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Executive Summary
The role played by modern science and technology parks (STPs) in building knowledge ecosystems in varied developed country environments is explored. After providing an overview of the emergence of US and European science parks and incubators, the paper highlights the increasingly important role these mechanisms play in the transformation of their regional economies. Using multiple US and European regional case studies with established STP facilities, we provide an analysis of the contributions made by them in stimulating the growth of innovative firms, the core of a knowledge economy. The paper presents various STP driven efforts in building knowledge ecosystems, and lays out what can be learned from the vast US and European experiences. It concludes that though no single model fits every situation, for STPs to play an effective role in the development of knowledge ecosystems in their regions, they need to focus on a set of key success factors, derived in the study. 

1. Introduction: STPs in the Knowledge Economy

Recent decades have witnessed the emergence of an innovation-driven global economy, where an economically robust cluster of innovative firms serves as the engine of sustained regional growth. The emergence of such regional clusters are often characterized by their dynamic knowledge-based entrepreneurial activity forming an innovation ecosystem. The vivid examples of these regional ecosystem models are the renowned Silicon Valley and the Boston Route 128 in the U.S, and Cambridge’s Silicon Fen in the UK. While some of these regional ecosystems have appeared without specific planning (e.g. Silicon Valley), others are the result of deliberate efforts undertaken by building innovation infrastructure and support mechanisms through public-private partnerships (e.g. North Carolina’s Research Triangle Park) (Link & Scott 2003). The efforts of the past more than three decades have led to the emergence of several dynamic regional ecosystems in the developed and some emerging economy regions (Corona, Doutriaux & Mian 2006; Winden, Berg & Pal 2007, Hulsink & Dons 2008).
Some keen observations by researchers like Birch (1987) that higher than average job growth can be realized through creating small innovative firms around research universities prompted interest in establishing formal incubation mechanisms. Today, in order to shift to the “knowledge economy”, most nations, at the national, regional and municipal levels, are setting in place these modern incubation mechanisms popularly known as science and technology parks (STPs) and incubators (Mian 2003). However, the empirical evidence gained over the past more than 3 decades show that the planned development of a region of innovative enterprises (or a cluster) is a daunting task, which may take decades before it starts to show results (Corona, Doutriaux, Mian 2006, Zhang 2004). There had been recent studies to assess the transitions of some world regions to knowledge-based entrepreneurial economies (Winden, Berg & Pal 2007, Dahlman & Anderson 2000, Venkataraman 2003, Ergazakis, Metaziotis, and Psarras 2006, Acs 2002). However, several other emerging knowledge regions of the world where new initiatives in innovation infrastructure development are underway need to be studied to enhance our understanding of the usefulness of their planned efforts through various mechanisms employed to overcome the challenges and catalyze these transformations. In this context, US and Europe provide a base for an interesting comparative study: they both have industrially developed regions that are now engaged in concerted efforts to build advanced infrastructures to transform their potential regions into dynamic knowledge ecosystems to aid the economies. As developed regions, they both face somewhat similar socio-economic challenges as they pursue their respective national economic development agendas. 

After underlying a conceptual framework of factors contributing towards the development of viable knowledge ecosystems, we study the creation, growth and success of innovative technology-based enterprises through active roles of research/science parks and their incubators. The authors describe some common features of the successful models based on their recent research in comparing the North American and European regions (Corona, Doutriaux & Mian 2006; Hulsink & Dons 2008). The US has more than half century of experience with science and technology parks and incubation centres, and over the last more than three decades several European nations have acquired considerable experience in the use of these mechanisms, as well. The paper will highlight the important roles played by the incubation mechanisms in the transformation of several US and European regions into emerging innovation ecosystems. 

The primary goal of this paper is to explore differences and commonalities between the STP facilities operating in different contexts in their transition path towards building dynamic ecosystems around their emerging knowledge regions. This would help answer the general research question: What insights can we gain from the collective learning to identify barriers and envision possibilities to foster regional ecosystems through improved STP models? More specifically, given the challenge, the study is aimed to shed light on the use and effectiveness of STPs and their incubators in building dynamic innovation environments. The paper starts with the articulation of the concept of knowledge ecosystems and identifies key elements of the ecosystem development framework (Corona, Doutriaux, Mian 2006). We, then provide a brief overview of the development of STP industry in the US and Europe with its emerging role in driving regional development. This is followed by the description of several US and European cases, based on data and information collected over time from primary and secondary sources. This leads to a comparative analysis of the common features of selected regions in these countries, using a conceptual framework derived from the literature (Mian 1997, Lofsten & Lindelof 2002, Corona, Doutriaux & Mian 2006). The analysis provides a list of the common factors and characteristics associated with successful STP models that are serving the needs of the regions in their transitions towards knowledge economies. The paper concludes with a set of lessons and recommendations for policy makers and practitioners currently involved in developing or planning to build knowledge ecosystems with the help of an active incubation strategy.

2. Development of Knowledge Ecosystems and the Role of STPs

The complex nature of relationships observed in modern knowledge intensive industries along with the heterogeneity of actors involved warrant a platform that allows accumulation of new knowledge and necessary learning in the context of inter-organizational relationships. Such a networked platform is the hallmark of a vibrant innovation ecosystem where firms and their support institutions cooperate to create a positive milieu for innovation. Over the last couple decades when the role of science, technology and innovation in economic development became prominent in the eyes of economists, there has been increasing recognition of these dimensions as key factors in the economic development analysis. There has also been increased understanding of the nature of links between scientific, technical and managerial improvements that yield market innovations. It has been shown that the innovation process does not necessarily follow a linear path (i.e. from basic research, to applied research, development and production/operations, or through separate sequential stages from search, screening to implementation), but is inherently non-linear (i.e. interactive and chaotic) in nature that involves complex relations between individuals and organizations and that knowledge flows take place in the form of ‘innovation chains (Koput, 1997). The activities and events that occur along the “innovation chain’ are termed as “technological paths” or “trajectories” (Utterback 1994; Rosenberg 1994). These technological paths constitute set of norms, standards, processes and procedures leading to technology development effort that suit market needs and are carried out within the framework of socio-economic and institutional constraints (Corona, Doutriaux & Mian 2006). This provides a prominent role to the entrepreneurial technology-based firm, mitigating between technology push and market pull and interacting extensively with stakeholders in knowledge absorption and integration and unfolding multiple linkages at different steps in the capitalisation of knowledge, thus a key actor in the innovation process.

The innovation cycle has been postulated to follow three phases. First phase is the introduction of a new product or service where competitiveness comes from the ‘first to market’ capability that may yield high profits along with high risks. Second phase is when competitiveness comes from incremental innovations in exiting product or service which become standardized. And the third phase is when firms are competing on price after product or process has reached maturity that may also lead to outsourcing to realize low cost. It is expected that a positive innovative environment has the potential of generating higher profits in the first two phases of the cycle (Audretsch & Feldman 1996). Researchers believe that phase one and two of the innovation cycle benefit directly from firm ‘agglomeration externalities’ provided one, two or all of the following conditions exist (a) concentration of firms in their industries, i.e., cluster formation (b) developed regional infrastructure, which provides a diversity of value added inputs that aid innovation (c) global and regional connectivity with ease of transactions that yields benefits to the firm (Moulaert & Djellal 1995). When looking at promising and successful clusters like Hollywood, Silicon Valley and Boston Route 128, one has to go back to the early origins and the evolutionary trajectories of knowledge-based regions. In addition to the initial conditions of those clusters, also the various mechanisms underlying the initiation, early growth and possible decline or success stages of them matter. In analyzing the evolution of clusters, Braunerhjelm and Feldman (2006) highlight the pioneering efforts of entrepreneurs and smaller and larger firms and the critical importance of the dynamic mobility of labour, knowledge and capital.

With its origin in biology, ‘ecosystem’ refers to interdependencies among particular plant and animal communities and the non-living physical environment that supports them (Tansley 1939). By extension, the dynamic
 concept of an ‘innovation ecosystem’ evokes our understanding of complex and dynamic interdependencies in the natural competitive world. It highlights the multiple institutional variables that affect the way in which new knowledge finds its way into the marketplace through a series of complex processes, interactions, and network relations taking place within a real economy (Wessner 2005). Small historical events may trigger the establishment and growth of a large company or an industry in a particular location, which at a later stage may activate cumulative processes of further variation and selection in which the location of a large number of firms, workers and institutions acts as incentive for still more firms and workers to join the emerging cluster community. For instance, the revenues from its research park helped to finance Stanford’s strategy to build up a presence in R&D and accomplish a steep climb to become worldclass in science and engineering. Furthermore, the university’ ascent helped make Silicon Valley an attractive place for new and established firms, novice and serial entrepreneurs and venture capitalists in the ICT and life sciences industries.

Where do science parks (and incubators) fit in the evolution of more or less successful knowledge ecosystems? The establishment of intermediating institutions such as science parks and incubators can provide platforms in playing a key role in this regard by aligning the self interests of multiple stakeholders within a complex innovation ecosystem with desired regional/national objectives. These efforts include those organized within as well as collaboratively across large and small businesses, universities and research institutes and laboratories, as well as venture capital firms and financial markets. Innovation ecosystems can themselves vary in size, composition and their impact on other ecosystems, and given the regional differences, the idea is to build competencies with attention to regional strengths not just institutional strengths. According to Cook et al (2004) such regional ecosystems consist of knowledge-generating and exploitation sub-systems linked to global, national and other regional systems for commercialising new knowledge as technology. A typology of regional innovation systems, based on the type of governance observed in specific knowledge regions has also been proposed: (1) grassroots, locally organized; (2) networked, multi-level interactive, and (3) dirigiste, state dominated; each one having different breadth of activity and potentially somewhat different criteria for success (Cooke, 2004). A regional innovation system with an STP as its focal point may manifest a combination of these characteristics depending upon the STP’ governance structure and the regional context. This leads us towards the key elements of a regional innovation system framework, which provides a benchmark for assessing the success. 

3. Evolution of STPs in the US and Europe

3.1 Definitions and Historic Overview

The modern science and technology parks (STPs) are known under various names – science/research/ technology/innovation parks, and may include technology incubators, innovation centers, and technology centers (OECD 1997). There is a variety of definitions adopted by individual facilities and professional organizations. However, the underlying common function of these property based mechanisms is the provision of tangible physical space for TBFs in proximity of a university and of other public and private R&D or support organizations, allowing for knowledge transfer, networking opportunities and facilitating the acquisition of value added services. For the purpose of this paper we will use the definition adopted by IASP (www.iasp.ws): 

“A Science Park is an organization managed by specialized professionals, whose main aim is to increase the wealth of its community by promoting the culture of innovation and the competitiveness of its associated businesses and knowledge-based institutions. To enable these goals to be met, a Science Park stimulates and manages the flow of knowledge and technology amongst universities, R&D institutions, companies and markets; it facilitates the creation and growth of innovation-based companies through incubation and spin-off processes; and provides other value-added services together with high quality space and facilities.”
It may be noted here that despite the fact that in North America a clear distinction is made between a research/science park and a technology incubator and each has its own professional organization, separation between them in terms of functionality has been diminishing with the popularity of having technology incubators as part of the park infrastructure thus integrating their functions to provide an innovation continuum. In Europe, the separation between science parks and incubators is less clear-cut; often they have the same shareholders (e.g. universities, local/regional governments) and they work closely together in terms of offering business services to their tenants and acquiring nascent firms and new investors for their premises. The definition and practice of science parks in Europe is not homogeneous with for instance major differences between the traditions and dominant practices established in Britain (small scale property-based initiatives with formal and operational links with a university), France (the technopole concept which is a major and large scale regional development effort) and Germany (through their corporatist Business and Technology Centers. Table 1 provides an overview of the evolution of science/research park models in the US and Europe.
In the case of US, with the establishment of Stanford Research Park in 1951, the industry experienced phenomenal growth during the mid 1980s to early 1990s. According to a (2002) study by the Association of University Research Parks (AURP), out of more than four hundred (411) science and technology parks worldwide, 41 percent (167) were in North America – with roughly 86 percent (144) in the US and the rest in Canada and Mexico. As shown, after the initial stage, growth in the number of parks created slowed down and the science park model gradually evolved from a stand-alone “technology garden” model to a “networked commercialization enabler” model during the 1990s. More recently, the industry shows signs of maturity and the trend is toward a ‘mixed use’ science park equipped with a technology incubator, and also cohabitating commercial/ residential facilities. A recent Battelle study of 174 university research parks in North America (81% in the US and 19% in Canada) shows that they occupy a total of 47,000 acres of land with 1883 buildings, offer 124 million square feet of rental space, and have created around 750,000 jobs. A typical North American research park is a suburban facility employing 750 people and primarily catering to private companies (IT, drug & pharmaceutical, scientific and engineering services etc) with some university and government offices. With a typical budget of less than one million US$, they provide a range of business services, many through incubators.
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The first official science parks in Europe were established in the early 1970s in the UK; most other STP facilities started to emerge in the mid-1980s and they have grown substantially in number till today. In 1972 the Cambridge and Herriot-Watt (Edinburgh) university research parks in the UK were opened, both initiated, planned and built on their own initiative. From the mid-1980s onwards, the first science parks were opened in the Netherlands (1982: Twente Enschede), Belgium (Leuven & Louvain La Neuve early 1970s), France (1970-84: Sophia-Antipolis), and Scandinavia (Finland: Oulu 1984, Sweden Lund 1985). In most cases, the university was the initiator, occasionally supported by local or national governments. The reason to acquire or use land and develop it into office space and laboratories was to attract industry to carry out basic and applied research and to commercialise its research findings. With the increasing number of science parks in Europe, the actors or coalitions planning them, and the rationales used, started to diversify. Strongly promoted by local authorities and facilitated by national governments (and from the early 1990s onwards, also the European Union stepping in), regional development became much more important. The interests of declining industries and regions, large companies in distress and their redundant workforce had to be served by the creation of technology and business parks and by incubators, offering consulting services, vocational training, and at a later stage knowledge transfer and new venture creation. Science parks and incubators became a tool for improving regional competitiveness. It was expected that these measures would cushion the impact of industrial decline, save jobs and allow for the restructuring of the industry and the modernisation of the region.

In summary, within the past three decades since the concept of STPs and technology business incubation first began to take roots in the United States, the US and European science park and incubator industry has grown rapidly and matured considerably. In Europe, in contrast, the couple of science parks that were established in the 1980s did not take off. And the fifteen years of experience with technology business incubators shows challenges as shown by the cases presented in this study, an illustration of the gaps in national and regional innovation eco-systems that makes it difficult for developing regions to build successful incubation capacity. Overall, the hey-day of the science park and incubator industry in North America and Europe came into being during the last two decades of the past century. It went through growth spurts so explosive that led often to ill considered and poorly planned incubation development initiatives. In the US and Europe, the industry also survived economic down turns, and the sometime unrealistic expectations of government funding agencies and economic developers. 

3.2 Benchmarking the Performance of STPs

Science parks and incubators are employed as incubation mechanisms for basic innovative enterprise development in many US and European regions. It is important to evaluate the performance of these mechanisms as part of any regional innovation strategy. Sherman & Chappell (1998), have proposed four domains of potential incubation mechanism impact, each needing its own sets of measurements: “incubator-level impacts, firm-level impacts, community-level impacts, and ancillary community impacts”. Despite the steady increase in the number of these mechanisms since the 1980's, first in the US and then Europe, there has been no single framework available to assess how they are working and thereby improve their effectiveness. As noted by Autio and Klofsten (1998: 30), “in spite of the rapid increase in the number of evaluations, the available material on the successful management of science parks is largely dominated by documents of the so called ’success story’ type.” This has placed economic development leaders in a difficult position. On the one hand the regions that see a wave of activity sweeping the world feel some pressure to follow suit. On the other hand, experts caution that the jury is still out on the effectiveness of incubation mechanisms due to the lack of pertinent experience and hence evidence about their usefulness (Mian 1997). This is particularly true in light of the numerous questions regarding their impact and organizational self-sustainability. The challenges confronting researchers developing such a framework are summarized by Doutriaux (2001):

· Lack of understanding of the technology business incubation process;

· Lack of consensus on the type of evaluation criteria to be used (OECD, 1997); 

· High heterogeneity of the population of science parks and technology incubators, with a high variety of sponsors, objectives, science orientation and business models (Bearse 1998);

· Lack of proper experimental design with an appropriate control group to correct for pre-incubation firm characteristics and external effects (Sherman & Chappel, 1998); and

· Short times series of data for analysis because of the emerging nature and relatively short history of these mechanisms (Zhang 2004).
To benchmark the performance of a university technology business incubation mechanism, a comprehensive assessment framework was proposed by Mian (1997), which is based on an in-depth study of multiple US university incubator cases. This framework has been adapted for use by Lofsten and Lindelof (2002, 862-863) for science parks in Sweden. Given the dynamic and environmentally integrative approach adopted in this framework, it is considered appropriate to use it to assess the effectiveness of our US and European science parks and incubators in their pursuits of developing regional innovation ecosystems. The following three key sets of variables are employed:

(1) Performance Outcomes, assessed using four elements: (a) program sustainability and growth; (b) tenant firms' survival and growth; (c) contribution to the sponsors' mission; (d) community-related impacts.

(2) Management Policies and Their Effectiveness, in light of the incubation mechanisms objectives, based on a review of the effective utilization of resources resulting in the success of the program. The key elements assessed include: (a) goals, organizational structure and governance; (b) financing and capitalization; (c) operational policies; (d) target markets. 

(3) Services provided and their Value-Added for client firms in the form of: (a) the typical shared office services including rental space and other business assistance services; (b) the sponsor institution -related inputs, such as, in the case of a university, student employees, faculty consultants, and other institutional support and provision of networking for the TBF.
This framework is used as a guide to assess the role of incubation mechanisms in the following case studies.

4. Case Studies of STPs 
This section describes four US and four European case studies from their emerging knowledge regions in which science park and incubator mechanisms have played varying yet significant roles. The purpose is to identify “best practices” of STPs in various ecosystem environments: The US STP facilities analyzed includes Rensselaer Technology Park in the New York Capital Region; Northwestern University Evanston Research Park in the Chicago Metro Area of Illinois; Virginia Tech Corporate Research Center in the New River Valley region of Virginia; and the University Research Park in the Madison Metro Area of Wisconsin. Similarly, the European STP facilities include Oulu Technopolis (Finland), Medicon (Sweden-Denmark), Louvain/Leuven (Belgium), and Bio-park Leiden (Netherlands). The selected sample includes diverse cases representing rural/urban settings, public/private university sponsorship, technology focused/mixed use type, and with/without formal incubator facilities; and they all have a sustained operational record of more than one decade. These cases have the potential of becoming leading regions in the future and joining the group of highly successful clusters, e.g., Silicon Valley or Cambridge. 

4.1 US Case Studies

The US is a pioneer in science parks and incubators, having several successful STP models operating in various parts of the country. The following paragraphs highlight the role these incubation mechanisms have played in the transformation of four US regions into emerging knowledge ecosystems. These cases were selected out of a sampling frame of 15 regional cases where science parks and incubators have played significant roles in the development of their surrounding regions into viable innovation poles. The selected sample includes diverse cases of rural/urban settings, public/private university sponsorship, technology focused/mixed use type, and with/without formal incubator facilities; and they all have a sustained operational record of over two decades. 

Situated in the New York Capital Region, Rensselaer Technology Park (RTP) is an internationally prominent STP that provides a successful model of a private university led regional economic development. The RTP is a suburban facility established by the Rensselaer Polytechnic Institute (RPI) and is equipped with a successful incubator program. Besides RPI, the presence of SUNY-Albany, several technical colleges, and private R&D institutions including GE’s R&D Laboratory offer a knowledge-laden environment. The area has experienced a downturn in smokestack industries during 1970s and 1980s triggering layoffs. To cope with this challenge, RPI with its visionary leadership took lead in setting up the innovation infrastructure — incubator (1980), science park (1982), and a number of inter-disciplinary research centers. Several GE spin-offs by former employees along with local university alumni and students were the main sources of TBFs. Since the region possesses a broad knowledge base with strong information system and manufacturing industry, and a fairly developed seed and venture funding programs, it emphasizes diversity of technology sectors. However, software, biotech firms are dominating. This comprehensive technology development infrastructure with active private sector and supportive government policies offer a well-developed innovation milieu. A survey of RTP shows that the facility has experienced sustained growth over the more than two decades of its existence. The Park and incubator firms have experienced high survival rates with substantial innovations leveraging university technology, involvements of student interns, and alumni entrepreneurs. Both Park and its Incubator are well established award winning facilities that are considered successful science park and incubator models. 

The Northwestern University/Evanston Research Park is another reputable science park situated in Evanston, a northwestern suburb of the Chicago Metropolitan Area. The park is equipped with a successful incubator. The facility started out as a salient example of public-private partnership where a private research university’s interest in technology commercialization prompted its leadership to team up with the host city government to offer a broader tax base with technology-oriented economy. After 15 years of sustained growth the park has recently transformed into a mixed-use business and technology park facility. The incubator portion of the park is successful in maintaining a high tenant firm survival rate, providing a sectoral focus on software, biotechnology and material sciences firms in which university has considerable strength. The facility has provided an entrepreneurial training ground for the university’s students, alumni and faculty. The park is a for-profit corporation governed jointly by the university and the city of Evanston. The incubator part is not-for-profit with strict entry and flexible exit policies that aim to support technology transfer and area’s economic development through the creation and development of TBFs. With the new mixed use emphasis the park is endeavoring to maintain its technology emphasis. However, the incubator facility maintains its technology focus and is an award winning model program. As a novel experiment of university-industry-government partnership for technology development the Park has emphasized its role as the promoter of technology-based high value-added businesses in this economically challenged region of the industrial ‘rust belt’. However, over the past several years, the park has partially been successful in attracting and retaining large R&D organizations and more recently has been relying more heavily on its incubator component in search of its coveted science park identity. The efforts are underway to transform the ambient region of the park into a fully networked modern technopole.

The Virginia Tech Corporate Research Center (VT-CRC) is a state university led science park situated in Virginia’s rural New River Valley Region. Established by the Virginia Technological Institute and State University (Virginia Tech), this rapidly developing modern innovation pole offers multitude of highly developed infrastructure located next to the University campus and offers trained manpower and university R&D results. Not only new firms based on university technology are being nurtured, but outside firms are also being solicited through generous relocation packages. The Park has experienced steady growth in physical facilities and number of tenants since inception providing technology transfer and entrepreneurial training generating substantial innovations. The park is a not-for-profit subsidiary of the Virginia Tech Foundation, which is governed by a board with broad regional representation and serves as a focal point in economic development by incubating and capturing technology-oriented firms in this rural region of the state. Due to its technology emphasis, the entry policy is restricted toward those firms, which can benefit from regional technology resources and the exit policy is kept flexible. With its numerous value-added services the facility is making sustained efforts to tap university technology by modernizing the area’s technology infrastructure though broad band connectivity and leveraging university resources. The VC and seed capital availability is limited and there are conscious efforts to improve this service by co-locating financial institutions on the park facility. The park provides a virtual incubation support through its Business and Technology Center to new and fledgling firms from throughout the state. A new brick and mortar technology incubator facility VT KnowledgeWorks was established in 2005 to overcome the need for formal incubation support. New technology clusters are being developed in biotechnology and transportation and research base of the university continues to grow at about 20% per year. The CRC is becoming recognized as the center of technology development in the state and beyond. 

The University Research Park in Wisconsin-Madison is a suburban park equipped with a maturing incubator facility. The focus is on university-developed technologies managed by its Wisconsin Alumni Research Foundation (WARF), specifically in the biotechnology area. The Park is another state university led initiative that has been successful in incubating several new firms in partnership with the local private sector that is also funding the incubator operation. The facility is organized as two not-for-profit corporations, one for real estate operation and the other to run its Science Center. It provides shared space and office services to its client firms. Most business development services including VC and financial referrals and technology support services from university resources are available to the clients. A survey of the client firms showed that they were generally satisfied with the provision of these services. URP is a state-of-the-art award winning park with a relatively new incubator—the Madison Gas and Electric (MGE) Innovation Center. As a unique public-private partnership for technology development, the MGE Innovation Center houses a number of new start-up firms some of which are experiencing growth and have moved to the Science Center building of the Park which provides a flexible space for expansion. The UW-Madison itself has benefited in multiple ways. Its students and faculty have enjoyed collaborations with the Park companies through student internship programs and part-time jobs, faculty company creation and research partnerships. University’s drive in technology commercialization and the promotion of its image as a partner in regional economic development has been well served.

Several lessons can be learned from these US cases:

(1) The presence of a knowledge base in the form of research universities and/or major R&D institutions will serve as engine (s) of new knowledge and trained manpower. In all of the four cases the respective universities and their R&D centers played this crucial role.
(2) Successful partnerships of the university and/or R&D institution with public and private sector institutions will allow the necessary mobilization of the resources for the pursuit of entrepreneurial ventures such as access to information, shared governance, tapping university resources, availability of private venture capital. The above four cases offer salient examples of university-industry-government partnerships in most cases allowing ample sharing of resources.

(3) Presence of champions that provide the necessary motivation to initiate and impetus to persistently pursue the development of projects such as the establishments of science parks and incubators. The existence of individual and organizational champions at various levels is evidenced in all of the four cases. 

(4) All four facilities have endeavored to secure necessary funding and professional management to run their science parks and incubators. The provision of a comprehensive level of shared space and office services along with business and technology support are essential ingredients that add value to the tenets survival and growth needs. Only the Virginia Tech-CRC did not have a formal incubator and lacks the shared tenet space availability
, the rest of the cases provide all of the services. In all of the four cases the science parks and incubators reported carrying out performance assessment activities through benchmarking with their peers.

(5) Generally all of the facilities show more commitment to regional economic development by supporting grassroots incubation and commercialization activities

4.2 European Case Studies

The following 4 European cases were selected based on finding successful science parks that are centered around major research universities (and/or medical schools and/or public or private R&D institutes), that have shown an entrepreneurial orientation and established a successful track record in patenting, licensing and incubation. In addition to teaching and research, a new third mission for Europe’s universities (most of them are public and financed by the central government) of promoting social and economic development through science parks and incubators has been added to their portfolio of activities. Besides on quality, our selection of science parks is based on core-periphery location (Oulu, and Medicon) to being located in the heart of Europe (Leuven and Leiden), size (small Leiden versus big Medicon), focus (one technology Leiden and Medicon, versus multiple technologies Oulu and Leuven), ownership type (public Leuven, Leiden and Medicon versus private Technopolis Oulu) and degree of internationalization (national/regional Leuven and Leiden versus international/transnational Medicon and Technopolis Oulu). 
The Leiden BioScience Park is the leading life sciences region in the Netherlands. It was set up as a dedicated biotech park in 1984. For about twenty years the park grew steadily adding more new firms, institutions and initiatives to its portfolio. The management of the Park is in the hands of the not-for-profit VOIBSP, an association representing most of the Park’s companies. In 2004 the foundation Leiden –Life meets science was set up to transform the city and its BioScience Park into a thriving international hotspot in biomedical and molecular life sciences. A major impetus for further park development and cluster evolution was expected from better marketing the park, targeting the acquisition of new tenants, building support networks for start-up and spin-off firms, addressing the needs of local technology-based companies for scientists and technicians, forging international partnerships and alliances, and upgrading the support infrastructure and facilities. The 120 hectares park holds about 60 life science companies; it furthermore includes 8 knowledge institutes with another 3000 people working in the life sciences, R&D and training, and the university’s Medical Centre with 6500 employees. Among the key constituting partners are Leiden University, its Medical Centre, the applied research organization TNO, the companies/tenants at the BioScience Park and local/regional governments. At the park, there is one multi-tenant building (Beagle Darwin), and another one is being developed, which will provide advanced laboratory facilities for young firms. There is also an incubator on the Park called BioPartner Center Leiden, which hosts about 30 tenants offering them, besides housing, additional business services, turnkey laboratories, and shared facilities. The University’s LURIS seeks to establish a strong patent and license position for the university and its medical school and to create about 10 start-up and 10 spin-off firms per year. Seed funding is available through the Leiden-based Biogeneration Ventures. The Competence Centre Life Sciences (CCLS) stimulates overall entrepreneurship and skill development and supports existing companies through training, workshops, consulting, etc. In 2006, the Technological top Institute (TI) Pharma, a major public-private partnership chose Leiden as its home base, which has a budget of €65M per year and a workforce of 500 researchers. 
Today the Leuven technology cluster includes about 400 technology companies and 20,000 jobs. Its pivot is KU Leuven: with its academic hospital included, this university has approximately 5000 researchers. Leuven R&D (LRD) established in 1972 is responsible for contract research, licensing, spin-off formation and regional development, was established in 1972. After an early phase of predominantly licensing and contract research acquisition, in the late 1970s, LRD decided to build the Haasrode science park (136 hectares). With this research park almost fully occupied almost three decades later (employs about 5000 people today), the second science park Arenberg (13 hectares) was opened in 2004 with a special emphasis on hosting firms in ICT, new materials and biotechnology. The third science park Termunck (36 hectares) is now being built and expected to be operational in 2010-12. Other LRD activities and accomplishments include the promotion and realization of university spin-off firms (about 50 between 1985-2005) and the establishment of two dedicated incubation centres. In promting spin-offs an important role is played by the Gemma Frisius Fund, which was set up by KU Leuven in the late 1990s, in close collaboration with a couple of national financial institutions. Since its foundation in 1984, IMEC (the Micro-electronics Research centre, closely affiliated with KU Leuven) has built an impressive technology portfolio with about 1300 researchers. In addition to creating more than 20 spin-offs, IMEC’s activities are aimed at attracting foreign expertise and investments in the domain of micro-electronics and set up joint research and training programs with leading international partners (e.g. Philips, SGS Thomson and Sematech). In 1994 Digital Signal Processing (DSP) Valley was established by IMEC and a number of its corporate partners and spin-offs in order to create a catalyst for the use of DSP technology in new applications, and promoting a new wave of start-up firms. In 2000 IMEC created two funds to promote start-up and growth-oriented entrepreneurship, namely the IT-Partners and the IMEC incubation fund. Together with its local business partners and the local government, IMEC and KU Leuven formed the Leuven Innovation Networking Circle (Leuven.Inc) in 1999 with the objective to strengthen ties between its research centres and the local private and public sectors.
The city of Oulu is located in the North of Finland. In the Oulu region about 18000 people are employed at 800 firms active in IT/wireless communications, biotechnology, and clean technology. The formation of the University of Oulu (1958) followed by the establishment of the Polytechnic, the VTT Research Centre and a Nokia R&D unit in the 1960s and 1970s, significantly changed the industrial landscape of the region. In 1982 the city of Oulu, together with the regional investment company TeknoVenture and the University created, Oulu Technopolis, the first STP in Scandinavia. Six years later, there were already over 80 companies in the Park, many of which were set up by the university graduates. In 1990, the City of Oulu, together with the Academic Hospital, Kastelli Research Centre and Technopolis, founded Medipolis with the objective to build a research park with state-of-the-art facilities for biomedical start-ups and subsidiaries of international biopharma firms, and operating it commercially. In 2005 Medipolis was divested from Technopolis and became a privately-owned company. Today, the University of Oulu has about 3000 employees and its main agency for technology transfer and regional development is the Research and Innovation Services unit. The University of Oulu is also the partial owner of the high-tech business incubator Oulutech Ltd. After more than 25 years of its formation, Technopolis is now a profitable group (since 1999 listed on the Nordic Stock Exchange) that specialises in shaping and operating business environments for high-tech companies. Its major shareholders are Finnish insurance and pension funds and municipalities, including the City of Oulu with more than 5% of the shares. With 1200 customers employing 16000 people and operating 15 science parks in Finland and one in St Petersburg Russia (under construction, to be completed by 2010), Oulu Technopolis is the biggest chain of science and technology parks in Europe. In terms of property development and exploitation, Oulu is still the most important region for the Technopolis with 37% of its business, and with Nokia and VTT research as its largest customers. The company’s ambition is to sustain its growth by building and acquiring new science parks in Finland and increase its international presence. In addition to its core activities of science park and property/facility management, the Technopolis group has a venturing arm, named Technopolis Ventures TeVe, serving more than half of the Finnish high-tech and high-growth start-ups. TeVe offers a myriad of packaged incubation and business support services facilitating a smooth fast growth trajectory for new and young firms, including sparring & mentoring services, business tools, financial services, networking, training and expert services. 

Medicon Valley is one of Europe’s leading biotech areas; it is a bi-national cluster embedded in two separate countries separated by the Oresund Strait and incorporated in the transnational Medicon Valley Alliance. Covering the cities of Copenhagen and Malmo, the Medicon/Oresund region is large and heterogeneous with 12 universities (organized in the associative Oresund University), 26 hospitals (with 11 of them being university hospitals), more than 300 smaller and larger life science companies, and about 40,000 employees. In early 1990s, the idea for setting up a Danish-Swedish life sciences cluster organisation emerged in informal discussions among the key stakeholders in the Oresund region. Officially, Medicon Valley Academy (MVA) was initiated in 1997 as part of the EU’s regional development program (Interreg II) to stimulate the interactions between the research and business communities in the two countries, especially after the opening of the Oresund bridge in 2000. Besides the EU providing additional funding and a formal framework for bi-national collaboration, MVA’s primary drivers were the research universities in Lund and Copenhagen, strongly supported by the larger pharmaceutical companies in the region, e.g. AstraZeneca and NOVO Nordisk. In less than a decade, Medicon Valley has become internationally known. In 2007, Medicon Valley Academy changed its name to Medicon Valley Alliance to signal its broader foundation in the region – not predominantly greater cross-border collaboration in academia – but also cooperation with the business and civic domains of the region. With seven science parks, six incubators and a number of prominent local investors (e.g. NOVO A/S, Nordic Biotech), the region is becoming increasingly diverse and heterogeneous. Ideon, the oldest science park in Sweden, was founded by Lund University and local/regional authorities in 1983, amidst a crisis in the local industries (e.g. shipbuilding and textiles). The rationale for the science park was to capitalise on the knowledge of Lund University and to create new technology-based companies in order to generate jobs. In the late 1980s, Ideon grew gradually to about 100 firms, and after some extensive rebuilding and refurbishing of its premises, it managed to grow to 250 companies in 2009. Most of these companies have close ties with Lund University. Today Ideon employs around 3,000 people and operates 110,000 square metres of office and laboratory premises. Scion DTU is Denmark’s largest university-based science park, located near the Technical University of Denmark (TUD) north of Copenhagen. Today, on its two premises, Scion TUD hosts approximately 170 companies and employs about 4000 people. 

Several lessons can be learned from these EU cases:
(1) As shown by their involvement in the development of science parks and incubators over the last three decades, European universities and research institutes have fully embraced the new mission of promoting commercializing research and contributing to regional economic development;

(2) Besides a knowledge factory, a teaching bank and a licensing clearing house, Europe’s entrepreneurial university is also emrging as a property developer making money with land, buildings and other tangible assets (for that purpose collaborating with regional development agencies).
(3) In addition to the opening up of the universities, we can see the emergence of the public-private sector partnership mode with all kinds of ‘triple helix’ (university-industry-government) in R&D, innovation and knowledge transfer, and cluster development. These partnerships promote the knowledge value chains (e.g. the Leuven and Leiden cases) with regular flows of ideas, knowledge, people, finance and other assets moving back and forth between the research laboratories, testing and consulting organizations, start-up and spin-off firms and leading companies;
(4) The establishment of a transnational cluster of clusters (the Medicon case) and the management of a multitude of players with different interests (several universities, hospitals, governments, large companies, science parks and incubators) and mobilizing them for a common goal:;
(5) The creation of a dedicated commercial Science Park company (Technopolis), specialized in investing, acquiring, developing and managing property and adding venture capital and support business services for its client companies to its portfolio, and replicating this success formula elsewhere.
5. Comparative Assessment and Synthesis of Cases

The regional milieus found in all of the eight cases have several characteristic that signify a technologically vibrant knowledge region supported by an STP organization that provides ample activities for promoting sustained innovation environments, the hallmark of a functional knowledge ecosystem. Given the fact that the US sample is much more homogeneous compared to the European four cases, brings a variety in terms of a broader set of the emerging STP models. The comparative assessment in this section is based on a fine-grained set of functional criteria for the US science parks and more global comparative indicators in the European cases.

5.1 US STP Cases Compared

In terms of sponsorship all four US park facilities have partnership arrangements involving university, government and private sectors—all these cases have research universities in leadership positions, which are also producing new knowledge through their R&D centers. The only exception is Northwestern University/Evanston Research Park, where the city government was playing an equally dominating role, which they recently pulled back leaving the mantle to the University.

With the exception of Virginia Tech facility all other facilities have active technology business incubation programs that provide startup help and act as tenant capturing tools for their parks. These STPs are also surrounded by several other affiliate organizations providing technical and business advice, laboratories and workshops, seed and venture capital connections, databases and internet sources, and entrepreneurial education and training programs. 

The Management policies and practices are covered under goals, organizational structure and governance. In terms of goals, all 4 parks seek participation in the regional economic development activities by supporting the development of technology-based firms; providing a laboratory for learning entrepreneurial skills; promoting commercialization of university technology. The study findings of these leading U.S.-based parks with respect to their past accomplishments show that all four have made considerable progress in meeting these goals. In terms of governance, all 4 parks have boards with representations from the key stakeholders, which provide policy guidance. These are generally run as not-for-profit organizations and typically a director (manager) heads the park management team and the incubator manager reports to the park director. However, RPI Park along with its incubator program is a division/ department of the University, which is somewhat uncommon in the US. 
Marketing practices of targeted technologies and the type and characteristics of entrepreneurs admitted were the key factors reviewed. In terms of targeted technologies, the new and emerging fields including software, informatics, electronics and biotechnology firms, represented the largest number of tenants; however, the relative marketing emphasis varied according to university strengths and/or regional developmental policies. The participation of university faculty and students as entrepreneurs has so far been limited but is on the increase — university-related entrepreneurs are encouraged to participate in all of the four parks studied.

Financing practices have been studied both from the park as well as their client firm perspectives. Whether public or private, most parks and their associated incubator programs have benefited in one form or another from state grants. However, most of the US incubators (including large number of those established in early 1980s) have yet to attain financial self-reliance – a goal espoused by all of the park related incubators studied here. The support for the provision of easily accessible seed and venture capital from multiple sources has been the hallmark of these successful parks and their associated incubator programs. In the U.S., private investors or “angels” have often been described as the best source for early seed capital for emerging technology companies. Most tenant firms in these facilities have ample opportunities to pursue private risk capital. However, the venture capitalists make highly selective investments in young companies they perceive as having a high growth potential. Moreover, a host of state and federal grant programs are available for which ample guidance and support is provided by the parks to their technology-oriented tenants. As a result, these four parks like all successful parks and incubator programs in the country have a significant percentage of tenants supported through external funds.
Operational policies of the parks essentially include: tenant leasing, and allowance of R&D and manufacturing within the park. Two relatively urban parks, Northwestern and RPI allow light manufacturing in certain cases. In the case of incubators operational policies include: entry policy, graduation policy, tenant performance review procedures, equity/royalty policy, intellectual property policy, and alumni-firm relationship policy. All of these facilities have developed elaborate policies and procedures in all of these areas. In case of incubators more stringent selection/entry criteria is applied across the board. Such criteria often include technical and business feasibility assessments combined with the entrepreneur’s needs and possible fit with the park/incubator resources. Further, these are often group level admittance decisions. The normal incubation period is three years and is applied with some flexibility, based on each entrepreneur’s needs. Tenant performance at incubator is regularly monitored, and mentors from the private sector are encouraged to participate along with the incubator manager to provide necessary feedback to the entrepreneur. Though not widely practiced in the U.S., equity/royalty holdings in client firms by the park/incubator are a growing practice levied in the form of “success fees” etc. for which new procedures are being developed. Well-run incubator facilities not only stay in contact with their alumni firms (tenant firms which have already graduated) but also involve these firms with the current tenants to provide mentoring.
In the provision of services, all of the four facilities like most successful parks and their associated incubators have been responsive to the client needs and perceived usefulness of the gamut of services often provided through these mechanisms—shared space, typical office services, conference room and other maintenance services etc. Previous research shows that technology-based client firms have consistently given higher ranks to the university-related services/ benefits, such as university image; use of student employees and faculty consultants; and access to libraries and laboratories (Mian 1996). Therefore, all four cases provide these services/ benefits, depending upon their overall reputation and commitment to technology incubation. Research results on the value-added contribution and, hence, desirability of typical park/incubator services is mixed. However, most of the typical incubator services, including facilitating networking, business and legal consulting, are available in one form or another to most incubator clients.
5.2 EU STP Cases Compared

When comparing the four European cases, the diversity among its science and technology parks in terms of size, ownership, focus and reach, service offerings, management style, stakeholder/community involvement, track record and overall performance is striking. In terms of age, the Leuven science park is the oldest, going back to the late 1970s, then Leiden and Oulu follow with their parks set up in the mid-1980s. The Medicon parks provide a mixed picture of some parks set up in the 1980s (Ideon Lund), or even before (Scion DTU), and others in the 1990s or even later. In terms of size, there is a big difference between the bi-national Medicon/Oresund Valley with its 12 universities, 7 science parks, 6 incubators, and 4-5 big pharma companies and a dedicated bioscience park centred around Leiden University with its laboratories, medical school and one incubator, and with 60 small/young biotech start-ups and subsidiaries of medium-sized life science companies. Small may be beautiful in the case of the BioScience Park Leiden, which has grown organically over the last 25 years, and large may be difficult to manage, given the prestige which is at stake for Medicon as a showcase of European (Danish-Swedish) and public-private collaboration in R&D and innovation and the looming rivalry among the 7 science parks competing for large or promising national and international accounts.

The difference between Leuven and Oulu is also substantial: not only in terms of geographical location (one close to the Polar circle and the other one in the heart and close to Brussels, the capital of Europe) while the first is among Europe’s oldest universities with a track record in research and since the early 1970s in knowledge transfer and spin-off formation, the latter is among the youngest of Europe’s universities and it had to built up research and technology transfer capabilities from scratch. Furthermore, while in Leuven the science park was among several instruments to commercialise research and promote regional economic development, in Oulu the science park was almost a lifeline for the university and the local/regional authorities to stimulate, attract and retain entrepreneurial engineers, young firms and corporate/public research establishments. Oulu and Leiden are both park-centered clusters (with Technopolis being specialized in setting-up and managing several clusters). Medicon and Leuven are heterogeneous and sustainable clusters where science parks are among many other instruments and vehicles for furthering knowledge transfer and economic development. These two knowledge regions could be qualified as ‘park extra’ clusters or technopoles: they distinguish themselves from others by having an advanced science and technology park in their area. 

When comparing the initiators and driving forces of those four parks there is a strong similarity. In all four cases the universities involved put the science park on the agenda (Leiden, Leuven, Oulu, Medicon), mobilised support from the public and the private sector for it, and then the paths differ. Oulu’s Technopolis became an independent and stock-market listed company specialized in investing, acquiring, managing and upgrading science and technology parks, with no special and privileged partnership with local authorities or universities other than their tenants and investees. In the case of Leuven, Medicon and Leiden, despite being more at arm’s length, those science parks are still very much dependent on their universities to offer to public or private research establishments which are considering to directly invest in the region, a joint package, including research projects, housing, and access to laboratories and incubators. In their strategy and their operations, they are ‘region & university bound’. Also in obtaining additional research funds for new research projects, programs and institutes, the science park works together with the university, and often local governments and regional development agencies. Compared to the footloose the Technopolis organisation, the Leiden, Leuven and Medicon parks are very much location- and university bound. The seven Medicon parks face an additional challenge that they compete with each other to get the funds, subsidies, projects and research laboratories of large companies, the two national governments and the European Union (concerning foreign investments in the Medicon region, coordination among the seven parks  until today is non-existing). In terms of management and service offerings, the four differ as well. Probably the most organized and providing the best professional support and access to all sort of business and growth services is the Oulu Technopolis. On top of its property management activity, the Technopolis commits itself to start-up and young promising companies by investing in them, incubating them and making them grow by a hands-on approach in coaching and supervising. For that purpose, a variety of services, tools and facilities are being offered
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5.3 Mapping the Design and Operational Characteristic of STPs

In this paper, we have presented an overview of the selected U.S. and European STPs and associated technology incubators serving as drivers of regional knowledge ecosystems. It is obvious that after the boom of 1980s the growth in establishing new park and incubator facilities has plateaued in the US starting the second half of 1990s (Mian 1997), which is a sign of relative maturity of the industry. However, there are strong indications that the innovation pole model of economic development continues to be a favored policy instrument for technology-driven regional economic development both in the U.S. as well as Europe. The emerging innovation pole strategy has some elements in common that includes: a cautious approach emphasizing better feasibility studies, phased development, and integrative science park models – including support for both startup and large company research, and new product development activities. Given this situation a slate of eight relatively more established successful models conforming to the aforementioned emerging innovation pole strategy have been presented in the previous sections with detailed case analyses. Our analysis suggests that those designing, operating, and evaluating STP programs need to consider several dimensions. First, the matching of regional resources and market needs with the tenant firm activities will determine the scope and intensity of support that are possible — depth in tenant involvement. This is manifested through not only the provision of classic STP/incubator services, but a more deeper involvement with the innovation communities of a region. Several new models of strategically planned mixed-use STPs are providing a host of on-site amenities to integrate living with working. Second, the diversification of portfolio of sector/ technology fields served by STPs will impact their longer term sustainability aspects — breadth versus focus. As sustainability is becoming an important issue in designing today’s organizations and systems, diversification in technology sectors served has the potential for a more sustained STP operation. On the other hand specialization may provide its own obvious benefits in certain contextual situations. Third, the challenges of competitiveness in this globalized world are real, which need to be addressed by considering to extend facility’s reach from a single site location to multiple regional and/or global locations/networks. To attract talent, STPs are competing to evolve regional networks such as the Medicon case where multiple parks and universities are involved. Similarly, Silicon Valley’s connections with Taiwan’s and other nations’ parks, are making the Valley a global innovation hub. Figure 1 provides a graphic view of these three dimensions that may serve as key design and operational success factors of the future STPs in an ecosystem development context. 

6. Conclusion 
Over the past half century during which the concept of science and research park has been taking roots, first in the USA and then in Europe and elsewhere, the use of these mechanisms has grown rapidly and matured considerably. The 1980s and 1990s experienced phenomenal growth during which both public and private entities often engaged in a great deal of ill considered and poorly planned projects prompting industry’s shakeup in the following years. Given the complexity of developing such innovative yet controversial programs, these projects needed time — the time to test, to experiment and adapt, and to fail or succeed. Years ago it was often said that it would take decades for the true value of incubation industry to make it known. Fortunately, in the US, and to a great extent in Europe that time was afforded. The success of our US and European cases of science and technology parks is due to the fact that these are well managed and adequately funded partnership programs operating in relatively developed socio-economic and infrastructural environments and enjoy favorable knowledge endowments. Our research suggests that those designing, operating, and evaluating STP programs need to consider three key dimentions of the level of depth in tenant involvement, breadth versus focus Considerations, and extending facility’s reach beyond a single site location. These strategies need to be considered in designing and operating modern STP projects in light of the other contextual and resource-related factors identified by other researchers (Sanz, 2006).


This work is exploratory, based on a diverse set of case studies and touches upon many issues and academic disciplines, which needs further elaboration. The lack of financial resources prevented us to select a broader study sample, which could better represent the differing socio-economic contexts and level of development of the incubation industries within the US and European regions; this limits generalizabily of the findings. Added to this challenge was the lack of access to primary information that was further compounded by the survey fatigue experienced by the respondents during our primary data collection activities. To take this research forward, an examination of the boarder technology transfer strategies by the regions including the international business and technology transfer dimension of incubation mechanisms within these vast regions may lead to interesting research results. More research is needed into the governance of these mechanisms and alignment of policies with respect to regional and national governments. 

To summarize, the study shows that science parks and incubators can contribute significantly to help organize and stimulate the development of innovative technology-based firms in a region, thus facilitating to build regional innovation ecosystems. However, their success depends to a great extent on their pre-existing mix of the regional characteristics, knowledge endowments and the speedy development of entrepreneurial culture through high level of cooperation between the key local actors in ensuring the optimal implementation of the three key success factors identified earlier. Therefore, for aspiring regions, the role of local champions becomes paramount in setting the necessary agenda for change and taking up the daunting task of creating the appropriate environment and support structure to foster innovation and entrepreneurship. Though our previous analysis of the US and European emerging regions show that there are several examples of successful STPs models yet there is no single model that can fit all situations. 
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Table 1: Evolution of the Science Park Model: US versus Europe

	
	USA
	Europe

	
	Types/Characteristics
	Growth
	Types/Characteristics
	Growth

	Pre-1990 Models
	Stand-alone campus-like real estate parcels. Focus on industrial recruitment.

Limited links with univs & research labs. Limited bus assistance or services.

Lack of incubators/ innovation centers

Mostly “technology garden models”
	Starting out with the Stanford Research Park in 1951 there were 20 parks in by 1979, and 127 parks by 1989 (largest growth in a decade).
	Three models:

Small univ-related parks (UK, Scandinavia)

Large technopoles with incubators (France) 

Bus & Tech Centres for SME skills (Germany)

“National diversity in objectives & development models”
	Starting out in the UK in 1972, generally there were couple science parks per country in Europe. Early growth stage started from the mid-1980s onwards

	1990s Models
	Anchored with R&D labs and univs. Focus on connectivity & networking

Presence of incubators innovation centers 

Provision of support services for entrepreneurs

“networked commercialization enablers”
	By the end of 1999 there were 159 research parks
	Partnerships serving multiple goals: tech transfer, spinoffs, jobs, regional econ dev with regional branding. Both not-for-profit and for-profit models providing incubation services 
“networked commercialization enablers”
	Growth phases in the UK and North & West Europe; start-up phase in Central & Mediterranean Europe

	2000 & Beyond Models
	Enhance focus on support for entrepreneurial startup & less emphasis on industrial recruitment.

Enhanced connectivity & networking (including global). Enhanced tenant amenities. Trend towards mixed use (commercial/ residential) parks.

“regional economic drivers”
	179 total parks according to an AURP 2002 study

195 total park facilities estimated by AURP 2005

174 university research park facilities according to Battelle 2007 study
	European Union support for clustering & regional dev. (Danish/ Swedish Medicon Valley being its flagship project. Large firms set up parks to in-source new ideas and outsource spin-offs in non-core technology divisions (e.g. Philips High-Tech campus)

“regional economic drivers”
	Significant increase in the number and the size of STPs (around 500). Broad focus of smaller STPs on univ. tech strengths. Specialization of the larger more established cluster (e.g Leiden: biosciences, Oulu wireless networking


(Mian and Hulsink 2009)
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Figure 1: Maping of Science park characteristics






� The more dynamic idea of an innovation ecosystem builds on the concept of a National Innovation System, which is seen as more static, describing a set of institutional infrastructure elements; for detailed discussion see Wessner (2005)


� More recently a brick and mortar technology incubator facility has been provided to fill this gap.
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