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Systemic change and economic restructuring in the Central and East European Countries (CEECs) have been underway for more than ten years. The key element of a strategy for future development must be the creation of a modern and dynamic innovation system. In order to deal successfully with this challenge, various processes must be developed that contribute to technological change, economic growth and employment under conditions of globalisation and increased competition based on science and technology (S&T).


At the beginning of a new century, and bearing in mind the essential changes taking place in Europe and worldwide (in particular EU enlargement; globalisation; R&D in a ‘steady state’ and in transition, cf. Cozzens et al., 1990), all these countries are looking for suitable and capable actors, prerequisites, aims and approaches in the restructuring of their innovation systems.  


On their way from transformation to reintegration on a regional, national and international level, these countries are confronted with the problems of breaking down national ‘sectoral’ boundaries between higher education, (public) R&D institutes and (industrial) innovation and of building bridges to international production, science and technology networks by combining domestic and foreign (re-)sources. In what follows, the progress that has been made with these processes, and the unresolved questions that still remain, are demonstrated through a comparative analysis of changes in S&T in the CEECs during the 1990s.


1.	Institutional transformation and structural changes in S&T systems in CEECs during the 1990s


The CEECs were in thrall to the 'linear model' of innovation for a long time (too long), and thus overemphasised the role of science, research and experimental development (R&D). It must be borne in mind that the innovation systems in OECD member states have been undergoing relatively swift changes since turning away from the linear or 'technology push' model in the 1980s and 90s (cf. Rothwell, 1992; Porter and Stern, 1999). As the simple 'linear model' of innovation predominated in the former socialist countries, the structural shift towards modern systems of innovation and a knowledge-based society has a great impact on the further growth of the economy and of employment. 


The principal objective of the systemic transformation in the CEECs was to facilitate the transition to a market economy and multi-party democracy, taking the leading OECD nations as a model. Without doubt, this transition had a serious impact on the CEECs’ science and technology systems (STS). A comparative analysis of the transformation of STS in the CEECs undertaken on the basis of individual country analyses�, and in particular on the basis of experiences in East Germany, led to the development of a ‘three-phase model’ (cf. Figure 1). The first phase in this model is the dissolution and fragmentation of the former socialist system. The second phase is characterised by the consolidation of the remaining or newly established S&T institutions, while in the third and final phase these individual parts have to be combined into a functioning system within each country and simultaneously brought into line with international developments in science and technology (cf. Meske, 2000). 


All CEECs passed through the first phase in the first half of the 1990s. A typical quantitative feature was the substantial reduction of financial and other resources for S&T. The main component of S&T potential, human resources (despite all methodological problems and alterations, still the best comparable indicator), has now been brought down in nearly all CEECs to a level of between 40 and 20 per cent of the (peak) levels that prevailed in the socialist regimes; in the successor states of the SFR Yugoslavia, human resources have for various reasons fallen to ‘only’ about 80 per cent of previous levels (see Figure 2).


The second phase, the restructuring of institutions, was completed in the second half of the 1990s in most CEECs, with actors and activities being reorganised and consolidated. 








Figure 1: Phases in the Process of  Transformation of STS in the CEECs
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In particular, the political and economic situation was stabilised. In science, autonomous actors with clearly defined competences and activity profiles were established; universities, Academies of Sciences (AoS) and other public R&D institutes were reorganised and, most importantly, the former branch R&D institutes were abolished or their profiles changed as they became public scientific institutions or part of (private) industry, either as independent new enterprises or as in-house R&D units. In industry, this mainly meant the establishment of independent (state or private) enterprises and their restructuring with the aim of operating in line with market principles. 
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Sectoral analyses of R&D personnel changes show that it is usually the HE sector that has experienced the lowest cutbacks, and in some countries this sector has even grown in absolute terms. In all countries, this growth in the HE sector is attributable especially to an increase in teaching activity, while research has tended to be either reduced or strengthened at the expense of the former Academy sector, with institutes in this sector being transferred to the universities. In practically all of these countries, a growing diversity of HE institutions, including private and regional ones, is apparent and is accompanied by an increase in the number of students and often faculty too. In the governmental sector, there are widely varying tendencies. In some countries, the former Academy institutes or the public research institutes, as the case may be, have been maintained and strengthened, while in others they have faced sizeable reductions or in some cases been made subordinate to the universities, in particular in Estonia. 


On the whole, it is industrial R&D that has consistently suffered the greatest absolute and - in most countries – also relative losses. That is the case in countries in which such capacities were concentrated primarily in the independent branch R&D institutes. However, it is surprising that in-house capacities, which some countries did indeed have, have also undergone considerable reduction, because most of the major enterprises in the modern branches of the economy, in which such capacities were concentrated, have by now been privatised, eliminated or heavily downsized. Despite certain differences between the countries as regards the duration of these processes, the reductions in personnel levels and the trends that emerged in the second half of the 1990s, it was industrial R&D that suffered the heaviest losses. In Romania, for example, the decline in R&D personnel was not halted and in Poland R&D stagnated in the second half of the 1990s; in Hungary, on the other hand, there was a new upswing in R&D personnel and expenditure (cf. Figures 3-5).  


2.	The situation of S&T at the turn of the century


Consolidation of academic actors and weakness of industrial R&D


By creating new actors in politics, industry and science and by introducing and enforcing new rules governing their behaviour, considerable progress has been made. This process is virtually complete in all the countries, although some countries still have some catching up to do, particularly as regards industrial R&D. As far as the second set of tasks is concerned, that is the consolidation of the newly created or reorganized actors, progress varies from sector to sector and from country to country. In all the countries, the consolidation process is largely complete in the HE sector and among non-university public R&D organizations, including the AoS; in the corporate sector, however, there are considerable differences and, in some countries, still unresolved problems. The most pressing of these problems concerns the former branch R&D institutes, particularly in Rumania and the CIS countries, but also in Poland, which have not found a new status, or at least not one that is sustainable over the long term, or are fighting for their survival as independent contract research institutes competing for a share of an already inadequate demand. However, the problems also concern companies themselves, which in this respect can be divided into at least three groups. In most countries, there is a relatively strong group of foreign subsidiaries which, it is true, have at their disposal modern products and technologies. To date, however, they have acquired them solely from their parent companies and will continue to give priority to these imports of technology in future. It is in Hungary in particular that preliminary and partial attempts have been made to integrate this group of companies into the domestic R&D system. 
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The second group includes the remaining large-scale enterprises, now restructured and often already privatised, which for reasons of cost are seldom in a position to have their own R&D capacities or to award contracts to external R&D organizations. Because of a lack of resources for investment, these firms’ innovation activities are usually tightly constrained and seldom geared to the strategic use of domestic R&D. The third group comprises the newly formed innovative companies, which are usually too small and too weak financially to engage in R&D to any considerable extent as a strategic exercise, whether independently or in cooperation with external organizations. 


For these reasons, it is not yet possible, even in those countries in which market economic structures and new actors dominate the manufacturing sector, to assume that R&D capacities and innovation activities have been consolidated on a lasting basis. These difficulties are further compounded by the structural disadvantages in respect of size and type of firm in the usually (very) small CEECs, as a comparison of R&D structures in East and West Germany has demonstrated (cf. Fig. 6). 





Figure 6: Comparison of R&D structures in West and East Germany 


                 (Comparable relations in staff levels)
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Note: R&D services are enterprises that fulfil R&D tasks for private and public contractors: In East Germany they were principally created from the former GDR branch R&D institutes.The data for East Germany were multiplied by 4.6 for this comparison, in accordance with the employee ratio of 1:4.6 between East and West Germany. As the population ratio lies at only 1:4.1, the East German data are somewhat too high. All data for the year 1996.
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Studies that have been conducted of the founding and slow growth processes of these firms in East Germany provide further evidence of the uncertain situation faced by the newly re-organised R&D institutes and domestic, R&D-intensive SMEs (cf. Kohn, 2001; Pleschak et al., 2002) – (cf. Figs. 7 and 8). The situation is even more difficult in those countries in which there has not yet been any real economic recovery but at best stabilisation at a low level, as in the FR Yugoslavia, Bulgaria and Romania.


2.2	Networking as the new challenge


Although the situation now differs considerably from country to country, this general weakness in the manufacturing sector in respect of R&D and innovation means that the processes of linking the actors and creating new regional and national S&T systems based on multiple linkages is at best in its very early stages in all the CEECs. It is in the public sector in particular that there have been some early attempts to put in place a new system by establishing functionally and regionally differentiated HE organisations and linking them to the public, non-university R&D institutes. These links have been established primarily for teaching purposes but are increasingly being extended to cooperation in research. However, cooperation between these public-sector organizations and the industrial sector, and within industry itself between R&D organizations and firms, is less well developed.


Scientific and technical cooperation between the various types of firm is also still very underdeveloped. Given the collapse of domestic S&T systems in the CEECs, the internationalisation of sales and production networks in Eastern Europe through FDI was and remains a condition for the re-emergence of efficient and innovative enterprises and new innovation structures within each country. However, while FDI has certainly been decisive in triggering this restructuring process and establishing links with global production networks, it has until now led to the creation of rather isolated centres of activity (cf. Hirschhausen and Bitzer, 2000). Most plants set up or modernized with the help of foreign capital remain isolated from the wider local and regional context in which they are situated (cf. Günther, 2002).


Foreign investors usually have only a limited interest in the overall economic development of their host countries. This implies that if the current (and already shrinking) wave of FDI does not trigger a second wave of domestic investment, there is a risk of the emergence of a “dual economy” of modern foreign-owned plants on the one hand, and a backward local industrial base on the other. Not only would this reinforce the already existing regional gaps within the CEE countries, but it would also suggest rather gloomy prospects for long-term economic and technological development outside the main centres of foreign investment (Meske and Weber, 2001). Thus international influence has played an important, albeit frequently contradictory role in the CEECs as a whole.  


2. 3.	The inconsistent role of international links 


The persistently high share of FDI in total investment in the CEECs (cf. Weber et al., 1999) has led, on the one hand, to the rapid modernisation of firms and the integration of these countries into international production networks; on the other hand, the use of FDI has been highly selective and in most cases has contributed little to the integration of foreign subsidiaries into national production and technology systems and has therefore not produced the desired technological spill-overs (cf. Günther, 2002). 


The same applies to cooperation on research. The opening up of CEECs to the outside world and the willingness of EU and OECD countries to cooperate have given scientists from the CEECs relatively rapid and intensive access to international scientific communities and breathed new life into their efforts to transform their own scientific institutions. Indeed it is only through these international influences that many scientists have been able to stay in work at all, particularly in sensitive areas of military research. Thus for example, in the Ukraine alone 1650 highly qualified scientists and engineers have been employed by the ‘Science and Technology Center of Ukraine’ (STCU); the STCU was established in 1993 and financed by Canada, Sweden, USA and the Ukraine (cf. Kavunenko, 2001). 


Based on the fact that the share of the most highly qualified categories within total R&D personnel increased, with their number even increasing in absolute terms in some countries�, and supported by the elimination of political or other formal barriers to international links, publication activity and co-authorships with Western scientists have increased considerably (cf. Fig. 9). The increased number and high share (in most cases over 30% and in some cases more than 50% of total publications) of internationally co-authored publications, particularly in the EU applicant countries, suggest that ‘Western’ colleagues have made a considerable contribution as ‘boundary spanners’ to this increase, as was also the case with East German scientists and research institutes (cf. Gläser et al., 1997). “The willingness of advanced countries to support research in the countries under reform and to help their scientists integrate into world science, coincided with the liberation of the initiative of individual scientists and research groups not only of political but also bureaucratic restrictions” (Mirskaya, 1997, p. 303). In this way, (English) language difficulties were overcome, presentation adapted to international standards and access to reputable journals facilitated. 
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However, the positive changes that took place during the 1990s, which are reflected in the number and structure of CEEC scientists’ publications, should not blind us to the fact that these developments were influenced by a number of specific factors and should not immediately be seen as a trend that will be sustained in future. Thus the sharp increase in the number of SCI publications in the first half of the 1990s is attributable to a considerable extent to the publication of a large quantity of results produced back in the 1980s. The subsequent slumps in research work caused by the emigration of internationally renowned scientists and the deterioration in the conditions for research work led to a stagnation and decline in the number of SCI publications in the 4 CIS countries, Bulgaria and the FR Yugoslavia in the second half of the 1990s. In the other countries, these difficulties, which also existed there, were concealed by the development during that period of international cooperation and the resultant increase in co-authored publications. Thus the 6 central Eastern European countries did indeed increase the volume of SCI publications between 1992 and 1999 by a total of 4181 (from 13561 to 17742); however, this increase was achieved solely as a result of publications jointly authored with collaborators from abroad, since the results published jointly with EU15 scientists rose by 2671 and those published with scientists from the USA, Japan, Canada and Switzerland by 1770 (cf. Czerwon, 2000). In other words, the results published jointly with scientists from other countries, which increased by a total of 4441 publications, exceeded the total increase in SCI publications. The same applies to the Baltic countries. Among the EU applicant countries, Slovenia is the only one in which the increase in publications is not attributable solely to the increase in publications jointly authored with foreign scientists. In the other countries, the decline in 1999 relative to 1992 would have been even greater if it had not been offset by the rise in international co-authorships. 


However, on both a personal and substantive level, the international contacts were in many cases governed solely by the interests of the foreign partners (cf. Rudolph, 1994) and did little to raise national profiles and create networks within the CEECs. There is a certain parallel here with industrial development based on FDI.


Thus the nature of the international interactions to date gives rise to doubts as to whether they have created a lasting basis for cooperation on an equal footing. Moreover, the stagnation in the volume and share of publications in the CEECs jointly authored with scientists from OECD countries observed towards the end of the 1990s leads one to suppose that the phase of integration into international communities has now been successfully completed. Future developments will certainly depend on whether and how science in the CEECs succeeds in building up and extending its own basis for performance-enhancing research. “The preservation and productive transformation of Russian science requires primarily purposeful state support and an efficient national science policy aimed at rational reformation of the organisational system of science. Only under these conditions can contemporary international interactions turn into genuine co-operation that would proceed on equal terms and would be interesting and mutually beneficial to all the participants” (Mirskaya, 1998, p. 44).
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The fact that jointly authored publications involving scientists from the CEECs themselves also rose constantly during the 1990s must be seen as a step in this direction. However, with a share of 5% in total publications, the extent of these joint authorships, and hence the cooperation between the CEECs, is still very modest. It should be borne in mind that Germany and the USA alone each have a share of approximately 10% or more of the co-authored publications of the individual CEECs (cf. Fig. 10). 














3.	Summary and Outlook


Although the political and economic situation in most CEECs now appears to have stabilised (nearly all of them having shown growth in GDP and real industrial output in 2000; cf. EBRD, 2001), it is not clear whether further recovery will be rapid, nor whether the remaining system is well attuned to the needs of a knowledge-based society. Most countries have made substantial progress in the transformation of their S&T and innovation systems, but the building-up of a modern system of innovation has not yet been accomplished, or at least not completed. The building of such a system (phase 3) therefore remains the main task in all countries (cf. EC, 1999; Dyker and Radosevic, 1999; Meske and Weber, 2001).


In my view, one of the main problems is that the direct links between science and industry within the CEECs have become very loose, sometimes to the point of being virtually non-existent. If they exist at all, such links now tend to be created indirectly through international cooperation with the leading Western industrial nations.


The content of research work is very strongly influenced by ‘Western’ priorities, with the results entering the scientific arena in the West via international contracts and/or SCI publications.� Consequently, they are exploited in the West, but not in the country where they were produced, to produce new technologies and products with a high economic utility. Some of these technological results then flow back to their own country through FDI or capital and consumer goods. However, the value added is extracted abroad, which has a negative effect on the CEECs’ balance of trade. In the long run, the financial basis of national R&D systems will be undermined, as will their ability to produce research of practical relevance and to foster cooperation within each country. 


Thus one important task is to supplement this ‘external’, internationally mediated exchange between the scientific and economic spheres within an ‘internal’, national exchange. This in no way means lapsing once again into autarchy, but at present the links that used to exist at national level between the scientific and economic spheres have in all too many cases been not so much supplemented by international exchanges as replaced by them. 


The Triple Helix concept (cf. Etzkowitz and Leydesdorff, 1997), with its idea of developing and strengthening interactions between academic science, the business enterprise sector and the government with a view to creating a climate conducive to innovation, seems to be particularly relevant to any attempt to overcome these problems in the CEECs. Until now, these actors have been operating more or less independently, which is why overcoming the boundaries between them has emerged as a pressing task for all concerned.  


For a long time, science and economic policymakers in most CEECs did little or nothing at all to foster such integrative processes within R&D. In some cases, this lack of intervention was a result of deliberate, neo-liberal policy, such as the laissez-faire S&T policy initially adopted by the Czech Republic, and in others, such as Hungary for example, there was a bias in favour of foreign firms as providers of know-how. In most cases, however, policy-makers were for a long time simply unable to cope with this task because they themselves had been slow to consolidate, had little competence in this area and, above all, had insufficient financial resources at their disposal. “The CEE countries have only recently started restructuring policies for industrial sectors, … lacking political will to come to grips with the large social and regional unemployment problems of troubled sectors, together with limited administrative capacities of governments, led to the postponement of industrial policy measures for troubled industries. … Only some CEE countries have passed documents on industrial (for example Hungary) or innovation policies (for example Poland). However, we should not exaggerate the impact of these explicit policies. The effects on industry and on innovation have so far been much stronger through other policies than through innovation and industrial policy, which attempt to explicitly address these issues. After 10 years of pursuing the transition policy agenda, CEECs are now searching for alternative policy solutions that will also address the problem of their technological competitiveness. Given the current role of the state in these countries, it is unlikely that we will see the implementation of highly selective structural (industrial and technological) policies aimed at a strengthening of inter-firm and inter-sectoral technological linkages.” (Radosevic, 1999, p. 3). 


It was not until the end of the 1990s that renewed attempts were made to put in place an integrated science and technology policy characterized by a combination of support for science and education with measures to stimulate investments, exports and regional development, aiming at a restructuring of domestic industries and the creation of SMEs. Examples are the governmental resolution on “National Policy on Research and Development of the Czech Republic” from 5 January 2000 and the “Science and Technology Policy 2000” initiative prepared by the S&T Policy College of the Hungarian Government. In the applicant countries, the main factor behind this more active approach has been the negotiations on accession to the EU. 


The notions of the knowledge-based society that have emerged throughout the (enlarged) EU, activities such as participation in the EU ‘Framework Programmes for RTD’ and the support of a network of ‘Centres of Excellence’ that includes the candidate countries can make a significant contribution to the international integration of the CEECs. However, they cannot be a substitute for efforts within and between the individual CEECs themselves to promote the integration of science and the economy. 
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� Analyses of the development of science and technology in the transformation countries were conducted over a period of many years, often in collaboration with scientists in the countries in question. The main results of these comparative analyses are presently being prepared by the author for publication in a book “S&T in Eastern Europe at the Turn from the 20th to 21st Century – from System Transformation to European  Integration” (ed. W. Meske, CEU Press Budapest, forthcoming), including chapters on Belarus (Nesvetailov and Slonimski), Bulgaria (Simeonova), Czech Republic (Müller), Estonia (Martinson), Hungary (Mosoni-Fried), Latvia (Kristapsons), Lithuania (Dagyte), Poland (Kozlowski), Romania (Sandu), Russia (Gaponenko), Slovakia (Zajac), Slovenia (Stanovnik), Ukraine (Kavunenko), FR Yugoslavia (Kutlaca).





� In virtually all countries, the reduction of the number of researchers and/or scientists and engineers was smaller than that of total R&D personnel. In particular, the number of the most highly qualified personnel (with PhD; the degrees of Candidate of Science/CoS and Doctor of Science/DoS) fell only slightly and in some cases not at all.


� The newly founded research institutes in East Germany, such as the Fraunhofer-Gesellschaft and the Leibniz-Gesellschaft, which emerged out of the former Academy institutions, as well as R&D service providers and universities, receive, for example, two thirds of their contract research revenue from contracts with firms that have their headquarters in West Germany or abroad (cf. Meske, 1998).
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