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EXECUTIVE SUMMARY

The current analysis aims at contributing to the development of the knowledge-based
economy in Estonia by enhancing education relating to information and communication
technologies. The knowledge-based economy and society in Estonia are analysed in com-
parison with other countries; Estonian innovation and educational policies are examined
in the context of an increasingly global environment, the situation of the ICT-related edu-
cation and its connections with the manufacturing industry as well as the service sectors
are studied considering the global developments.

The private sector in Estonia is facing very serious and conceptual problems today, which
the current R&D and innovation policies are incapable of solving. Thus, an approach is
needed that ensures an agreement on how the real problems of the private sector are to
be dealt with within the scope of R&D and innovation policies, and how a significantly
improved mechanism for the design, assessment and coordination of R&D and innovation
policies are to be created. The authors’ recommendations focus on the establishment of a
mechanism for the consistent monitoring of the economic sectors as well as the develop-
ment of technology programmes in specific sectors.

A major challenge of the ICT sector is a need to move higher in the value-added chain
which inevitably assumes more complicated, in other words, knowledge-based manufac-
turing or other business activities. Engineers and other highly educated specialists with
interdisciplinary competences are needed first and foremost. The state should make use
of the opportunities offered by public procurements: public procurements, orders, com-
petitions, etc, could be organised for the development of relevant technologies and/or for
elaborating skills and training systems.

The recommendations relating to higher education provided in the fields of ICT focus
on the establishment and observance of uniform scientific standards and the consistent
and broad-based creation of the posterity through degree studies, in particular Doctoral
studies (including bringing visiting lecturers to Estonia and involving lecturers from the
private sector). Today’s curricula should be developed towards more specialisation and
interdisciplinarity.

The greatest shortcoming of the education provided today in the fields of ICT consists in
the weakness of the practical training system. Today, practical training constitutes an
additional risk for companies, while it also fails to of much use to students. A system is
proposed where that risk would be hedged from the point of view of both students and
companies.

Other specific recommendations for ICT vocational education are focusing on encourag-
ing cooperation between schools and with the private sector, preparation and evaluation
of teaching staff should become systematic and the study programmes should include
more modules focused on the development of the social skills of the students and the
share of courses taught in English should increase. An issue of critical importance is the
improvement of the integration of ICT with other fields.

The research was commissioned by the Estonian Information Technology Foundation and
the Ministry of Education and Research.
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INTRODUCTION

This analysis aims at contributing to the development of the knowledge-based economy
in Estonia. The analysis concentrates specifically on the field of study of vocational and
higher education relating to information and communication technologies' and on the
opportunities of the enhancement thereof.

The following issues are analysed in more detail: What strategic options face the Estonian
innovation and educational policies in the increasingly global environment, considering
the opportunities of Estonia as a small country (Chapter 1)?

Which indicators best describe a knowledge-based economy and society and what is the
current position of Estonia when compared to other countries (Chapter 2)?

What is the situation in Estonian manufacturing industries in the light of these indicators,
in particular as regards ICT processing industries and the software industry (Chapter 3)?

To what degree is the educational system capable of preparing relevant specialists and
what are the current primary competences? To what degree are universities and research
establishments capable of generating new knowledge and satisfying the R&D needs of
companies, incl. the capability of adjusting to changing conditions (Chapters 4 and 5)?

Within the scope of the research project, suggestions for developing the ICT-related edu-
cation system are put forward (Chapter 6), which could become an input for the part of
the single programming document discussing the education system. The latter serves as
a basis for the distribution of the structural funds of the European Union (EU). These
suggestions were discussed at the joint seminar of the Estonian Information Technology
Foundation and PRAXIS Center for Policy Studies concerning knowledge-based economy
and ICT-related higher education, which was held at the Estonian IT College on 27 No-
vember 2004 (the list of participants in the seminar is available in Annex 8).

In brief, the analysis seeks to answer the following question: Which active education
policy measures derive (or should derive) from the Knowledge-based Estonia strategy and
other related strategies? In discussing the various functions of the education system, its
connection with the needs of the processing industries and the service sector constitutes
the central criterion. Thus, the analysis could be treated as a follow-up to the research
titled The Estonian Economy Competitiveness and Future Outlooks,> which analyses the
sources of Estonian economic growth and relates these to the objectives of the Knowledge-

1 From now on (if not indicated otherwise) the following are included under information and communica-
tion technologies (ICT): Manufacture of office and electrical machinery; manufacture of radio, television
and communication equipment; manufacture of optical instruments etc as well as advisory services on
hard- and software; purvey of hard- and software; data processing and database services and other services
connected with computers and telecommunication. Doing so, we include the use of ICT in different fields of
economy.

2 Marek Tiits, Rainer Kattel, Tarmo Kalvet, Rein Kaarli, The Estonian Economy Competitiveness and Future
Outlooks, Tallinn: Research and Development Council, 2003, http://www.praxis.ee/data/The_Estonian_
Economy_Competitiveness_and_Future_Outlooks.pdf.
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based Estonia, analysing the aspects to be enhanced in the ICT-related higher education
and bases for such enhancement.

The research was commissioned by the Estonian Information Technology Foundation and
the Ministry of Education and Research and it has been carried out by PRAXIS Center for
Policy Studies.



1. STRATEGIES AND STRATEGIC CHOICES

1.1. Success Estonia 2014, Knowledge-based Estonia and
Innovation Policy

There are allegedly more than 70 different strategies or strategic documents in Estonia today.
An attempt has been made to address the issue of superabundance of strategies by the com-
mon governance strategy Success Estonia 2014,° which is supposed to constitute a process for
making strategic choices and an Estonian mechanism for achieving the goals established by
the Lisbon Strategy* (and partly also the goals set out in Knowledge-based Estonia®).

However, the different strategies (incl. Success Estonia 2014) substantially seek to combine
quite different sectoral strategies (which are of rather different levels) to a great extent
and that combination lacks a substantial synthesis and — what is even more important — it
lacks links to the actual problems in the Estonian economy. State financing of the Esto-
nian innovation system is, to a great extent, targeted at the promotion of commercialisa-
tion and other economic uses of research and knowledge concentrated in universities and
other research and development institutions i.e. at researchers and at bringing research
into the enterprise sector.® However, several recent researches have revealed that the most
acute problems of the competitiveness and innovation system of the Estonian economy
lie in the enterprise sector.” Today, innovation is obviously too expensive and risky for
Estonian companies, thus logically entailing the resource-intensive production system.
The current situation cannot be cured immediately due to the lack of skills, experience,
financial base, etc.

Yet practically no state measures, targeted at developing the innovation system, address
the problems referred to above. Hence, the solutions targeted at researchers can in no way
motivate companies to engage in more risky and innovative projects. The Estonian R&D
and innovation policies, a substantial part of which have been formulated in the light of
the Knowledge-based Estonia and Success Estonia 2014 and which should form the base for
the implementation of both of these strategies, are characterised by both the lack of pri-
orities and the market-based competition.® The only priority that can be found in various

3 For more details, see Success Estonia 2014. Government’s strategy document: Action Plan for implementation
of Lisbon Strategy.

4  See relevant website of the European Commission at http://europa.eu.int/comm/lisbon_strategy/index_
en.html.

5  Estonian Research and Development Strategy 2002-2006. Knowledge-based Estonia, http://www.hm.ee.

6  Rainer Kattel, “Governance of Innovation Policy: The Case of Estonia”, Governance and Good Governance,
Tallinn: PRAXIS, 2004, 53-71.

7  See also Marek Tiits, Rainer Kattel, Tarmo Kalvet, Rein Kaarli, The Estonian Economy Competitiveness and
Future Outlooks, Tallinn: Research and Development Council, 2003, http://www.praxis.ee/data/The_Esto-
nian_Economy_Competitiveness_and_Future_Outlooks.pdf.

8  For more details, see Rainer Kattel, “Governance of Innovation Policy: The Case of Estonia”, Governance and
Good Governance, Tallinn: PRAXIS, 2004, 53-71.
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policy measures is tourism.” The Republic of Estonia has given up the main underlying
reason for R&D and innovation policies: setting priorities. The market-based competition,
in the allocation of funds, is favouring strong players in the market, yet fails to tell any-
thing about whether their activities are such as to benefit the Estonian economy in the
long run. In principle, all the measures of R&D and innovation policies are (or will soon
be) financed out of the structural funds of the EU. The idea of structural funds is simple:
to enable less developed countries to set priorities in accordance with their respective situ-
ations and needs.'® However, Estonia has started out in a totally reverse direction as to
its R&D and innovation policies. Therefore, the objectives, established both in Knowledge-
based Estonia and Success Estonia 2014, have become basically unattainable. Similarly, the
objectives of the Lisbon Strategy have been rendered unfeasible.

At the same time the technology-intensive exports of Estonian companies have been declin-
ing for several years, which means that the Estonian economy fails to generate the value
added necessary to cover the current account deficit.!! Yet, this does not mean that Esto-
nian companies are not doing well. On the other hand, the competitive advantage based on
cheap resources is disappearing — the more technology-intensive the Estonian companies,
the more complicated their situation today, as they lack the means, skills and experience
necessary for withstanding severe international competition. At present, the Estonian
economy literally is not sustainable (discussed in more detail in Chapter 3).

Pursuant to the Lisbon Strategy, by the year 2010 Europe must become the most competi-
tive region in the world, which is simultaneously characterised by strong social cohesion.!?
In other words, the Lisbon Strategy aims at a strong economy in a strong social country.'
ICT represents one of the most important means to attain these goals — it is estimated that
ICT accounts for approximately 50% of the economic growth achieved recently.™*

9  All the documents are available on the website of the Foundation Enterprise Estonia at http://www.eas.ee and
they have been published in the State Gazette. The following measures are considered here: “Start-Up Assistance
of the New Undertakings”, Regulation No 75 13.04.2004 of the Minister of Economic Affairs and Communica-
tions; “Assistance for the development of business infrastructure”, Regulation No 72 13.04.2004 of the Minister
of Economic Affairs and Communications; “Spinno programme*, Regulation No 122 3.05.2004 of the Minister
of Economic Affairs and Communications; “R&D Financing programme”, Regulation No 73 13.05.2004 of the
Minister of Economic Affairs and Communications; “Consulting Assistance”, Regulation No 74 13.05.2004 of the
Minister of Economic Affairs and Communications; “Export Plan Programme”, Regulation No 145 7.06.2004 of
the Minister of Economic Affairs and Communications; “Training Aid”, Regulation No 154 15.06.2004 of the Min-
ister of Economic Affairs and Communications; “Tourism Product Development and Marketing” and “Enhancing
Estonia’s Reputation as a Tourist Destination”, Regulation No 126 7.05.2004 of the Minister of Economic Affairs
and Communications; “Regional Competitiveness Improvement Programme”, Regulation No 36 11.06.2004 of the
Minister of Internal Affairs; “Innovation Awareness Programme”, Regulation No 229 30.12.2004 of the Minister
of Economic Affairs and Communications; “Competence Centre Programme” is available on the website of the
Foundation Enterprise Estonia. The establishment of a Risk Capital Fund is being discussed, see Zernicke 2003.

10 See, e.g., Council Regulation No 1260/1999, http://www.legaltext.ee/et/andmebaas/tekst.
asp?dok=T30423&keel=et.

11 Marek Tiits, Rainer Kattel, Tarmo Kalvet, Rein Kaarli, The Estonian Economy Competitiveness and Future Out-
looks, Tallinn: Research and Development Council, 2003, http://www.praxis.ee/data/The_Estonian_Econo-
my_Competitiveness_and_Future_Outlooks.pdf; Rainer Kattel, “Governance of Innovation Policy: The Case of
Estonia”, Governance and Good Governance, Tallinn: PRAXIS, 2004, 53-71; The International Monetary Fund
(IMF) also calls attention to the remarkably large foreign debt of Estonia, see IMF, Country Report No. 04/357:
Republic of Estonia: Selected Issues, 2004, http://www.imf.org/external/pubs/cat/longres.cfm?sk=17835.0.

12 Maria Jodo Rodrigues, “Strategy of the Europe at the Turn of the Century”, Knowledge-Based State and
Economy, Tallinn: The State Chancellery of the Republic of Estonia, 2004, 16-36.

13 See, e.g., Jan Figel, Concluding Remarks on Industry Policy, Industry Policy Day Conference, May 2004,
European Commission.

14 See, e.g., OECD, The OECD Information Technology Outlook 2004, Paris: OECD, 2005; Facing the Challenge,
The Lisbon Strategy for Growth and Employment, Report from the High Level Group chaired by Wim Kok,
2004, http://europa.eu.int/comm/lisbon_strategy/pdf/2004-1866-EN-complet.pdf; PricewaterhouseCoop-
ers, Rethinking the European ICT Agenda. Ten ICT-breakthroughs for reaching Lisbon goals, 2004.
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The implementation of the Lisbon Strategy faces two important challenges: firstly, the
competition provided by countries with cheaper labour through the global economy; and
secondly, the asymmetrical integration of the new member states (discussed in more detail
in Chapter 2). The new, enlarged Europe has to deal with extremely complicated choices:
on the one hand, the new member states exert remarkable pressure on the so-called old
member states with their cheap labour, and on the other hand, both the new and the old
member states compete with the relatively cheap and extremely productive labour in Asia.
In this context, the Lisbon Strategy means that Europe has agreed on not lowering wages
or other labour costs, but rather on improving productivity i.e. relying on innovation. This
approach is based on the presupposition that such a tactic would be beneficial for all - for
companies, employees and — through larger tax proceeds — for the public sector.

The development and success of capitalism have always built upon the concurrence of
economic and political interests, which has made it possible to increase the general weal
(improve the living standard) through the promotion of the private interests (profits) of
companies. Namely, different market participants have different advantages and it would
be remarkably easier to utilise these advantages if the risks, which are inevitable in a
market, have been hedged in one way or another. The state, through its public policy, has
been and continues to be the strongest institution capable of hedging such risks. Starting
from patents, protection of markets, central banking and infrastructure investments, up
to the financing of R&D and the consumer protection, the socialisation of risks on the part
of the public sector has contributed to the reconciliation of private interests and the public
interest. Over the last five hundred years, public policy has basically aimed at enhancing
the general weal on the basis of the advantages and needs of the particular coun-
try and society. In reality, this means acknowledging the qualitative differentiation
of economic activities, i.e. sectoral economic policy. Therefore, the aim of the economic
policy has been relatively easy to define: the aim is to improve the distribution of work,
i.e. to increase clustering, as this makes it easier to utilise the implementation of national
economic and other advantages while contributing to as wide-ranging an improvement of
welfare as possible. Thus, there have been quite different approaches to the accomplish-
ment of the said objective during history, as besides fields of activity also public policies
differ by countries and periods, because they are based on the needs of particular coun-
tries and societies.

However, as economy is becoming increasingly global, economic and political interests
need not concur any more. The transition of labour-intensive industries to developing
countries, as observed in recent years, entails the disappearance, or material alteration, of
jobs held by the middle classes of developed countries, as well. The interests of companies
are not related to geographical regions any longer, but rather to the sectors in question,
irrespective of the geographical locations. Hence, economic clusters cannot be unambigu-
ously defined in geographic terms any more. That trend has arisen from the circumstance
observed by Joseph A. Schumpeter, namely that while economic growth builds upon the
development of technology, economy is not enhanced by technology as such, but rather
by the companies that seek for, find and utilise new solutions and opportunities (innova-
tion).’® While, broadly speaking, the interests of companies are global, the primary inter-
est and task of the public policy is always centred around the particular society. Hence,
while globalisation represents a huge opportunity for companies, it constitutes at least a
huge challenge for the public policy, as in the environment of global economy the objec-
tive of the economic policy (clusters) is not unambiguously definable any more, because
clusters themselves are variable by nature.

15 Joseph A. Schumpeter, “The Economy as a Whole. Seventh Chapter of the Theory of Economic Develop-
ment”, Industry and Innovation, 1/2, 2002, 93-145.
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1.2. Globhalisation and Small Countries®

The economic theory and policy have practically always been based upon the renowned
principle stated by Adam Smith, according to which there is a positive link between wel-
fare and the size of a market."” Thus, the EU should be good news for Estonian companies.
Yet, the globalisation is now reversing the formed economic logic to a great extent. In
1995, a cover of The Economist probably summarised the economic nature of globalisation
the most strikingly: The Death of Distance. On 15 November 2003, the editorial article
of the New York Times warned about the “Wal-Martization” of the USA, referring to the
policy of Wal-Mart, as one of the largest chains of supermarkets, to use extremely cheap
labour to keep prices down.'® Two weeks later, on 1 December 2003, the BusinessWeek dis-
cussed the same issue in “Waking up from the American Dream”.® Both BusinessWeek and
the New York Times observed a quick decrease in the wages of middle class Americans,
which implies the creation of peripheries even in highly developed countries. The same
debate and awakening is probably still in store for the enlarging EU, although the first
warning signals have been heard both from Germany, where approximately one fourth of
the jobs in the telecommunications sector might be lost in the coming years,?° and from
Belgium.?! That trend does not signify just the transition of cheap jobs to countries with a
lower living standard, but also the transition of R&D activities on the whole. Countries in
Central and Eastern Europe are also becoming important destinations.

In view of the proximity of communications and target markets, geography, as the deci-
sive factor in the creation of economic clusters, is basically losing its hitherto vital role:
clustering is not occurring on the basis of geography (geographic proximity, a certain
common political and social framework and culture) any more, but increasingly rather
within industries, while utilising broader regional — and, increasingly, global — opportu-
nities. Developing countries like Estonia, in particular, should be cautious, as the rapid
development of certain sectors (e.g. biotechnology or nanotechnology) need not have any
substantial impact on the welfare of people living in Estonia, because that high-tech sec-
tor may have become a small part of the Scandinavian (e.g. biotechnology) cluster, value
added generated by which is removed from Estonia.??

Then again, these principal changes entail remarkable opportunities namely for countries
like Estonia. A reference of the BusinessWeek magazine to rising competence centres in
various spheres across the world illustrates this. Despite their small population numbers,
Israel (6.1 million), Singapore (4.1 million) and several relatively small countries like Tai-
wan (23 million) and South Korea (49 million) are represented. The latter countries are,
irrespective of their smallness, the bearers of a remarkable number of innovations in the
ICT sphere (see e.g. patenting in the US) (Figure 1-1).

16 For more details, see Rainer Kattel, “Introduction: Knowledge-Based State and Economy”, Knowledge-Based
State and Economy, Tallinn: The State Chancellery of the Republic of Estonia, 2004, 6-15.

17 For the point of view of a small state, see Austin Robison, ed., Economic Consequences of the Size of Nations,
London: Macmillan, 1963.

18 http://www.businessweek.com/@@A50u50UQ9Q4xyREA/magazine/content/03_48/b3860067_mz021.
htm.

19 “Waking up from the American Dream”, BusinessWeek, 1 December 2003.
20 See, e.g., Der Spiegel, http://www.spiegel.de/wirtschaft/0,1518,292371,00.html and chapter 2 below.

21 How to Make Belgium a Hotspot for Innovation. Results of a Survey among Managers of Enterprises in Bel-
gium, FEB and Arthur D Little, 2004, http://www.feb.be.

22 See Rainer Kattel and Riivo Anton, “Estonian Genome Project and Economic Development”, Trames, 8, 1/2,
2004, 106-128.
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Figure 1-1. The world’s rising innovation hot spots*
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While some dozen years ago, the transition of certain pharmaceutical industry processes to
Estonia would basically have required an expenditure equal to the GDP in its entirety, it would
not be impossible today, as that part of the pharmaceutical industry need not be too large
and certain tasks are moving from the industry to the biotechnology sector, aiming at finding
cheaper, yet qualified labour. The same applies to other sectors, e.g. instrument-making, etc.

In principle, the global economy and the accession to the EU involve substantial devel-
opment opportunities for Estonia, as well as for other countries in Central and Eastern
Europe. It should be noted, however, that besides a liberal economic policy there should
be more reasons for the industry staying here, if such a development is to be sustainable.
The current trends indicate an opposite development: the industry is becoming extremely
mobile and while clustering is now based on sectors rather than geographic proximity, the
mobility is increasing. Hence, the opportunities for creating linkages to the pharmaceuti-
cal industry’s value chain or something similar in the ICT industries in Estonia in the near
future, are quite realistic. Then again, the related risks are at least as realistic.

The most drastic example in this context probably concerns the development of former
East Germany, which thanks to the substantial cash flow from West Germany could be re-
garded as the most positive example of an increasingly global economy, in view of the har-
monisation of the labour market and social policies besides the liberalisation of markets.
On the other hand, the integration of the two Germanys, the cost of which has amounted
to EUR 1250 billion by now, has basically entailed some catastrophic results: the current
situation is principally characterised by the creation of high-tech oases in a few cities,

23 BusinessWeek, 11 October 2004.

15



16

which, however, are surrounded by extremely rapid regression and vast unemployment.2*
Such a disproportionate national development is increasingly typical of several develop-
ing countries, as well as Central and Eastern European countries.

The occurrence of similar phenomena also in welfare states is a noteworthy new trend,
which basically confirms the fact that the clustering of industries is no longer primarily re-
lated to geographic locations. In this light, policies aiming at a continuous modernisation of
industries are of increasing importance and, owing to the logic referred to above, need to be
sector-specific. In other words, from the point of view of economic policy, it is not the size of
a market that counts, but rather the existence and sizes of value chains in a country, i.e. not
the number of specialisations, but the amount of the value added created locally. It is because
of that very reason why knowledge and skills have become essential in practically all indus-
tries: they are the only factors that make it possible to withstand competition in the creation
of value added. Thus, continuous and vigorous modernisation of the existing economy, not
the high-tech or resource-based race, ensures success for small developing countries.

1.3. Paradigm-based Educational Policy and R&D,
and Sector-Specific Economic Policy

Economic development is not smooth or linear, but dynamic and salutory. The alternation
of product generations, triggered by new knowledge and values, which, in turn, requires
changes in the broader institutional environment, causes the cyclic nature of socio-eco-
nomic development, with the cycles referred to as technological-economic paradigms?
(Figure 1-2). Paradigms arise as a result of massive investments in certain radically new
scientific inventions and commercialisation thereof, as well as the extensive use of the
corresponding technologies characterised by growing productivity.2¢

Owing to the history of economy, it has been asserted that such paradigms last for approx-
imately half a century, initially explosively developing in a narrow technological sphere,
until the technology in question provides several different opportunities for use and has
become so inexpensive as to enable practically all industries to abruptly increase produc-
tivity.?” The current techno-economic paradigm that started in 1971 with the develop-
ment of the Intel chip is thus still under way. The next two decades will most probably see
(1) a massive growth and breakthrough of ICT-based technologies and solutions: ICT will
become as natural as plastics, rubber, electricity, petrol, mass production and factories;
(2) owing to the massive spread and breakthrough of ICT, searches for new technologi-
cal solutions that would render new solutions and productivity growth possible, i.e. large
investments in bio- and nanotechnologies.

24 For more details, see Erik S. Reinert and Rainer Kattel, The Qualitative Shift in European Integration:
Towards Permanent Wage Pressures and a ‘Latin-Americanization’ of Europe?, PRAXIS Working Paper no
17/2004, http://www.praxis.ee/data/WP_17_20042.pdf; and also e.g. Der Spiegel, http://www.spiegel.
de/politik/deutschland/0,1518,294097,00.html.

25 Nikolai Kondratjev was the first author who proved it, see “Die langen Wellen der Konjunktur”, Archiv fiir
Sozialwissenschaft und Sozialpolitik, 56, 3, 1926, 573-609 and “The long Waves in Economic Life”, Readings
in Business Cycle Theory, Philadelphia: Blakiston, 1944, 20-42; see also Christopher Freeman and Francisco
Loucd, As Time Goes by — From the Industrial Revolutions to the Information Revolution, Oxford: Oxford Uni-
versity Press, 2001; Carlota Perez, Technological Revolutions and Financial Capital. The Dynamics of Bubbles
and Golden Ages, Cheltenham: Edward Elgar Publishers, 2002.

26 For a short overview, see the video recording of the presentation made by Carlota Perez on 27 September
2002 in Tallinn at a seminar organised by PRAXIS in the Ministry of Economic Affairs and Communica-
tions, http://www.praxis.ee/innovation/workshop.

27 Ibid.
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Figure 1-2. Development of techno-economic paradigms, and economic crises?®
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On the other hand, the rapid spread of knowledge and technologies (especially as regards
the developed world) implies that the productivity, arising from a particular technology,
cannot improve endlessly. Productivity will decrease in inverse proportion to the spread
of technology, as competition tightens and the technology exhausts its potential. In such
a situation, a new technology and the paradigm based thereon can offer a new improve-
ment in productivity. Thus, R&D and innovation policies should always be based on the
particular technology and its state of development.?

To sum it up, the competitiveness of the economy of a (small) country is based on the
following: (a) increasing share of medium- and high-tech companies in the value added
produced, especially in exports, and (b) the nature and quality of the knowledge and
technological base of the same companies. The key question is: are we operating within
the right paradigm or are we trying to use cheap labour for breakthrough within the scope
of an old paradigm i.e. are we implementing and developing technologies that no longer
enable substantial improvements in productivity?

28 Carlota Perez, Technological Revolutions and Financial Capital. The Dynamics of Bubbles and Golden Ages,
Cheltenham: Edward Elgar Publishers, 2002.

29 Marek Tiits, Rainer Kattel, Tarmo Kalvet, Rein Kaarli, The Estonian Economy Competitiveness and Future
Outlooks, Tallinn: Research and Development Council, 2003, http://www.praxis.ee/data/The_Estonian_
Economy_Competitiveness_and_Future_Outlooks.pdf.
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The impact of the technology that leads a paradigm on other industrial sectors, is quite
diverse, i.e. sector-specific. Hence, it can be relatively easily understood why
economic policy and particularly innovation policy targeted at the enter-
prise sector must be sector-specific. It appears at first sight that also the educa-
tional policy must follow the same sector-specific logic. This is not true: research and
educational policies must be paradigm-centred in order to prepare people
who would be able to manage in the economic, social and technological
environment resulting from the paradigm, and to develop irrespective of
the sectors they operate in.

Over the last 200 years, the United States of America has been the most successful country
in developing the economy, namely within the framework of different paradigms. The
common denominator of the Report on Manufacturers®® by Alexander Hamilton, and the
large investments in future technologies placed by today’s administration of the USA, con-
sists in the continuous modernisation of the economic structure and environment in line
with the development of technologies.®! This is illustrated by the circumstance that, upon
the creation and in the initial phase of a new paradigm, the role of public investments in
R&D is much bigger than that of private investments, while decreasing materially by the
time, that thanks to development, the private sector is able to earn substantial profits and
continue the investments (Figure 1-3).32

Figure 1-3. Share of U.S. R&D funds, by source, 1953-20023
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30 Alexander Hamilton, Report on Manufactures, 1791, http://history.sandiego.edu/gen/text/civ/
1791manufactures.html.

31 It should be kept in mind that, in addition, different states invest in future technologies and business devel-
opment from their own resources, too.

32 For information about the profitability of public sector investments in research and development, see, e.g.,
Ammon J. Salter and Ben R. Martin, “The Economic Benefits of Publicly Funded Basic Research: A Critical
Review”, Research Policy, 30, 3, 2001, 509-532.

33 Source: National Science Foundation, Science & Engineering Indicators — 2004, 2004, http://www.nsf.gov/
sbe/srs/seind04/c4/fig04-04.htm.
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Hence, there must be a complex approach to the current situation in Esto-
nia: the development of the research and educational system in line with
the requirements and needs of the ICT paradigm; rendering economic and
innovation policies sector-based and priority-centred.

The development of the ICT sector as one of the most eminent indicators of Estonia’s
progress so far has been constantly criticised since at least the year 2003. Note that ICT is
one of the most important technologies referred to in the Lisbon Strategy. It is obvious that
Estonia needs essential changes in R&D and innovation policies and more specifically in
the ICT sphere. While the European Research Area,* the Sixth and Seventh Framework
Programmes of the EU,% Single Programming Document, etc, constitute the opportunities
and means to change the current situation, the questions which are currently avoided
in Estonian R&D and innovation policies but which inevitably need to be answered are:
What should be developed and on which bases? What should priorities be
based on? In the ICT sphere, two similar specific questions should be answered: Which
research and education should be supported? Which industries should be supported? This
document seeks to answer the questions concerning the ICT sphere.

34 Towards a European Research Area, Communication from the Commission, 2000, ftp://ftp.cordis.lu/pub/
documents_r5/natdir0000001/s_1372005_20010125_143514_C001190en.pdf.

35 See http://www.cordis.lu/en/home.html.
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2. INTERNATIONAL STATISTICAL COMPARISON:
INDUSTRY, EDUCATION, R&D AND INNOVATION

This chapter aims at mapping the position of Estonia in relation to (1) similar countries in
transition, and (2) countries characterised by strong ICT development. Even though the
choice of reference countries (Ireland, the Netherlands, South Korea, Slovenia, Finland,
Hungary) is to some extent arbitrary, all of them are relatively small states that have been
remarkably successful in ICT production and/or implementation, which is reflected in the
high scores of those countries in international rankings.¢ Thus, it is quite logical to com-
pare Estonia with these countries, all the more so because several of them are Estonia’s
direct competitors or partners.

This chapter discusses the development of manufacturing industries in 1990-2000 and their
current position both in terms of labour costs and productivity on the one hand, and the cur-
rent situation with human capital in technical fields on the other hand. That comparison cre-
ates a background system, based on which Estonia’s current potential, in technology spheres,
can be assessed both as regards industry and human capital, and which should make it pos-
sible to point out the major problems. That, in turn, facilitates assessing the current situation
of research and education in the Estonian ICT in more detail in the next chapter.

2.1. Development of Manufacturing Industries in 1990-2000*

In order to determine the quality of the economic development in the reference countries,
regarding changes in the structure of manufacturing industries measured on the basis of
the volume of knowledge and skills, two widely used measures can be used as the basis:
the change of the relative share of medium- and high-tech industries in exports and in val-
ue added.®® As regards the third dimension, the value added of processing industries per
inhabitant is discussed, which indicates the impact of structural changes in the economy
on the real welfare of the population.

In 1990-2000, two countries in transition — Estonia and Hungary — have developed at a
significantly lower pace when compared to other reference countries (Figure 2-1).

36 For a critical discussion of competitiveness indices, still, see Sanjaya Lall, “Competitiveness Indices and
Developing Countries: An Economic Evaluation of the Global Competitiveness Report”, World Development,
29/9, 2001, 1501-1525.

37 The following includes neither the impact of foreign direct investments on development nor the problems
concerned with the current account. For more information about these issues, see Marek Tiits, Rainer
Kattel, Tarmo Kalvet, Rein Kaarli, The Estonian Economy Competitiveness and Future Outlooks, Tallinn:
Research and Development Council, 2003, http://www.praxis.ee/data/The_Estonian_Economy_Competi-
tiveness_and_Future_Outlooks.pdf; Rainer Kattel, “Governance of Innovation Policy: The Case of Estonia”,
Governance and Good Governance, Tallinn: PRAXIS, 2004, 53-71.

38 UNIDO has used this method already for years, see Industrial Development Report 2004. Industrialization,
Environment and the Millennium Development Goals in Sub-Saharan Africa. The New Frontier in the Fight against
Poverty, United Nations Industrial Development Organization (UNIDO), 2004, http://www.unido.org; Industrial
Development Report 2002,/2003. Competing through Innovation and Learning, UNIDO, http://www.unido.org.
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Figure 2-1. Technology-intensity of industry and exports, and value added per inhabitant in some
countries®>*°

Bubble size indicates medium- and high-tech value-added per capita, USD, 1990 and 2000
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Hungary has managed to remarkably increase the share of its medium- and high-tech process-
ing industries in exports, but this has not had any substantial effect on the national structure
of processing industries, which, in turn, is reflected in the circumstance that the value added
of processing industries per inhabitant has not increased much in 10 years. As for Estonia, a
similar trend can be observed, i.e. even though the share of medium- and high-tech process-
ing industries in exports has increased since 1996, the share of these industries has declined
in the generation of value added. Hence, in 2000 the economy of Estonia was in a state much
worse than was the case in 1996. The same is reflected in the circumstance that the value
added, per inhabitant, generated in Estonia was higher in 1990 than it was in 2000.“

At the beginning of the 1990s, Finland was in a position comparable to that of Estonia
in structure terms, yet much wealthier, but by the year 2000 Finland had improved the
structure of its economy, thus increasing its wealth even more. Ireland, the Netherlands
and South Korea had relatively similar positions in 1990, even if value added, generated
in South Korea, was much smaller. The development of Ireland has been quite impressive,
which is also expressed in the notable increase in wealth.

With the exception of South Korea, all of the countries compared herein are members of the
EU, which means that they compete with each other both as regards exports and foreign invest-
ments. Then again, the global economy also places South Korea essentially on the same level.

The following is an analysis of the reference countries’ competition in wages and productiv-
ity, i.e. a comparison of staff costs per employee and the added value created (Figure 2-2).

39 Statistical information about Slovenia was not available; Estonian export data cover the years 1996-2000.

40 Source: Industrial Development Report 2004. Industrialization, Environment and the Millennium Develop-
ment Goals in Sub-Saharan Africa. The New Frontier in the Fight against Poverty, United Nations Industrial
Development Organization (UNIDO), 2004, http://www.unido.org; authors’ calculations.

41 For more details, see Marek Tiits, Rainer Kattel, Tarmo Kalvet, Rein Kaarli, The Estonian Economy Com-
petitiveness and Future Outlooks, Tallinn: Research and Development Council, 2003, http://www.praxis.
ee/data/The_Estonian_Economy_Competitiveness_and_Future_Outlooks.pdf.


http://www.unido.org
http://www.praxis.ee/data/The_Estonian_Economy_Competitiveness_and_Future_Outlooks.pdf
http://www.praxis.ee/data/The_Estonian_Economy_Competitiveness_and_Future_Outlooks.pdf

Figure 2-2. Wage competition in reference countries, 20012
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In principle, it is quite the same as to which country one operates in: there are efficient
and profitable companies in all of these countries, as is also indicated by the share of value
added in the turnover. However, staff costs are definitely the highest in the Netherlands,
whereas staff costs are remarkably lower in South Korea (even in comparison with Fin-
land) with the productivity level being the same as in the Netherlands. With comparable
staff costs, Ireland’s productivity is much higher. In the countries in transition low staff
costs are accompanied by low productivity. Although low productivity per se need not
automatically have an adverse effect on development, the figure above demonstrates that
countries in transition have not succeeded in making the structure of their economies
more knowledge-intensive over the past ten years. The figure indicates relatively clearly
that companies in the so-called old Europe have basically three alternatives to withstand
competition: reduce local wage costs; take production to Eastern Europe or Asia; or con-
siderably improve local productivity.** Both competition within Europe and the competi-
tion of Europe as a region with Asia are extremely severe.

In light of the foregoing, Estonia needs to substantially increase the knowledge-intensive
part of its industry, for which qualified labour is an essential condition precedent. Hence,
the chances of countries in Central and Eastern Europe to reverse the negative development
trend of the 1990s and to move towards a more knowledge-intensive industry and economy
are, to a great extent, dependent on the quality of human capital in those countries, in partic-
ular as regards technological fields. Other macroeconomic conditions are relatively similar.

42 Source: UNIDO Country Statistics, http://www.unido.org/Regions.cfm?area=GLO; authors’ calculations.

43 For more details, see Erik S. Reinert and Rainer Kattel, The Qualitative Shift in European Integration:
Towards Permanent Wage Pressures and a ‘Latin-Americanization’ of Europe?, PRAXIS Working Paper no
17/2004, 2004, http://www.praxis.ee/data/WP_17_20042.pdf; David B. Audretsh, Entrepreneurship Policy
& the Strategic Management of Places, 2004, http://www.hhh.umn.edu/centers/slp/clusters_entrepreneur-
ship/audretsch_entrepreneurship_policy.pdf.
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2.2. Human Capital**

One of the most significant differences between R&D systems consists in the fact that the
structure of R&D financing in Central and Eastern European countries is quite different
from that of developed countries, with the R&D expenditure in the private and public sec-
tors being the most noteworthy example (Figure 2-3).

Figure 2-3. R&D expenditure in private and public sectors, 20014
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Of the Central and Eastern European countries compared, Slovenia is the only one pos-
sessing an R&D financing structure similar to that of developed countries. With Estonia
and Hungary, a continuation of the trends pointed out in the figures above can be ob-
served. The restructuring of the industry has not been towards knowledge-intensity, but
the other way round, especially in Estonia: knowledge-intensity is diminishing. Hence the
scarce R&D expenditure in the private sector. The institutional environment created by
the public sector has enabled the private sector to develop without having had the need to
place substantial investments in the development of knowledge and technologies.

As for Estonia, this is, among other things, reflected in the number of researchers and
engineers per thousand inhabitants in the private sector, which is the lowest in the refer-
ence countries (Figure 2-4). On the other hand, there are relatively many researchers and
engineers in the higher education sector. This is probably why the Estonian R&D and in-
novation policies are, to a great extent, targeted at bringing people and activities in R&D
establishments into the enterprise sector.*

In Estonia and Slovenia the number of employees in the R&D sphere decreased in 1996—
2001 (Figure 2-5). Many of these employees have most probably engaged in fields other
than those in which they had specialised.

44 The authors are grateful to Marius Kuningas for collecting international statistics.

45 Source: European Commission. Towards European Research Area — Science, Technology and Innovation Key
Figures 2003-2004. Brussels, 2003, http://europa.eu.int/comm/research/era/pdf/indicators/ind_kf0304.
pdf.

46 For more information, see chapter 1.
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Figure 2-4. Researchers and engineers by sectors, based on the full-time equivalent per 1,000
inhabitants, 2001448
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Figure 2-5. R&D employees per 1,000 inhabitants (2001) and change in percentage (1996-2001)*°
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47 The higher education sector includes universities, technical colleges, and other higher education institu-

tions and research institutes under their governance. The public sector includes all state owned institutions
which provide society with public services (excl. higher education) as well as non-profit institutions which

are financed and controlled by the state.
48 Source: Statistical Office of Estonia: Research and Development; Statistical Office of the Republic of Slov-

enia, http://www.stat.si; Hungarian Central Statistical Office, http://portal.ksh.hu; European Commission.

Towards European Research Area — Science, Technology and Innovation Key Figures 2003-2004. Brussels,
2003, http://europa.eu.int/comm/research/rtdinfo/index_en.html; calculations by Marius Kuningas.

49 Towards European Research Area — Science, Technology and Innovation Key Figures 2003-2004, European

Commission, Brussels, 2003, http://europa.eu.int/comm/research/rtdinfo/index_en.html; Korean Statisti-

cal Information System, http://kosis.nso.go.kr; calculations by Marius Kuningas.
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Of the reference countries, Estonia has the highest annual increase of graduates (1998-
2001) as regards science, as well as among those having higher education in engineering,
manufacturing and construction (Table 2-6), which, however, can be explained by the
relatively low starting position. The relative share of graduates (per one thousand inhabit-
ants aged 20-29) in the sphere of science, engineering, manufacturing and construction
in Estonia is comparable to that of other new member states, but falls short of the cor-
responding figures of Ireland and Finland many times. When comparing the numbers of
graduates of Doctorate studies, the position of the new member states is relatively weak:
while in the EU-15 74,908 people were awarded the Doctor’s degree, in the new member
states the number was 7,555. The ratio of the graduates to the population aged 25-29
years is problematic in this regard: per 1,000 inhabitants (aged 25-29 years) 1.3 persons
are awarded the Doctor’s degree in the former applicant countries (only 0.88 in Estonia)®?,
while the corresponding figure is 2.9 in the EU.

The contribution of R&D to the development of entrepreneurship is probably most evident
when observing the dynamics of patent applications (Figure 2-7). As far as general patent
applications are concerned, Estonia has the weakest position, yet the number of patent
applications per one million inhabitants concerning ICT and biotechnology originating
from Estonia and filed with the European Patent Office and the United States Patent and
Trademark Office exceed the same numbers of both Hungary and Slovenia.

Figure 2-7. Patent applications per one million inhabitants®:
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M patent applications in EPO (per 1 mil inhabitants), 2000
[ Patent applications in USPTO (per 1 mil inhabitants), 2002
M ICT and biotechnology patent applications in ESPO and USPTO (per 1 mil inhabitants), 1998

Although ICT related expenditure in Estonia and Hungary is comparable (in proportion
to GDP) to the corresponding estimates of developed countries (Figure 2-8), the quality
of investments differs substantially from that of developed countries, as is expressed in
the small number of patent applications and indicated in the above figures concerning the
development of the industry in 1990-2000.

52 The ratio given by the European Commission is 1.5 but it is misleading as it includes resident students in
medicine. See also footnote no 51.

53 Source: European Commission. Towards European Research Area — Science, Technology and Innovation Key
Figures 2003-200, Brussels, 2003; Compendium of Patents Statistics, OECD, 2003; calculations by Marius
Kuningas.
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Figure 2-8. IT-related expenditure in proportion to gross national product, and investments of the

entrepreneurial sector in IT*%
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The following schemes illustrate the entirety of human resources in technological professions
in Estonia and Finland (Figures 2-9 and 2-10). While in Estonia 1.5% of the population has
specialised in technological fields, in Finland the relevant figure is 11.6%. When compared
to Finland, the number of people with technology-related training available to the Estonian
economy is 7 times smaller in relative figures and 30 times smaller in absolute figures.

Figure 2-9. Human resources in technology-related specialities: Estonia®®
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54 Sources: OECD, OECD Economic Studies, http://www.oecd.org, Statistical Office of Estonia; calculations by

Marius Kuningas.

55 Data about investments on computer engineering in Slovenia were not available.

56 Source: Eurostat, Catching up with the EU? Comparing Highly Qualified Human Resources in the EU and the
Acceding Countries, Science and Technology, 9-9/2003; Statistical Office of Estonia, Education 2002,/2003,
Tallinn, 2003; calculations by Marius Kuningas.
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Figure 2-10. Human resources in technology-related specialities: Finland*’
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The problems of Estonia are also reflected upon in the recent innovation analysis of the
EU, in which Estonia was ranked as a laggard when compared to other EU states (Figure
2-11). The backwardness primarily results from low employment rates in medium- and
high-tech industries and the service sector (see Annex I), the low percentage of graduates
of science and engineering (Annex II) and the small R&D expenditure and modest patent-
ing activities of the private sector.

Consequently, it may be stated that the changes that took place with the structure of
economy and industry in the 1990s can be described as negative for Estonia, which is ex-
pressed in the circumstance that in 1990, the value added per inhabitant generated by the
industry was higher than in 2000. As far as the quality of manufacturing industries is con-
cerned, Estonia has regressed. The small R&D expenditure of the private sector illustrates
this statement. Although Estonia’s ICT-related expenditure is comparable (in proportion
to GDP) to that of developed countries (though remarkably lower in absolute volumes),
this is not reflected in the numbers of patent applications, researchers, engineers or grad-
uates in science, engineering manufacturing and construction, who have been awarded
the Doctor’s degree. The number of people with higher education in science, engineer-
ing manufacturing and construction has grown remarkably in 1998-2001, though as a
consequence of the low starting position. The quality of curricula and the competence of
Estonian technical specialities, especially ICT, are also extremely important factors.

57 Source: Eurostat, Catching up with the EU? Comparing Highly Qualified Human Resources in the EU and the
Acceding Countries, Science and Technology, 9-9/2003; Statistics Finland, http://www.stat.fi/; calculations
by Marius Kuningas.
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Figure 2-11. Position of countries as per the Summary Innovation Index®®
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58 Sources: European Innovation Scoreboard 2004, European Commission, 2004, http://trendchart.cordis.
lu/scoreboards/scoreboard2004.
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3. CURRENT SITUATION IN ESTONIAN INDUSTRY
AND CHALLENGES IN THE FUTURE

3.1. Structure of Estonian Industry®°

In order to identify any options of complex solutions in the research and education sys-
tem and innovation policies (in other words: creation of a knowledge-based economy),
first the technological structure and its changes since 1992, as the Estonian industry
has been subject to the free market environment, must be understood. The reason for
that is not theoretical, but rather practical: while technological development occurring
in processing industries entails higher wages, technological development occurring in
service sectors and agriculture leads to lower prices. That phenomenon can essentially be
explained by the circumstance that a technological development constitutes an input in
the service sector and agriculture (in the form of new instruments of production), which
provides a competitive edge for a certain period only, as the same input is also freely
available to the competitors in the market. Then again, in processing industries the same
new technological solutions are typically protected in various ways, e.g. through patents.
Therefore, extremely severe price competition is inherent in the service and agricultural
sectors, which, in turn, necessitates, e.g. remarkable aids to agriculture in developed
countries.

Contrarily, in processing industries the competition is much more dynamic, and competi-
tive advantages are much deeper as to their nature, because processing industries usually
require intensive development activities, a comprehensive educational base, close rela-
tions with sub-contractors, etc. In other words, the industry needs for its development,
and at the same time promotes, expansive specialising i.e. distribution of work. The
industry will not develop if no ground exists for the industry to be able to create new
branches of value added (e.g. in the case of a lack of a number of engineers with modern
education).

While the expansive distribution of work is a precondition for further development and as
products can be protected from competitors, competition in processing industries is not
centred around price competition, but often around the so-called positive wage competi-
tion, i.e. development creates both the room and the need for paying higher remuneration
to labour, which brings about an overall improvement of the living standard, provided
that a sufficient number of such clustered industries exist.

The technological base of the industry is in continuous development, which means that
certain economic features of technology change over time; typically high, medium and
low technologies are differentiated in order to signify the change of the technology over

59 The following is partially based on Rainer Kattel and Riivo Anton, “Estonian Genome Project and Economic
Development”, Trames, 8, 1/2, 2004, 106-128 and Rainer Kattel, “Governance of Innovation Policy: The
Case of Estonia”, Governance and Good Governance, Tallinn: PRAXIS, 2004, 53-71.
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time. The lower the technology, the more important the price competition, and the other
way round — the higher the technology, the more important the environment, education,
development activities i.e. the wage competition.

Hence, the higher the specialisation of the industry in a particular country, the better the
opportunities for further improvement of the living standard and economic growth. When
comparing the years 1994 and 2001, the agricultural sector is characterised by the great-
est growth of value added in the gross production in the Estonian economy. The relative
share of value added in the gross production created by enterprises using more complex
technology was greater in the year 1994 than in the year 2001 (Figure 3-1).

Figure 3-1. Relative share of added value of Estonian industry and agriculture in the value of the
gross production (%), 1994-2001¢°
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There is nothing surprising in the level of value added in agricultural production — agri-
culture has exceeded industry in terms of productivity in almost all developed countries
during the last one hundred years.®® Why are the massive subsidies and protection of
agriculture from market forces so essential in developed countries? This question can
be answered quite unambiguously by the logic described above: a substantial part of the
value added generated by agriculture results from technological modernisation and devel-
opment, while the majority of agricultural producers have an equal position — all of them
can buy new technologies. On the other hand, technology-providers often enjoy almost
a monopoly. In other words, profit generated by technological development and innova-
tion (i.e. the factor entailing the increase in value added) is not retained by agricultural
producers, but by the industry. In Estonia, the increase of agricultural production and
resource-intensive production has, to some extent, definitely been caused by the mod-
ernisation of production buildings and facilities as a consequence of the corresponding re-
quirement of the EU.%2 Employment levels illustrate the same. Employment in processing

60 Source: Statistical Office of Estonia; calculations by the author. See also Rainer Kattel, “Governance of In-
novation Policy: The Case of Estonia”, Governance and Good Governance, Tallinn: PRAXIS, 2004, 53-71.

61 See, e.g., Geoff Bowlby and Michael Trant, Agricultural Employment and Productivity Trends, Observations
and Measurement Methods, OECD, 2002.

62 More detailed calculations can be found in the Yearbook of the Ministry of Agriculture 2002/2003, Agri-
culture and Development of Rural Economy, Overview 2002/2003, http://www.agri.ee/trykised/aastaraama-
tud/aastaraamat2003.html.
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industries has decreased by almost 60% from 1989 until 2003. In the agricultural sector,
the number of employees has decreased by more than 3.5 times. While in 1989 the rela-
tive share of employment in the industry accounted for 26% in the overall employment
level, at the end of 2003 the relative share was 23%; in agriculture the corresponding
figures were 18% and less than 6% in 2003.5°

At the same time, as regards employment, the number of unskilled labour has remained
basically the same from 1989 through 2002, the number of top specialists has decreased
by almost one third, the number of skilled labour and craftsmen has decreased by one
half, and the number of skilled labour in agriculture and fishing has declined by more
than four times.®* That trend refers to intensive modernisation on the one hand, and to
strong concentration and a decrease in specialisation on the other hand. Estonian medium
and low-tech companies operate currently in the situation where their positive scale effect
is decreasing (value added decreases as volumes grow). This trend indicates the limited-
ness of the technological solutions applied by the companies, as well as to extremely
severe price competition. This is also confirmed by the change in the structure in exports
(Figure 2-1 in Chapter 2).

Figuratively speaking, Estonian agricultural producers, and the manufacturers using nat-
ural resources, have been exceptionally successful in providing themselves with new tech-
nologies and these companies are incredibly efficient today, but practically none of those
technologies have been produced or developed in Estonia. In other words, a large part of
revenues generated by very efficient Estonian agricultural and other resource-intensive
producers does not remain in Estonia or create further specialisation in Estonia, but is
transferred back to the clusters where the technology and development thereof originated
from. The relatively high level of concentration in the agricultural, food and timber sec-
tors, as well as the disappearance of many medium-tech product groups from industries
only backs up the same conclusion.> We can probably conclude that these sectors are
primarily those that belong in various added-value chains of the Nordic countries.

The technological structure of the Estonian industry is not becoming more complex, but
the other way round - distribution of work, specialisation, skills, skilled labour and devel-
opment opportunities are all decreasing, as are the opportunities to use new and emerg-
ing technologies. Changes do not occur in an economy overnight — and this means that the
developments of the last decade refer to how and towards which technological structure
the Estonian economy will develop in the near future, unless substantial changes occur in
the economic environment.

Estonia should put an emphasis on further modernisation of the hitherto relatively ef-
ficient resource-intensive and low-tech sectors and, first of all, bring the value chains of
the so-called next generation medium-level technologies i.e. today’s high technologies like
ICT and ICT-based industries and knowledge-intensive services to Estonia. These value
chains must be linked to the value chains existing in Estonia or otherwise their contribu-
tion to the improvement of the living standard will be modest. On the other hand, there
must be a willingness and capacity to join with such value chains in Estonia.

63 Statistical Office of Estonia, http://www.stat.ee; authors’ calculations.
64 Statistical Office of Estonia, Statistical Yearbook of Estonia, 2004.
65 Statistical Office of Estonia, Industrial Products. Annual Statistics, http://www.stat.ee.
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3.2. Estonian ICT Sector and ICT Manufacturing and Software
Industry®

3.2.1. The Development of Estonian Information Society and ICT Market

The development of the Estonian ICT sector and first of all the information society (basi-
cally applications of ICT solutions) have deserved high acknowledgements all over the
world. Indeed, Estonia could be characterised with modern telecommunications infra-
structures, the Tiger Leap programme focusing on computerising the education sector?,
the support programme for ICT in Higher Education Tiger University®, a proper regula-
tory environment and several large-scale programmes initiated by the government, NGOs
and the private sector®. Reasons like early liberalisation of the telecommunications mar-
ket, favourable technical infrastructure at the beginning of the 1990s as well as the gen-
eral favourable attitude of the population towards the adoption of new technologies lay
behind the progress.

On the other hand, the need to analyse the current situation is more urgent than ever
before. Although Estonia has retained its leading position in the field of e-governance”,
experts are expressing growing concern over the fact that the Estonian ICT industry has
not turned out to be able to break through to the global market’’. The orientation towards
the domestic market does not serve as a solution because the IT spending per capita is only
150 EUR in Estonia (2003), which is much lower than the IT spending in Western Europe
(735 EUR per capita), although it is still higher than the CEE average (111 EUR).”

The Estonian ICT market is estimated to be 740 million EUR per year”® (Table 3-2). It is
dominated by telecommunication network services (market share was 58% in 2003) and
foremost the mobile communication services (27%). This is also illustrated by the fact that
the TOP 4 Estonian ICT companies by turnover are telecom operators: three mobile opera-
tors and a former incumbent fixed line operator (Table 7-4, Annex III).

66 The current sub-chapter is partly based on the following report: Tarmo Kalvet, The Estonian ICT Manufac-
turing and Software Industry: Current State and Future Outlook, Sevilla: Institute for Prospective Techno-
logical Studies — Directorate General Joint Research Centre, European Commission, 2004, http://www.jrc.
es/home/publications/publication.cfm?pub=1200.

67 See http://www.tiigrihype.ee.

68 See http://www.eitsa.ee/tiigriylikool/index.asp.

69 See Andre Krull, ICT Infrastructure and E-Readiness Assessment Report: ESTONIA, PRAXIS Working Paper
No 5/2003, http://www.praxis.ee/innopubl; Tarmo Kalvet. Analysis of the Estonian ICT Sector Innovation

System. ICT, Innovations and Innovation Policy: The Case of Estonia, Tartu: SA Archimedes, 2002, http://
www.esis.ee/eVikings/evaluation/eVikings WP_Tarmo_Kalvet.pdf.

70 E-government in Central Europe: Rethinking Public Administration, Economist Intelligence Unit, 2004,
http://graphics.eiu.com/files/ad_pdfs/Central_Europe_egov.pdf.

71 See for example Ténu Griinberg, “Tehnoloogiasektori arengus pall ettevétjate kies”, Aripdev, 20 May 2003;
Allan Martinson, “Kas Eesti IT-t60stus on kriisis?”, Postimees, 9 May 2003; Kalle Tammemaée, “Eesti IT ei
tohi olla seebimull”, Postimees, 5 May 2004.

72  European Information Technology Observatory, European Information Technology Observatory (EITO) and
European Economic Interest Grouping (EEIG), 2004, 73.

73 It should be noticed that these are EITO estimations. The authors have used EITO data as it is internation-
ally acknowledged and offers valuable material for making comparisons.
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Table 3-2. Estonian domestic ICT market, Mil EUR, 2001-20037*

Hardware (computers) 12.7
Office machinery 6 7 7 0.9
Communication equipment for final consumer 37 35 34 4.6
Data communication and network equipment 88 91 90 12.1
Total ICT equipment 212 221 225 30.4
System software 13 14 15 2.0
Application software 19 22 25 3.4
Total software 32 36 40 5.4
IT services 38 43 49 6.6
Fixed voice telephone services 138 153 151 20.4
Fixed data communication services 40 49 59 8.0
Mobile communication services 159 0 0 26.6
Cable television services 15 18 20 2.7
Total communication services 352 399 427 57.6
Total ICT 634 699 741 100.0

3.2.2. Estonian ICT Manufacturing Industry

The production of the Estonian ICT manufacturing industry” experienced a severe slow-
down in the 1990s but grew by 30% per annum on average over the period 1992-2001 and
is currently 234 million EUR (Table 3-3).7°

Table 3-3. Estonian ICT manufacturing production and exports in current prices, 2002””

Production in % of total ICT Exports (% of
current prices manufacturing production)

(Mil EUR)

Manufacture of electrical machinery and apparatus

ngg?;éugspcgrgigéo, television and communication equip o5 347 897
Manufacture of medical, precision and optical instruments 60 21.9 76.8
Manufacture of office machinery and computers 22 7.9 1.2 (2001)
Total 273 100.0

As supported by various empirical evidence (exports-imports, ownership, FDI, value-add-
ed, etc), the Estonian ICT manufacturing sector is actually part of the larger Nordic ICT
manufacturing cluster.”® The main branches of the Estonian ICT manufacturing industry

74 European Information Technology Observatory, European Information Technology Observatory (EITO) and
European Economic Interest Grouping (EEIG), 2004, 290.

75 The definition is based on a widely used categorisation according to which ICT manufacturing includes
manufacture of electrical machinery and apparatus (NACE 30); manufacture of electrical machinery and
apparatus (NACE 31); manufacture of radio, television and communication equipment and apparatus
(NACE 32); manufacture of medical, precision and optical instruments (NACE 33).

76 Source: Statistical Office of Estonia, http://www.stat.ee.
77 Ibid.

78 See also Tarmo Kalvet, Tarmo Pihl, Marek Tiits, Analysis of the Estonian IT Sector Innovation System.
Executive Summary. Tartu: SA Archimedes, 2002, http://www.esis.ee/eVikings/evaluation/eVikings_execu-
tive_summary.pdf.
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are exactly the same as those of Finland and Sweden. Finland is the fourth largest radio
communications and mobile phone producer in Western Europe and Sweden is fifth after
the United Kingdom, France and Germany. In Finland, the added value of the electron-
ics industry was 6.5% of GDP (2000) and Finnish electronics output increased by 32%
in 2000, by 13% in 1999, 29% in 1998, and 29% in 1997).” This major flourishing of
ICT manufacturing in a neighbouring country has certainly provided spillovers, allow-
ing Estonia to enter global production networks. Global production networks — a major
organisational innovation — combine the rapid dispersion of the value chain across firm
and national boundaries.®° The emergence of these networks is connected with the rapid
advance of information and communication technologies and the liberalisation of product
and financial markets. As a result of these processes, the meaning and role of geography
and the proximity of target markets in the socio-economic development have changed
significantly (see also Ch. 1). The value chains of the global economy are no longer formed
in line with geographical borders, but more and more within particular industrial sectors.
At the same time, an increasing number of economic units is being established and posi-
tioned in the states and regions where the socio-economic environment is the most advan-
tageous for the level of production in question. Therefore, specialisation based on skills
and knowledge has become an even more decisive determinant of the living standard in
all the states and economies. Flagships of Estonian ICT manufacturing belonging to the
Nordic ICT cluster are mainly Finnish or Swedish companies which have their branches,
sub-companies or collective enterprises in Estonia.

When looking at the value-added structure of the Estonian economy, however, it becomes
clear that the role of ICT manufacturing in comparison with other branches of manufac-
turing is relatively small (Table 3-4). A similar conclusion is reached in the analysis of the
Estonian exports structure. Although Sweden and Finland dominate Estonian interna-
tional trade in absolute figures (especially exports of electrical machinery, equipment and
components), Germany, the Netherlands and Russia, for example, become more important
when the value-added structure of exports is considered. Similarly, exports of food and
wood products have a larger impact than ICT manufacturing on the Estonian economy.®

Table 3-4. Value added of some economic activities, basic prices, 2001-20025>

Economic activity Value added (2001) Value added (2002)
Mil EUR % of tota Mil EUR % of tota

I |
manufacture of electrical machinery and apparatus 36 3.5 45 3.9

manufacture of radio, television and communication equipment

and apparatus =2 3 2 28
manufacture of medical, precision and optical instruments 10 1 13 1.1
manufacture of office machinery and computers 3 0.3 3 0.3
manufacture of food products and beverages 193 18.9 203 17.5
manufacture of wood and of products of wood and cork 137 13.4 0.9 14.5

79 Yearbook of World Electronics Data 2003, Volume 1 - West Europe, Reed Electronics Research, 2002, 19, 90, 91.

80 Dieter Ernst and Linsu Kim, “Global Production Networks, Knowledge Diffusion, and Local Capability For-
mation”, Research Policy, 31, 8-9, 2002, 1417-1429.

81 Ulo Kaasik, Value-Added of Estonian Export Commodities, Tallinn: Eesti Pank, 2003.

82 Sources: Statistical Office of Estonia, National Accounts of Estonia 2001, 2003; National Accounts of Estonia
2002, 2004.



The sub-contracting nature of the Estonian ICT manufacturing industry is also confirmed
by the labour productivity statistics: labour productivity is considerably higher in the
fields of wood and food and beverages products manufacturing (Table 3-5). The excep-
tion is the manufacture of office machinery and computers but its share in the exports
and value added created by ICT manufacturing industry is modest (Table 3-4). Thus,
taking into consideration everything mentioned above, it could be stated that Estonian
ICT manufacturing is not moving from low value added manufacturing to-
wards higher value added production unlike the information society.

Table 3-5. Productivity indicators in some fields of activity, 2004, 2nd quarters:

Labour produc- | Hour produc-
tivity, EUR tivity, EUR

Economic activities total 10.80 25.31
Manufacturing 10.86 25.12
manufacture of food products and beverages 14.32 33.43
manufacture of textiles 7.09 17.19
manufacture of wood and wood products 16.11 36.49
manufacture of office machinery and computers 19.62 44,99
manufacture of electrical machinery and apparatus 10.48 23.01
manufacture of radio, television and communication equipment and apparatus 6.39 14.51
manufacture of medical, precision and optical instruments 7.80 18.53

3.2.3. Estonian Software Industry

The share of the software industry is currently under 10% in all the OECD countries®* but
the area is growing rapidly and faces some important challenges.®> The software industry
is characterised by a closer clustering with local economies when compared with the Esto-
nian ICT manufacturing industry, which enjoys the scale effects of global operation.

Compared to the Estonian ICT manufacturing industry, which is largely consolidated, heavily
export-intensive and based on foreign capital, the Estonian software industry is very differ-
ent. The number of companies in the sector is very high, production volumes and exports are
low and specialisation is still not established. Although Estonia enjoys the presence of firms
representing major Western software companies, such as Oracle, Microsoft, etc, these mainly
limit themselves to selling and servicing software, and, to some extent, to localisation.

The development of the Estonian software industry has been largely influenced by the
public sector, which is the main creator of framework conditions as well as direct procur-
er®. At least as important a role has been played by the banking sector: a modern banking
system was already established in Estonia in 1993 and Internet banking services were

83 Source: Statistical Office of Estonia, http://www.stat.ee.

84 OECD Information Technology Outlook. ICTs and the Information Economy, OECD, Paris: OECD Publications,
2002, 13.

85 See for example commentary: Business Software Needs a Revolution, BusinessWeek Online, http://www.
businessweek.com/magazine/content/03_25/b3838630.htm, 2003.

86 Public Sector ICT related projects, see the yearbooks ICT in Public Administration 1998-2003, Estonian
Informatics Centre, http://www.ria.ee/atp/index.html?id=308.
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introduced in 1996.8” However, a strong software industry that could develop and service
large-scale banking information systems was missing and Estonian banks had to build
up their own in-house capacity. As a result, the IT divisions of Hansabank and Estonian
Union Bank have more personnel than the biggest Estonian software companies.®®

3.2.4. Estonian ICT Manufacturing Sector Companies

522 ICT manufacturing and software companies were registered in Estonia in 2001 (Table
3-6), though the number of active enterprises®” was actually 296.°

Table 3-6. Number of companies in the ICT manufacturing and software sectors in Estonia, 2001

L Activecompanies | actvity
Y Y Y Y
0.3

%
1 0.2 1 .3 Manufacture of office machinery 3001
12 2.3 6 2.0 Manufacture of computers and other information processing equipment 3002
4 0.8 3 1.0 Manufacture of insulated wire and cable 3130
37 71 29 0.8 Manufacture of electronic valves and tubes and other electronic 3210
components

Manufacture of television and radio transmitters and apparatus for line

3 0.6 1 03 telephony and line telegraphy 3220
Manufacture of television and radio receivers, sound or video recording or

IS 3 © 30 reproducing apparatus and associated goods S22y
Manufacture of instruments and appliances for measuring, checking, testing,

33 6.3 23 7.8 N . . . 3320
navigating and other purposes, except industrial process control equipment

15 2.9 8 2.7 Manufacture of industrial process control equipment 3330

380 72.8 203 68.6 Software consultancy and supply 7220

13 2.5 8 2.7 Data processing 7230

8 1.5 5 1.7 Database activities 7240

522 100.0 296 100.0 TOTAL

According to the Register, the total number of Estonian ICT manufacturing companies
registered is 121 (23% of the total number) and they employ 4,785 people (2001). How-
ever, when we add four large companies, active in the field but for some reason not reg-
istered under these respective categories, and look only at active enterprises, the number
of companies is actually 84 and they employ 6,358 people (2001). However, the Estonian
Statistical Office gives a number that is 41 companies higher (Table 3-7).22

87 On the history of Internet banking in Estonia and an analysis of success factors, see Katri Kerem, Internet
Banking in Estonia, PRAXIS Working Paper No 7/2003, 2003, http://www.praxis.ee/innopubl.

88 For example, 250 out of the 2,245 employees of Hansabank are IT specialists and there are 139 IT special-
ists in Estonian Union Bank. Aripdev, 10 March 2003; Hansapank Annual Report 2003, http://www.hansa-
group.com/aa2003/Hansabank2003_eng.pdf, 25.

89 Defined henceforth as companies reporting of one or more employees in 2001.

90 Thorough mapping was conducted in 2003 based on most up-to-date data available. Although more up-to-date
data would be available today in the opinion of the authors, no considerable changes have taken place at the mar-
ket that concern the standpoints of the current research. Therefore attention has not been paid to an additional
mapping of the sector. See also Tarmo Kalvet, The Estonian ICT Manufacturing and Software Industry: Current
State and Future Outlook, Sevilla: Institute for Prospective Technological Studies - Directorate General Joint Re-
search Centre, European Commission, 2004, http://www.jrc.es/home/publications/publication.cfm?pub=1200.

91 Source: Centre of Registers, Ministry of Justice, Central Commercial Register, May 2003.

92 Further specifications were not possible because the Statistical Office gives out only aggregated data due to
privacy restrictions.
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Table 3-7. ICT manufacturing companies in Estonia according to the Estonian Statistical Office,
2001%

Activity and NACE code Net sales | Industrial | Industrial | Difference
(Mil EUR) | produc- produc- from the

tion (Mil | tionfrom | Register
EUR) net sales
(%)

Manufacture of office machinery and computers

(NACE 30) 16 31.9 16.0 50.3

Manufacture of office machinery (NACE 3001) 2 +1
Manufacture of computers and other information 14 o
processing equipment (NACE 3002)

Manufacture of electrical machinery and appara-

tus (NACE 31) 63 109.9 77.0 70.1

Manufacture of insulated wire and cable (NACE 3130) 5 -1
Manufacture of radio, television and communica-

tion equipment and apparatus (NACE 32) o1 89:6 88:2 954

Manufacture of electronic valves and tubes and other

electronic components (NACE 3210) 47 411 403 98.0 +10
Manufacture of television and radio transmitters and 4 1
apparatus... (NACE 3220)

Manufacture of television and radio receivers, sound or 43 27
video recording ... (NACE 3230)

Manufacture of medical, precision and optical

instruments (NACE 33) 20 2G5 222 27

Manufacture of instruments and appliances for measur-

ing, checking... (NACE 3320) 34 79 70 89.4 .
Manufacture of industrial process control equipment 13 o
(NACE 3330)

ICT manufacturing: NACE 30-33 263 288.2 233.9 81.2

ICT manufacturing (NACE 30, 31.3, 32, 33.2, 33.3) 162 +41

According to the Register again, there are some 216 active software and database com-
panies (73% of the total in 2001) in Estonia that employ a total of 1,641 people (1,186 in
2000 and 855 in 1999). In reality, the sector employs many more people but as the compa-
nies are also active in the retail of ICT, maintenance activities, etc, in addition to software
development, the exact figures remain unclear.

Among Estonia’s TOP 500 largest companies (Annex III), there are 26 ICT companies
(5.2% of the total in 2003). The four largest of these are telecommunications companies.
The total number of ICT manufacturing companies in the TOP 500 is six, although the line
between computer manufacturing companies and retail/wholesale companies remains
blurred (see also Table 3-7, the column ‘Industrial production from net sales’). Overall,
there are 10 ICT wholesale and retail companies and 8 software companies (these are
again heavily involved also in other ICT-related activities) in the list.

The ranking of Estonian ICT companies, based on sales, sales growth, profits, annual
profit and profit growth, profit margin and return on assets, compiled by the daily busi-
ness newspaper “Aripdev” also confirms that the market is undergoing constant change
and the standings are very dynamic (Annex IV).

93 Source: Statistical Office of Estonia, http://www.stat.ee.
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3.3. Challenges of the Estonian ICT Manufacturing Sector and
Software Industry®*

Certain limitations and world trends have to be taken into account in order to obtain a
generalised understanding of the long-term challenges which the Estonian ICT manufac-
turing and software industries are facing. The fact that Estonia is a small country brings
about several implications: heavy dependence on international demand; impossibility to
achieve scale effects on the domestic market, resulting in relatively high prices; limited
domestic clustering; limited resources (knowledge, capital, natural resources); threat to
lock-in in production of few low value added goods; distinctive policy-making and its im-
plementation which characterises small states (see Ch 1).

3.3.1. Cost-based Competition and Globalisation

The relatively low labour costs compared to employees with the same qualification in the
neighbouring countries have ensured the rapid growth of the Estonian ICT manufactur-
ing industry. Finnish and Swedish ICT companies which expand their business in Estonia
have expressed the following kind of reasoning in their yearbooks:

e “Migration of manufacturing to low cost countries like China and Estonia has
allowed to increase competitiveness in production and it could be further made
good use of. We procure components from the market in a most cost-effective
way.”%

* “With the aim of lowering manufacturing costs, a greater amount of electronics
manufacturing and assembly was relocated to Estonia.”®®

Indeed, relatively low-cost labour attracts the manufacture to Estonia: the average an-
nual gross earnings in the industry was 27,581 EUR in Finland (2000), 30,643 EUR in
Sweden and 3,647 EUR in Estonia, 8 times lower.”” Several flagships that currently have
ICT manufacturing in Estonia are also expanding their manufacturing activities in China
(production workers in China typically cost 5% of their U.S. or European counterparts)®®
and a small state could not compete in ICT mass-production and does not have to. The
more technologies and products mature, the stronger the cost-competition and the more
attractive less developed countries for volume production will be. In the initial phases of
a technology life-cycle when manufacturing is knowledge intensive (and expensive) and
dynamic competition advantages (adaptively of the educational system; the national inno-
vation system etc) play an important role, it would be impossible. When technologies ma-
ture, however, they are using highly standardised, mechanised and automated processes
which could take place as well in less-developed (and low cost) regions (Figure 3-8).%°

94 The current sub-chapter is partly based on the following report: Tarmo Kalvet, The Estonian ICT Manufac-
turing and Software Industry: Current State and Future Outlook, Sevilla: Institute for Prospective Techno-
logical Studies - Directorate General Joint Research Centre, European Commission, 2004, http://www.jrc.
es/home/publications/publication.cfm?pub=1200.

95 Efore OYJ, Annual Report 2003, http://www.efore.fi, 2004, 5.

96 Incap Corporation, Annual Report 2003, http://www.incap.fi/englanti/acrobat/2004/InCap_vsk_Engl.pdf,
2004, 20.

97 Eurostat, Statistics in Focus, Annual Gross Earnings Results from Member States, Acceding and Candidate
Countries, and Switzerland, 2003, 4.

98 Boston Consulting Group, Made in China: Why Industrial Goods Are Going Next, http://www.bcg.com, 2003,
3.

99 Carlota Perez, “Technological Change and Opportunities for Development as a Moving Target”, Cepal Re-
view, 75, 2001, 111-112.
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Figure 3-8. Changing entry requirements as technologies evolve to maturity°°
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Although participation in global production networks has potential for knowledge trans-
fer, it is not automatic and requires a significant level of absorption on the part of local
suppliers. But, once a network supplier successfully upgrades its capabilities, this creates
an incentive for flagships to transfer more sophisticated technology and switch even in
product and process development. This is certainly a major challenge of the Estonian ICT
manufacturing industry: how to move further in the value chain from the position of
supplier of low value added and labour-intensive goods to offering speed, flexibility and
quality instead. The role of low taxes and a stable macroeconomic environment should not
be overrated as these are conditions which could possibly be followed by the competitors.
Investments in human capital in the fields of engineering and technology are far more im-
portant and render the acquisition of permanent competition advantages possible. They
also serve as key for entering in more profitable manufacturing phases (Phase 2 and 3,
Figure 3-8) and turning short-term location-based competitive advantage as well as the
change in global production dynamics (outsourcing accounted for 21% of total assembly
and box-build activity in Europe in 2000, it is forecast to account for over 40% by 2007'")
into a long-term advantage.

3.3.2. New Emerging Paradigms: Ambient Intelligence

The concept of Ambient Intelligence (AmI) surrounding everyday life and work is central
to EU strategies and respective financing programmes in the ICT field and expected to be
a reality by 2010.1°2 The concept of AmlI is a long-term vision of the development of the In-

100 Ibid, 112.
101 Yearbook of World Electronics Data 2003, Volume 1 - West Europe, Reed Electronics Research, 2002, 8.

102 See IST Advisory Group (ISTAG), Ambient Intelligence: From Vision to Reality, http://www.cordis.lu/ist/
istag.htm, 2003; ISTAG Strategic Orientations and Priorities for IST in FP6, http://www.cordis.lu/ist/istag.
htm, 2002; ISTAG Software Technologies, Embedded Systems and Distributed Systems, http://www.cordis.
lu/ist/istag.htm, 2002. For practical examples see also Scenarios for Ambient Intelligence in 2010, ISTAG,
2001, ftp://ftp.cordis.lu/pub/ist/docs/istagscenarios2010.pdf.

41


http://www.cordis.lu/ist/istag.htm
http://www.cordis.lu/ist/istag.htm
http://www.cordis.lu/ist/istag.htm
http://www.cordis.lu/ist/istag.htm
http://www.cordis.lu/ist/istag.htm, 2002
http://www.cordis.lu/ist/istag.htm, 2002
ftp://ftp.cordis.lu/pub/ist/docs/istagscenarios2010.pdf

42

formation Society with emphasis on greater user-friendliness, more efficient services sup-
port, user-empowerment, and support for human interactions. People will be surrounded
by intelligent intuitive interfaces that are embedded in all kinds of objects. AmI is capable
of recognising and responding to the presence of different individuals. Most importantly
the surrounding intelligence operates seamlessly, unobtrusively and often invisibly.

Basically, this vision argues for the extreme clustering of the ICT manufacturing and soft-
ware industries with other industries and service sectors. To a certain extent, it is a quick
rise of the still developing technological trajectory (first phases in Figure 3-8).

A lot of additional scientific research and technological development should be conducted
to fulfil the vision of AmI during the coming ten years. At the most general level, tech-
nologies are blending into each other, the environment melts into one with computers
and communications and furthermore - intelligent intuitive user interfaces which adjust
to customers are created. The former means the change in paradigm. The Development of
central mainframe computing is displaced with the development of personal computers,
personal digital assistants and computers integrated into different objects as a result of
which the miniaturised IT systems surround us everywhere. In addition, mutual com-
munication of objects including convergence and cross-usage of infrastructure systems,
broadband wireless communication, digital broadcasting, satellite communications are
added. Interfaces (sensors, language recognition, biometrics, etc), especially their user-
friendliness, form the third pillar of the Aml. Significant scientific achievements in differ-
ent fields are the prerequisite for the implementation of these plans.!%

Estonian companies have created a few applications of new technologies (e.g. banking,
government) which have been recognised at the global level. A powerful advance with
similar applications (for example, in the fields of mobile telecommunications, e-health
applications) would be the implementation of Ambient Intelligence.

At the same time the possible threats should be taken into account. The elaborated ap-
plications are connected with the local service sector where the innovation is less knowl-
edge-intensive and the ability to protect application for example with patents is limited
compared to the manufacturing industries. Therefore the innovative solutions are vulner-
able to imitators. Furthermore, the small scale of the economy limits the development and
opportunities to offer knowledge intensive services. Still, the Government has got instru-
ments to diminish these risks.

In a longer perspective (10-20 years), a large scale revolution is foreseen based on the con-
vergence of information-, bio- and nanotechnologies which like ICT has an impact on all
the areas of everyday life and offers opportunities for more rapid economic growth than
any other field of technology or science.!*

103 See IST Advisory Group, Grand Challenges in the Evolution of the Information Society, July 2004, ftp://ftp.
cordis.lu/pub/ist/docs/fet/7fp-pre-6.pdf, 11; In the frames of the project FISTERA (Thematic Network on
Foresight on Information Society Technologies in the European Research Area) development of about 100 IT
components or systems until 2020 are evaluated using four key elements: technology, its functionality, serv-
ices and surrounding Ambient Intelligence, see Key European Technology Trajectories, Telecom Italia Lab,
2003, http://fistera.jrc.es/docs/D2&appendix.pdf, interactive tool could be found http://fistera.telecomi-
talialab.com/#.

104 See Marek Tiits, Rainer Kattel, Tarm