.  It is one of the empirical facts that
from the worldwide perspective, the bulk of the R&D effort is
undertaken by large multinational firms operating at the same time
in several national markets and continents.  The explanation for this
phenomenon can be understood with the help of the modern theory
of industrial organization. It was Caves (1971) who first described
the relevant mechanisms.  The internationally differentiated prefer-
ence and demand structures and the unpredictability of their evolu-
tion over time in various local markets is a necessary ingredient
when it comes to explain the very existence of multinational firms.
Acquiring and updating such information necessitates presence,
costly set-up investments and continuous monitoring in local
markets.  It also necessitates the building-up of firm-specific assets
through R&D efforts directed to process innovations to be used to
produce the products best suited for different markets.
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Firm-specificity, in turn, gives rise to the option of monopolistic
pricing to the extent products are differentiated.  This all makes
strategic behavior typical of the multinational enterprises.
The game is played not only between enterprises.  National govern-
ments have a tendency to take strategic positions also in choosing
their tax structures and the R&D subsidies so as to attract R&D
investments or at least the manufacturing stage on their own territory
for employment reasons.
It is, however, important to point out that imports of technology to
Finland have been based on foreign direct investments to a limited
extent, only. Rather, it is the case that domestically-owned firms
most often have bought the know-how hence rewarding the foreign
innovators by their innovations. For the social judgment of this
development, one should admit that for employment reasons, foreign
direct investments are not always desirable. For a positive employ-
ment effect to last, it is necessary that the production is not termi-
nated. The acquisition of a foreign company may be part of a
strategic action of creating a less competitive market in the global
sense. If the acquiring firm gains the market, it may raise its global
profits most by cutting down some of its plants even if the average
cost is not plant-specific.26 

To equalize their expected rates of return domestically and abroad,
Finnish firms have internationalized their production through
foreign direct investments since the1970s. Many of these invest-
ments have been, however, disappointments: the profit-opportunities
for latecomers tend always to be limited. To the extent they have
been successes, the tax hedge for repatriation of profits from
successful foreign operations has been quite high especially after the
tax reform of late 1980s.27 

Currently, the number of Finnish subsidiaries abroad is quite large.
This reduces the need for additional expansion through foreign
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down plants leads to unemployment.  From a broader perspective, the move is anything but
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direct investments, based on equity injections from domestic parent
companies. Indeed, the nucleous hypothesis of Sinn (1990) suggests
that one can expect to see an internal growth of these subsidiaries in
years to come. 

7  Productivity Development.  Technical development is antici-
pated to cut unit costs of production and to increase the productivity
of existing capital assets and labor input if technical progress is of a
disembodied type and capital malleable.  To the extent technical
progress is of an embodied type, there may be less room for input
substitution ex post while new techniques are introduced along with
new vintages of capital goods.  Hence, it is of interest to ask what
the time behavior of productivity looks like over a long run.  
The sharp output growth of the Finnish economy has been associ-
ated with a 3.6% growth rate in labor productivity over the period
1979-90, for example (see Vuori and Vuorinen, Table 1.11) which
should be compared with the much lower average OECD figure of
1.5% for the same period.  Indeed, Finland beat even Japan's rate of
productivity growth which was 3.0%.  Moreover, Finland was not
hit by the decline of productivity growth as badly as many other
economies.  Also the total factor productivity capturing the organ-
izational improvements and technological advantage has grown
faster in Finland (2.5%) than in the OECD, on the average (0.9%), in
1979-90 while the contribution of TFP has increased from 56% to
94%, on the average, from 1960-1973 to post 1973 period.  
There are apparently several factors accounting for these observa-
tions. Finnish production has tended to be quite capital-intensive
both due to tax incentives favoring investment in capital goods and
to high overall labor costs. Second, one can ask whether the produc-
tivity growth should not have been even faster given the exception-
ally large share of GDP devoted to capital formation. Finally and
perhaps most important, one ought to keep in mind that Finland
started from a relatively low level after the Second World War.
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4.3  Some Lessons from the Theory of Economic Growth

4.3.1  Growth: International Evidence

To evaluate the growth performance of any country, it is interesting
to have some stylized inter-country facts available before focusing
attention on a single economy.  The first fact seems to be that even
over quite long periods, countries tend to greatly vary in terms of
their growth rates.28   For example, if the average OECD output
growth over the past decades is taken as the starting point, the
growth rate has recently been substantially faster in many Asian
countries, including China.  On the other extreme, many developing
economies have produced negative growth rates.  For an economist,
these differences cannot be an outcome of some random process.
Instead, what professional economists seek to do is to provide some
consistent framework to find logical explanations in order to account
for the observed facts.  One such a framework is the modern theory
of economic growth to be studied below.
Fortunately, there are many empirical regularities to start with.  The
documentation that output per worker tends to grow continuously is
very strong.29   Also many studies have identified correlations
between output growth and productivity growth.  Investment-to-
output ratios typically seem to correlate positively with real GDP
growth as do various estimates of the stock of human capital.30   
Countries that export a large share of output seem to grow faster
than others31  as do countries with slow population growth.  A
positive correlation has been found between the number of scientists
and engineers employed in research and the growth rate of output.32   
High government consumption slows growth while high levels of
government investment speed up growth.  There is another regular-
ity with fiscal policy:  high marginal tax rates are associated with
slow growth.33 
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Taiwan and South Korea have pursued a policy of encouraging the corporate sector and of

32 Romer (1989c).

31 Romer (1989c).

30  Romer (1989b)

29 Kaldor (1961), Romer (1986), Scott (1989).

28 For inter-country dispersion, see Summers and Heston (1988).



In spite of these regularities, measurements are often difficult. For
example, it is difficult to measure the contribution of technical
progress to growth. What the recorded regularities, however, imply
is that there is some hope of explaining the growth process. Growth
cannot be an accident but related to economic fundamentals.

4.3.2  Theory of Economic Growth

It is clear that economic growth is related to investment, risk-taking,
R&D and saving.  Hence, it is related to return on saving and return
on investment and the incentives to undertake risky projects.  Most
important, via all these mechanisms government policy towards
economic growth is highly relevant when it comes to explain
economic growth.
After decades' research efforts, the modern theory of economic
growth has ultimately succeeded in incorporating the link missing
from the earlier theories that new technologies stem from intentional
actions of profit maximizing agents responding to market incentives
and policy instruments.  In its open economy extension, it has come
to emphasize the importance of large markets for the profitability of
R&D and it suggests that the comparative advantage of a nation
ought to be viewed as endogenous rather than exogenous.34   But
there has been a long way to go.
For a long time, the theory of economic growth had been a prisoner
of the indispensable requirement of logical consistency. Ever since
Adam Smith's "The Wealth of Nations", it has been understood that
competition helps to allocate productive inputs in a meaningful way
and that it is the endogenous process of capital accumulation that
leads to economic growth.  It was not, however, until the 1980s that
the economic profession gained a clearer understanding of how
endogenous accumulation can be reconciled with the existence of
decentralized markets.  Before that, economists had to work with
most unsatisfactory models where technical progress, the most
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important explanatory variable of economic growth, had to be
considered as fully exogenous.35 

The importance of technological progress for economic growth has,
of course, never been a true issue. Growth accounting has sought to
calculate the part of growth, unexplained by growth of primary
factors like capital or labor input.36   It has  thus been  most disturb-
ing  that the  theory of  growth with  the  competitive structure and
the convexity of technological set  (diminishing or constant returns
to scale37 ) was fundamentally inconsistent with any explanation of
how technological 
change could arise (see Romer (1989)).38 

In contrast to the earlier neoclassical growth models, the modern
models of endogenous growth have successfully demonstrated that
the return on investment and the return on saving are the major
determinants of the growth rate of total output.  This also means that
economic policy is far from being impotent as far as growth is
concerned.39 

Sala-i-Martin (1990) has shown that practically all the current
models of endogenous growth actually are variants or micro-
foundations of the Rebelo (1990) growth model.  Many of these
models incorporate the important concept of externality.  In the
formal sense, the new theory of economic growth emerged in the
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38 While convexity and price-taking behavior suggest that there cannot exist any return on
innovative effort or R&D activity, the paradoxical implication is that the empirical obser-
vations of growth at the aggregate level has, by logical necessity, to arise from improving
technologies.  More than that, the view of diminishing returns to any single factor, devel-
oped originally by Malthus and Ricardo, strengthened the latter proposition.

37 For readers outside the economic profession, it is necessary to explain the idea of convex-
ity of technology or diminishing (contrary to constant or increasing) returns to scale.
Returns are said to be of constant returns to scale variety, if an increase, say 10% of all
productive factors leads to an expansion of output by precisely 10%. Returns are then
increasing if the precentage increase in output exceeds 10% while they  are diminishing
(convex technology) if the rate of expansion falls short of 10%.

36 In Finland, the pioneering study has been Niitamo (l958).  For subsequent work, see
Vuori (1988).

35 In Romer's (l989) view, the narid for growth based on endogenous accumulation was
reached with the publication in l956 of Robert Solow's and Trevor Swan's demonstration
that changes in the savings rate, and implicitly in government policy variables, have no
lasting effect on the rate of growth of output per worker.



1980's (Romer (1986), Lucas (1988)).40   Romer (1986) assumed that
the aggregate production function for an economy as a whole could
exhibit non-diminishing returns on capital (knowledge, in particular)
although the firm-level technologies are convex and at most allow
for constant returns to scale.  The explanation for increasing returns
here is the positive externality that new knowledge creates for other
firms.  In other words, there will be technical spillovers when
innovations tend to get diffused between firms.  New knowledge is a
kind of public good.  About at the same time, Robert Lucas (1988)
produced his celebrated contribution to the theory of endogenous
technical growth.
It should be stated that in the paper which actually started the litera-
ture on endogenous growth, Romer (1986) followed Arrow (1962a)
and Sheshinski (1967) by postulating increasing returns to scale at
the economy level but constant returns at the firm level. Of course,
in order to support the equilibrium with a set of competitive  prices,
he  needed  the assumption  that  the  increasing returns are external
to the firm. Moreover and, of course, again such an externality will
yield a non-optimal equilibrium path. Originally, Arrow argued that
the acquisition of knowledge (learning) is related to experience and
he regarded investment as a good measure of increase in experience.
Arrow's celebrated insight is known as the "learning-by-doing"
hypothesis discussed earlier. Extensions of this model to the case of
an open economy are provided by several papers, cf. Grossman and
Helpman (1991).
Lucas'es (1988) model actually did not rely on increasing returns to
generate persistent growth. All that is needed in his model is that
there be one technology for accumulating a capital good that does
not depend on any fixed factors. Lucas'es 

model emphasizes the role of human capital in accumulation.  Most
important, he shows that persistent output growth is fully possible
even with a constant stock of capital, provided that human capital is
an essential factor in the production process and that the growth of
the economy's human capital is not constrained by a fixed factor.
In Lucas'es (1988) model, human capital can change through invest-
ment:  individuals will choose the amount of time they invest in their
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studies.  All we need to generate growth is to have an incentive to
invest in human capital that is nondecreasing in human capital.41   
The production function of human capital, postulated by Lucas is
sufficient for the generation of endogenous growth.  However, Lucas
also assumed the additional mechanism based on an externality in
human capital to reflect the fact that people are more productive
when they are around clever people. The importance of human
capital has raised the need to examine what human capital in the
new growth theory means.  It apparently means (Romer (l989a))
something which can be passed from one individual to the next or
from a generation to the next.  Apparently it contains the scientific
ideas and the level of technology which have an existence outside of
any individual.
The theory of endogenous growth still is very young.  Subsequently,
Romer (1990) has also de-emphasized the role of externality.  None
of the general equilibrium models existing so far provide a satisfac-
tory description of the research and development incentives of the
private sector and the way the R&D effort is compensated.  Some
work (Romer 1990) has been directed to abandon the assumption of
price-taking.  This opens up a new angle by introducing monopolis-
tic competition.  After all, the idea that the market power is essential
for innovations is a very old one (see Arrow (1962a), Dasgupta and
Stiglitz (1980) for the pioneering work and Reinganum (1989) for a
comprehensive survey).  
It has also been recognized that international trade may be a strong
vehicle for economic growth in that it eliminates the need to repeat
inventions and allows one to acquire them simply by exchange
(Lucas (l988), Romer (1990), Grossman and Helpman (1989)).  
To conclude, there are many models which emphasize R&D as an
important engine of economic growth.  We can think of R&D as
contributing to growth in at least two ways.  First, it allows to intro-
duce new types of capital goods.  The second contribution of R&D
to economic growth is that it may have some spillovers on the aggre-
gate stock of knowledge, which in turns reduces more generally the
costs of producing manufacturing goods.  What is needed in order to
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generate endogenous growth is the incentive to do R&D not to
decrease over time.  There are models where firms develop new
varieties  of  consumption goods or new varieties

production goods.  And there are models where firms try to increase
the quality of a constant number of (consumption or investment)
goods.  Much of this work can be found in Grossman and Helpman
(1991) who also have analyzed the open economy implications and
the international transmission of knowledge.
The theories of economic growth are today full of testable hypothe-
ses.  That is an avenue where more research can be anticipated in the
future.  For the moment and for the purposes of this article, what one
can do is to borrow the intuition provided by these theories and
combine it with the views expressed in our section II. Combined,
this material then provides a helpful starting point for understanding
the post-war economic history of Finland.

4.3.3  What Determines R&D Incentives?

What determines the creativity and motivation of innovative firms at
the micro- economic level?  This is a problem which has attracted
plenty of theoretical interest over the past decades. Vuori and Vuori-
nen provide (p.2) an appropriate characterization of the issue.  We
elaborate that discussion only very briefly by suggesting that the key
motive for R&D effort is the reward for winning the race.  That
reward in turn depends crucially on the industrial structure (see
Reinganum (1989)).42  One of the obstacles to R&D incentives is the
appropriability problem, identified by Arrow (1962b) long time ago.
The most important obstacle, however, is the problem of financing
risky projects and the limits to risk-sharing.43   These are all relevant
theoretical results.  No attempt will be made here to evaluate their
role during the particular decades that we have been discussing.

4.4  Conclusion  

Growth and Technical Change in Finland        27

+                                                                                                                            +

+                                                                                                                            +

43 For details, see Kanniainen (1993a).
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In the light of the questions we posed in the introduction, what can
we learn from the material in this article?  We have learned that, on
the average, the rate of growth has been quite rapid in Finland over
the past decades.  We have traced the explanation for this experience
to the growth incentives created by the public sector and to the
success of the forest block.  However, one should not forget that in
the post-war period, Finland started from quite a low level of output.
The Finnish success story of the 1980s turned into a serious
economic distress in the early 1990s.  Moreover, during the decades
over the post-war period, Finnish growth  has  been  very  volatile  
and  subject   to  repeated  shocks.   The  material 

provided by this article suggests that although the growth process
has been highly policy-related in the positive sense, the other side of
the coin is that the economic institutions covered by extensive
public insurance of economic risks have blurred the need to face
risks and manage them properly.  Moreover, though public risk-
sharing has promoted R&D effort, these incentives may have been
offset by those public measures which have adversely influenced the
structure of capital formation.  As Romer (1990b) says: "applied
research effort responds positively to the returns in the research
sector (cf. our discussion on public risk sharing) and negatively to
opportunities in other sectors' trade".  
What the future policy needs as an input is perhaps a more deep
evaluation of the social return - social risk trade-off of various
policy measures associated with a more careful inspection of those
incentive effects that the measures create inside the private sector.
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5  The Role of Firms in Technological Change -
A Company View 

Yrjö Pessi
Former President of Kemira Group, Helsinki, Finland

5.1   INTRODUCTION

Some important background factors were instrumental in the
shaping up of the industrial structures in Finland.  The wood
processing industry, the central sector of our industry, was founded
on the basis and availability of domestic raw material.  The first
years of our national independence saw the beginnings of our basic
chemical industry to serve the needs of the young nation and
somewhat later the birth of the oil refining  and petrochemical indus-
tries. Finnish industry developed actively and largely in response to
domestic demand and after WWII also to shoulder and carry through
the required war reparations.
The 1970s marked a watershed in Finland's industrial development.
As a result of the global oil crisis towards the middle of the decade
world market demand declined while many sectors of Finnish indus-
try had by then brought up their output capacity to cover domestic
demand.  Some basic heavy industries were facing dwindling
prospects while in industrially developed countries high technology
industries were attracting increasing attention.  Consequently, many
companies reached the point of a serious and timely reassessment of
operational strategies.
By the early 1970s many Finnish companies had accrued a consider-
able amount of internationally comparable technology and expertise.
In the evening out of domestic market demand internationalization
became an avenue to put the expertise to good use, a practice
already familiar e.g. among forest industry concerns.  Furthermore,
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The term innovation, as used in the present context encompassing
our innovation system and its impact on structural changes in indus-
try, signifies a process which results in an idea's or an invention's
becoming economically useful or otherwise applicable (Kanerva et
al. 1989, p. 41).

5.2   OWNERSHIP and COMPANY

Investments constitute the most important decisions in a company
and are always propelled by innovative activities regardless of
whether the investments are directed to tangible or intangible ends.
The expansion of existing output capacity is almost invariably
realized through development of technology.  As a result, invest-
ment in R&D constitutes an important part of innovations and
involves and channels the owners' decision making when company
strategies come up for review.
Presently no data based on types of company ownership is available
to enable us to chart investments in R&D and working capital,
except that concerning working capital investments in government-
majority companies.  This group has invested far more than their
share of the value of industrial finished goods would warrant (The
Council of Government Firms 1992, p. 9).
Also the overseas investments of the government-majority compa-
nies have been considerable.  The share of the overseas investments
of Finnish companies ranged between 20 to 52% in the period of

increasing international competition was clearly in evidence.  Big
companies did realize the trend and sought to link their international
activities as an integral part to their operating strategies.
The following is a review of the factors, some of them already
acknowledged and applied by industries, others general in nature,
which have been and still continue to be determinative of Finland's
industrial development and the innovational activities of industrial
firms.  The understanding and views presented here have grown out
of involvement and work in industry and are based mostly on the
experience, knowledge, and observations thereof without any
express attempt at scientific scrutiny.
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these companies has provided management with a firm foundation
for sustained planning. However, it has not been able to secure
enough venture capital to help keep up with investments, and that is
why the companies' own capital resources have remained below
those of their competitors.  During periods of economic slowdown
the capital deficiency translates into meager investments.  Since the
early 1980s, the government-majority companies' eagerly embraced
internationalization process has significantly affected their adoption
of innovations.
The government resolution to gradually privatize the government-
majority companies will in the next ten years widen the scope for
ownership and structural rearrangements.  Our industry will also
benefit from increasingly less restricted foreign ownership.  In

1984 through 1991 (unpublished data).  With the saturated domestic
market, companies have come to appreciate the opportunities for
expansion offered by overseas involvement.
The vitality of a company's innovational drive is also determined by
the attitudes of the shareholders and their executive appointees to
the proposed growth objectives and the extent of the R&D program.
On average, small-scale family businesses tend to be cautious about
the benefits of long-term R&D activity and frequently refrain from
expanding their operations if their current size and effort already
satisfy their expectations.
As investors and co-owners, banks have in recent years played an
active role in managing company mergers, argued for on the basis of
attendant synergetic advantages and effective structural reorganiza-
tion.  However, interests other than those of the industries involved
have been in evidence in the background. With emerging problems
of profitability, companies have sought to incorporate and also
adhere to the interests of the investors.  To all appearances, the
solutions found seem in most cases to have been satisfactory.
The government-majority concerns are almost invariably capital-
intensive basic industries, governed not only by an executive board
but also an advisory council. During the past few decades these
concerns have been vigorously developing their lines of industry,
concentrating on their existing production but also spawning new
industries.  Their R&D activity has been fairly consequential.  The
owner base of 
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recent years the experiences from international ownership have been
encouraging.
Cooperative companies operate mainly in agriculture and the food
processing industry and are naturally geared to the domestic market.
Some, e.g. Keskusosuuslii- ke Valio [The Central Cooperative
Valio], have invested considerably in research and product develop-
ment, including basic research, and their product innovations have
resulted in a number of high quality products.  In this industrial
sector, too, the owner base has provided management with optimum
conditions for long-term planning.  Owing to the self-contained
nature of the sector, the challenge to innovations from international
competition has been evident only in the last ten years.
In terms of innovation projects the most unfavorable form of owner-
ship is two-partner joint ownership, for when the owners' interests
clash, even the company's articles of association may contain limita-
tions to operations.  A good example here is Fermion Oy.
Joint ownership between a private and a government-majority
company (Pekema Oy and Stymer Oy) creates an unusual owner
base to develop operations.  This has been the model in setting up
new industries in Finland when only one owner has supplied the
main raw material.  These companies have gradually been absorbed
by Neste Oy.
Developing a new research-intensive industry has been equally
unsuccessful on the basis of several owners.  An example here is the
biotechnology firm Genesit Oy, which went out of business in ten
years.  Because of the wide compass of the technology and the
perseverance it required, the company failed to satisfy the expecta-
tions of all of its owners who finally lost interest in repeated capital
investments.
To summarize the significance of company owner base for innova-
tions, it is generally more favorable and advisable to have one suffi-
ciently strong and dominant center in the base as an underpinning
for long-term planning and realization of projects.  In this regard the
situation in Finland has been fairly good over the past few decades.

5.3   COMPANY CULTURE
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In time each organization develops its intrinsic culture, which in part
determines staff behavior.  Consequently, the management patterns
and executive styles in an industrial company become significant
indicators of the company's, its departments', and work units'
culture.  We should not forget the input of union activity and the
company shop steward system either.  Generally speaking, the
company culture within our industries has instilled confidence and
vigor into entrepreneurial activity and our organizational model has
proven itself viable.
Traditionally, company culture harbors certain weaknesses, too.  As
the company becomes older and more settled, it accrues a certain
inertia in its functioning, which could be described as resistance to
change or closing one's eyes to new trends in the environment.  Such
oversight can affect both staff and owners.  The phenomenon may
play a part in that some former heavily industrialized regions, such
as the Tampere area, have in the past two decades lost some of their
industries.  Some companies' innovation systems betrayed weak
links, and others reacted slowly or ineffectually to new patterns and
changes in their environment.
In recent years, an organizational change whereby business activities
have been diversified and set up as separate companies has taken a
firm foothold and brought organizational flexibility in its wake.  In
fact, the importance of innovations fueling change in organizations
is on the rise for many reasons.  For one thing, companies' extramu-
ral environment is in constant flux.  Next, to make the most of the
increasing skills and competence of staff necessitates regular check-
ing and updating of work organization and staff assignments.
Furthermore, the shift in market demand from mass to tailored
products and the underlying and enabling technical advances thereof
all foster the adoption of flexible production models (Ollus et al.
1990, p. 13), which in turn revitalize and refashion company culture.

5.4   COOPERATION for INFORMATION TECHNOLOGY
DIFFUSION
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Cooperation among industries can take several forms.  Two or more
companies together can realize a development project.  An industrial
company can utilize the capacity and resources of a research insti-
tute or a university in a joint research project.  A development
project can also be carried out among several interested parties, e.g.
a firm in cooperation with research institutes, universities, and
investors.  Here especially the Technology Development Centre
(TEKES) has been admirably forward to promote such development
projects (Tomner 1990, p. 21).  In this context one should also
mention the technology parks which have been springing up in
various parts of the country.
Finnish firms have also joined international research programs,
particularly the EUREKA projects.  Cooperation such as this will
but increase in the future, for an ever greater share of Finnish
research funding will be channeled to European research initiatives.
It is fair to point out though that the opportunities opened up in
cooperation have not always been fully exploited.  In the 1970s the
negative attitude adopted by the government to cooperation between
industry and universities turned out very debilitating.  Such attitudes
have now vanished.  It is essential to promote readiness, through
attitudes or otherwise, for international research cooperation within
companies as well as research institutes.
In some cases big companies have sought to upgrade the quality of
teaching and research in the universities through industry-sponsored
"academy projects," in which also research staff from industries
have participated.  Such projects would be even more welcome now
to further cooperation and to promote interest in innovations.
Despite the fact that the diffusion of knowledge is a demanding
undertaking and that cooperation has not reached its most fruitful
forms, Finnish industry has so far been very successful in maintain-
ing its level of competence.  All this has been facilitated by compa-
nies' concentration on the R&D in their own fields, though largely in
conventional ways.  In terms of the national economy, the need to
diversify the industrial base has become an important issue with a
special emphasis on joining forces in cooperation.
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5.5   SOME BUSINESS STRATEGIES

Traditionally Finnish mass production-oriented process industries,
such as paper and pulp, mining, and in part also the chemical indus-
try, have centered on manufacturing and relied on the availability of
raw materials.  Particularly the chemical industry's emphasis on
production shows in the integrated refining of the industry's
by-products.  One could mention here e.g. the processing chain
whereby the environmentally harmful sulfur from the mining indus-
try is first refined into sulfuric acid, the acid then used to produce,
among other things, potassium sulfate or sodium sulfate, and the
chlorine from the latter process refined further into calcium chloride.
Only in the past decade have the process-oriented business practices
been harnessed to increasingly market-oriented thinking with more
emphasis on the use and development of products.  Titanium oxide
manufacturing, on the other hand, exemplifies a strategy in which
marketing dominates right from the first and in which the quality of
the product determines its competitive edge on the export market.
New high-tech companies face their biggest problems usually in
marketing, for they are all too often set up almost exclusively on the
basis of technical expertise (Autio et. al., 1989, p. 17).
Finnish firms have applied various approaches to initiating new
manufacturing and business practices.  The most usual practice in
starting out has been to purchase know-how and then gradually and
increasingly rely on the company's own accumulated know-how and
research effort when they have reached a firm footing.  As a result,
the past two decades have witnessed the introduction of several new
processes within the chemical industry, such as the enrichment of
phosphate ore, the manufacture of hydrogen peroxide, the catalytic
conversion of vehicle emissions, and the mica and gypsum
pigments.  Valmet Paper Machinery Inc. is the world leader in the
design of paper making machinery.
Another useful expedient to gain needed technology has been to
become a shareholder in and contract one's own researchers in to a
leading enterprise in the field, as Kemira Oy has done in genetic
engineering technology.  Temporary recruitment of foreign special-
ists for company research programs has also been tried and will
most likely be widely adopted in future.
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position of several fairly large companies, and the clearing-based
counter trade with the former Soviet Union.
During high demand and shortage of goods, the expansion of
companies is keenly focused on output and processing methods. So
was it also widely in Finland in the 1950s and 60s.  That served a
purpose, for though companies showed little incentive to market-
oriented product development, they gained strength technologically
and economically and that again prepared the ground for them to
face the challenge of domestic and overseas competition.
In their inception some major Finnish companies had their main line
of industry protected or otherwise singled out for decades.  In terms
of development this had the positive, often ignored, effect of
enabling the companies to mature under such protection into interna-
tionally top technology concerns.  Today these companies, widely
international, operate in a competitive free market economy.  The
course of development has thus been good for our industry and
hence for the national economy.
As regards Finland's trade relations, the counter trade with the
Soviet Union, which lasted until the late 1980s, was so extensive in
volume as to steer the interests of many industries in Finland.
However, product design and competitive pricing often lacked

Environmental protection has of late had its impact on ways of
conducting business.  In developing its technologies Finnish indus-
try has produced a great deal of knowledge applicable to technologi-
cal solutions for maintaining and improving the environment.
Technologies are also being developed for the express purpose of
solving environmental problems.  However, such activity has so far
had no appreciable economic benefits for companies.  Yet the effort
in the field has its interest and relevance especially in view of the
severity of the environmental problems looming all over the world.

5.6   COMPANY DEVELOPMENT and the MARKET

Some market factors have greatly facilitated the business of Finnish
industries, e.g. the rather long-standing assured domestic demand,
the dominant market 
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behind western market standards, and all too often product and
process development as well as marketing plans for the west were
largely ignored, e.g. by many firms in the clothing, textile, and
footwear industries.  This happened to coincide with a partly
training-induced decline in the quality of designer goods, while in
furniture manufacturing design succumbed to automated mass
production.  In many cases the overtly dominant market position of
one client risks a company's capabilities to maintain steady progress.
The domestic market is seldom wide enough for companies, so they
have to be capable of marketing their products overseas.  Small
companies are often the first to have problems with exporting,
because especially in starting out they tend to lack sufficient
resources and skills.  These hurdles will be significantly lowered by
the support initiated and offered to small company marketing rings
by the Ministry of Trade and Industry.   Alliance with a foreign
company is also an option to secure international markets and the
synergetic advantages involved in  development and manufacturing.
Some such partnerships of recent years have so far been positive.
Through acquisitions or alliances, companies have often managed to
strengthen their market positions and increase their talent pool and
thus guarantee resourceful development performance.  This has
enabled them to focus more keenly on specialization, a trend which
is expected to continue.

5.7   MANAGEMENT and R&D

The R&D which aims at generating new business is a long-term
investment commitment, and management's attitudes to its own
R&D effort do have a bearing on the innovations achieved.
It has been calculated that to keep up the present standard of well-
being in Finland requires a one and a half time increase in current
industrial output (The Prime Minister's Office 1992).  This calls for
a diversification of our industrial base, which call has been
positively answered by the growth and progress of our high-tech
industry (Helsingin Sanomat 1992).  Its 1992 exports reached
already 15% of the total (unpublished data).  The industry has
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received support from e.g. TEKES (The Technology Development
Centre) and SITRA (The Finnish National Fund for Research and
Development).  TEKES has so far participated in 820 ventures, 440
of them successful.  According to the State Audit Office this created
5000 new jobs and FIM 23 billion in export revenue.  By the end of
1991 SITRA had invested in 34 growing high-tech based companies
and in 10 strategic ventures (SIT- RA 1991).  In addition, SITRA
can boast 25 years' experience in other venture capital investments
and related activities.  Another important domain of its operations is
to help create cooperation networks.
The advances of our high-tech industry prove that even demanding
innovations have not been impossible.  Accordingly, some of our
basic industries should redouble their R&D effort, the initial link of
the innovation chain.  Renewed research initiatives are necessary
e.g. to refine and upgrade processes for further utilization of wood
and its components.  A similar commitment to research, preferably
shared by companies, is needed in order to raise the value added
content of the products of the food manufacturing industry.  One
could pose the question whether indeed the management of large
corporations should nurture new incipient R&D activity by investing
in R&D personnel (cf. Klus 1985, p. 44).  Should corporate manage-
ment create closer ties with e.g. universities to make the most of any
future research cooperation (cf. Kanerva 1989, p. 82)?
The situation is, of course, somewhat different in small progressive
companies.  Researchers who found companies and entrepreneurs
who develop new products are truly active innovators and develop-
ers (Kanerva 1989, p. 42), but here obstacles often appear towards
the end of the innovation chain.  Their management skills may be
inadequate or they may lack needed capabilities and resources to
create market channels.  These small businesses have frequently
been supported by risk investors to promote innovations and, when
needed, to instruct in managerial skills.
In most cases it takes more than ten years to bring a new business
venture from idea to operation.  An example of a time-consuming
project successfully completed is xylitol manufactured by the
present Cultor Oy.  On the other hand, Lohja Oy, the developer of
the electroluminescent display, considered it more worthwhile to sell
the project before becoming a full-fledged venture, remaining,
however, on the project.  A biological fungus control system, the
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Mycostop project by Kemira Oy, is nearing completion after more
than ten years of work.
Management attitudes to R&D vary from one industrial sector to
another.  The mechanical wood processing industry has so far paid
only fleeting attention to product development.  Mechanical
engineering, on the other hand, applies various technologies and
deems it essential to invest in technology transfers and the knowl-
edge to be gained therefrom.
In many companies management has been positive about the
research in biotechnology but has been slow to reap the full benefits
of the top quality work done in many research institutes.  One reason
here is the lack of cooperation between universities and industries.
The food processing industry needs to stimulate its R&D work, for it
is necessary to upgrade the processing of the bio-based raw materi-
als produced in fields and woods.  So far the industry has confined
itself largely to conventional bulk products.
The forest industry has a common research facility, the Central
Laboratory.  However, organizing research on this basis tends to
undermine management's close links with ongoing R&D.  A case in
point is the current cellulose manufacturing process which dates
from the previous century.  A new process, tested feasible at the
pilot level, is now being developed (Tirkkonen 1992).
The paper and pulp industry has shown interest in product develop-
ment for less than ten years owing to the fact that the technology had
earlier been developed mainly by machinery manufacturers.  Finland
is now the world leader in paper mill technology.
Management has been actively supportive of R&D, e.g. in the
pharmaceutical, petrochemical, and chemical industries as well as in
measurement, electronics, and telecommunications technologies.
The road ahead for Finnish industry is definitely towards more
sophisticated processing and advanced expertise where management
attitudes to R&D play a key role.  The necessity to combine the
efforts of several technologies is already a fact in many projects and
places a particular emphasis on cooperation and the capacity to
utilize existing knowledge.  Various joint technology programs are
among the incentives to promote cooperation (The Ministry of Trade
and Industry 1990).
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5.8   THE IMPORTANCE of BECOMING INTERNATIONAL

The overseas market orientation of Finnish companies accelerated
especially in the 1970s, followed by a production-wise interna-
tionalization in the 1980s (Reinikainen 1991).  All this was natural
follow-up to industrial growth and accumulation of know-how.  The
internationalizing trend has brought along incentives to cost cutting
in manufacturing and to improvement of product quality.  Acquiring
companies has not only added to plant and facility holdings but also
opened up markets, which has often been the main motive to buy.
Internationalization has thus contributed to company expertise,
helped focus R&D activity along company product lines, and
opened channels through subsidiaries to participate in the host
country's national research programs.
These are, however, not the only reasons for Finnish companies'
push overseas.  The opportunities unfolding in European integration
and global internationalization have been important background
considerations.
By acquiring plants in various countries chemical process industries
in particular have been able to optimize the flow of their products
and raw materials.  Consequently, process control has become more
flexible and customer service has been guaranteed even in
unexpected circumstances.
An overseas company buy may also be strategically motivated by
acquisition of an otherwise unavailable process.  An example of this
is the Kemira Oy acquisition in the U.S. which primarily aimed at
taking over the chloride process-based titanium dioxide technology
and production.
Besides Europe, Finnish companies have extended their operations
to America and Asia, and an increasing number of them have
reached the point when global operational strategies have become
the order of the day (Maula 1991).
The rise of industrial output in low income countries has affected
Finland's industrial structure and manufacturing organization.
Consequently, Finnish companies have already moved or are in the
process of moving their operations into these countries, the clothing
industry being a good example (Vuori and Ylä-Anttila 1989, p. 80).
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The now independent Baltic states are providing opportunities for
regional subcontracts, of which Finnish companies have already
begun taking advantage.
In general, experiences from internationalization have been positive
and have revealed the pitfalls to be avoided.  One can also justifiably
say that without the internationalizing drive of Finnish companies
during the past twenty some years several industries would now be
facing ever slimmer prospects or even extinction.  Internationaliza-
tion has been the way to invigorate and renew industry.

5.9   VENTURE CAPITAL Investment

An important part of the innovation system is venture capital invest-
ment.  In 1990, Finland had seventeen organizations targeting small
and medium sized companies with fixed-term minority-share invest-
ments, thus actively developing their targets.  The number of venture
capital investors has now shrunk to about ten.  Total investments in
companies have been just short of FIM 200 million (The Finnish
Venture Capital Investors' Association 1991), and the recipients
have been typically companies specializing in industrial manufactur-
ing and customer services.  Technology intensiveness has been well
on the increase and the recipients include a number of high-tech
firms.  Venture capital investors offer not only capital but also
expertise and know-how.
The Finnish National Fund for Research and Development (SITRA)
is a major venture capital investor in Finland.  The Regional Devel-
opment Fund (KERA), too, acts as a venture capital organization.
These two together contribute more than half the venture capital
investments in Finland.  Besides venture investments, SITRA has
also been active in creating contact networks both at home and
abroad, an activity which has been of practical import in information
diffusion and interaction between organizations.
In recent years, investors' total venture capital and investments have
been steadily growing, while companies' own venture capital
remains one of the weaknesses of our innovation system.  Removal
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of this bottleneck would effectively set the stage for diversified and
growth-oriented industrial output.
5.10   GENERAL CONDITIONS for INDUSTRIAL ACTIVITY

Energy costs have been the most competitive part of all production
costs for Finnish industry.  The raw material costs more to the wood
processing industry than to its competitors.  Capital costs are also
higher in Finland than among its closest trade rivals, and total labor
costs have by now reached western levels.  Yet effective work time
is among the shortest in Europe, cutting back the gain on the capital
invested in production facilities.  Hence to remain competitive
companies have had to compensate for disadvantages with gains
somewhere else.
Finnish industry has not been able to strengthen its capital structure
to equal that of its international rivals.  The share of its equity
capital is lower than in European, American, and Japanese compa-
nies, caused by such factors as corporate taxation, increased wage
and labor costs, and the high cost of raw material in the forest indus-
try.  This leads into Finnish companies' lowered investment capacity
during periods of economic decline.
Increasing attention will in future be paid to the locations and infra-
structure of industries, for public opinion and environmental consid-
erations will inevitably be a part of the decision making.  There is
already proof that it is virtually impossible to set up heavy industry
in new locations because of adverse public pressure.  Internationali-
zation has introduced overseas investments, which may now curtail
investments at home.  The conditions for industrial activity in
Finland will also affect the amount of foreign interest and invest-
ment in the country.  Consequently, with the increase of options, the
country's economic policies and public attitudes will be of crucial
importance.

5.11   CONCLUSIONS
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The following conclusions can be drawn from the development and
structural change of Finnish industry and the working of the indus-
try's innovation system over the past twenty years:
In general, our company culture has strengthened the above develop-
ments.  The capacity and readiness to quickly respond to change as
well as the demand for innovations presuppose a corresponding
evolution in company culture.
The owner base of industrial companies has on the whole been
favorable and conducive to long-term planning but not adequately
supportive of venture capital growth relative to company expansion.
In setting up new businesses venture capital investment constitutes
one of the weaknesses of the innovation system; such investment
efforts should be backed up and boosted.
Within the framework of existing taxation practices, wage and labor
costs, and the cost of raw material in the forest industry, companies
have not had the leeway to accumulate their equity capital to the
level of their foreign competitors.  Broadening the owner base with
overseas holdings and privatizing government-majority concerns
will minimize the above disadvantage.
As it is important in terms of the Finnish national economy to
expand and diversify industries, it is equally important to be able to
transfer technology from research to companies.  All the various
possibilities for cooperation in this regard have not yet been fully
exploited.  Hence it is important and necessary to promote the
startup and performance of cooperation networks.
Finnish companies have demonstrated commendable technical
performance and manufacturing-oriented business acumen while
their market orientation has been dampened by the dominant or even
protected market position of many of them at home and the clearing-
based counter trade with the former Soviet Union.  The interna-
tionalization of production, gaining ground especially in the 1980s,
will reinforce companies' market orientation and enhance their readi-
ness to function in an integrated Europe.  
Exporting high technology is rapidly increasing and can best be
guaranteed continuance by encouraging R&D and promoting oppor-
tunities for venture capital investment.
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Appendix 1. Development blocks

1. Agro-food (SITC)
Meat & meat preparations 00, 01, 091.3, 411.3
Dairy products            02
Fish & fish preparations 03, 411.1
Cereals & cereal preparations  04
Feeding-stuff for animals 08
Other food products 05, 06, 07, 091.4, 099
Beverages & tobacco 11, 12
Animal & vegetable oil & fats            22, 42, 43
Cut flowers, bulbs & oth. plants 292.1-4, 292.6-9
Seeds and spores for planting            292.5
Agricul. & food proces. mach. 712, 718.3
Heating & cooling equipment           719.1

2. Forestry-paper
Wood & wood maufactures 24, 63
Pulp & paper 25, 64
Paper & pulp machinery 718.1
Furniture 82

3. Textile-clothing
Textile fibres 26
Textile yearn, fabrics, etc. 65
Textile & sewing machines 717.1, 718.3
Clothing 84

4. Metal
Iron ore 281
Iron, steel & ferro-alloys 67
Aluminium 684
Non-ferrous ores & metals 282-86, 681-83, 685-89
Metalworking machinery 715
Manufactures of metal            69, 719.4, 812.1, 812.3

5. Health
Pharmaceuticals 54
Electromedical equipment 726
Non-elec. medical equipment            861.7
Orthopaed. eq. & hearing aids            899.6

6. Telecommunication
Telecommunications equipment 724.9

7. Rest: resource based
Skins & leather manufactures            21, 61, 291
Crude fertilizers, crude minerals 27, 32
& coal



Non-metallic minerals (cement, 66
bricks, ceramics, glass, etc.)
Rest: rubber, electr. energy 23, 62, 35

8. Oil & gas
Oil & gas 33, 34 s

9. Rest: chemicals
Organic chemicals 512
Inorganic chemicals 513, 514
Dyestuffs, coloring materials            53
Fertilizers, manufactured 56
Plastic materials 581.1, 581.2
Other chemicals 515, 52, 55, 57, 581.3, 581.9, 59

10. Rest: engineering
Machinery for other special 717.2, 718.2, 718.4-5, 719.3, 719.5, 

   industries or processes            719.8
Power generating machinery 711
Pumps & centrifuges 719.2
Typewriters & office machinery 714.1, 714.9
Computers & peripherals 714.2-3
Semiconductors 729.3
Machinery for production & 722-3
distribution of electricity
Consumer electronics            724.1-2, 891.1
Domestic electronical equipment 725
Measuring & control. instruments 729.5
Photographic & optical goods, 861.1-6, 861.8-9, 862, 864
watches
Railway vehicles 731
Road motor vehicles 732
Aircraft 734
Ships and boats (& oilrigs) 735
Other non-electrical equipment 719.6-7, 719.9, 733
Other electrical equipment 729.1-2, 729.4, 729.6-7, 729.9

11. N.e.s.
Industrial products, n.e.s. 812.2, 812.4, 83, 85, 863, 891.2-9,

892-97, 899.1-5, 899.9, 9



7  TECHNOLOGICAL SYSTEMS and ECONOMIC
GROWTH: COMPARING FINLAND, SWEDEN, JAPAN, and
the UNITED States
Bo Carlsson
Case Western Reserve University, USA

7.1  Introduction
 

The purpose of this paper is to compare Finland's technical and
economic performance over the last 20 years to that of Sweden,
Japan, and the United States within the context of a discussion of the
Finnish national system of innovation, to comment upon the useful-
ness of the concept of technological systems as distinct from
national systems of innovation, and to suggest areas for further
research.
The paper is organized as follows. We begin by comparing the
performance of the four countries in international trade, industrial
structure and dynamism, industrial research and development
(R&D), and patenting. Then follows a discussion of technological
systems as distinct from national systems of innovation, their role in
economic growth, their broad features, and the observable differ-
ences among the four countries in the technological system in one
particular area, namely that supporting factory automation. In the
concluding section, the findings of the study are summarized and
some suggestions are offered concerning areas for future research.

7.2  International Trade Performance

Because of the difficulties inherent in using gross national product
(GNP) as a measure of output, particularly in international compari-
sons, I will use international trade shares as a performance indicator
instead.59 

+                                                                                                                            +

+                                                                                                                            +

59 The difficulties of using GNP as a measure of output arise primarily from the following
considerations: GNP was originally designed to indicate the level of overall economic
activity in the country on a short-term basis; it certainly does not indicate output, particu-
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larly in view of the fact that inputs rather than outputs are used to represent activity in the
service sectors which make up by far the largest share of the economy; since the account-
ing and classification rules vary from one country to the next, international comparisons of
GNP are particularly tricky; and, due to the index number problem, GNP does not
adequately reflect the most important changes in the economy, namely those having to do
with new and improved goods and services. 
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Fig. 7.1. Shares of industrial country exports. Source: IMF, Interna-
tional Financial Statistics Yearbook, 1991, pp. 120-1 and 124-5.

Fig. 7.2. Shares of industrial country exports, 1970=100. Source:
IMF, International Financial Statistics Yearbook, 1991, pp. 120-1
and 124-5.



The measure of international trade performance most commonly
used is the country's exports in relation to exports of other countries.
In Figure 7.1, the exports of Finland, Sweden, Japan, and the United
States over the period 1970-90 are expressed as a percentage of the
exports of all industrial countries (as defined by the International
Monetary Fund). The figure indicates that Finland has maintained its
share of industrial country exports (about 1 percent) over the last
two decades, while Sweden and the U.S. have been losing shares
and Japan has been gaining. Figure 7.2 shows the same development
in index form with 1970 as base year. According to this more
detailed comparison, Finland lost nearly 10 percent of its "market
share" in the early 1970s, regained and surpassed it in the early
1980s, ending up with a slightly larger market share in 1990 than in
1970. Sweden maintained its market share in the early 1970s
(through the first oil crisis in 1973-74) but then lost about 25 percent
in the late 1970s when the mining and steel industries, the shipyards,
and the shipping business suffered substantial declines and in some
cases complete elimination, and parts of the forest-based industries
also experienced both cyclical and restructuring difficulties. (Carls-
son et al. 1979, 18-23.) The United States experienced cyclical ups
and downs during the 1970s and then a more prolonged decline
during the 1980s, partly as a result of the rising value of the dollar.
Meanwhile, the Japanese market share surged ahead, its growth
sputtering during the oil crises of 1973-74 and 1979-80, then reach-
ing a peak in 1987 but after that a rapid decline. The recent decline
is presumably related to overseas investment by Japanese firms,
resulting in offshore production replacing Japanese exports.
The increasing role of multinational firms is evident not only in the
Japanese case but also, and even more so, in Sweden and the United
States, as well as in Finland. As Blomström and Lipsey (1989) have
shown, while both the United States and Sweden lost about 20
percent of their shares of world exports of manufactures between the
mid-1960s and mid-1980s, the export shares of their multinational
firms stayed fairly stable or even increased. The shares of U.S. and
Swedish parent firms' exports as a percentage of total home-country
exports also increased. In the Swedish case this occurred while the
Swedish firms with production facilities abroad expanded their
foreign production even faster than they increased their exports from
Sweden (Swedenborg et al. 1988, 35). Furthermore, Encarnation

Technological Systems and Economic Growth         3

+                                                                                                                            +

+                                                                                                                            +



(1992) has shown that the foreign sales by majority-owned subsidi-
aries of U.S. multinationals were approximately three times larger
than U.S. exports in 1988 (six times larger in the European Commu-
nity than U.S. exports to the EC) and in the case of Japan almost
twice as large. Calculations for Sweden, based on material from
Swedenborg et al., suggests that the corresponding Swedish figure is
0.7. The lower Swedish figure reflects the fact that the ratio of
exports to total domestic manufacturing output is considerably
higher than those in Japan and the United States, i.e., that all firms
(not just multinationals) export a substantial share of their output.
While comparable Finnish data are not currently available, the
spectacular increase of foreign direct investment by Finnish firms in
the latter half of the 1980s indicates a sharp increase in the degree of
international integration of leading Finnish firms. (Kajaste, Parvi-
ainen and Ylä-Anttila, 1992.)
The implication here is that the world export share of a country may
or may not reflect the country's international competitiveness,
depending on how one views the role of its multinational firms.
Surely a country is better off if it has domestically based multina-
tional firms with strong positions abroad than it would be in the
absence of such firms - provided that there are domestic spin-offs in
the form of technology transfer, both direct and indirect domestic
employment, and build-up of domestic infrastructure. What is
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important in the present context is simply that the technology base
supporting the country's economic growth must be larger, the greater
the role of domestically based multinational firms which draw upon
that base not only for their domestic activities but also for their
overseas production.
There are other reasons why export shares may not be a satisfactory
indicator of international performance. Of particular interest here is
that for varous reasons (e.g. exchange rate fluctuations reflecting
real interest rate differentials and relative attractiveness to foreign
investment because of market opportunities or availability of
resources) a country may incur a trade surplus or deficit for quite
prolonged periods. For example, both Sweden and the United States
sustained sizable trade deficits for several decades during the 19th
century; the U.S. had a surplus during most of the first six decades
of this century; and Japan had a trade surplus during 17 years in the
period 1970-90. (Carlsson 1990; IMF 1991.) In the U.S. case it
might be argued that one of the reasons for the trade deficit during
the 1980s was the relative attractiveness of the U.S. market for
foreign investment in terms of both market opportunities (the U.S.
was growing faster than Europe and had higher real rates of return)
and avoiding the potential threat of protectionistic measures.

Thus, it may be of interest to compare the development of trade
shares (the sum of exports and imports) of various countries, not just
export shares. Such a comparison is made in Figure 7.3. The results
are broadly similar to those in Figure 7.2: the Finnish share has
fluctuated around a constant level, while that of Sweden has
declined and that of Japan increased (although the Japanese increase
is not quite as dramatic as in the case of exports alone). However,
for the United States the large trade deficits during the 1980s
resulted in a temporary increase in its trade share in the mid-1980s
and then a stabilization around its 1970 level.
What does this mean in the present context? Broadly speaking, the
United States attracted a lot of foreign investment during the 1980s,
particularly from Japan but also from Europe. Partly as a result of
this, its trade deficit started shrinking in the late 1980s as foreign
firms relied more on production in their U.S. subsidiaries and less on
exporting to the U.S. The Japanese export surplus began to shrink
partly as a result of its overseas investments. Neither Finland nor
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Sweden has attracted much foreign investment. This is a problem to
which we shall return. Swedish firms have invested heavily in
Europe during the last several decades but have financed most of
their expansion from foreign sources rather than via exports from
Sweden. It appears that many of the largest Finnish firms have
pursued the same strategy.

7.3  Industrial Structure and Performance

The economic performance of a country is necessarily tied to its
history. One legacy of the past is the structure and composition of its
industrial output. Even today the availability of forest-based natural
resources plays a major role in both the Finnish and the Swedish
economies.
Table 7.1 shows a comparison of the distribution of manufacturing
value added by selected industry groups in Finland, Sweden, Japan,
and the United States in 1970, 1980 and 1989. The table shows that
the forest-based industries continue to play a major role in Finnish
industry and that the engineering industries, although they are
gaining rapidly, are still small in international comparison. This
needs to be kept in mind when examining the Finnish economic
performance. In Sweden, the forest-based industries have
maintained their share, while the steel and textiles & apparel indus-
tries have declined and the engineering industries have gained. The
composition of output is remarkably similar in Japan and the United
States, except for the larger role of the steel industry in Japan. 
At this highly aggregated level of analysis, it is difficult to discern
major changes over time. At a more detailed level (comprising the
same data broken down into 21 industry categories) it can be calcu-
lated that the weighted average percentage share change between
1970 and 1980 in Finland was 14.3 percent. This 
Table 7.1. Distribution of manufacturing value added by industry in
Finland, Sweden, Japan, and the United States, 1970, 1980 and 1989

United
States

JapanSwedenFinland
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Fig. 7.5. Manufacturing employment, 1970=1989. Source: United
Nations, Industrial Statistics Yearbook, vol. 1, General Industrial
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compares with 15.7 percent in Sweden, 14.4 percent in Japan, and
13.1 percent in the United States. It thus appears that there were no
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major differences among these countries in the rate of change of
structural composition of output during the 1970s, although there
was a slightly more rapid change in Sweden and a slightly less rapid
change in the United States. However, during the period 1980-89 the
pace of change increased dramatically in Japan, Sweden, and the
U.S. (to 18.1, 19.0, and 20.5 %, respectively), while it actually
declined somewhat (to 13.8 %) in Finland. It is somewhat surprising
that the composition of output did not change faster in Finland,
given the country's late industrialization, the "catch-up" effect, and
the common perception of rapid change in Finnish industry.
Other indicators of "industrial dynamism" are the changes in
manufacturing output and employment. These are shown in Figures
7.4 and 7.5. Here the Finnish performance comes through more
clearly. As far as manufacturing output is concerned, Finland (along
with Japan) was the leading performer among the countries studied
here over most of the period 1970-1989; only in the last two years
was it surpassed by Japan. Manufacturing output more than doubled
in Japan and Finland and almost doubled in the United States, while
it grew only 30 % in Sweden. 
Looking at manufacturing employment instead, Finland and the U.S.
saw manufacturing employment increase during the 1970s and then
decline in the 1980s, with the end result that there was virtually no
change between the beginning and end of the period. In Japan and
Sweden, manufacturing employment peaked in 1973 and 1975,
respectively, declined in the late 1970s, and then held steady. In
Sweden, manufacturing employment dropped by more than 15
percent between the early 1970s and the early 1980s.
Another indicator of industrial dynamism is the rate of new business
formation. While no internationally comparable data on this variable
are currently available, a recent study (Carlsson 1992a) provides
information on changes in the number of plants in manufacturing. A
rapid growth in the number of plants presumably indicates a more
dynamic industrial environment than a slower (or even negative)
growth. (Ideally one would like to have information on gross flows
rather than net, i.e. both entries and exits, not only their sum.) Figure
7.6 shows that the number of manufacturing establishments declined
in Finland by about 10 percent during the first half of the 1970s and
then grew by about 20 percent until 1985 and then fell again. As a
result, the number of establishments grew only modestly in Finland
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over the period as a whole, while it increased by about 15 % in
Japan and the United States. Again, Sweden is "the odd man out,"
showing a steady decline throughout the period. Indeed, a more
detailed study (Carlsson 1992d) shows that the number of industrial
establishments in Sweden fell from nearly 14,000 in 1968 to just
over 9,000 in 1988. The most severe decline occurred in the smallest
size category (less than 10 employees), from 5,831 to 1,234 estab-
lishments. Even more remarkably, the number of plants in this size
category fell in every 2-digit NACE industry. This confirms
evidence from other sources suggesting that there is a lack of entre-
preneurship in Swedish industry and that this might explain at least
part of the dismal Swedish industrial performance in the last 15
years.
There is another aspect of industrial structure which warrants
comment. In their study  of  the national systems of innovation in
Denmark and Sweden, Edquist and Lundvall (1989) point out the
importance of agricultural cooperatives in explaining the present
size and ownership structure of  Danish manufacturing firms. The
cooperative movement effectively prevented the accumulation of
private capital and therefore led to a relatively unconcentrated indus-
trial structure in  Denmark.  In  Sweden,  on the other hand,  the  
early industrial development was based on forestry and mining
rather than agriculture, requiring more capital and technology as
well as larger enterprises.  In addition to imported technology and
expertise,  the 

emerging Swedish engineering industry was based upon a number of
specific innovations by Swedish entrepreneurs (ball bearings,
telephones, light houses, separators, high voltage electric power
transmission, etc.). Therefore, the Swedish industry became highly
concentrated in the hands of a few families (capitalists and entrepre-
neurs) with close ties to certain banks. Thus emerged a structure of
ownership and managerial control which bears strong resemblance
to the pattern observed in Japan, the zaibatsu system which was
replaced by keiretsu after the Second World War.60  
The Swedish system seems to have been as successful in generating
growth and allocating resources at least through the early 1970s as
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the Japanese system has been up to now. Among its most prominent
features are a high degree of dependence on bank finance, interlock-
ing ownership among the leading industrial firms, cross-
representation on the boards of directors, a low degree of
dependence on open capital markets, and (in conjunction with
certain provisions in the tax system) a high degree of dependence on
retained earnings. This structure has encouraged the development of
markets not only for capital but also for technology and managerial
competence internally within each enterprise group. While encour-
aging "intrapreneurship" (entrepreneurship within the group, perhaps
eventually resulting in a spin-off), it has also tended to discourage
entrepreneurship outside these groupings and has therefore had a
strong tendency to preserve existing industries and firms to the detri-
ment of emerging ones.
The ownership structures, capital markets, and role of large firms in
Finland appear to be quite similar to those in Sweden. The owner-
ship of firms whose stock is traded on the Helsinki stock exchange is
relatively concentrated, with a large and increasing share of institu-
tional owners. In 1986, corporations were the largest shareholders in
more than 40 % of the companies traded on the stock exchange,
while banks (12 %), insurance companies (19 %), and other institu-
tional owners (17 %) together owned nearly half (48 %) of the stock.
But the role of the banks is much larger than suggested by these
numbers, because similarly to Sweden and Japan, the large commer-
cial banks each have their own financial groups characterized by
close ties to the bank, close customer-supplier relations among firms
in the group, and mutual stock ownership. (Spolander, 1986.)
Similarly to Sweden and Japan, the  traditionally high leverage
(debt/equity) ratios in Finnish firms means that they are even more
dependent on the commercial banks than the banks' share of stock
would indicate.
Like in Sweden, the capital markets have traditionally been heavily
regulated but have undergone significant deregulation during the
1980s. This is likely to have contributed to a loosening up of the
financial groups. The role of venture capital appears to be quite
modest, as is the case in virtually all countries except the United
States.
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While the share of the 30 largest firms in domestic manufacturing
employment is somewhat larger in Finland (49 % in 1990) than in
Sweden (39 %), their total employment (including employment in
foreign operations) represent 80 % in Finland vs. 105 % in Sweden.
(Heum and Ylä-Anttila, 1992, 58.)
Thus, it appears that the structures of corporate ownership and
control are similar in Finland, Sweden, and Japan but that Finland is
not quite as extremely dependent on a few giant domestically based
multinational firms as Sweden is.
The Finnish, Swedish, and Japanese pattern may be contrasted with
that in the United States. As described by Chandler (1990), one of
the  distinctive features of the American economy in the latter half
of the 19th century was the emergence of a huge domestic market,
much larger than any other national market. This development was

based on a few major innovations, such as the steamship, the
railroad, and the telegraph. But it also depended upon a number of
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innovations in the financial markets (new information and reporting
systems, such as financial and cost accounting, new financing
arrangements in the form of bank syndicates, bond markets, and
vastly expanded stock markets). The creation of a huge domestic
market gave rise to the formation of giant industrial firms (e.g.
Standard Oil, U.S. Steel, and DuPont). But along with antitrust
legislation, the new institutional arrangements led to a much more
dispersed ownership of industrial firms than in most other countries
and to much greater reliance on open, external (as distinct from
internal) markets for both capital and labor.

7.4  Research and Development
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Vuori and Vuorinen (in this volume) provide an excellent overview
of the industrial R&D in Finland, both historically and in interna-
tional comparison. There is not much to add to their presentation,
except the following observations. In Table 7.2, data are presented
on R&D intensity in various manufacturing industries in Japan,
Sweden, and the United States in comparison with that in Finland.
The picture that emerges is that while the Finnish R&D intensity is
not impressive at the total industry level, it is high or extremely high
in the sectors which form the core of Finnish industrial competence.
These industries include several engineering industries, namely
electrical machinery, electronic equipment and components, certain
types of machinery, as well as computers and instruments. However,
the areas of particular Finnish strength (the forest-based industries)
are characterized by such low R&D intensities that even though
Finland spends relatively heavily on R&D in these industries, their
over-representation in the Finnish industrial structure actually
reduces the overall R&D intensity. On the other hand, Finland also
spends heavily on R&D in the relatively R&D-intensive chemical
industries. A similar picture emerges for Sweden as well - the high
R&D intensity in the motor vehicles, machinery, and steel industries
(the latter reflecting the Swedish concentration on Table 7.2.
Research and development expenditures in percent of value added in
manufacturing industries in Finland, Japan, Sweden, and the United
States, circa 1988

USA
1988

Sweden
1987

Japan
1988

Finland
1989

   
Industry
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specialty steel products), is particularly noteworthy - but because of
the broader base of the Swedish engineering industry and its larger
size compared to Finland, as well as the relatively smaller size of the
paper and pulp industry, the total R&D intensity in Swedish industry
is quite high.

7.5  Patenting Activity

An examination of patent data reveals the same general picture as
that based on R&D data. Figure 7.7 shows the number of patents per
million inhabitants in sixteen industrial countries. Switzerland, the
United States, Japan, Germany, and Sweden constitute the leading
group with more than 100 patents. Finland belongs to the second
group of countries (with 50-100 patents); this group also includes
Canada, the Netherlands, France, the United Kingdom, and Austria.
In Figure 7.8, data are presented on the number of patents per
million inhabitants in selected industries. The patenting "intensity"
varies considerably among industries, with the United States and
Japan generally showing the highest intensity and Finland and
Sweden trailing behind.61  An interpretation, consistent with the
R&D data, is that Swedish and Finnish firms put less emphasis on
Research and more on Development than do their counterparts in the
U.S. and Japan.

7.6  Technological Systems

The data presented in the preceding sections suggest that the
environment for technological innovation varies considerably from
one industry or area of technology to another. This observation is
one of the starting points for a Swedish study, started in 1987 and
still going on, of the "technological systems" supporting innovations
in various areas of technology.62 
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The importance of systems in the analysis of economic growth was
pointed out by Freeman (1987), Lundvall (1988), and others, who
suggested the concept of a national system of innovation. A national
system of innovation may be defined as a "set of distinct institutions
which jointly and individually contribute to the development and
diffusion of new technologies and which provides the framework
within which governments form and implement policies to influence
the innovation process" (Metcalfe 1992, p. 82).
Technological systems are similar to national systems of innovation.
They have been defined as network(s) of agents interacting in each
specific technology area under a particular institutional infrastruc-
ture for the purpose of generating, diffusing, and utilizing technol-
ogy (Carlsson and Stankiewicz 1991, p. 111).
While the basic concepts are obviously quite similar (particularly
with regard to the systems aspects), technological systems differ
from national systems of innovation in three important dimensions.
First of all, technological systems are defined by technology rather
than national boundaries. They are not necessarily bounded by
national borders, although they are certainly influenced by cultural,
linguistic, and other circumstances which facilitate or impede
contacts among units within the system. Indeed, an important dimen-
sion in which technological systems may differ from each other is
the degree to which they are international in character. 
Secondly, technological systems vary in character and extent from
one technology area to another within any given country. For
example, the number and characteristics of actors and their interde-
pendence, the institutional infrastructure, the geographic concentra-
tion and the degree of internationalization vary among technology
areas. A country may be strong in one technology area and weak in
another. Thus, Japan appears to be extremely strong in "mechatron-
ics" (the intersection of mechanical engineering and electronics) but
not in other manufacturing industries such as chemicals and drugs,
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nor in distribution and other service industries. (Imai and Yamazaki
1992)
A third difference between technological systems and national
systems of innovation is the degree of emphasis on diffusion and
utilization as distinct from creation of new technology. As a result,
technological systems tend to place more emphasis on the micro-
economic (as distinct from macro-oriented public policy) aspects of
technology diffusion and utilization. The creation of new technology
pushes out the production possibility frontier or opportunity set. But
it cannot be simply assumed that just because a technology exists, it
is also known and used effectively. Unless the expanded opportunity
set is converted into economic activity, i.e., unless it results in entre-
preneurial activity, it has no economic impact.

7.6.1  Dimensions of Technological Systems

The dimensions of technological systems have been explored in a
Swedish study. The technological systems studied are those support-
ing factory automation, electronics and computer technology,
pharmaceuticals (especially biotechnology) and powder technology.
These four case studies have led to the identification of ten dimen-
sions which may be used to describe technological systems. These
dimensions are listed in Table 7.3. For each technological system,
the number of pluses and minuses indicates the relative strength in
each dimension; this (somewhat subjective) rating will be
commented upon in the next section.
Most of the dimensions in Table 7.3 are self-explanatory. The future
potential of a technological system is largely dependent on where
basic underlying technologies are currently located in their life
cycle, i.e., their present development phase. Bridging institutions
refer to arrangements and/or organizations which establish and
maintain interaction among various actors in the system. For
example, in the area of factory automation a private research insti-
tute (IVF), owned jointly by the National Board for Industrial and
Technical Development (NUTEK, a government agency) and
Mekanförbundet (the engineering industry association), has played
such a role.63  One of its functions is to scan the world for new
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technology (this scanning is often aided and complemented by the
scanning activities of Swedish multinational firms),  evaluate it and
rapidly  disseminate information on it through 

Table 7.3. Dimensions and characteristics of technological systems
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the network of which it is a part, thus fostering a high level of
technical awareness at all levels of Swedish industry which is
central to explaining the rapid diffusion of technology. In addition,
bridging institutions such as this help to accumulate and integrate
the results of innovative activities which otherwise tend to be highly
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firm-specific and make them useful and available to other firms as
well. 
The role of these organizations is not only to disseminate know-how
but also to provide a compensating mechanism for weaknesses and
lack of domestic capability ("holes") within other parts of the
technological system. In some technological systems such
weaknesses appear in the form of absence of domestic suppliers of
key technologies, lack of buyer competence, lack of research
capability in the relevant part of the academic system, etc. In
Sweden, a particularly important compensating mechanism is the
global monitoring and diffusion of technology via multinational
firms. This reflects both the relatively small size of the country and
the large role played by Sweden-based multinationals in the
economy.

7.6.2  Characteristics of Technological Systems: Results of Four
Swedish Case Studies

Due to space limitations it is impossible here to discuss the key
characteristics of each technological system.64  Only a brief summary
of the principal findings is presented.
There are several important features which all of these technological
systems have in common. First, our study indicates that it may not
be sufficient for sustainable economic growth to have only one or a
few competent actors in a given system. There has to be a variety of
actors, each with specific (sometimes unique) competence. They
must also act together, in clusters or networks. Given the risk taking
necessarily involved in new activities, having a supportive network
reduces the risk of any given venture  by providing timely
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finally, was selected because it represents a much more embryonic field, offering possibili-
ties of observing an emerging technological system.



information: early identification and quick feedback increase the
possibilities of taking corrective action whenever necessary.

Second, the crucial role of competent buyers is illustrated in each of
the investigated systems. These buyers are often industrial firms but
may also be government agencies. Close collaboration, often on a
continuing and long-term basis, between buyers and suppliers seems
to be highly beneficial, if not essential.
Third, in spite of the trend toward increased internationalization of
all kinds of economic and technical activity, our study suggests that
strong local or domestic technological systems continue to be impor-
tant, even in small countries, and even though their links to systems
in other countries may also be important, particularly via multina-
tional firms. For example, the factory automation case study shows
that while leading users may not be directly dependent on local or
domestic suppliers of automation technology, the majority of less
advanced users are still highly dependent on competent domestic
suppliers. (Carlsson and Jacobsson 1991.) In the absence of such
suppliers of technology, the leading users may find themselves
without domestic suppliers of parts and components, making their
continued domestic production less competitive and increasing the
attractiveness of moving production elsewhere, thus further weaken-
ing the domestic industrial base. In other words, the technological
system may be instrumental in keeping domestic firms firmly rooted
at home while at the same time attracting foreign firms.
While there are thus some key features which these four technologi-
cal systems have in common, there are also dimensions in which
they differ from each other. First, they differ with respect to future
development potential (depending partly on the particular stage of
development of the underlying technology in each case) and the
extent to which market opportunities have been exploited through
the creation of strong networks, infrastructure, and competence on
the part of various economic agents. 
Secondly, they vary with respect to where within the system new
knowledge is being generated. In mechanical engineering, techno-
logical change appears to be relatively slow, "routinized," and
codified, meaning both that new technical developments occur to a
relatively great extent in universities and that they then become
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relatively easily accessible to users. In the area of pharmaceuticals,
the knowledge base is expanding much faster; technological change
tends to take place outside the universities or in joint ventures
between pharmaceutical firms and universities. In electronics, the
knowledge base is expanding even more rapidly, with the result that
academia rarely has the competence to offer advanced knowledge.
Instead, universities primarily play the role of supplying basic
engineering training, while most research and development takes
place in business firms. Frontier knowledge is typically tacit, since
receiver competence is often lacking (Eliasson 1989,  40). As a
result, strong domestic academic competence is important in some
technological systems but much less so in other systems.
In the area of factory automation, which is relatively mature techni-
cally, the future potential for generating new economic growth is
limited in spite of a high user competence and a well-functioning
network. Nevertheless, if the now mature technology is diffused
widely to new user groups, it may increase the competitiveness and
therefore the growth potential of existing industries. An important
question is whether the existing compensating mechanisms in the
system are strong enough to make up for the holes which are begin-
ning to emerge on the supplier side; several key Swedish machine
tool suppliers are currently facing bankruptcy. 
In the pharmaceutical area, a high level of competence of both users
and suppliers and a relatively extensive network, in combination
with continued rapid technological change, mean that the future
development potential is extraordinarily great. The possibilities of
taking advantage of the market opportunities seem to be good, even
though there are some doubts as to whether viable new firms can be
created both in the pharmaceutical industry and in neighboring areas
of application of biotechnology. The historical record of firm forma-
tion is not strong in either of these areas in Sweden.
In the electronics area, the pace of technological change is also very
high and the future potential great. The competence level of users
and suppliers is very high but spotty; the question is whether the
existing competence has sufficient coverage or critical mass to
enable the networks to function well. The infrastructure here is not
extensive.
Finally, as regards powder technology, the competence level is high,
particularly among suppliers on the powder metallurgy side. In
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ceramics, by contrast, the infrastructure is relatively extensive,
especially in the universities, but the industrial competence is still
fairly undeveloped. It is therefore difficult to judge the future poten-
tial for the technology area as a whole.
As a result of the differences just mentioned, the role of the infra-
structure  varies from one case to another. In Sweden, the academic
part of the infrastructure seems to play a crucial role in pharmaceuti-
cals and powder ceramics, while it does not play a leading role in
relatively well-established technology areas such as factory automa-
tion and powder metallurgy; it may actually have formed an impedi-
ment in the electronics and computer technology area. The rest of
the infrastructure (research institutes, branch organizations, govern-
ment agencies, etc.) also plays varying roles, ranging from highly
significant (in the form of bridging institutions) in the factory
automation area to a very modest role in the pharmaceutical area.

7.6.3  International Comparison of Technological Systems

The implication of the preceding section is that it may be necessary
to go beyond national systems of innovation in the analysis of a
country's industrial performance and to examine technological
systems instead. The Swedish study suggests that the analysis of
technological systems requires fairly detailed and specific informa-
tion which is not generally available but has to be collected as
needed. Therefore, it is not possible within the confines of this paper
to make a full-fledged international comparison. Instead, what will
be attempted here is only a broad outline of what such a comparison
might look like in one particular case, namely the technological
system supporting factory automation. Given the pervasive role of
factory automation in the engineering industries, it may not be too
unreasonable to make inferences to the broader industry. The
comparison is based on detailed knowledge concerning the Swedish
system and some reflections on bits of evidence concerning the
United States, Japan, and Finland.

United States.  Even prior to World War II, the U.S. had the strong-
est technological base of any country, especially in engineering. The
U.S. gained greatly in economic power in connection with World
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War II (as was the case earlier in connection with World War I); the
war effort itself led to a massive re-building of American industry,
particularly in metalworking (engineering), taking advantage of
prewar technological trends; and the physical destruction of its main
competitors gave the U.S. undisputed leadership in many areas of
industrial activity. This leadership was further strengthened through
the vast expansion of higher education which took place in the
United States immediately after the war, partly as a result of federal
government funding of the education of millions of U.S. soldiers
returning to civilian life. In addition, the large-scale defense-related
R&D spending which began during the war continued in connection
with the Cold War and culminated in the space effort. Thus, the U.S.
leadership in industrial R&D is a postwar phenomenon and is
connected to defense; in terms of civilian R&D, both Germany and
Japan have outspent the United States (as a percentage of GNP)
since the early 1970s. (U.S. General Accounting Office 1992,
27-28.) 
The impact of the high R&D spending (both military and civilian)
on the U.S. technology base and civilian economy appears to have
been enormous and largely beneficial. But after 1970 there seems to
have been increasing divergence between military and civilian
requirements. Thus, there seem to have been fewer areas of civilian
production benefiting from military research, and there even seems
to be an increasing number of cases in which new products are trans-
ferred from the civilian to the military sector rather than vice versa.
One important beneficiary of military R&D has been the machine
tool industry; the relative decline in military spending on R&D and
on procurement, in combination with increasing divergence between
military and civilian technical requirements has led to the virtual
demise of the U.S. machine tool industry; civilian American
advanced users of machine tools are not numerous and competent
enough to sustain the domestic machine tool industry at its historical
level; this means increasing difficulties for second echelon firms
(i.e., the bulk of metalworking industry) to obtain the most up-to-
date technology and hence to compete in global markets.65   
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65 For a more extensive analysis of the development of the U.S. machine tool industry, see
Carlsson (1989). For an analysis of  the impact of the decline of the U.S. machine tool
industry on the competitiveness of U.S. engineering industries, see Carlsson & Taymaz
(1993) and Carlsson & Jacobsson (1991).



Meanwhile, Japanese and German machine tool firms have devel-
oped flexible technology for cheap production of a great variety of
parts produced in small batches, thereby undermining mass produc-
tion of standardized parts produced in large volume. 
Thus, the impression one gets is that since World War II, the U.S.
military has been the major force shaping technological innovation
in the engineering industries in the United States. It has played this
role by 1) issuing clear technical challenges and being a competent
buyer, and 2) directly and indirectly shaping the technological
systems supporting military production. This system seems to have
worked well until the early 1970s. But then technological divergence
between military and civilian requirements and rapid progress in
non-defense areas elsewhere began to shift technological advantage
away from the United States.66  This tendency has been aggravated
by the low appreciation of technological interdependence and of the
public value of coordinated standards characterizing U.S. industry
and public policy. Institutional forums for cooperative activity are
weak not only because of free market ideology and antitrust policy
and enforcement but also because of the relatively weak and incon-
sistent role played by U.S. trade associations and professional socie-
ties in technology development and commercialization. (Aram, Lynn
and Reddy 1992.)

Japan.  The U.S. development is almost opposite to that in Japan,
where the role of the military has been severely circumscribed
during the postwar period and where there are strong cooperative
tendencies through the keiretsu system, government-business inter-
action, and weak antitrust laws.
The evolution of the Japanese industrial system in the postwar
period has been analyzed by Imai (1989) and Imai and Yamazaki
(1992). These analyses emphasize the role of group
entrepreneurship, first in the form of keiretsu and later transformed
into network industrial organization, involving close user-producer
interaction, with a key role of large firms in initiating these linkages,
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66 However, several of the areas of technology in which the United States is still considered
to be leading, namely space and aviation, biotechnology, medical and pharmaceutical
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microprocessors, and personal computers, had their origins in defense or defense-related
activities. (Rosenblatt 1991.)



and with banks playing an important role as "investment bankers"
rather than "commercial bankers," i.e., by establishing long-term
relations with firms through part ownership, part long-term lending.
The user-producer linkages became more complex and at the same
time more flexible as the needs shifted from mechanical processing
technology in the mature mechanical industries to broader coordi-
nated systems for processing, assembling, and testing of electronic
products. Thus, technological and organizational changes took place
simultaneously, with banks and trading companies as intermediaries,
and with job rotation and in-house education on electronics and
information technologies ensuring the acquisition of necessary labor
skills. Large firms have played a dual role as both producers and
users of flexible automation systems, the networks having ensured
rapid introduction of automation, not only in large but also in small
firms. Imai and Yamazaki also note the importance of the existence
of several firms, both large and not so large,  not just one  
or two giants, for the generation, diffusion, and utilization of new
technology. They point out the role of big firms in forming networks
for technology diffusion, reducing transaction costs associated with
differentiated and complex capital goods, and creating a critical
mass of demands in the early stage of diffusion.
In short, the picture that emerges is very similar to the technology
system for factory automation (and probably for the engineering
industry more generally) in Sweden. Imai and Yamazaki also note
that while Japan has been highly successful in "mechatronics," the
Japanese performance has been much less successful in other areas
of technology, such as chemicals, distribution, and several other
service sectors. This confirms the finding in the Swedish study that
technological systems have different characteristics in different
areas of technology and also suggests that the determinants of the
"Japanese miracle" may be much less uniquely Japanese than
commonly perceived and more defined by the particular require-
ments of certain technologies.

Finland.  Without a detailed study of the technological system
supporting the engineering industries in Finland, it is not possible to
make any definitive assessment; instead, it seems more useful to
indicate the main questions that must be answered in order to get a
more complete picture.
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As a result of the relatively late industrialization in Finland and the
high degree of dependence on forest raw materials, the engineering
sector is still small in comparison with that in the other countries in
this study, in spite of its rapid growth in recent decades. Its output
also appears to be relatively strongly oriented towards the forest-
based industries. Thus, the development bloc based on the harvest-
ing and processing of forest raw materials continues to play an
important role in Finnish industry. Therefore, an important question
for the future is what the linkages are between this development bloc
and the larger one (actual and potential) encompassing the whole set
of engineering industries. 
In order to make a more complete assessment of the technological
system for factory automation in Finland, the following set of
questions has to be answered. What is the nature of the academic
and institutional infrastructure? What is the role of domestic suppli-
ers of machine tools and other automation technology? Given the
historically close links between Finland and Sweden, can Swedish
suppliers be regarded as substitutes for or complements to domestic
ones (thus to some extent reducing the need for domestic suppliers)?
To what extent is the Finnish technological system in this area
integrated with international systems? What is the role of leading
users of automation technology? Are they sufficiently competent
and numerous to sustain a domestic supplier industry? To what
extent do the smallness of the country and the existence of bridging
institutions similar to those in Sweden provide strength and coher-
ence to the technological system? And what is the role of govern-
ment policy in this area? 

7.7  Conclusion

What, then, can we conclude from this overview and international
comparison? Let us first summarize what we have learned.
Sweden appears to have fairly strong technological systems in the
areas investigated thus far and performs well in terms of both R&D
and results of R&D (as measured by patents). In spite of this,
Sweden has had a dismal growth record during the last two decades
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and has lost international market share. In my view, this is due to
problems in the domestic economic environment having to do more
with institutions than technology: the welfare state with high taxes
and poor incentives, too much of the economy being guided by
non-market principles, corporativistic structures, and lack of EC
membership. These have caused a lack of entrepreneurship (and
hence too much dependence on a handful of MNFs) and has proba-
bly caused Sweden-based MNFs to expand more abroad than they
might have otherwise. As a result, the market share of Sweden-based
firms and Swedish exports combined has held up much better than
Swedish exports alone. For similar reasons, Sweden has not been an
attractive environment for inbound direct foreign investment. Even
though the technological systems appear strong, they may not be
large and robust enough to support the global (not just domestic)
activities of Sweden-based multinational firms and to attract foreign-
based multinationals to Sweden.
Finland continues to be highly dependent on its forest-based indus-
tries where it is strongly competitive and appears to have a robust
technological system. It is also strong in some segments of the
engineering industries, but because of the small number of domestic
firms (i.e. lack of critical mass), Finland is becoming more depend-
ent on collaboration with foreign firms. While Finnish industry
invests heavily in R&D in the segments where it is strong (forest-
based industries and certain segments of the engineering industries -
particularly those supplying equipment to the forest-based
industries), thus contributing to its continued competitiveness in
these sectors, its overall R&D spending level is not impressive in
international comparison because of the structure of output. The
patenting activity also seems modest. Similarly to Sweden, given the
country's location remote from major European markets, high
production costs, and lack of EC membership, Finland, too, may
need an "oversize" technology base in order to constitute an attrac-
tive base for both domestic and foreign firms. But Finland appears to
have done much better than Sweden in creating a favorable environ-
ment for entrepreneurship in the form of new business formation.
Japan's strong growth record until recently appears to be based on
well-functioning technological systems in the area of mechatronics,
the country having shifted its comparative advantage from labor-
intensive industries in the early postwar period first into steel, then
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automobiles and, more recently, electronics. The technological
systems supporting innovation in the engineering sector seem to be
remarkably similar to the system for factory automation studied in
detail in Sweden. But Japan's performance is significantly less
impressive in other industrial sectors and in many service industries.
This suggests that further study of technological systems in other
sectors would be rewarding in gauging the future growth potential of
the Japanese economy.
The United States had strong, well-functioning technological
systems in the engineering sector in the early postwar decades,
largely as a result of the "military-industrial complex." As that
complex began to crumble (for a variety of reasons), U.S. economic
performance declined, even though the country remained strong in
innovation and higher education. The areas of technology in which
the U.S. continues to lead were originally based on military require-
ments but are rapidly shifting to new areas of application. The U.S.
also appears strong in non-engineering technologies (esp. software
and biotechnology) as well as in many rapidly growing service
sectors.
At the very least, this essay has suggested that technological systems
may be helpful in understanding economic growth - but that they are
also sometimes overshadowed by other (mostly institutional) factors.
It has also indicated the need to study specific technological systems
and make more in-depth international comparisons. Given the differ-
ences among the systems supporting innovation in various techno-
logical areas, it seems to make more sense to carry out such studies
at the technological system level rather than at the level of the
national system of innovation as a whole. 
As previous studies have shown (Carlsson 1992b and 1992c, Carls-
son & Jacobsson 1992), there are numerous implications of this type
of analysis for public policy as well as business management. But in
line with the previous discussion, the implications are more specific
(to each technological system) than general. Therefore, the policy
implications for Finland need to have much better and more precise
empirical underpinnings than have been provided in this paper. They
warrant a separate and careful study.
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8  CHARACTERISTICS of TECHNOLOGY POLICY in
FINLAND
Tarmo Lemola
Group for Technology Studies, Technical Research Centre of
Finland, Espoo, Finland

8.1  Introduction

Technology policy has become an increasingly important field of
government activity in all the industrialized countries. This
phenomenon is by no means as new as is often imagined. Neither
has the tempo of change with regard to technology policy necessar-
ily been as rapid as its ardent proponents have assumed. Neverthe-
less, it is certainly true that technology policy has been one of the
most dynamic instruments of the public sector. 
In the initial stage of the progress of nation states, government
measures were primarily aimed at establishing and developing of the
basic structures of a scientific and technological system, e.g. univer-
sities and research institutions (Löppönen and Noro 1975, 52). After
the Second World War, the technology policies of the superpowers
were oriented towards the development of military and nuclear
power technologies. The scope of technology policy was later
expanded to encompass space technology (Freeman 1982). 
In the late 1960s, the development needs of industry began to
assume a more important position in the priorities of technology
policy (OECD 1980, Rothwell and Zegveld 1981). This stage also
coincided with the shaping of technology policy in its present-day
form in small countries. The creation of new corporate activities and
the support of innovation in existing firms became the key objec-
tives of technology policy. 
The fundamental goals and points of departure for technology policy
did not change essentially during the 1970s and 1980s. The volumes
of technology policy action certainly grew and the range of instru-
ments became more diverse. The most important new challenge
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sway over the Finns. The OECD was also an important source of
ideas and models for the early designers of Finnish science and
technology policy. 
In recent years technology policy has succeeded in resisting the
pressures of deregulation better than any other form of government
intervention. This has also been the case in those countries which
have stuck more doggedly to monetarist economic policies, e.g. the
United Kingdom and the United States. With respect to the future of
technology policy, it is also worth noting that, even if European
nation states will have to dismantle the systems they have built to
support various economic sectors, the support of corporate R&D
work will remain outside the scope of such measures. 
Technology policy has been the subject of considerable research
work in recent years. This work has been approached from different
angles, including that of a national innovation system, by examining
technology policy as part of a broader national system (Lundvall
1992). On the other hand, individual instruments of technology
policy have also been evaluated (Ormala 1987). Information on the
impetus of technology policy and on the effects of various measures
has increased, but really convincing answers to the classically posed
question "Does technology policy matter?" (Ergas 1986) have been
few and far between.

8.2  The Development Phases of Finnish Technology Policy

In Finland the development of technology policy has followed the
general international trend. Sweden and the OECD have been the
sources of the models and ideas adopted in Finland

facing national technology policy has been the expansion of interna-
tional cooperation and the role of transnational organizations
(Sigurdson 1989). 
The technology policies of different countries have converged
heavily as a result of the interaction of increased cooperation and
stiffer international competition. Japan has played a very important
and conspicuous role in this convergence process. Japan's influence
has also been apparent in Finland, but Sweden still holds more 
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developing technical research serving the needs of industrial produc-
tion was taken during the war in 1942, when the Technical Research
Centre of Finland (VTT) was founded. 
In  the 1950s the technical sciences and their economic importance
became the subject of more focused debate (Falk, Jaakkola &
Viikari 1975; 97 - 98). Activities associated with the peaceful use of
atomic energy served as an important catalyst in this debate (Laurila
1982). Nevertheless, it was not until the mid-1960s that Finland set
about constructing the machinery for a genuine technology policy. 
A number of factors turned the spotlight on the need for broad-based
development of Finnish technology policy. Intensified internation-
alisation and the liberalisation of trade, which first affected Finland
in the late 1950s, placed enormous new strains on Finland's
one-sided production structure, and her level of technology, which
was low compared with her main competitors. The doctrine of
economic growth, which in the early 1960s also gained a foothold in

(Luukkonen-Gronow 1975 and 1977). The construction and devel-
opment of the machinery for technology policy occurred in Finland
later than in the major and more advanced OECD countries.
However, the rapid pace of development in Finland since the latter
half of the 1960s compensated for this late start. The national
features of Finnish technology policy are based on the absolute and
relative shortage of resources, the relative insignificance of military
research and other fields of big science, and the small number of
research-intensive firms and industrial branches producing and using
advanced technology. 
The first educational institutions serving the needs of productive
industry in Finland were established around the turn of the century.
The Geological Research Institute and the Agricultural Research
Centre, founded in 1885 and 1889 respectively, were the first state
research establishments in Finland. The Forest Research Institute,
which was clearly linked to production, i.e. the supply of raw
materials to the forest industries, was set up in 1917. The Finnish
Pulp and Paper Research Institute, a joint-stock research enterprise
owned by the forest industries, had been founded a couple of years
earlier. The old Polytechnic became the Helsinki University of
Technology in 1908, and in 1921 the Faculty of Chemistry and
Technology was set up at the Åbo Academy. The next important
step towards 
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Finland, significantly promoted industrial expansion and increased
the role and tasks of the state in promoting and supporting innova-
tion in the corporate sector (Kosonen 1981, 74-77).
Three important changes occurred in Finnish technology policy at
the turn of the 1970s (Lemola & Lovio 1984):
-  The state began to support corporate R&D work directly in the
form of product development loans and subsidies.
- The basic operating conditions and requirements of the universities
and research institutions were improved. At the same time, the
activities of these establishments were reoriented so as to better
serve the needs and demands of industry. Particular attention was
focused on the VTT.
- The funding of goal-oriented technical research was started by
seeking to increase and improve research work which was of
national importance and aimed at promoting the longer term devel-
opment of industry. 
These three initiatives can be regarded as the pillars on which
Finland's current technology policy rests. 
After the machinery for Finnish technology policy was constructed
at the beginning of the 1970s, the remainder of the decade was
dedicated to the quantitative development of the new system. The
main instruments applied during this period - product development
and goal-oriented research appropriations and the VTT - grew much
faster than the average for state research expenditures, as can be
seen in Table 8.1. The same growth rate also continued in the 1980s.
The most important of the changes in the mutual relationships
between these instruments was the enhanced role of product devel-
opment and  goal-oriented research appropriations.1 

Table 8.1. The most important state appropriations intended for
technological development, 1970 - 1990 (1)

1 9901 9851 9801 9751 970

Expenditure at 1990 prices, FIM 1000
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4159000,0
0

3013998,0
0

2126000,0
0

1706227,0
0

1134865,0
0

Total government
R&D financing

45 60075 05273 19461 31652 622SITRA

769 385616 241350 130296 548145 179VTT

226000,00100776,0030434,0016474,005 082
TEKES/applied
technical research

475 000311 610182 154125 42435 838TEKES/industrial
R&D

6,77,34,68,4Total government R&D
financing

-9,41,03,53,2SITRA

4,612,03,415,3VTT

17,527,013,134,2TEKES/applied technical
research

8,711,37,728,5TEKES/industrial R&D

1985-901980-851975-801970-75

Average annual growth rate, %

(1) See footnote 1.
TEKES = Technology Development Centre.
VTT = Technical Research Centre of Finland.
SITRA = Finnish National Fund for Research and Development.

 
In the latter half of 1970s, it became apparent that increasing the
amount of appropriations as such would not be sufficient; in
addition, attention would have to be paid to the allocation and use of
appropriations. In fact, the lack of goal-orientation began to form a
serious obstacle to the continuing quantitative growth of appropria-
tions. At the end of 1980, it was proposed that major projects should
be initiated in the key areas of technological development. Subse-
quently, the proposal led to the introduction of a technology
programme procedure.
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In order to increase goal-orientation, it was necessary to create an
organisational framework. In 1983, the preparatory work resulted in
the  establishment of TEKES, the Technology Development Centre
of Finland. TEKES'es first and most urgent task was the implemen-
tation of national technology programmes. 
The decisions to set up TEKES and introduce the technology
programme procedure were both obviously correct, but they were
not particularly original measures. TEKES was modelled on an
organisation established for the same purpose in Sweden in the late
1960s. Models for the technology programme procedure were found
not only in Sweden but also in many Western European countries
and, of course, in Japan.
In the mid-1980s, the internationalisation of R&D became the latest
phase of technology policy. Its most dynamic components have been
EUREKA, EC research programmes and space cooperation. The
pace of development is well described by the fact that TEKES
expended around FIM 10 million on funding for international
cooperation in 1985, whereas the corresponding amount was FIM
145 million in 1991. A similar trend, which is partly attributable to
the funding provided by TEKES, is also apparent in the VTT and
Finland's universities of technology.

8.3  Foundations of Technology Policy

If a technology policy strategy means a consistent plan or
programme, based on comprehensive assessments and visions of the
development needs and possibilities of technology and defining the
technology policy goals and the means by which they are to be
achieved, then it must be admitted that Finland does not have, and
never has had, an explicit technology policy strategy. Finnish
technology policy has been pursued very pragmatically on the basis
of knowledge and views of the various parties involved. 
One point of departure for technology policy since the 1960s has
been a belief in the role of technological competitiveness. Another
point has been the view that R&D work, education and training play
key roles in improving technological competitiveness. In practice,

Characteristics of Technology Policy in Finland        6

+                                                                                                                            +

+                                                                                                                            +



however, these roles have often been left in the shadow of R&D
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Fig. 8.1. R&D expenditure of the corporate sector in relation to the value added of  indus -
trial production in Finland, 1971 - 1989. Source: Statistics Finland.



work. In promoting this work, there has been a prevalent tendency to
give priority to the R&D activities of firms. 
In 1974 the YTK Committee (1974,15) expressed the matter as
follows: "Maintaining the competitiveness of Finnish products in
both the domestic and export markets is particularly important for
the overall wellbeing of the economy. Moreover, satisfying the
needs of society and improving living standards in the long term
requires increased output and economic growth. This can only be
achieved by bringing the country's production structure in line with
both demand and the available productive resources. R&D in the
corporate sector can promote the necessary structural changes and
thus create the preconditions for continuing economic growth."
According to this chain of conclusions, increasing the resources
made available for R&D work has played a prominent role in
Finnish technology policy. The demands for increased resources
have been based not only on a belief in the importance of know-how
and expertise but also on an awareness that Finland has invested
much less in R&D than her main competitors, and on information

about the measures implemented in other countries. To put it in a
nutshell, these two arguments - lagging behind competitors and the
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measures implemented in other countries - have been the main
driving forces of Finnish technology policy.
In retrospect, Finnish technology policy has been largely pursued
along the lines of the market failure theory, even though the technol-
ogy policy-makers have not necessarily been aware of these
theoretical starting points.2  Supporting corporate research and
development with loans and subsidies has been one of the most
important instruments of technology policy. The aim of this
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2 The YTK Committee (1974, 13) expressed this matter as follows: "Research input deter-
mined on the basis of decisions made by firms is not always adequate from the standpoint
of social goals. R&D may remain at too low a level in those fields where the economic
opportunities required by corporate activity are not sufficiently evident ... Government
measures should be employed to ensure that the prospects of domestic firms to maintain the
research input required by competitiveness are not worse than those of foreign firms."

Box 8.1 On international comparisons of public funding

Direct international comparisons of the share of public funding are very problematic
for the following reasons: 
the statistics include military and civil research
the terms of public support are different in different countries (loans, venture
capital, subsidies)
there may be significant differences between the institutional classifications of
public and private organisations in different countries
the statistics do not include the public support of R&D via taxation 
statistical errors may be of different magnitudes in different countries (In Finland
the figure for public support contained in the research statistics, based on responses
given by firms, was just under 50% of the support which, for instance, TEKES and
SITRA had granted to firms during the year in question)
Some examples of public funding shares (NUTEK 1992): in 1989 the share of
public funding in the R&D expenditures of firms was 30% in the United States, 19%
in France, 16% in the United Kingdom, 11% in Germany and 11.5% in Sweden. Of
this, the share of military R&D was 100% in the United States, 75% in France and
the United Kingdom, 50% in Germany and 65% in Sweden. 
Institutional differences and classification procedures explain most of the differ-
ences between Finland and Norway. SINTEF, the VTT's counterpart in Norway, and
certain other research institutes are classified under the corporate sector in Norway,
so the public funding received by these establishments significantly increases the
public funding share of the corporate sector. The situation in Denmark is also very
similar.
The most important public financiers in Finland in 1989 were (Tilastokeskus  

1991a) TEKES 73%, KERA 9%, SITRA 6% and the rest of the public sector 12%. 



assistance has been to support and augment the corporate sector's
own efforts and to compensate for problems arising from the small
size of firms. The technology programmes have been used to initiate
activities beyond the resources and risk-carrying capacity of firms.

8.4  Quantitative Possibilities of Technology Policy

The effectiveness and successfulness of technology policy largely
depend on how well R&D subjects are selected and how well
measures are planned and implemented. Even if we give priority to
qualitative factors, the quantitative framework should also be borne
in mind, if for no other reason than to prevent technology policy
from being subjected to unrealistic demands or fears. 
The corporate sector's input to R&D increased in Finland signifi-
cantly in the 1980s. During the ten-year period from 1979 to 1989,
the input almost tripled in terms of research expenditures and
doubled in terms of research working years. Furthermore, whereas
in 1979 the number of licentiates and doctorates engaged in R&D in
the corporate sector was 412, the corresponding number 10 years
later was 718.
Also, the research intensity of the corporate sector, i.e. R&D expen-
ditures in relation to the value added of output, developed very
favourably compared with the preceding decade, as can be seen in
Figure 8.1. The research intensity rose from 1.7% in 1979 to 4.3% in
1989. Both the growth in R&D input and intensity of the Finnish
corporate sector were faster than in the OECD countries on average. 

As can be seen in Figure 8.2, the share of the corporate sector in
R&D expenditures in Finland grew steadily from just less than 50%
in 1969 to over 60% in 1989. This growth has not been drastic, but it
has been quite consistent. In the most technologically advanced
OECD countries the share of the corporate sector is about 70%, but
in its own category, Finland has stood up quite well to international
comparison (OECD 1991).
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The self-sufficiency of Finnish firms is shown in Figure 8.3. The
share of state funding in corporate R&D expenditures  averaged 5%
over the 1980s. In the second half of the 1980s, the share of state
funding even contracted, even though official policies and measures
strongly supported an increase in public support appropriations. The
corporate sector's own funding and public support funding both
manifested considerable growth during these years.
On the basis of research statistics it has been concluded in various
contexts that the share of state funding in Finland is below the
average for the OECD countries. This has led to demands on
increasing R&D appropriations intended for firms and for the share
of public funding in R&D expenditures to be increased to about
10%. These demands have been accepted by the present
government, which in other areas has been forced to cut down the
support granted to other sectors of the economy.3 

The corporate sector's degree of self-sufficiency is also indicated by
the fact that in 1989 the share of contract research in R&D expendi-
tures was only 5% in the corporate sector, as a whole, and 3% in
industry (Tilastokeskus Statistics Finland 1991). These figures
included, in principle, all the contract research commissions
awarded to the VTT, universities and other enterprises and research
institutes in Finland and abroad. The printing industry accounted for
the largest share of contract research (21%), compared, for instance,
with only 1% for the engineering and electronics industries. 
The intensity of state intervention dressed up in the guise of technol-
ogy policy can also be assessed from the perspective of the share of
corporate R&D support in the total amount of public contributions to
industries. In 1991 industries (incl. agriculture and forestry) received
a total of FIM 13 billion in the form of financial support from the
state. Of this amount, primary production and the food industries
accounted for 70%, most of which was allocated to agriculture, the
manufacturing industries accounting for the rest, 30%. 
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3 See Box 8.1



In addition, it is worth mentioning that it is not industrial R&D but
regional policies that predominate the Finnish programmes related to
manufacture, followed by export-related support. The share of R&D
in the support, amounting to FIM 3.6 billion, was only 10%, i.e. 3%
of all support granted to industries (Government report on the
management and state of the treasury 1991, Palokangas 1992).4 

Charles Edquist has concluded (Edquist 1990), that in Sweden the
degree of state intervention in the process of technological change is
quite limited - and not increasing. This applies to Finland as well.

8.5  The Impact of Technology Policy on the Structural Develop-
ment of Finnish Industry

The two most notable and, at the same time, most favourable
examples of the modernisation occurring in Finnish industry in the
1980s were increased exports of high technology products and the
growth of the electrical engineering and electronics industries. The
share of high technology products in industrial exports rose from 4%
in the early 1980s to 11% in 1990, and the electrical engineering and
electronics industries grew by 150% in the 1980s and their share of
the metal and engineering industry rose to just under 30% (ETLA
1991, Vartia & Ylä-Anttila 1992). 
These two examples of change are closely interlinked. A significant
proportion of high technology products belongs to the electrical
engineering and electronics industries. The high technology product
groups manifesting the strongest growth have been telecommunica-
tions equipment and electrical equipment, as can be seen in Figure
8.4.
Figure 8.5 shows that the electrical engineering and electronics
industries have had, since the late 1970s a special position in public
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4 According to data collected by the OECD, in 1989 the share of R&D support in the public
support received by industry (net costs incurred by the government) in Finland was 11%,
i.e. almost the same as the average for the OECD countries (11.5%). The share of R&D
support was 56% in the Netherlands, 46% in Denmark, 39% in Japan, 17% in France and
14% in Sweden. The United Kingdom, Austria, Ireland and Norway were on the same level
as Finland.



R&D finance. In 1978 the share  of  the electrical engineering and
electronics industries was 36% and in 1980 as much as  45%  of  the  
public finance  to  industrial projects  in the form of risk loans  and  
grants.  By the end of 1980s, its share was slightly diminishing, but

during 1978-1991 around one-third of the funds, on average,  went  
to this branch of industry.
On the other hand, Table 8.2 shows that the distribution of funds by
public financiers is very similar to the distribution of the corporate
sector's R&D input. If, however, the share of public funding in total
R&D expenditures of these economic sectors is examined, it can be
stated that, for instance, in 1989 the share of public funding in the
research expenditures of the electrical engineering and electronics
industries was only 6.3%. 

Table 8.2. The distribution of public funding for industrial research
and the distribution of R&D within enterprises by the main branches
of industry, %.

100100100100100100Total

342526212519Other

487535Transport
equipment
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Sources: The Ministry of Trade and Industry, TEKES, and Statistics
Finland
Ministry = Ministry of Trade and Industry

On these grounds we can assume that the demand of firms rather
than anything else have focused the attention of public financiers on
the electrical engineering and electronics industries and the
engineering industry. A more positive interpretation of the facts
could be that the officials responsible for appropriating public funds
have been able to adapt themselves to the changing needs of the
economy and thus to support more innovative firms and industrial
branches.
Information technology was the indisputable focal point of funds for
goal- oriented research granted by the Ministry of Trade and Indus-
try and more recently by TEKES in the early 1980s. However, this
trend started to change in the mid-1980s. In  1982 the share of infor-
mation technology was 62%, in 1985 51%, in 1988 32% and in 1991
29%. The VTT also supported the strengthening of information
technology through its research programmes and new laboratories,
but the shift of information technology from basic technologies to
areas of application is also clearly observable within the sphere of
the VTT.5   
The decline in the share was partly due to the fact that the applica-
tion of information technology shifted to manufacturing technology,
process technology and construction. However, there was also an
actual decline in the share of information technology, but this was
also due to the fact that information technology became the object of
criticism in Finland in the 1980s.6  It was believed in Finland that
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6 The Committee on the Development of the Technology Programmes has been the princi-
pal exponent of the back-to-basics philosophy in Finland. The committee emphasized that
the technology programmes should generate product and production technology for the
country's basic industries, i.e. the forest industries and the metal and engineering industries.

5 In the 1940s, electrical engineering research had incorporated with radio engineering
research, which, in turn, incorporated with semiconductor research in the 1960s. The VTT's
Electronics Laboratory began operating in Oulu in 1974 and the Medical Engineering
Laboratory started up in Tampere. The Electronics Laboratory spawned the Computer
Technology Laboratory in 1983 and the Optoelectronics Laboratory in 1991. The Labora-
tory for Information Processing began operating in 1985.



excessive resources had been directed to fields of advanced technol-
ogy, which in practice meant information technology or the electri-
cal engineering and electronics industries. It was thought that the
emphasis should be shifted towards safeguarding the competitive-
ness of basic industries and to the application of technology in tradi-
tional fields of know-how, e.g. the forest industries and the metal
and engineering industries.
The arguments were understandable then, and they are still easy to
understand today. In the light of the above, however, one could ask
whether the situation with regard to high technology products and
the electrical engineering and electronics industries might not be
better today if the investments in those areas had been made with
even greater intensity and consistency. 

8.6  Technology Policy as the Creator of a Favourable Atmos-
phere

Committees have traditionally played a very important role in the
formulation of Finnish technology policy. These committees have
formed a cooperation and inter-

action channel between the public and private sector organisations
participating in the formulation and implementation of technology
policy. This has been a way of making the goals mutually consistent
and committing the various parties involved to attaining the goals. It
has also acted as a means of preventing conflicts and contradictions.
In other words, technology policy is not just an institution for the
allocation of R&D appropriations, but also, to an increasing extent, a
social institution. 
The Technology Committee (1980) provides an almost classical
example of the role played by committees in Finland. This
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This was, by no means, the first time that advanced technology and the basic industries
were seen as both augmenting and competing with one another. The committee wrote down
on paper what had been floating around in the air for a number of years previously.



committee convened in the early 1980s and was a particularly
broadly based body. Its members included representatives of the
government, research institutes, universities, industry and labour
organisations. The committee also had links to political
decision-makers.
When the committee began its work, its main points of departure
were a fear of mass unemployment caused by the information
technology revolution, and, consequently, the desire and need to
regulate the direction and pace of development by government
measures. When, just less than two years after starting work, the
committee submitted its findings, its most important conclusion and,
at the same time, recommendation was that even rapidly advancing
automation would not become a dominant factor in social develop-
ment during the 1980s, but a resource offering new opportunities.
The report gave rise to two different schools of opinion, but neither
of these questioned the correctness of this basic conclusion. 
The committee not only legitimized the pursuit of technology policy
but also gave new or additional justifications for activating technol-
ogy policy in both the quantitative and qualitative sense (Lemola &
Vuorinen 1988). From this well cultivated ground sprouted TEKES
and other similar organisations, and the initiation of technology
programmes received fresh impetus. Perhaps most importantly,
however, the participation of different interest groups in policy
formulation gave rise to a broad consensus on the goals for the new
decade.
Similarly, the experiences acquired from the technology
programmes also indicate that cooperative arrangements, such as
these, have direct and many indirect effects on research and technol-
ogy (Numminen-Guevara 1992). These should be borne in mind
when the benefits of the programmes are evaluated. One of the most
important indirect effects is the added value which arises when
research scientists and users are brought together in a fruitful
dialogue and interaction. 

8.7  Summary 
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Increasing the resources made available for R&D or briefly technol-
ogy push has played a prominent role in Finnish technology policy.
The demands for increased resources have been based not only on a
belief in the importance of intangible investments as such but also
on an awareness that the Finnish companies and the public sector
have invested much less in R&D than Finland's main competitors.
On these grounds  the support  and intensification  of  R&D in the
companies has been seen as a natural and necessary function of the
public sector, too. Consequently public appropriations intended to
support corporate R&D work and funds for strategic industrial  
research  grew in Finland during the 1970s and 1980s faster than
other research expenditures of the state and faster than in the OECD
countries, on average.
However, it can be concluded that in Finland the degree of state
intervention in the process of technological change has been quite
marginal - and is not increasing. This can be seen in the following
figures:
- The share of the corporate sector in R&D expenditures in Finland

grew steadily from just less than 50% in 1969 to over 60% in
1989.

- The share of state funding in corporate R&D expenditures  
averaged not more than 5% over the 1980s. 
- The share of these state funds for corporate R&D is only 10 % of
the public financial support received by industry and services, and if
primary production and food industries are included, it is not more
than 3%.
- The role of external services or contract research organised by
public research institutes and universities has been fairly modest - at
least quantitatively - compared with R&D performed by companies
themselves. 
The electrical engineering and electronics industries or information
technologies, in general, have played since the late 1970s a special
role in Finnish technology policy. But not even this can be inter-
preted as a sign of selective state intervention. The distribution of
funds by public financiers is very similar to the distribution of the
corporate sector's R&D input. The same applies to a very large
extent to other public measures as well.
The basic strategy of technology policy, which can be characterised
as one of positive or active adaptation was created before the present
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period of depression. At least until now, the slump has not given any
cause to change the thrust of the basic strategy in any other
direction. The chief aim in Finland has been to concentrate on
safeguarding the continuity of the present instruments and the appro-
priations intended for their use. Additional appropriations have
actually only been allocated to support the R&D work of firms. This
has been done without any consideration on potential or desirable
new directions to build up economic strength in Finland.
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9  Comment on Tarmo Lemola's Article
David Roessner
School of Public Policy, Georgia Institute of Technology, USA

Max Jakobson, in the beginning of his little book  Finland: Myth
and Reality, notes that Finland pays a price for her policy of neutral-
ity: the rest of the world has little incentive to follow Finnish affairs;
their knowledge of the country tends to be superficial and fragmen-
tary. "As a result, Finland is forever at the mercy of the itinerant
columnist who after lunch and cocktails in Helsinki is ready to
pronounce himself upon the fate of the Finnish people" (p. 8). 
So it is with a great deal of humility that I offer comments on a
paper whose subject is technology policy in Finland, not only
because I know so little about the country, but also because technol-
ogy policy and innovation are themselves such enormously complex
subjects.  Indeed, years of studying technology policy and innova-
tion in my own country leaves me with a deep appreciation for the
difficulty of diagnosing problems associated with technological
change, much less prescribing policy solutions for them.  
The study on which this book is based acknowledges the complexity
of technology policy by appropriately characterizing the complex of
activities that technology policies seek to influence as the "innova-
tion system."  Christopher Freeman defines the national innovation
system as "the network of institutions in the public and private
sectors whose activities and interactions initiate, import, modify, and
diffuse new technologies" (Technology Policy and Economic
Performance, p. 1). The scope and complexity of this range of activi-
ties speak to the difficulties the science and technology policy
analyst faces. 
Despite all these obstacles,  I think there are potential contributions
an outsider can make to analysis of national innovation systems.  I
recently had an opportunity to experience this first-hand when I  
presented a seminar on U.S. technology policy at the Fraunhofer
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significant effects on science and technology policy.  Second, I will
narrow the focus of my remarks to Mr. Lemola's article, but retain
the perspective of the surprised outsider, reacting as much to what is
excluded from his article as to what is included.  
My sources for the first part of my remarks are the introductory
chapter to this book; ETLA's The Finnish Economy, 1992/3; the
1987 ETLA Discussion Paper by Pentti Vartia and Synnöve Vuori,
"Development and Technological Transformation - The Country
Study for Finland"; Severi Keinälä's "Finnish High-tech Industries
and European Integration," and Pentti Vartia's "New Technologies
and Structural Changes in a Small Country".  
First, the number of key economic players, especially in technology-
intensive industries, is very small.  I noted, for example, that the
fifteen companies that spend more than FIM 100 M constitute about
80% of all private expenditures on R&D (Keinälä 1990, pp. 96-97),
and that the ten biggest manufacturing companies (four of which are
state-owned) account for more than  half the R&D, and 44% of
manufacturing exports and total manufacturing sales (Vuori and
Vuorinen 1993).  The main products of five of these ten are forest
products and (apparently) related machinery (Ibid., and Vartia and
Vuori 1987, p.34).  Nokia alone accounts for 22% of total industrial
R&D.
In itself, this is not surprising in a nation of five million people.
What I find surprising about this is that its implications for technol-
ogy policy do not seem to be reflected in the analyses I read.  For the
most part, these analyses are macroeconomic in level and overall
approach.  Data are aggregated by industrial sector or product code,
yet the technology strategies and economic fortunes of virtually a
handful of companies will dramatically alter the results of a

Institute for Systems Technology and Innovation in Karlsruhe.
Following my portrayal of the many weaknesses in the U.S. innova-
tion system, and the inadequacies of our country's recent technology
policies, the German analysts reminded me of some of the strengths
of our system (e.g., mobility of professionals across institutional
lines) that most other countries do not enjoy.  The perspective I
gained from these "outsiders" proved helpful, and so I hope I can do
the same here.  My approach will be, first, to share with you some
features of the Finnish system that were surprising to me, an
outsider, and which I thought would have 
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policy is "an intrinsic part of the provision of innovation-related
public goods" (Ergas, "Does Technology Policy Matter?").
In Finland I expected technology policies to build on the idea of
"created comparative advantages" you already possess: strong physi-
cal infrastructure, high levels of education, very homogeneous
population, ease of communication among institutions and between
suppliers and final manufacturers.  In several places brief mention
was made of what I expected to be the major foci of both technology
policy analysis (diagnosis, prescription) and technology policy itself
(programs):
"... the main strength of Finnish high-tech industries must be, and in
most cases is, specialized excellency, implemented in high-quality
products that follow close behind the most advanced technological
development, complemented by niche marketing" (Keinälä 1990, p.
54)

particular public program.  The decisions of, say, a dozen people
would appear to me to determine whether a program of R&D subsi-
dies or a tax credit succeeds or fails, yet analysis seems to stop at the
boundary defined by industry or product code - and never
approaches the walls of the individual firm.
Second, the analyses I read that seek to diagnose the problems of the
Finnish manufacturing sector, and to describe the associated public
technology policies involved, focus almost exclusively on the
"input" end of the innovation process.  It is as if the analysts and
policymakers had accepted the pipeline model of innovation: if
enough R&D is done, targeted at the right industrial sectors, produc-
tivity growth will result.
This, too, might not be so surprising, especially to an American
presumably imbued with the idea that only market failure can justify
government action in technology policy, and that market failure can
be identified readily only in the conduct of long-range research.  But
in the case of Finland you have no equivalent fears of government
action, and you would appear to be a country likely to be character-
ized by Henry Ergas as "diffusion-oriented" rather than "mission-
oriented."  In the former, national sovereignty is the goal, and R&D
decision making is focused on a few industries dominated by large
firms, while in the latter the emphasis is on investment in human
capital and strengthening industrial associations; technology 
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diffusion of flexible manufacturing systems (FMS) is particularly
rapid in Finland because of strong social infrastructure and high
levels of education, "a prerequisite for adoption and efficient
running of FM systems" (Vartia 1990, p. 8).
So, I was left with a bit of a mystery: with some evidence that
Finnish high-tech companies seem to follow a diffusion-oriented,
market-niche strategy, why do Finnish technology policy and policy
analysis apparently fail to complement this emphasis?
Now to Mr. Lemola's article.  His purpose is to determine the effect
that Finnish technology policy has had; his criterion is the effect that
public R&D has had on the innovative activities of firms.  The
policy to be evaluated began in the 1970s and consists of three
"pillars" (p. 186):
direct support of corporate R&D via product development loans and
tax relief;
reorienting activities of public R&D;
support for "goal-orented technical research".
As I mentioned earlier, this is clearly a "technology push" policy
although, as Mr. Lemola points out, this strategy is more pragmatic
and small-scale than comprehensive and strongly interventionist.
As you might expect, given my previous remarks, I found it interest-
ing to contrast Mr. Lemola's definition of technology policy as
policy whose key objectives are to "create new corporate activities
and support innovation in existing firms" (p. 184) with his statement
that the effectiveness of technology policy "largely depends on how
well R&D subjects are selected and how well measures are planned
and implemented."  The definition encompasses the entire range of
innovation from research through manufacturing and marketing,
while his criterion of effectiveness for such policy seems to focus
only on the "inputs" or "upstream" aspects of the innovation process.
While in the case of Finland this narrower focus is at first glance
appropriate, it leads to an evaluation of what was done to influence
innovation rather than what was not.
Mr. Lemola's summary of evaluations of public R&D programs in
Finland yields a commonly-observed conclusion: measures of effec-
tiveness that suggest a mixed bag of effectiveness, with a healthy
dose of uncertainty because of the complexity of innovation
processes and the stringent (yet necessary) criterion of a program's
value: the independent effect of public action.  Despite the necessity
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of drawing cautious, heavily circumscribed conclusions, Mr. Lemola
nevertheless makes two important points:
There exists a strong positive association between recent patterns of
public R&D investments and those of industry (thus destroying the
critics who claim that public R&D has been misdirected);
The Technology Committee is a significant institution in Finnish
technology policy. It is the kind of social institution which to me has
the potential to take advantage of Finland's small size and homoge-
neity to formulate technology policy informally and on a consensus
basis.
Mr. Lemola questions whether "positive adaptation" will be enough
for the 1990s, or whether efforts should be made to promote restruc-
turing more purposefully and at the same time more selectively.  I
would urge Mr. Lemola to be even bolder and suggest that technol-
ogy policy for the 1990s focus on the entire innovation process,
especially manufacturing and marketing, and dare to base some of
its programs on knowledge about how innovation is managed within
the walls of the firm.  This is particularly relevant in view of the
relatively new "culture of R&D and innovation" in Finnish compa-
nies, as mentioned in this morning's discussion.  Doing so will, I
think, suggest some public initiatives whose targets are well beyond
R&D.
In closing, I would like to suggest modestly that new pillars be
added to the "three pillars of Finnish technology policy" mentioned
in Mr. Lemola's article:
a fourth pillar: support public and private R&D intended to
strengthen the ability of companies to follow a "second to market"
industrial strategy;
a fifth pillar: strengthen the diffusion-oriented infrastructure
elements that support flexible, high quality manufacturing by both
large and small firms, their suppliers;
a sixth pillar: support analysis, information outreach, and informa-
tion access activities that would assist companies in a selective,
market-niche product development strategy.
Thank you very much for allowing me the opportunity to share these
thoughts with you.
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10 The Rigidities and Potential of a National
Innovation System 

Synnöve Vuori and Pentti Vuorinen

ETLA, The Research Institute of the Finnish Economy, Helsinki,
Finland

10.1   What Was This All About?

This book deals with technological change. We have discussed it from the
perspective of a small (and, in the European perspective, a rather peripheral)
country, Finland. The Finnish conditions clearly differ from those of larger and
more central countries with longer industrial traditions. On the other hand, many
basic aspects of technological progress are similar everywhere and independent of
country size.

In the economic literature it is typical to present and compare national
economies with statistical macro-level indicators. However, highly aggregated
macroeconomic figures on industrial and technological progress only give a vague
and superficial picture of the differences. Their power to describe - and even less
to explain - the dynamics behind the developments is weak.

In this book, we have especially tried to tackle some aspects of the dynamics
of technological advances in the Finnish industry. Further on, we also try to put
our arguments in a comparative perspective. We have used the conceptual frame-
work of the 'national systems of innovation' (NSI) as a starting point. However,
we do not give much space for theoretical discussion, and all the chapters are
based on the individual thinking of the authors.

In the first chapter we describe the Finnish innovation system, the institu-
tional set-up and performance. This chapter also served as a common information
base for the authors of the other articles. The task of the other authors of the book
was then to produce their own explanation for the developments that took place.
The chapter contains a description of where we are now: what did the technologi-
cal and economic development in Finland look like in the last few decades? What
kind of framework produced these developments, that is, what are the essential
characteristics of the Finnish innovation and production system? In the last couple
of decades research efforts have grown faster than in most other OECD countries,
and many favourable results have been reached: increased productivity, more
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The results of the intensive use of technological inputs in the 1980s still
remain to be seen. Technology diffusion - using innovations created elsewhere
and adapting them to one's own needs - is an extremely important dimension of
technological change in a small country (see e.g. Vuori and Ylä-Anttila 1992). In
fact, a remarkable share of research efforts may just entail keeping up with devel-
opments in other firms, research institutes and countries.

In the early 1990s, large changes in economic  prospects, industrial struc-
tures, the welfare society, as well as international cooperation and trade have been
eroding the formerly solid ground of the national innovation system. In this new
situation the basis for this system must evidently be redesigned. With increasing
internationalization, the possibilities for a truly national innovation system
become more limited. For Finland, the role of the forest block remains central in
the structure of the economy, and thus it faces a great challenge in staying techno-
logically and economically competitive.

10.2   Dimensions and Problems of the Finnish Development

In his article Allardt (Chapter 2) puts technological progress in the context of the
many dimensions of modernization. One of his themes is the interplay between
social and technological changes. Can rapid technological renewal and change
within the economy take place without corresponding social changes? As one
example of lagging social change he discusses the rigidities created by the power-
ful interest organizations. The rapidly grown legal web of entitlements and rights
have become an obstacle for many social and economic advances; they also seem
to be one of the reasons behind the present overall economic problems. Allardt
also takes the goals of technology policy under discussion: when  almost one fifth
of the labour force is unemployed, should not employment creation be the selfev-
ident number one goal of technology policy?

According to Kasvio (Chapter 3), Finland is a somewhat of a special case
among the Nordic countries. Her industrial modernization started later than in oth-
er West European countries, and after the Second World War she has had a rather
specific relationship to the former Soviet Union. Also the institutions of an
advanced welfare state and corporatist industrial relations developed more slowly
than in the other Nordic countries. Finland allocates a larger share of its public
spending to education nowadays than any other OECD country, but this does not
guarantee the system's superior performance. At present, the entire position of
Finland in the post-war European system is changing. Radical changes are needed
also within the social infrastructures of production. The Nordic countries will
probably move from the present forms of 'democratic corporatism' into the

high-tech exports and more international patents. Except for a few narrow areas,
however, technology gaps still exist in comparison to many advanced countries. 
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To adjust to a world where an increasing number of corporations no longer
have a distinguishable nationality, the role of national policies has to be reconsid-
ered. An overall institutional restructuring of the Nordic societies into well-
functioning post-Fordist network economies requires creating social infrastruc-
tures that actively support the adoption of innovative practices in all spheres of
life. One opportunity for positive developments could be to participate in the
development of the region surrounding the Baltic Sea. If the problems threatening
this area can be solved, one could in the future perhaps talk not about national
innovation systems, but of a dynamically developing regional system of innova-
tions ranging from St. Petersburg to Northern Germany. 

Kanniainen (Chapter 4) addresses the role of collective risk sharing and
analyses what modern growth theory can tell about the reasons for growth. He
concludes that the high growth rates of the Finnish economy in the last few
decades can at least partly be explained by the growth incentives created by the
public sector and by the success of the forest block, and to some extent also by the
catching-up phenomenon. While the growth process has been strongly policy-
related in the positive sense, economic institutions and especially the extensive  
public insurance of economic risks has diminished the need to face risks and to
manage them properly. At the same time as public risk-sharing has promoted
R&D efforts, this may have been offset by public measures which have adversely
influenced the structure of investment. Kanniainen sees a need to evaluate more
deeply the trade-off between social returns and social risks of various policy
measures and also of their incentive effects on the private sector.

Pessi (Chapter 5) looks at the working of the national innovation system
from the point of view of corporate management. Factors which have positively
affected developments in the Finnish industry include a favourable company
culture, flexibility as well as strong technological performance and
manufacturing-orientation of companies. On the other hand, their market orienta-
tion has not been strong enough, which is partly a consequence of the long period
with intensive clearing-based countertrade with the former Soviet Union. Growing
globalization and increasing economic integration will inevitably change this
situation. Another unfavourable factor has been the development of the capital
structure of companies, including a relatively low share of equity capital, and
limited possiblities for obtaining venture capital. An area calling for more empha-
sis is enhancing the possibilities for technology transfer, for instance by promot-
ing the start-up and performance of cooperation networks.

Gregersen, Johnson and Kristensen (Chapter 6) compare the national
systems of innovation in Finland, Denmark and Sweden. They deal with aspects
of the institutional set-up and the economic structure which strongly affect the
processes of interactive learning, and identify the most important industrial devel-
opment blocks. While sharing many common characteristics, these three small

predominance of 'enterprise-level corporatism' or 'microcorporatism', in which
wage negotiations are decentralized and the most essential decisions are produced
within the enterprises.
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countries are by no means similar. All of them have strong resource-based devel-
opment blocks, but the performance of the innovation and production systems
differ. Sweden clearly outperforms the other two countries technologically, but its
economic performance is not as impressive. On the other hand, Denmark with
relatively low technological performance, a large share of small firms and strong
emphasis on the agro-industrial sector continues to perform economically rather
well. Finland seems to fall between. Therefore, the conclusion is that the relation-
ships between 'immediate performance' and 'ultimate performance' are not very
straightforward. 

Carlsson (Chapter 7) partly tackles the same issues when comparing
Finland, Sweden, Japan and the United States, but uses the concept of technologi-
cal systems (TS) as the basis of his analysis rather than national systems of
innovation. In his view, Sweden's relatively poor growth record is due to
problems in the domestic environment which are more related to institutions than
technology: the welfare state with high taxes and poor incentives, too central a
role of non-market principles, corporativistic structures, and lack of EC member-
ship. These thoughts are interestingly parallel with those of Kanniainen (cf.
above) concerning Finland. 

According to Carlsson, Finland has a robust technological system in its
forest-based industries and parts of the engineering industries, but is becoming
increasingly dependent on collaboration with foreign firms. Finland appears to
need an oversize technology base to constitute an attractive base for both domestic
and foreign firms. On the other hand, new business formation has developed much
more favourably than in Sweden.

Japan's strong performance until recently seems to be based on well-
functioning technological systems in the area of mechatronics. Carlsson notes,
however, that in other industrial sectors and several service industries the record is
much less impressive. In the United States the technological systems in the
engineering sector have been strong, largely as a result of the 'military-industrial
complex'. Despite weaker economic performance lately, results in the areas of
innovation and higher education have continued to be strong. The U.S. also seems
to be strong in non-engineering technologies, such as software and biotechnology,
and in many rapidly growing service sectors.

What has been the role of technology policy for the performance of the
Finnish innovation system? According to Lemola (Chapter 8), increasing
resources for R&D has been the main goal of the policy. Despite rapid growth of
public appropriations for corporate R&D efforts, the degree of state intervention
in the process of technological change has been limited, and is not seen to be
increasing.  The electrical engineering and electronics industries have since the
late 1970s received much emphasis, but the public financiers just seem to have
reinforced the distribution of funds which would have developed in the corporate
sector anyway. The basic strategy of positive or active adaptation has not changed
during the economic crisis of the early 1990s, and additional funds have only been
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directed to support the R&D of firms. There has been no strong urge to find new
directions for technology policy.

Roessner, in commenting on Lemola's article (Chapter 9), suggests three
additional 'pillars of technology policy'. The first one involves supporting public
and private R&D intended to strengthen the ability of companies to follow a
'second to market' industrial strategy. The second consists of diffusion-oriented
infrastructure elements, and the third pillar involves supporting analysis, informa-
tion outreach, and information access activities. Roessner also notes the very
dominant role of a few large companies in creating technological change in
Finland.

10.3   The NSI Concept

There is not much theoretical discussion in the book. The focus is more on making
some experiments with the already relatively well-established concepts on the
Finnish reality. However, a few issues can be picked up from the articles. 

First: there is a need to clarify the relations to parallel approaches. Porter's
cluster analysis comes quite near to the National Systems of Innovation (NSI)
framework, and so do various theories of business systems as well. In his article,
Bo Carlsson takes up the concept of technological systems (TS) as a competitor of
the NSI approach. However, his argumentation shows that the differences are
mostly a question of a different focus. TS has technology and technology-based
relations as the core issues, and national economic relations and development are
seen from the angle of technology diffusion, infiltration and adaption. The NSI
approach, on the other hand, puts the focus on national economic dependencies
and examines technological change in this context. Thus the two approaches are
in fact quite complementary. When combined, they could offer an interesting,
matrix-resembling framework for studying economic and technological change. 

Second: the relations of various components within the NSI need to be clari-
fied. Learning through user-producer relations and other forms of close coopera-
tion throughout the national system has traditionally been taken as the core of the
system. It has quite often also been the main subject in empirical, micro-level
studies based on the NSI framework. In connection to this, formal systems for
training and education are always mentioned as being among the most important
institutions within the NSI.

The actual role of the formal educational system, the organizational forms
and educational practices of the system and the interaction between learning by
doing and formally acquired qualifications have nevertheless gained much less
interest. For example, Kasvio (cf. above) notes that Finland allocates the largest
share of its public spending to education within the OECD. This does not guaran-
tee, however, the system's superior performance. There are problems in the match

 5        Synnöve Vuori and Pentti Vuorinen

+                                                                                                                            +

+                                                                                                                            +



between the educational system, the needs of companies and the actual learning
practices within the companies. 

This seems to be true in respect of the practical role of many other social,
political and cultural institutions as well. The rigidities of the social institutions
created during the 1970s and 1980s have become obstacles for economic and
technological development. The changing role of labour market organizations,
both on the national and the shop floor level, mentioned by Allardt and Kasvio,
are another example of this. However, little empirical - and even less internation-
ally comparative work - exists for instance on the effects of labour market organi-
zations on innovativeness and the national technological development paths. This
means that  much more work is needed to connect the institutional framework
more closely to the micro-level perspective, firm behaviour and innovative
practices.

The particular need for studying more deeply the interaction of the overall
institutional framework and micro-level practices is emphasized by the present,
both internationally and often nationally unstable and rapidly changing economic
and social situations. In the Finnish case, special demands are put on the ability of
the institutional framework to change in accordance with the needs of completely
new economic and international set-ups as compared with the mid-1980s. It is not
only a question of the flexibility of the national institutions to follow external
changes, but of the ability of the institutions to grasp future needs and to be able
to create corresponding conditions.

In this respect, Kanniainen takes up an interesting issue in his article. The
tradition of high collective sharing of risks has had a long lasting effect on the
Finnish system. This seems to be true with respect to security and risk sharing
systems for both firms and persons.  Of course, this is not uncommon in the other
Nordic welfare states either. 

The issue comes up in the present unfortunate economic situation and shows
many weaknesses. The comprehensive collective risk sharing system cannot
remain in an economic environment of slower growth, higher unemployment and
higher needs for flexibility and adaptability. The question is, however, to what
extent - and in what areas - is it favourable to dismantle this system of collective
security. Where would more risk be favourable for economic, technological and
social development, and where would it only bring along more uncertainty and
change the focus toward more short-term developments? 

There is an international dimension in this as well.  Would some kind of
more international risk sharing and security systems be able to compensate the
national systems, brought by for instance further European integration? And what
issues would need this kind of safety net? How strong is, actually, the difference
between ensuring social and economic security to people and building up a collec-
tive risk sharing system for business risks?

In these remarkably changed conditions, the authorities in charge of technol-
ogy policy are also facing the need to redirect their measures. Much more than
before, technology policy must be seen as one part of the more encompassing
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social and economic policies highly dependent on the conditions provided by the
other sectors of policy for the functioning of individuals, firms and the whole
society. The role of factors such as well-functioning institutions, appropriate
education and sound incentive systems cannot be too much emphasized.
Resources devoted to R&D and the diffusion of technologies must be seen as
complementary elements of the support to technological change. In addition,
support measures should be fairly selective and also provide opportunities for
opening new areas of industrial development, even though this occasionally will
lead to failures. The broader perspectives are in fact starting to be seen in public
measures. In the recently published national industrial strategy for Finland (see
National ..., 1993), industrial policy is seen as consisting of several broad areas,
and  developing the national innovation system is taken as the starting point of
technology policy.

10.4   Further Issues to Study, National and Conceptual 

Finland has been able to raise her technological level considerably in the past few
decades, but a gap with respect to the most advanced countries still exist. Moreo-
ver, the base of technological progress is still narrow.  It should also be remem-
bered that a few large firms account for the majority of  R&D, for example. Also
in Sweden large firms dominate, but in Denmark the role of small firms is much
larger. 

The micro-level processes of innovation and learning within business firms
are not discussed much in this book. The actual user-producer relations, company
networks and interactive learning processes have, as of yet, not been studied suffi-
ciently in Finland to allow international comparisons, although some interesting
empirical studies are going on. Evidently more research should be done on these
issues, both in the context on the national innovation system and in an internation-
ally more comparative research set-up.

One of the main findings of the Finnish national system of innovation and
production was the thinness of development blocks. The forest industrial block is
by far the most important, the actual core of the whole national system. This block
has been relatively well studied, but the linkages outside, the opening up of the
block - as well as other blocks - and creation of further 'spin-offs' to other
economic areas are still relatively unknown areas. One, quite ad hoc example is
the interplay between the forest industry and textiles: With growing environ-
mental consciousness and higher oil prices artificial fibres become less advanta-
geous. Wood-based fibres such as viscose might offer a good alternative.
However, most viscose raw materials are imported to Finland. The opportunities
to develop this dimension of the 'forest industry' have been neglected, although
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textiles and clothing industries have been relatively much more important than in
for instance Germany, which supplies most of the viscose materials to Finland.

This is only one example of the possible close-ups of the development
blocks. The national focus has, perhaps, been blinded by the success of the core
trajectories of the development block during the two previous decades and thus
closed the view to alternatives. This seems to be true with  respect to many
environment related issues within the Finnish forest industrial block also: the
industry became conscious of the issues only relatively late, and is still somewhat
lagging in comparison to many competitors, though the industry has gained
remarkable success especially in making the processes less pollutant. 

The point is that even the 'environmentalization' of the industry has occurred
in line with the long-term technological, economic and institutional development
path of the Finnish forest industry. More radical innovations and new directions of
technological progress may have been hampered by the strength of the established
institutions - and ways of thinking - within the block. In this respect, more focus
should be put on (seemingly) more peripheral and new issues also within the old
development blocks.

The difficulties of comparing even culturally close national systems are
stressed recurrently in Lundvall's (1992) book on national systems of innovation.
The comparative articles in our book can only confirm this notion. While it is rela-
tively easy to compare economic systems and economic performances, it is al-
ready problematic to put formal social and cultural institutions on the same
comparative line. Things become even more complicated, when we have to study
the differences in firm behaviour, learning processes and actual cultural practices
in real organizations. However, more concrete comparative studies are needed,
and we think that the articles of Gregersen et al. and Carlsson give a good starting
point from which to continue comparing national systems of innovation.

Small countries share many common characteristics, but still there are large
differences between them. This is true even within the culturally and historically
close Nordic countries. Sweden is in general very different in terms of perform-
ance, even though the infrastructure and general set-up of the societies and econo-
mies are fairly similar in the Nordic countries. However, Finland and Sweden
seem to share the same kind of encompassing collective risk-sharing systems,
which may have detrimental effects on incentives related to innovativeness also.

Comparing the outcomes of national innovation systems in the  article by
Gregersen et al. shows a new interesting aspect, that is well worth developing
further. They take up the actual main question of all economic development often
forgotten in the context of technology and innovations:  what is the goal of
economic and technological development and how well have different national
systems succeeded in achieving them? It is, however, evident that various
countries also define the final goals of their techno-economic development very
differently.  
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10.5   National, Regional  or International Systems of
Innovation?

Lundvall (1992) strongly emphasizes the role of national and cultural institutions
in techno-economic development. The national and cultural aspects have often
been pointed out as an explanation for the success of small, ethnically homoge-
nous countries like Finland. However, the small countries have also been more
dependent on the international economy and international relations. This depen-
dence is growing rapidly because of technical and global economic and
institutional developments - such as European integration. The internationalization
of the Finnish innovation system has also been very rapid, after the slow start.

Will the role of the national framework become weaker? Or is it just the
other way round: have the more closed national systems reached their peak, and
only to decline without stronger foreign influences and connections? 

Lundvall (1992) warns about the growing uncertainties and difficulties in
communication between partners with very different cultural backgrounds. He
sees the danger of slowing down of technological development because of more
cautious behaviour caused by cultural uncertainties.

However, the process of internationalization and integration is also as such a
process of learning, a process of institutional innovation. It is quite likely that the
roles of national - in many cases even regional or local - innovation systems and
closer international cooperation will find different forms. On the one hand, the
requirements for international cooperation are evident especially in radical
innovations and innovations needing a very wide market. On the other hand, many
single, concrete innovations created through daily user-producer linkages still
need a very close cooperation that is much easier to create between companies
with similar cultural background and a common national framework. This is true
in the case of most everyday technology diffusion to (and between) small and
medium-sized firms also. 

The emergence of new regional constellations for economic and technologi-
cal cooperation is also very likely. Examples of regions - not in the subnational,
but in the international sense - with dynamic growth exist: the Pacific Rim, the Al-
pine region and so on. Kasvio mentions growing cooperation within the Baltic Sea
region as having the potential to make the north-eastern periphery of Europe into
a new growth centre. The existing technology gaps and intense drive to develop
functioning market economies in the area support the developments, even though
the immense problems of the collapsed Eastern European system hamper the birth
of subtle economic institutions.  

In addition to the changes required by the internationalization process, the
current economic crisis in Finland provides another challenge: how can the
Finnish national innovation system adjust to the new situation with very little
room for growth, and even a need to cut expenses and lay down activities which
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were earlier deemed necessary? It is important to see beyond the present difficult
times so that the fundamentals of the innovation system are not destroyed, after
which the reconstruction process would be extremely costly. A process of creative
destruction is needed, especially to break the rigidities created during the past
couple of decades, but the sound basis and dynamic core of the system must not
be broken. Some kind of dynamic innovation system is needed, be it regional,
national or international, and even more so to create opportunities for a better and
more prosperous future.
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