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Abstract
This paper surveyed the policies and documented the current situation of university and industry linkages in Korea. The paper proposes the model for understanding the Korean innovation system and reviews the performance by the model. The ecosystem of Korean innovation system has been evolved into the private oriented self-sustaining system. In this innovation system, the government played an important role to improve the linkage between universities and industry. The institutional changes have shown the changes in the activities of the linkage. 
† This is a revised version of the chapter 3 of the report “Science and Industry Linkages: Partnership between University & Business - The case of Wonju Medical Device Cluster as a part of the research project on "Developing National Technology and Innovation Capacity:  Lessons from Korea and Application to Turkey"

1 Introduction

Korea has been known as one of the countries that had enjoyed the most remarkable economic growth. Back in the 1960’s, iron ore, tungsten, and raw silk were Korea’s major export goods. In 1970’s, the major export goods changed to textile, clothes, plywood, and wig, but those goods still did not require broad science base. In 2000’s, high technology industries were leading Korean Economy. It is not clear how the universities had contributed to this transition process from low technology based economy to high technology based economy. Even though there are controversial debates over how much Korean universities have contributed to the success of Korean miracle, it is certain that higher education and its research have indirectly played an important role in the transition process.

The contribution of Korea’s universities to technology development and economic growth tends to be underestimated because of its indirect characteristics. In terms of research, Korea’s universities could not measure up to other advanced counterparts. Rather the government research institutes and the research laboratories of leading companies have been famous for their performances in research and development as well as technology adaptations.

One of the most important functions played by the universities is to supply human resources with good education background to private companies. While most companies have actually run their own research institutes, and spend 7.7 times as much as universities do in R & D as of 2006, universities are the main source of the science and technology supports to the private companies. Korean professors also contributed to the Korea’s innovation system by participating R&D projects individually or by acting as policy advisers either for the government or for the private companies. 

Traditionally the connection between basic research and industrial innovation is explained by a linear model of knowledge production and transfer. The linear model is a framework for understanding the process of knowledge creation from basic science or theories to development and commercialization. Even though it is epistemologically correct, the linear model fails to help us to understand the economic and social determinants of knowledge creation. Steinmueller (1994) argued that the linear model had been criticized on its making little account of the role of technology in shaping the aims, methods, and productivity of science and neglecting the non scientific origins of many technological developments, even though it was useful as a heuristic for examining the basic research and industrial innovation. Rosenberg (1992) suggested that the emergence and diffusion of new technologies instrumentation were central and neglected consequences of university basic researches.

The major role of universities is unarguably to perform the scientific research, but Korea’s universities are not as strong as other universities in the advanced countries in the frontier research. Fransman (1994) observed that Japanese universities have often been an important source of intra-frontier research for Japanese companies. This observation can also be detected in Korea too. Professors in top research universities have been connected to the private companies. They have performed the research projects personally for private companies in developing technologies either from the science knowledge or applications of the technologies to commercialization. However, these activities were not institutionalized and the relationship between universities and private sector had a tendency to rely on the private connections. Korean government recognized the importance of the cooperation between universities and private sector, and provided the legal framework and incentive mechanism in order to make universities play more active roles in technology development process. 

The linkage between universities and industry is rather complex. As Pavitt (1984) put it, most technological knowledge is not generally applicable and easily reproducible. It is specific to firms and applications. Moreover it is cumulative in development and varied among sectors in source and direction. Therefore universities and private firms should have a long term relationship so that they can accumulate the technological knowledge in the dynamic technical trajectory. 

As globalization prevails and the competition gets more intensified, people tends to be convinced that the more value can be created from the knowledge and the transition to the knowledge based economy is more essential for the economic growth. Even though leading companies are investing more money on R&D than before and any other institutions, they tend to ask more help from universities and complain more on universities performance. Ironically this tendency tells us how important the role of universities is. The remaining question is how we change the system so that the economy be upgraded. 
This chapter is to introduce the essential factors of the Korean model for university and industry linkage and to evaluate the efforts for upgrading the linkages. Session 2 underscores the importance of the ecosystem of the technology development. Even though the linkage models are similar, the performance would be very different if the ecosystem is different. In the session, the theoretical aspect of the ecosystem is discussed and the ecosystem of Korean case is represented. Session 3 mainly focuses on the Korean model of university and industry linkage and explains the effort of the government for upgrading the linkages. Session 4 evaluates the performance of the Korean model, and session 5 concludes the chapter.
2 The ecosystem of the technology development
A. Tripartite Interactions: the government, industry, and university
The ecosystem of the technology development consists of human resource providers, capital providers, science and technology providers, and policy makers. Interactions among those agents produce talented researchers, and R&D results. Moreover, R&D can be commercialized and its value can be realized through those interactions. The self sustaining ecosystem is such that all agents in the system can benefit from the activities and that the innovators and entrepreneurs can expect opportunities to be compensated in the system without endless public supports. 
For example, the science and technology provider can get sustainable capital inflows either from firms or from capital markets. The developed technology should be commercialized so that the capital providers can get returns from their investments. The human resource provider can also have an incentive to produce more qualified human resources within an interactive system. Policy makers can provide the incentive mechanism so that all the agents can perform their own responsibilities without pumping the huge amount of public money in.
In the ecosystem of innovation, universities are essential. In the period from 1960’s to 1970’s, the private firms in Korea did not pay attention to develop new technology, and instead they made more efforts to catch-up the technology gap between the advanced countries and Korea. As a result, the major breakthrough occurred in the process technology rather than the new product technology. The process technology is for enhancing the efficiency of producing goods rather than for making new goods. One of the main reasons for this tendency is that money required for the process technology is small, and its time of cashing out is short.

After Korean firms accumulated their capital and the stock market responded to the technology ability of the firms, the firms began to put their money to develop new products and basic science due to the changed environment as well as the global competition. 

The technology development process requires time and money. Any sustainable technology development process contains the cashing out process. Firms are accustomed to thinking of the marketability when they begin to develop the new technology and the new products. However, universities usually have a different incentive mechanism. Most researchers in universities are not able to have concrete understanding of marketability of their research, and they are inclined to publish academic papers which are usually far from the commercialization. Even though commercialization of the technology is very important for the sustainable technology development, universities have not been very active in this area until recently. Therefore universities have enjoyed their own autonomy in the technology ecosystem. Exogenous input such as public research funds is very important to strengthen the research capability of universities. 

Universities have most of valuable research personals and environment for creativeness and innovation, and they have contributed to building up the knowledge in the academic sense, but their main agenda concerned mostly about education in Korea. Many success stories of university-oriented technology development and commercialization in the developed countries have influenced the policy makers and professors for a decade. Ventures and stock market listings, and commercialization of technologies are perceived as essential elements to improve innovative environment and universities’ capacity. Now many policy measures to transform the universities’ incentive mechanism, but still universities contributed to expanding knowledge base mainly by producing human resources.

Table 1: Major Players in the Technology Development
	Players
	Role
	Characteristics
	Incentive Transformation

	University
	Science and technology Provider

Human Resource Provider
	Exogenous

Passive
	Organizational restructuring

	Firm
	Science and technology Provider

Capital Provider
	Endogenous

Active
	Capital market enhancement

	Government
	Policy maker

Capital Provider
	Exogenous

Passive
	Incentive compatible policy making


The linkage between university and industry is very important in a couple of viewpoints. The first view point is that linkage itself is for making the ecosystem sustainable; and the second one is that that is a way of contributing to making the society more innovative. Even though the importance of the linkage has been emphasized, and there is some progress, there are many issues unresolved.

Universities have contributed to the industry by supplying the talented human resources. This indirect conduit of the linkage should not be belittled. The direct linkages are various; performing the joint R&D projects with industry, nurturing venture firms in the university incubators, consulting the firms in the individual bases, turning universities into business entities for selling their R&D results, and spin offs are a few examples.  

There are two basic issues before the discussion of university-industry cooperation. One of the issues is to change the incentive mechanism of universities. Universities are traditionally an education institution. As such an institution, universities have been independent in providing curriculums for a long time. However, there are many criticisms about the competitiveness of university education in terms of how well university education meets the needs of a competitive economy. Because the higher education is too professional, others except professors cannot intervene in changing the curriculum in response to the firms’ need. Moreover Korean professors have enjoyed privilege and respect so that it has been very slow in changing in response to the outside demand. Even though there have been policy concerns to change the laggard higher education, the results of those efforts are promising. 
Since 1994, Ministry of Education, Science and Technology and Korean Council for University Education have conducted the comprehensive evaluation of university education; the categories of the evaluation are university management innovation, education quality, educator capacity, student support system, infrastructure, university-industry cooperation, strategic specialization. Along side of the evaluation, there have been many financial aid program for university R&D and human resource development. The government spent 4,488 billion won as of 2005, which was 2.29% of the total government budget and 0.56% of GDP. As of 2005, the budget to enhance the educational competitiveness was 9.5% of the total financial support, which was much smaller than the budget for R&D. The most budget allocated to universities were spent on the current expenditure so there has not been much room for universities to change their governance and meet with the need of business sector. 
Even though many policies have been implemented, Korea’s universities need to increase their educational competitiveness. Moreover, universities have to find out incentive mechanism by which the curriculums and other educational provision are to be adjusted to meet the demand of the economy and to contribute more to the economy.

The other issue is to build up the R&D capability of universities. According to the 2007 assessment in terms of the number of publications in the journals listed by science citation index, only Seoul National University and Yonsei University are ranked in the top 100 universities in the world. Considering the economic size and the number of universities in Korea (there are 195 universities and 107 junior colleges as of 2007), this concisely shows the level of the global competitiveness of universities in Korea. 

Korean government addressed this issue and has tried to enhance core ability of each university. The Ministry of Education enacted the law that could establish the advisory committee for university specialization. The committee may coordinate the financial support for universities from various ministries so that each university may focus on its core competency. 

Compared to other countries, Korea spends relatively less R&D investment to universities and the private companies spend relatively more. The financial scale of universities in Korea is approximately 21 trillion won (2.5% of GDP) as of 2005. The government spent 4.5 trillion won, which is 22.7% of the total budget of university, that is, far less than OECD average (78.1% as of 2005). Therefore Korean government has to spend more in order to improve the R&D capability of Korean universities, which is a basis for industry upgrade under the condition that those investments must be more efficient.

The policies for changing incentive mechanism and improving the R&D capability of universities are ongoing processes, and these policies are also necessary for universities and industry linkage. At the same time, more importantly, the ecosystem of the technology development should be effective and sustainable. Therefore the Korean government has provided legal framework and incentives so that universities can have their own mechanism to accumulate the capital by appropriating their R&D results. 
B. For a self-sustaining system
The technology development has been done as the industry develops. The co-evolutionary industrial policies worked out successfully, and the technologies have embodied in the industry. In this process, universities have involved in indirect ways; supplying human resources, influencing the science and technology policies through the related government committees, participating national or private R&D projects. In 1990s, there was a tendency of expecting new lucrative business related with new technologies and innovation. 

The most important advance in innovation system in Korea is that the government opened the door for venture capitalists to cash out their investment and for small firms and technological firms to be able to raise the capital. The ministry of finance announced “Plans for organizing market for revitalizing the stock transaction of the small and medium sized firms” in 1986 and established the over-the-counter market in Korea Securities Dealers Association in 1987. In 1996, Korea Securities Dealers Association established KOSDAQ (Korea Securities Dealers Automated Quotation) market. In 1997, the government amended the Securities and Exchange Act in such a way that the investors can be protected from unfair activities and the transactions can be promoted on the bases of accountability and stability. The stock market has played an important role for mobilizing the capital for R&D. After the introduction of KOSDAQ, the number of firms listed in KOSDAQ has tremendously increased from 47 in 1989 to 1022 in 2007. Even though there were booms and busts, the capital market contributed to promoting many venture firms in 2000s. 

Figure 1: The Number of Firms listed in KOSDAQ
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Source: Bank of Korea DB

There are other changes in 1990s. Before 1990s, the linkage between universities and industries were rather indirect. Even though Korean ecosystem is moving forward to the more self-sustaining system, the system needs more impacts from science based knowledge for upgrading. Recognizing the essential needs, the government emphasized universities’ role in the industrial development via R&D. In other words, universities became the most important tool for the government to improve industries. This is because universities have most knowledge capital and science base in Korea. Universities have well trained researchers, and relatively good R&D facilities. The companies in basic industries have already established innovative capacity, and they are leading innovators. 

In table 2 shows two facts; one is that Korean ecosystem becomes more private oriented and self-sustaining and the other is that universities becomes more active in cooperating with industries. In 2000s, firms have more patents out of the cooperation between private firms than the cooperation between firms and universities. In 1990s, public institutes contributed most joint patents with private firms, but the number of joint patents decreased in 2000s. Instead, the number of joint patents between universities and private firms has increased tremendously.
Table 2: Joint Patents Distribution by Cooperating Institutions
	Cooperative agents
	1990-1994
	1995-1999
	2000-2004
	1990-1999 annual average
	2000-2005 annual average

	 eq \o\ac(○,A) with  eq \o\ac(○,A).
	281
	914
	1752
	120
	301

	 eq \o\ac(○,A) with  eq \o\ac(○,B)
	521
	2138
	928
	266
	156

	 eq \o\ac(○,A) with  eq \o\ac(○,D)
	20
	155
	312
	18
	62

	 eq \o\ac(○,A) with  eq \o\ac(○,C)
	848
	1281
	427
	213
	72

	 eq \o\ac(○,A) with  eq \o\ac(○,E)
	1
	10
	43
	2
	9

	 eq \o\ac(○,B) with  eq \o\ac(○,B)
	1
	10
	72
	2
	18

	 eq \o\ac(○,B) with  eq \o\ac(○,D)
	5
	16
	4
	3
	1

	 eq \o\ac(○,B) with  eq \o\ac(○,C)
	10
	63
	136
	8
	23

	 eq \o\ac(○,B) with  eq \o\ac(○,E)
	0
	1
	10
	1
	2

	 eq \o\ac(○,D) with  eq \o\ac(○,D)
	2
	0
	3
	1
	2

	 eq \o\ac(○,D) with  eq \o\ac(○,C)
	2
	64
	269
	9
	45

	 eq \o\ac(○,D) with  eq \o\ac(○,E)
	0
	0
	2
	0
	1

	 eq \o\ac(○,C) with  eq \o\ac(○,C)
	2
	23
	34
	4
	7

	 eq \o\ac(○,C) with  eq \o\ac(○,E)
	771
	2663
	4521
	343
	767

	 eq \o\ac(○,E) with  eq \o\ac(○,E)
	156
	1056
	2637
	121
	454


Note:  eq \o\ac(○,A): private firms  eq \o\ac(○,B): public institutions  eq \o\ac(○,C): non-profit organization  eq \o\ac(○,D): university  eq \o\ac(○,E): individual

Source: Author’s calculation from the data of Ministry of education, science and technology (www.mest.go.kr)

The increasing tendency of university and industry cooperation resulted from the government efforts. The list of those efforts is as follows even though that is not comprehensive:

√ Establishing institutions for self-sustaining ecosystem
√ Enhancing universities’ innovation capacity

√ Changing incentive mechanism of universities

√ Providing Diffusion channels of universities’ technologies 

√ Encouraging joint R&D with industries

√ Making universities play an important role in the regional innovation system and regional development 

√ Providing Legal Framework and institutions to implement the above measures

These efforts will be discussed in the following sessions, but Korean ecosystem for innovation is moving forward to more self-sustaining system, while universities is getting to play more important roles in the system.
3 The Korean Model of University and Industry Linkage
A. The generic model
(1) Incentive mechanism reforms

University and industry linkages are complex. In order to strengthen the linkage, there should be a comprehensive approach rather than a step-by-step or piecewise approach. Tripartite relationship among university, business, and government involves various organizations which have different incentive mechanisms for themselves. Therefore legal framework and government actions should be provided in order to change incentive mechanism so that those institutions can actively participate in the cooperation and have so called win-win results.
The relationship between university and industry had been indirectly established for a long time. In Korea, professors in universities have been respected by wide population in the Korean society as a kind of social mentors rather than the technology providers. Traditionally, the business activities by selling their knowledge or providing the knowledge had been regarded as something that the intellectuals should not do. However, in reality, there had been needs from the society, and many professors ironically actively have participated in the government as a member of various committees and had consulted the firms and participated in the R&D projects. Recognizing that this practice had limitation in strengthening the linkage systematically, the government has tried to change the system and practice of university and industry linkages. 

Before the government addressed this issue, the relationship was indirect. Students paid the tuition to university, and took the courses that professors provided. In this practice, the relationship between students and professors remained in a traditional and ethical one. There was no incentive mechanism that professors took care of students need and cared for the industrial education demand. After students graduated from universities, they worked in industries with limited knowledge about real business world, and they had to adapt themselves to new environment. While professors had contact with industries through the relation with former students as their mentors, professors had no incentive to delve into the reality of industries. Industries had many social mentors but they did not have technicians and trouble solvers that could really help them to solve their specific problems including technology development and strategies. 

The previous system had the following problems; first, there was no mechanism that gave professors any incentives to meet students and social demand and to change their curriculums for industrial demand, second, there was no mechanism that universities should invest more R&D for their benefits, thirdly, there was no direct liaison organization for deepening the relationship between universities and industries, and fourthly, there was no flexibility in governance of universities for facilitating the cooperation with industries. In order to address these problems, the government has implemented the policies, which can be classified as incentive mechanism reforms, linkage support system providing, and competence building. 

Incentive mechanism is very important to establish the virtuous cycles in enhancing the cooperation between universities and industries. First of all, the government recognized the importance of assessing the universities performance since 1994 and differentiating the financial support. Especially, the public and national universities had been remained as autonomous entities for a long time because the society believed that the universities had to be free from all political influences and remained as a social guardian against the political dictatorship and for the democracy. After most Koreans believed that the certain level of democracy was established and that the performance evaluation is nothing to do with the political independence, the government implemented the national wide evaluation of universities and differentiated salary scheme of professors according to their performance in the national universities. Most private universities also followed the government reform policy. At first, the professor’s performance evaluation focused on the areas of teaching and academic research, but it is changing towards emphasizing research funds, the patents, and joint works with private firms. The incentive of publishing academic papers has become much stronger in the professor performance evaluation. 

According to Ministry of Education, Science, and Technology (2008), the number of publications in Scientific Citation Indexed Journals by Korean researchers has increased to 25,494 in 2007 from 9,854 in 1998. The number of publication was 11,332 in 1999, 23,099 in 2005, and 23,297 in 2006. This steady increase in the number of publication is partly due to the performance evaluation and stronger tenure screen.

Moreover, most universities have implemented professors’ performance evaluations that put more emphasis on university and industry cooperation. In 2007, 116 universities out of 140 surveyed universities included the domestic patent registration performance criteria, and 114 universities included the international patent registration criteria. Their weights in the evaluation were around the number on average from 14% to 22% of the weights on the academic paper publication in SCI journals. Table 3 illustrates how universities approach the issue of the cooperation. This changed attitude is due to the changed social demand and the changed laws such as “Industrial Education Promotion and Industry Cooperation Promotion Act” in 1995 and “Special Act for Venture Business Promotion” in 1997.

Table 3: Relative Weight of University and Industry Cooperation Activities compared to SCI publications in Annual University Instructors’ Evaluation

 (unit: number, %)
	Classification
	2006
	2007

	
	Number of universities
	Average

Ratio
	Number of universities
	Average

Ratio

	Domestic Patent Submission
	29
	9.8%
	41
	14.0%

	Domestic Patent Registration
	97
	17.4%
	116
	22.0%

	Foreign Patent Submission
	29
	10.4%
	41
	17.5%

	Foreign Patent Registration
	99
	15.9%
	114
	20.8%

	Technology Transfer Cases
	10
	5.2%
	19
	12.6%

	Technology Transfer Revenue
	22
	14.8%
	32
	12.1%

	Technology Consulting Cases
	19
	4.5%
	28
	7.9%

	Technology Consulting Revenue
	-
	-
	14
	11.9%

	University and Industry Joint Research Cases
	30
	19.6%
	28
	14.1%

	University and Industry Joint Research Funds
	-
	-
	48
	21.3%

	Professors Startups
	13
	3.5%
	16
	8.1%


Source: KRF(2007, 2008)
Especially for public and national universities, the changes in legal framework for university and industry cooperation were more essential. It has been customary for most universities to follow the national universities’ policies for their instructors. 

According to the legal reform for the cooperation, for example, universities were able to provide the facilities and land for the venture business and professors of universities became able to participate in venture businesses for longer time than the university regulation and the tertiary education law. Even national universities could utilize the revenues from renting their facilities without redemption to treasury. These efforts were expected to change the incentive mechanism for promoting the cooperation with industry. 

(2) Linkage supporting system 

The second stream of policies for the cooperation promotion is to build up the linkage supporting system. Because Korean government has emphasized the important of science and technology development for a long time, the approach to linkage between universities and industries has been very comprehensive. The approach includes the areas such as regional development, industrial complex development, and industrial human resource development as well as science and technology development. Therefore there should be a coordinating body to govern these activities across ministries, government agencies, industries and universities. 

The National Science and Technology Council (NSTC) was established in January 1999 as the nation’s highest decision-making body for science and technology policies. The president of Republic of Korea is the chairman of NSTC. NSTC has the subordinate committees for preparing the strategic plans and their action plans. Among the ministries, the Ministry of Education, Science, and Technology, and its agencies are basically the most important bodies to strengthen the linkages. However, other ministries focused on the linkage because they want to use the capacity of universities as leverage.

First of all, it was an imminent policy agenda to establish the system to improve the industrial technology and human resource development for better competitiveness. In order to address this issue, the government proposed the act for promoting industrial and energy technology in 1994. This act showed the change in the policy. The previous government policy was to target the specific industry and to support the industry, which was so called picking-the-winners policy. From this act, even though the government maintained a strategic approach, the government abandoned the targeting approach, and instead adopted the functioning approach in the industrial policy. In the act, there were many articles to establish the infrastructure of technology development and to promote the joint R&D among public research institutes, universities, and private firms internationally and domestically. The act specified the article that enabled the government to plan the specific promoting programs. This law has changed to “Act for Industrial Technology Infrastructure Building“ in 1999 and to “Industrial Technology Innovation Promoting Act” in 2006.

There are articles to allow the government to establish “Industrial Technology Development Committee” and to make the government responsible for the funds that will be needed for promotion. In the act, there are many important government agencies that will implement the government policies. The Korea Science and Engineering Foundation (KOSEF) and Korea Research Foundation (KRF) have supported various joint researches between universities and industries. Those foundations also contributed the human resource development by strategically using the evaluation criteria for emphasizing on the participating researchers capability and the human resource development aspects in the projects. In addition to these supports, KOSEF run the program that support universities which hire those who had experienced in the public sector for a long time. This program aims at giving the college students the opportunities of learning the practical experiences in the field outside academia.

More importantly, the government addressed the direct channel of intensifying the linkages. There have been established many governmental agencies and foundation to address this issue. By the law “Industrial Technology Innovation Promotion Act,” Korea Industrial Technology Foundation (KOTEF) was established in 2001. In order to reinforce future growth potential through innovation of technology, the government recognized the need to foster competence of schools, companies, the government and other entities to initiate technological innovation and to create and spread environment of technological innovation across the nation. KOTEF is to play a pivotal role in the course of promoting knowledge-based technological innovation. As a major mission KOTEF builds an interlinked network where technological innovation-initiating entities participate, and seek cooperation with international entities to promote industrial technology development. 

“Industrial Education and Industrial-Academic Cooperation Promotion Act” is the most important law that governs the industry and university linkage as well as the cooperation between industries and vocational schools. The law basically specifies the roles of the government and various committees, and industry-university linkage organizations, and provides the legal basis for establishing the technology holding companies of universities and other appropriate treatments for promoting the industry-university linkages.

The Korea Research Institute for Vocational Education and Training (KRIVET) was established in September 1997 to support national policy on human resources development and the development of the vocational capacity of Koreans through lifelong learning. KRIVET has maintained a close partnership with two ministries in particular - the Ministry of Education, Science and Technology, and Ministry of Labor. KRIVET advises the two ministries regarding vocational education, training, and human resource development policies, and supports policy implementation. TRIVET implemented various projects for promoting the Industrial cooperation such as “Industrial Cooperation Center University Program,” “Industrial Cooperation Organization Support Program,” and “Local Firms Tailored Education Support Program.”

Universities responded quickly to the changed law and the demand from society. They also established Industry-University Cooperation offices in the independent incorporated bodies. For example, Seoul National University established “SNU R&DB Foundation” in 2003, Yonsei University established “The Yonsei University Industry-Academic Cooperation Foundation (IACF)” in 2004. Both were the office of research affairs before they became an incorporated entity. Most universities followed this kind of transformation of internal organization according to the changed law of “Industrial Education and Industrial-Academic Cooperation Promotion Act.”
Those are the center of the industry and university cooperation, which include the technology transfer, joint R&D, consulting, and providing tailored curriculum for the private firms’ specific needs. Those are the center of maintaining the patents that have been achieved from the professors’ researches. The law provides the necessary measures for the sustainability of those organizations including the revenue handling procedures and the property right management. Every university can establish the legal entity without any approval procedure.

By the law, in principle, the property right belongs to the corporation or the foundation, which is a subordinate to university. The president of the university reserves the right to appoint the director of the foundation. “Invention Promotion Act” specifies that the invention of employees in the private sector belongs to the person who actually invented it, but “Industrial Education and Industrial-Academic Cooperation Promotion Act” specifies that the property right belongs to the corporation in national university. Therefore universities can handle all the detailed jobs that are related with the property rights including the application, dispute settlement, and transfers. 

The government provided the linkage supporting system by changing laws and supporting the transforms of the university organization financially, and changing practices in various supporting projects. Currently most universities have established the linkage supporting system. Some of them turned out to be successful, while most universities still have to wait for the future performance.
Another goal is to make universities involved in direct business and build the technology transfer and commercialization system. The office of university and industry cooperation is the core which manages the university-industry linkage and handles the research budget of the universities. It began to be established in 2003. It is a foundation as a legal entity. In 2003, only 12 universities established the office or foundation, but in 2004, 117 universities established the office. Its revenue comes from various activities of industry related works. As in Table 4, the most revenue come from the overhead from the government research projects, and the second source of budget is the overhead cost that is paid by the industry research projects. Other activities such as technology transfer and business incubators do not create budget revenue. 
Table 4: The Revenue of the University-Industry Cooperation Foundations
(unit: million won, %)
	
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K

	Average amount
	53.4
	2.5
	19.0
	38.0
	62.3
	249.1
	814.7
	27.9
	182.2
	52.9
	1502.1

	Class 1
	3.56
	0.16
	1.27
	2.53
	4.14
	16.58
	54.24
	1.86
	12.13
	3.52
	100

	Class 2
	11.67
	70.82
	1.86
	12.13
	3.52
	100

	Class 3
	28.25
	54.24
	1.86
	12.13
	3.52
	100


Source: Korea Research Foundation (2007, p.69)

Note: A: technology transfer, B: consulting C: university firms D: business incubator E: other cooperation with industries, F: overhead cost from industry project, G: overhead cost from government project, H: Operational budget allocation, I: from previous account, J: contribution, K: total sum, class 1: ratio to the total revenue, class 2: ratio of research cooperation to non-research cooperation in terms of total average revenue, class 3: ratio to the total revenue when the funds of joint R&D with firms are included in the industry-university cooperation activities.

One of the conduits of technology diffusion is university-related venture business. University-related venture business can be defined as follows: 1) the case when professors start business, 2) the case when universities invest or institutes related with universities, 3) the case when students involved in university research projects, 4) the case when the business use incubator in universities for a period less than 5 years, 5) the case when 5 year or less old firms have joint project with universities, 6) the case when 5 year or less old firms receive the technology transfer from universities in development the current business.

The number of university-related venture business reached 1,473 at the end of April, 2005. On average, each university has 6.6 venture firms if it has any. Most of university-related venture firms were established out of the joint research projects with universities, while the number of the firms that professors or students started for themselves is only 245, which is relatively small. This shows that professors and students have less incentive to devote themselves in business area. Hong and Kim (2006) surveyed the university-related venture firms on the strategy of listing on the stock exchange, but only 4.2% were listed, and 13.1% were in the process of listing. 49.4% responded that they will not list and 26.6% want to list on the stock exchange. Most university-related venture firms took financing problem as a major barrier. Judging from these observations, universities are still away from business, therefore the supports and policies are needed for the stronger linkages.
(3) Competence building

The most important thing in the cooperation with industry is the competence of universities either from academic perspectives or from business perspectives. Universities have their own goals which have lasted for a century in Korea; professors are independent, and respected from Korean society. Excellent scientists want to join the faculty club for a cozy life. There have been increasing concerns over this tradition in Korea. The government has two goals for transforming universities into competitive institutes that can play a core role for upgrading Korea. One goal is to introduce a competition in an academic society through evaluating universities by an academic standard of, especially, education and research. The government announces every year how many articles are published in SCI journal and how each universities perform in the evaluation, for example. This will, hopefully, enhance the innovative capacity of universities.

The other goal is to enable universities to participate in business sector. The government provide that legal framework and actions for this goal. Universities are enabled to do business by establishing office of cooperation between university-industry cooperation. Professors can leave for doing venture business while maintaining academic positions.

These two goals are rather contradicting; good academic performance does not necessarily mean good business. In practice, however, these two goals seem to work well and have synergetic effects. Industries have an incentive to invest on education as human resource management, and the government allows private universities to establish the special classes as a way of university-industry cooperation. Curriculum of those classes tends to meet industry demand. 
There were other policies that influenced professors to change their teaching contents. For example, there was NURI project since 2004 (2004~2008). NURI is acronym of New University for Regional Innovation. The goal of the project is to make local universities specialized and to nurture human resources readily adaptable to the local industry. The budget of the project was US$ 260 million per year, $1.3 billion in total. 109 local universities, 130 project units, and 170,000 students participated in the project. 20,000 trainees participated in on-site training program at major companies.
Not only in education but also in research there are synergic effects. Because the government distributes research funds to only those who have cooperative projects with industries. Since 1999, the policy named as “Brain Korea” has been implemented, and the government poured the budget approximately US$ 290 million per year. The policy’s goal is to nurture 10 top research-oriented universities in key fields, to join the world’s top ten ranked in terms of SCI-paper publication, and to become one of the world’s top ten advanced countries in terms of technology transfer from university to industry (from 10% in 2004 to 20% by 2012). As a result, cooperation with industries as well as publication at the academic journals increased. Industries have invested more than $100 million of investment for the joint work with universities participating in this project.

Generally speaking, the Korean Model of university and industry linkage consists of three categories. One is to reform the incentive mechanism so that both university and private firms may actively, voluntarily, and sustainably participate in sharing the knowledge. Education, research, and business activities can achieve their maximum level of the contribution of the society by the synergetic effects. The second one is to provide the legal and financial basis for preparing the linkage system. The last one is to build up the competence of universities so that they can meet the demand of the industry either in education or in research. Figure 3-2 summarizes three categories of the government policies. 

Figure 2: Categories of the Government Policies
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B. Legal framework and government policies for university-industry cooperation

(1) Characteristics of the legal framework
The government has provided the comprehensive support to promote the industry and university cooperation. In order to implement those policies, the government had to have the legal basis. There have been many revisions of laws and many newly enacted laws regarding the enhancement of the cooperation. The main law directly related with the linkage is “Industrial Education and Industrial-Academic Cooperation Promotion Act,” but there are various laws which use the university and industry linkage to pursue their own goal.
Lee and Koh (2006) described the stages of Korean university and industry linkage policies. The concept of the linkage was introduced in 1960s. “Industrial Education Promotion Act,” which was changed into “Industrial Education and Industrial-Academic Cooperation Promotion Act,” was enacted in 1963, and “Vocational Training Act” was enacted in 1967. These laws focused on training technicians whom the firms needed on the job. After Korea succeeded in upgrading the industry, the government tried to enhance the industry and university linkages. The Ministry of Science and Technology supported “Specific R&D Projects” since 1982, and supported “Mid-term Core Technology Development Projects” and “Outstanding Research Center Development Projects” in 1990s. Since 1998, universities led the linkage by strengthening the competitiveness of universities and the infrastructure and system was set up. In this period, the university and industry linkage has its full fledged system. Since 2003, the government tried to use the linkage as a core to improve regional innovation system and to development the regional economy. “Special Act for National Balanced Development” was enacted in 2004. In the special law, there are many articles to support the local universities’ capacity and their cooperation with industry.

 Figure 3: University-Industry Cooperation Support Projects by Stages

(unit: cases)
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Source: Lee and Koh (2006, p.64)

There are many policies which can be categorized as system building, legal base for government planning, Job oriented education program, equipment and facility support, human resource exchange, joint R&D and business operation, DB building and sharing, Business Startups in the universities, and specialized organization for the linkages. Various laws have many articles governing these categorized supporting functions. 

The most interesting thing that can be observed in Table 5 is that most laws establish the legal base for government planning and supporting. By this base, the government can approach strategically or with a roadmap to enhance the linkages. Even though the market is the most important selection mechanism, but there has been room for the government to steer the movement of the market. It might be controversial whether the plans or the strategies proved to be successful, but the strategic thinking and allocations of resources according to the strategies are better than the intervention without any. 
Table 5: University-Industry Cooperation related Legal Framework
	classification
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J

	System building
	2
	24, 
25-35
	
	
	5,11
	
	
	8
	
	

	Legal base for Government Planning
	10
	4
	3
	4
	4
	6
	3
	
	4-5
	

	Job oriented education program
	12
	7,8,22
	7-9,
12,14
	
	6
	
	
	
	6
	

	Equipment and Facility support
	
	11,13,18,19
	
	17,23
	
	
	
	18(4)
	
	

	Human resource Exchange
	
	9,
12(2)
	21
	
	8
	10
	11,17,
19
	16
	8,15
	

	Joint R&D and business operation
	
	37
	
	12,13,14,15,16
	9
	10
	21
	18(2)
	
	5

	DB building and sharing
	
	
	23
	21
	7
	
	
	16(2)
	7
	

	Business Start-ups in School
	
	36
	
	
	
	
	14
	18(3)
	
	

	Specialized Organization
	22,28
	14,25, 38
	16,18
	5-10
	
	
	
	23
	
	


Note: 

A
Special Act for National Balanced Development

B
Industrial Education and Industrial-Academic Cooperation Promotion Act

C
Job Training Promotion Act

D
Technology Transfer Promotion Act

E
Joint R&D Promotion Act

F
Act for Industrial Technology Infrastructure Building

G
Act for Industrial Technology Complex Support

H
Special Act for Venture Business Promotion

I
Special Act for Small and Medium Sized Firms Manpower Support

J
Act for Industrial Technology R&D Corporation Support
The number of the table indicates the article number of the law and the number inside ( ) indicates the number of sub-clause of the article
Source: Lee and Koh (2006, p. 23)

(2) Government policies
Based on the legal framework, the government has actively supported the cooperation between universities and industries. Because the government has been convinced by the fact that the cooperation is the most important factor for upgrading the industries and maintaining the competitiveness, the Korean government implemented the comprehensive projects to enhancing the linkage. The policy spectrum contained the major elements related with the linkages as follows;

√ Human resource development

√ Technology development

√ Technology transfer

√ Technology support

√ Equipment sharing and infrastructure building
The budget for university-industry cooperation in 2006 showed that the technology development is a key for the cooperation. The total budget for the technology development was 1718.1 billion won in 2006. The next largest budget of 730.7 billion won was allocated to improve the human resource development. As we can see in the budget allocation, the actual cooperation between universities and industries comes from both technology development and education areas.

The Ministry of Education, Science, and Technology has paid more attention to fostering the competency of universities’ R&D capacity and education, while the Ministry of Knowledge Economy has done the policies from industrial perspectives. Other ministries have implemented the policies for their own goals.   

Figure 4: The Budget for University–Industry Cooperation by Types as of 2006.

(unit: 0.1 billion won)
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Source: Lee and Koh (2007), p.68

As most countries do, Korea has many government agencies. The performance of the policies actually depends on the capacity and intent of the agencies. Many agencies have been established for a long time, and even though the name changed, the history of the agencies has lasted more than a decade on average. Therefore there have been systematic implementations for those policies. The Board of Audit and Inspection of Korea (BAI) has the comprehensive right to audit and inspect the government agencies. In 2005, for example, BAI inspected the operation of support program to universities. The government spent 5 trillion won every year (5.5 trillion won in 2003) on R&D and about 20% of the spending went to universities. There were a few cases of mishandling the research funds of professors, but in the inspection report, Korea Research Foundation and Korea Science and Engineering Foundation used a pool of 25,000 referees each, and the system turned out to be appropriate with stronger post audits. This kind of regular audits and inspections on the agencies and agencies’ operation and practice has helped the agencies to improve their accountability and capacity for the policy implementation.

Table 6 shows the examples of the industry and university linkage programs. The Ministry of Education, Science and Technology spent relatively larger amount of budget for establishing the linkage and making the linkage much stronger. 
The Ministry of Education, Science and Technology spent more on human resource development and capacity building of universities. The different aspects of the spending strategy was that even in human resource development programs, the programs should address the issues of the industry and university linkages. That is, the programs required universities to educate students in a way that their graduates meet the demand of the industries. The Ministry of Knowledge Economy concerns more about the technology development and transfer for industries. The large conglomerates have built up the independent R&D capacity. So the Ministry of Knowledge Economy address three issues; one is about the frontier path finding projects which needs the talents and gurus of universities, the second one is about the small and medium sized firms, and the last one is about regional development.

Regional development was politically popular issue. Since 2003, the government had a comprehensive plan for the regional development. NURI21 was to enhance the capacity building for local universities, for example. NURI21 was for fostering educational capacity under the condition that universities restructure themselves by specializing on the areas that the regional industries demand. “Regional Industry Promotion Program,” “Regional Innovation Industry Base Building Program,” “Regional Innovation Center,” “Regional Innovation System Specialization Program (RIS),” “Region Innovative Human Resource Development Program,” and “Techno Park Program” were implemented for the regional development with the concept of cluster and regional innovation system.

Even there was massive investment in this area, but there is criticism about the efficiency of the investment. One of the success stories is the case of Yonsei University and Wonju Medical Equipment Industry, which shows the possible application for other developing countries’ regional development. The complete understanding of these policies has to come, but the regional development outcome is not yet obvious to everyone. Due to the global competition, the regional economy cannot survive if the back-up technology is not competitive.

Table 6: Government Agencies and their Linkage Programs

Programs related with The Ministry of Education, Science and Technology 

	Institute
	Program
	Main Support Area
	Budget 2006

(0.1 bil. Won/ 0.1 mil. USD)

	Korea Research Foundation
	

	
	Special purpose program
	HRD
	76.7

	
	BK21(Research University)
	HRD
	2900

	
	NURI(local university specialization)
	HRD
	2600

	
	Connect Korea

(TLO, Patent search, tech. Export etc)
	Technology Transfer
	287.7

	Korea Research Institute for Vocational Education and Training
	
	

	
	University-Industry cooperation core college and

university program etc
	HRD
	450

	Other
	College and University specialization programs
	HRD
	2300

	Korean Science and Engineering Foundation 

	
	Specific R&D program 
	Technology Development/ Equipment and Infrastructure 
	2366 

	
	Basic science research program 
	Infrastructure 
	820 

	Korea Industrial Technology Association

	
	University-Industry Cooperation Personnel Training Program
	HRD
	

	Other
	Science Park Development program etc.
	Infrastructure
	340


Programs related with the Ministry of Knowledge Economy
	Institute 
	Program 
	Main Support Area 
	Budget 

	Korea Institute of Industrial Technology Evaluation and Planning 

	
	Growth engine technology development program etc.  (all programs are the type of consortium among universities, research institute, and firms) 
	Technology Development 
	3169 

	
	University-Industry cooperation Linkage program etc 
	Equipment and Infrastructure 
	451 

	
	Center for comprehensive electronic parts 
	Technology Support 
	9 

	
	Promotion of technology transfer and commercialization 
	Technology Transfer 
	405 

	
	Regional industry promotion program etc 
	Technology Development / Technology Support / Infrastructure 
	3572 

	
	Regional innovation industry base building program 
	Technology Development  Transfer and Commercialization / Technology Support / Infrastructure 
	515 

	
	Techno park building program 
	Equipment and Infrastructure
	200 

	
	Industrial complex innovation cluster program 
	Technology Support(for providing solutions by networking) 
	462.5 

	
	Regional Innovation Center 
	Equipment and Infrastructure
	480 
	

	
	Regional Innovation System specialization program (RIS)
	Technology Development/Technology Support (supporting for more region-specific industries)
	591 
	

	
	Regional technology innovation program 
	Technology Development/Technology Support / Equipment and Infrastructure 
	335 
	

	Korea Industrial Technology Foundation
	

	
	University-Industry cooperation specialized university support program / etc. 
	Technology Development/Technology Support/ HRD 
	848 
	

	
	High valued industry human resource specialized development program etc. 
	HRD 
	217.5 
	

	
	Region innovative human resource development program 
	HRD 
	240.8 
	

	
	Regional innovation industry base building program (human resource development program) 
	HRD 
	10 
	

	Korea Industrial Technology Association
	

	
	Program for Search and Transfer of Technologies unused by Universities and Research Institutes
	Technology transfer
	20
	

	Korea Technology Transfer Center
	

	
	TBI etc
	Technology transfer
	
	

	Institute for Information Technology Advancement 
	

	
	New Growth Engine Core Technology Development Program 
	Technology development 
	4846 
	

	
	Information and communication human resource development program 
	HRD 
	727.5 
	

	
	Regional IT specialized research institute establishment and operation program 
	Infrastructure 
	65 
	

	
	Business Incubation Center program 
	Infrastructure 
	
	

	Korea SW Industry Promotion Agency 
	

	
	Information and communication human resource development program 
	HRD 
	149.4 
	

	
	IT technology management specialists education program (KAIST) etc 
	HRD 
	89.4 
	

	Small and Medium Business Administration
	

	
	Industry University Research Institute Joint R&D projects
	Technology Development
	426
	

	
	Industry-University Cooperation Office Support Program
	Technology Development/ HRD
	70
	

	
	Business Start-up Graduate School
	HRD
	100
	

	
	Support Program for Firm’s Research Institute on Campus
	Equipment and Infrastructure
	34
	

	
	Business Incubator Program
	Equipment and Infrastructure
	153
	

	
	Other programs
	
	152
	


Other ministries’ programs 

	Ministry
	Agency
	Program
	Main Support Area

	Ministry of Maritime Affairs, and Fisheries
	Korea Institute of Marine Science and Technology Promotion
	Marine-Bio 21 Program, etc.
	Technology Development

	Ministry of Environment
	Korea Institute of Environmental Science and Technology
	Next Generation Core Environmental Technology Development Project etc.
	Technology Development

	Ministry of Labor
	Human Resource Development Service of Korea
	Growth Engine Specialized University Support Program, etc.
	HRD

	Korean Intellectual Property Office
	Korea Invention Promotion Association
	Patent Commercialization Support program
	Technology Development  Transfer and Commercialization /Technology Support 

	Ministry of Health, Welfare and Family Affairs
	Korea Health Industry Development Institute
	Bio-Commercialization Technology Development Program, etc.
	Technology Development

	Ministry of Agriculture and Food
	
	Core Strategic Technology Development etc.
	Technology Development


Source: Author rearranged the contents from Lee and Koh (2006, pp.69-71)

4 The Performance Review of the Model
A. An Overview: SWOT Analysis

(1) Strengths

The government used the industry and university linkage as a core across a wide range of development strategies. In fact, the private firms and the market forces have been the major factor for the development of Korean economy and the industrial upgrade. The government policies were effective in the several important points, when the Korean economy must take the tide of upgrading industries. The technologies that professors and researchers of public and private institutes jointly developed became globally competitive. However, Korea is experimenting new approach. That is that the government places universities in the lead of the development process and opening the future. The most important strength is the fact that Korean government recognizes the importance of the linkage. 

Because of the economic success last 40 years, Korean economy becomes to have strong pillars to support the knowledge economy. As Suh and Chen (2007, p 9) showed the result of knowledge assessment methodology (KAM) by the World Bank, Korea’s performance in terms of the basic score card knowledge indicators is strong.

Table 7 shows R&D expenditure by types. Companies spend 76.9% of the total R&D expenditure and universities spend only 9.9% as of 2005. This ratio has been stable for a long time. However, the absolute amount of the R&D spent by universities has increased annually by 10.2% on average since 1997. 

Table 7: R&D Expenditure by Institutes

(unit: 100 million won, %)

	Type
	Year
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005

	Total
	Expenditure
	121,858
	113,366
	19,218
	138,485
	161,105
	173,251
	190,687
	221,853
	41,554

	
	Ratio
	100
	100
	100
	100
	100
	100
	100
	100
	100

	
	Growth
	12
	7
	5.2
	16.2
	16.3
	7.5
	10.1
	16.3
	8.9

	Public Institutes
	Expenditure
	20,689
	20,994
	19,792
	20,320
	21,602
	25,526
	26,264
	29,646
	31,929

	
	Ratio
	17
	18.5
	16.6
	14.7
	13.4
	14.7
	13.8
	13.4
	13.2

	
	Growth
	9.1
	1.5
	-5.7
	2.7
	6.3
	18.2
	2.9
	12.9
	7.7

	Universities
	Expenditure
	12,716
	12,651
	14,314
	15,619
	16,768
	17,971
	19,327
	22,009
	23,983

	
	Ratio
	10.4
	11.2
	12
	11.3
	10.4
	10.4
	10.1
	9.9
	9.9

	
	Growth
	24.8
	0.5
	13.1
	9.1
	7.4
	7.2
	7.5
	13.9
	9

	Companies
	Expenditure
	88,453
	79,721
	85,112
	102,547
	122,736
	129,754
	145,097
	170,198
	185,642

	
	Ratio
	72.6
	70.3
	71.4
	74
	76.2
	74.9
	76.1
	76.7
	76.9

	
	Growth
	11.1
	9.9
	6.8
	20.5
	19.7
	5.7
	11.8
	17.3
	9.1


Source: Ministry of Education, Science and Technology (Http://english.mest.go.kr) 

Universities have generally high quality of researchers of the various fields. Korea’s R&D expenditure structure is led by private companies so that the number of researchers employed by companies is larger than that of researchers in universities. The growth rate of the number of researchers in universities is 4.5% on average since 1997. Considering the research funds and the number of researchers, universities are a good source of innovation and researches. 

Table 8: The Number of Researchers by Institutes

(unit: person, %)

	
	 
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005

	Total
	Researcher 
	138,438
	129,767
	134,568
	159,973
	178,937
	189,888
	198,171
	209,979
	234,702

	
	 Ratio
	100
	100
	100
	100
	100
	100
	100
	100
	100

	
	 Growth rate
	4.5
	6.3
	3.7
	18.9
	11.9
	6.1
	4.4
	6
	11.8

	 Pub. Institutes
	 Researcher 
	15,185
	12,587
	13,986
	13,913
	13,921
	14,094
	14,395
	15,722
	15,501

	
	 Ratio
	11
	9.7
	10.4
	8.7
	7.8
	7.4
	7.3
	7.5
	6.6

	
	 Growth rate
	-2.2
	-17.1
	11.1
	-0.5
	0.1
	1.2
	2.1
	9.2
	1.4

	 Universities
	 Researcher 
	48,588
	51,162
	50,151
	51,727
	53,717
	57,634
	59,746
	59,957
	64,895

	
	 Ratio
	35.1
	39.4
	37.3
	32.3
	30
	30.4
	30.1
	28.5
	27.6

	
	 Growth rate
	7.2
	5.3
	-2.0
	3.1
	3.8
	7.3
	3.7
	0.4
	8.2

	 Companies
	 Researcher 
	74,665
	66,018
	70,431
	94,333
	111,299
	118,160
	124,030
	134,300
	154,306

	
	 Ratio
	53.9
	50.9
	52.3
	59
	62.2
	62.2
	62.7
	64
	65.7

	
	 Growth rate
	4.9
	-11.6
	6.7
	33.9
	18
	6.2
	5.1
	8.3
	14.9


Source: Ministry of Education, Science and Technology (Http://english.mest.go.kr)

In addition to the funds and researchers, universities have been usually indirectly related with the central government and local governments, and industries for a long time. Therefore it is not surprising to have emphasized the cooperation among the government, industries, and universities. Furthermore, through the economic development, universities have played an important role by providing talented graduates and participating specific researchers individually. Therefore the time has come to link universities and industries more systematically. 

(2) Weaknesses

The major weakness of the linkage was the incentive mechanism of universities. In addition to the incentive mechanism, the competence of universities was in question. In the globalization, the technology that companies need is the most updated one, but sometimes professors lag behind the trend because of the academic tradition and the teaching load. 

Competency of universities is very important because it can create the trust and cooperation which are needed most in the long term relationship for technology development. Even though there have been potentials in universities, the potentials have not been utilized to its full capacity. R&D expenditure is heavily concentrated to a group of the exceptionally large companies, while other small and medium sized companies have no resource to invest on R&D. 
As for the concentration rate of the total industrial R&D expenditure in 2005, the top 5 companies took up 42.0%, top 10 companies used 48.4%, and those in the top 20 expended 55.6% respectively. In terms of the number of researchers, the concentration rate of the top 5 companies was 30.6%.  The data on the concentration of researchers by company type in 2005 showed that large corporations took up 59.3% with 91,514 researchers, small & medium sized companies 19.8% with 30,619 researchers, and venture businesses 20.9% with 32,173 researchers.
This concentration created the problem that those who have the money and resources have less incentive to cooperate with universities and those who need the cooperation have no resource to invest money in the cooperative projects with universities. This is one of the reasons why the government has to address this issue.
R&D investments by region have been concentrated on the specific region such as Daejeon, where Korea government built the R&D cluster for a long time so that there are many public research institutes in the region. Other than Daejeon area, Seoul and Gyeonggi province show much higher ratios than any other provinces. This concentration was pointed out as a barrier to develop the regional economies other than Seoul and Gyeonggi province. The debate was about the national balanced development. The proponents argued that the support to strengthen the innovative capacity of other region was essential for the regional development. Others criticized that the emphasis on using the regional innovators and universities would weaken the developmental momentum because of the competitiveness of the innovative capacity.  

Figure 5: R&D per GRDP as of 2006
(unit: %)
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Source: www.rsid.or.kr

Figure 6: IPR per Population by Regions: Comparison between as of 2007 and 2000
(unit: %)
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(3) Opportunities

The ecosystem of technology development has been upgraded in the last two decade. In 1986, the government enacted two laws: one is “Small and Medium Business Start-ups Support Law”, and the other one is “The Financial Assistance to New Technology Business Law.” Under these laws, the venture capital can invest small and medium business start-ups with new technologies. The government can also support those start-ups by using Small Business Corporation’s funds. Small Business Corporation was established in 1979 as a government agency to implement the policies for promotion of small and medium sized firms. Korean small and medium sized manufacturers with high potential and knowledge based business or venture firms etc. can access financial loan packages.

Moreover in 1996, Korea Securities Dealers Association and securities companies established KOSDAQ (Korea Securities Dealers Automated Quotation) market. Before its establishment, venture capitalists had difficulties to cash out their investment. In 1999, the government eased the conditions of listing on the KOSDAQ market so that many lucrative firms such as telecommunication firms had the opportunities to raise the capital through KOSDAQ. 

Table 9: The Venture Capital Outstanding

(unit: billion won, number)

	Year
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008.6

	Venture Capital Companies
	147
	145
	128
	117
	105
	102
	104
	101
	100

	(Paid-in Capital)
	2139.1
	2219.4
	1965.1
	1865.1
	1652.8
	1536.8
	1553.7
	1555.8
	1571.4

	Venture Capital Association (Funds)
	326
	396
	412
	430
	424
	400
	350
	332
	326

	(Amount of Funds)
	2463.4
	3051.2
	3269.8
	3578.7
	3817.2
	3936.4
	3833.6
	3947.9
	3991.8


Source: SMA (2008), p.78

The capital markets opened new channels for venture capitals and start-ups. The number of venture firms has increased steadily even though there have been fluctuations due to stock market volatility. The number of venture firms was 2,042 in 1998, and increased to 11,392 in 2001. As the stock market plummeted in 2002, the number decreased to 8,778. The number is 15,008 in 2008. This increase was partly due to venture capitals including Kibo Technology Funds.

The most important source of capital has been from non-profit institutions initiated by the government. Kibo was founded in 1989 by the Korean Government as a non-profit guarantee institution under the special enactment, "Financial Assistance to New Technology Businesses Act" which was revised and titled "Kibo Technology Fund Ac." in 2002. Kibo has contributed to the national economy by providing credit guarantees to facilitate financing for new technology-based enterprises while promoting the growth of technologically strong Small and Medium Enterprises (SMEs) and venture businesses. 

Table 10: Kibo Technology Fund’s Major Services

	Technology Guarantee
	Guarantees for monetary liabilities to financial institutions
   - Guarantees given to new technology businesses
   - Obligation to provide at least three-quarters of the total technology guarantees 
     under the Kibo Act
Guarantees given to innovation-leading SMEs
  - SMEs with excellent technologies, the nation’s top 10 next generation 
     growth engine industries, as well as six promising industries for future 
     growth (6T) and knowledge-based service businesses
Technology Appraisal Guarantees 
  - Guarantees to qualified businesses through Technology Appraisal 
     Certification System

	Technology
Appraisal
	Adoption and utilization of the Technology Appraisal Certification System
   - Future-centered value appraisal of businesses for loans, guarantees and       investment
Technology Value Appraisal
   - Appraise intellectual properties
   - Evaluate collateral value of technology
   - Assess monetary value for technology transfer
Feasibility Assessment of Technology 
   - Certify venture enterprises 
   - Select the beneficiaries of government project funds 
   - Appraise technology for extending technology guarantees 
Comprehensive Technology Appraisal 
   - Appraise corporate value for investment 
   - Designate “superior-technology” companies 
   - Support venture businesses for KOSDAQ-listing

	Technological and Managerial Advisory Service
	Business Consultation
   - Help SMEs rationalize management
   - Facilitate technology development
   - Clear managerial and technological obstacles
Support for Company Restructuring and Technology Transfer 
   - Provide financial & legal advice for restructuring
   - Formulate business strategies for technology transfer
   - Provide match-making service between sellers and buyers

	Management of Guarantee Defaults and Claims
	Investigation of Debtor's Properties
Subrogation Payments
Legal Procedure for Debt Collection


Source: Kibo Technology Funds (http://eng.kibo.or.kr/)
Table 11: Kibo Technology Funds’ Capital Fund Formation and its Performance

(unit: US$ million)

	
	2006.1
	2005
	2004
	2003
	2002

	Guarantee Outstanding(A)
	11,599
	11,244
	12,941
	13,981
	13,764

	Contributions
	793
	946
	819
	427
	415

	From the Government
	634
	342
	593
	246
	262

	From the Financial Institutions
	159
	604
	226
	181
	153

	Capital Funds(B)
	1,172
	788
	756
	872
	1,318

	Leverage Ratio(A/B)
	9.9
	14.3
	17.1
	16
	10.4


Source: Kibo Technology Funds (http://eng.kibo.or.kr/)
As Table 11 shows, the government contributed US$634 million and other financial institutions did US$ 159 million as of January 2006. With this, Kibo Technology Funds provided US$ 11,599 to venture firms. Most venture firms receive this guarantee. 78.1% of venture firms received this guarantees and could borrow the operating capital from banks. Generally speaking, these government efforts and preferential treatments for venture business have created the opportunities.

Table 12: Venture Business’s Source of Funds

(unit: cases,%)

	Source of Funds
	Venture Capital
	Technology Appraisal Guarantees


	Technology Appraisal Loans
	R&D Firms
	New Technology

Support
	Pre Venture Business
	Total

	The number of firms
	605
	11,920
	346
	2,354
	0
	34
	15,259

	Ratio(%)
	4.0
	78.1
	2.3
	15.4
	0
	0.2
	100.0


Source: Kibo Technology Funds (http://eng.kibo.or.kr/)
With financing supporting system, Korea can have the sustaining and viable ecosystem of innovation. Technology development and the realization of its value became a routine for entrepreneurs. The linkages between universities and industries open new opportunities in the globally competitive business environment.
(4) Threats

Even though the linkages are important in developing economy and upgrading industries, they have been treated as auxiliary. The linkages usually have been weak and lacked in the sustainability. The cash flows to venture business and R&D are not enough. The time to value creation requires relatively longer time horizon. The uncertainty is relatively high. The university and industry linkage is to face with the new risk. 

The previous linkage was rather weak and indirect. In the past, those firms who had the specific R&D needs had to rely on outside resources such as public research institutes and universities. Now many private firms have their capacity to develop new technology. The previous approach of the cooperation remains effective, but the new era needs the more aggressive approach which is much riskier in order to take the new tide. Venture business and R&D commercialization from universities are imminent issues, but due to the global competition, the competitiveness of the linkage and the market condition become more important. The chance of success will decrease unless the funds supporting these activities are enough.

IBM (2007) claimed that the Korean venture businesses were plunged into a death valley. That is, many venture business firms are experiencing the difficulties to financing the sufficient working capital in a timely manner. Usually venture capital tends to invest on those firms that last for three to seven years in business. As of 2005, only 20.9% of the firms that had venture capital investment were less than 3 years in business. The number of the invested firms is decreasing, while the amount of investment has increased because of the global competition and the risk of failure.

Business cycles ironically affect the venture capital and the linkages activities. The industry and university linkage requires longer horizon to see the results, but the investment depends on the current economic situation. The worldwide financial crisis and economic depression will affect the R&D activity and the cooperation, when the cooperation is needed most.

The government role to fill the gap between the private cooperation and the necessary investment is very important. Kibo Technology Funds or other non-profit supporting funds are important, and their capital for the guarantee and the lending for venture business firms have played a crucial role.  
B. Linkage Offices’ Capabilities

The most important government policy to promote the cooperation between industries and universities is to establish and promote the linkage offices. There are various types of linkage offices; linkage offices in the joint organizations of government and private sector such as Techno Park and in Cluster Promotion Organizations, and linkage offices in universities. After the revision of the law, most universities established industry-university cooperation offices. In 2003, 10 universities had the linkage office, and in 2004, 87.1% of 140 surveyed universities established them as an independent corporation according to KRF (2008). The average staffs of the office was 16.9 in 2007, and among them, the half of the staffs are university staffs and the other half are independently hired for the linkage corporation. The maximum number of staffs is 80 persons, and there are the cases where only university staffs work for the linkage office and there are no other independent staffs.

The sources of revenue in university-industry cooperation offices are not diversified and the disparity of the revenues across universities is large. Compared to the survey result in 2006, the average of revenue increased. The main source of revenue, however, is the overhead cost paid by public and government research projects. This means that the sustainability of the linkage is not strong, and government role is still important. 
Table 13: The Revenue of Industry-University Cooperation Offices as of 2007

(unit: million won)

	Sources of Revenue
	Average
	Min.
	Max.

	Technology transfer
	151.6
	0
	6,595

	Consulting
	48.6
	0
	4,659

	Univ. firms
	28.2
	0
	980

	Business Incubation
	55.9
	0
	388

	Education by Commissioning
	140.1
	0
	5,789

	Other cooperation.
	68.1
	0
	799

	Overhead cost for private research
	341.2
	0
	9,079

	Overhead cost for public research
	1155.9
	2
	12,991

	Contribution
	367.9
	0
	9,687


Source: KRF (2008), p.41

The good news is that the average revenue from industrial cooperation is increasing. It was 98.5 million won in 2005, 175.2 million won in 2006, and increased to 492.5 million won in 2007. There are a few universities that created the value added beyond expectation, but on average there are many universities that cannot cover their costs considering the average revenue and average staff number. Generally speaking, the system and the performance of the office improved. The success will depend on the universities ability to cooperate with industries and R&D and technology development capacity.

C. Competency Improvement of the University

It is a core issue to build up the competency and to change the orientation for more cooperation with industries. Academic abilities such as publishing papers are actually linked with the capability for the industrial cooperation. However, the orientation is also important factor, because it requires the time and efforts to apply R&D results and science knowledge to the specific application for industrial needs. 

According to IMD (2006)’s World Competitiveness Yearbook, Korea’s ranking in terms of university education was 50th, which was lower than Turkey and Japan (49th). Competency of universities is important, because excellent research will be commercialized and be an engine of economic growth. 

Recognizing the importance of universities’ capacity, the government supported many programs to improve the competitiveness of universities. For example, Brain Korea 21 program is to nurture the world class research universities. During the period from 1999 to 2005, the program of the first phase benefitted 89,366 researchers and graduate students benefit 20,000 graduate students. In 1998, the number of articles published in SCI index journals was 9,444, and increased to 23,515 in 2005. 34% of the articles published in SCI journals were funded by Brain Korea 21 program.

The second phase from 2006 to 2012 will spend 2.3 trillion won. By the year 2012, 10 research-oriented universities with global competitiveness will be established, and Korea will become one of ten most advanced countries in the world in knowledge transfer from universities to industries (Korea ranked 21st in 2005, according to IMD). In 2006 alone, the participants of the program submitted 3,709 domestic patent applications and 845 international patent applications. There are other programs such as NURI and World Class University that focus the improvement of universities competitiveness.
Figure 7: Vision of Brain Korea 21
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Source: KRF(http://bnc.krf.or.kr/home/eng/bk21/aboutbk21.jsp)

Table 14: The Patent Registration as of 2007

	Ranking
	Industry
	Patent
	Ranking
	University
	Domestic
	International

	1
	Samsung Electronics Co.,Ltd
	11,033
	1
	KAIST
	1,780
	558

	2
	LG Electronics
	7,871
	2
	Seoul National Univ.
	1,430
	110

	3
	Samsung SDI
	3,916
	3
	Yonsei Univ.
	1,103
	266

	4
	Hynix Semiconductor
	2,558
	4
	Korea Univ.
	914
	60

	5
	Hyundai Motor Company
	1,847
	5
	Postech
	866
	170

	6
	Dongbu Electronics
	1,706
	6
	Hanyang Univ.
	704
	26

	7
	Posco
	1,671
	7
	Inha Univ.
	59
	15

	8
	Samsung Electro-Mechanics
	1,372
	8
	GIST
	488
	74

	9
	SK Telecom
	1,248
	9
	Sungkyunkwan Univ.
	427
	22

	10
	Daewoo Electronics
	1,184
	10
	Pusan National Univ.
	403
	16


Source: KRF (2008), p.149, for university patent holdings and Korean Intellectural Patent Office homepage

D. Technology Transfer

To promote technology transfers, there have been various policies. “Connect Korea” program is to support technology liaison office (TLO) since 2006. Concept of the program is to establish Core TLO as the form of consortium of TLOs of the universities in the region. 18 universities are selected as a core TLO center university in the 4 regions. This program aims to provide opportunities of connecting the technology providers and technology demanders: networks of researchers in the universities, venture capitalists and firms, local government officials, business service providers. From this program, the government expects this program to build a virtuous cycle: technology development, transfer, and investment for R&D. This program is from UCSD’s CONNECT. In 1985, UCSD established TLO (called CONNECT). 900 technologies have been commercialized, and USD 1.1 billion was invested. Recognizing this successful performance of TLO, the government supported those TLOs by 3 billion won in 2006 and will support 7.5 billion won per year for next 5 years. 

The implementation of “Connect Korea” is as follows. First of all, the government will select core TLOs with the help of local governments in selecting the core university. By evaluation on regional R&D capabilities, regional industrial structure, the distribution of technology demanders etc., the government selects and establishes the consortiums with the help of a core university in forming consortium with other neighboring universities. The major works are as follows;
√Building DB for their technologies, and patent information

√Establishing National network

√Nation-wide technology search engine development

√Evaluations on the technology level, marketability etc.

From these activities, the government expects that universities will have incentives to do more technological development and to find actively opportunities for commercialization and transferring of technology. This program will strengthen the connectivity of the regional innovation system so that it will contribute to regional industrial development. 
The performance of technology transfer is remarkable. In 2003, the contract of technology transfer was 210, and increased to 951 in 2007. The revenue from the transfer was about 2.0 billion won, and increased to 16.4 billion won. 
Table 15: Technology Transfer and Commercialization

	Classification
	2003
	2004
	2005
	2006
	2007
	total

	# of Contracts
	Cases
	210
	243
	587
	563
	951
	2,554

	
	Changes(%)
	-
	15.7
	141.6
	-4.1
	66.9
	-

	Revenue from transfer
	Revenue (mil. Won)
	1,973
	3,184
	6,323
	9,033
	16,415
	36928

	
	Changes(%)
	-
	61.4
	98.6
	42.9
	81.7
	-


Source: KRF (2008), p.222

E. Human Resource Development with Industrial Cooperation
One of the issues in upgrading the industrial clusters is how to improve the quality of workforces in the regional industrial complexes. The industrial cooperation core college and university program address this issue, and provided the policy packages in order to promote the linkages between industries and universities as well as developing the human resources. Basically two ministries provided the budget for this purpose. Table 16 shows the budget allocation last 5 years.

Table 16: Financial Support for Industrial Cooperation Core College and University Program










(unit: billion won)

	Classification
	2004
	2005
	2006
	2007
	2008
	Total

	Ministry of Knowledge Economy
	20
	22
	22
	20
	23.5
	107.5

	Ministry of Education, Science and Technology
	20
	22
	22
	22
	22
	108.0

	Total
	40
	44
	44
	42
	45.5
	215.5


The target schools are 8 universities and 5 industry colleges. The support areas are 1) joint R&D with local firms and consulting, Technology transfer, and R&D center tailored for local firms, 2) Equipment sharing program that supports equipment sharing with local firms and provide the equipment and facility for training employees of local firms and students of vocational schools, 3) changing the university operation system for industrial cooperation needs that includes changing the incentive mechanisms of professor recruiting and performance evaluation., 4) human resource development for the need of local firms and industries that include the educational program for the employees of local industries and seminars and conferences.  

The performance of the program for the last 3 years is evaluated as satisfactory. The specialized curriculum trained 50,108 persons and the tailored department’s enrollment was 1604 students. The university trained employees by commission was 4,603 persons. The number of technology transfer was 237, and the number of consulting was 10,105. The number of the patent application was 756, and the case of equipment sharing was 38,717. The number showed the increasing tendency. 

F. The case of Yonsei University and Wonju Medical Equipment Industry
Wonju Medical Equipment Industry has developed from cooperation among university, central and local governments, and it is one of the successful stories of the government policy. It started from the effort of the faculty of Biomedical Engineering, Yonsei University Wonju Campus. The faculty of Biomedical Engineering applied for Techno Park project of ministry of commerce and trade in 1997, but it failed to receive the support. In 1998, Wonju city helped to establish a university incubator for medical electronics. The incubator started at very small scale, which was only 660 m2. 11 firms moved into the incubator. Those firms’ technologies were originated from the professors of department of biomedical engineering, and they began to produce the test products in 1999, and they could display their products at Korea International Medical and Hotel Equipment (KIMES). These activities were essential accomplishment which enabled Yonsei University Wonju Campus to be designated as Technology Innovation Center (TIC) by Ministry of Commerce, Industry and Energy. Wonju city provided factory site in the industrial complex, and those firms from the incubator could have production system for their products. 

In 1999, the Ministry of Science and Technology recognized Research Institute for Medial Instruments (now, the Institute of Medical Engineering, Yonsei University) as “Regional Research Center (now, RIC)”. RIC program was to transfer the technologies that Universities had to the industries that the region was specialized in. 

Small and Medium Business Administration supported the incubator for medical instrument of Yonsei University. University had three elements for the medical industry development, which are R&D support function (RRC), business incubator (TIC and Incubator center), and production function (industrial complex provided by the local government). 

In 2000, Yonsei University Wonju Campus was designated as “Venture Business Cultivation Promotion Region” by Small and Medium Business Administration. And Wonju City and Yonsei University Wonju Campus made efforts to build “Wonju Medical Electronic Industry Promotion Center” where “Medical Measurement and Rehabilitation Engineering Research Center” and “Advanced Medical Appliance Technology Innovation Center” and other supporting facilities could move into. Yonsei University provided the land and Wonju City and the central government support 7 billion won for the construction. The construction of the center began in 2000 and finished in 2002. Since 2003, the government supported the Wonju Medical Equipment Industry in various ways. 

In 2003, Wonju Medical Equipment Industry Techno Valley was founded and was to support the R&D, to operate the facilities, and to promote Wonju Medical Equipment Industry by educating and advertising. In 2004, Wonju received “Innovative Cluster Promotion Support.”

In 2004, Yonsei University Wonju Campus received “NURI” for medical appliance engineering education for 5 years, and BK21 in 2006. By these supports, Yonsei University Wonju Campus became a hub for supplying the technology, the education, and the necessary consultation to the Wonju Medical Equipment Industry. 

Yonsei University Wonju Campus received “Regional Innovation Center Support (RIC)” for 9 years from 1999 to 2008 (Wonju campus received RRC and TIC, but RRC and TIC were merged into RIC). The total fund was 8.5 billion won. The first step was to develop the basic technologies that firms needed most. The period was from 1999 to 2002. Most Wonju medical firms were small sized and did not have enough capital so that they had strategies to catch up the advance technology in the current market. In the period from 2003 to 2005, after the university succeeded in providing technologies, it provided a core technology for the global competition, and since 2005, the technology was commercialized. From the support of RIC, Yonsei Universities incubated 11 firms and performed 40 research projects. The joint R&D’s with firms succeeded in commercialization. For example, the joint R&D with “Mediana” produced the items and sold 17 billion won in 2007 only. The joint R&D with “HumanTech” was successfully commercialized, and produced 4.8 billion won from 1999 to 2007. In total, 9 joint R&D’s were commercialized, and many others are to be commercialized. During the period from 1999 to 2008, 24 R&D results were applied for patents, and 17 were registered as patent. 9 items registered as utilities. 57 university technologies were transferred to firms. 

Table 17 shows the number of firms and its performance. Before Yonsei University Wonju Campus made an effort for medical industry, no one recognized Wonju’s medical industry. It started with 11 venture firms in incubators, and now Wonju medical cluster has 74 firms and employed 1729 persons. Still compared to large companies’ employment and sales scale, those of Wonju are relatively small, but the efforts showed so called “Can-Do-Spirit” and the possibility of developing regional economy by universities’ efforts.

Table 17: Firms and Products in Wonju Cluster Pilot Complex

	
	The number of firms
	Amount
	New products
	Employment

	
	
	Total amount 
	Domestic
	Export
	Ratio
	2005
	2006
	

	Wonju
	65
	153631
	69861
	83770
	43
	29
	74
	994

	Hongcheon
	5
	182148
	32042
	150106
	51
	2
	6
	536

	Heongseong
	1
	15911
	15911
	2075
	4.4
	
	
	168

	Chuncheon
	3
	5621
	2588
	3033
	1.6
	
	
	31

	Total
	74
	357311
	106566
	250745
	100
	
	
	1729


It is very difficult to judge which factor is the most important factor, because the case of Wonju enjoyed the comprehensive support. Every support was made through the selection procedures based on the evaluation and competition. The success depends not only on the support but also on the entrepreneurship. Professors were not sitting on the R&D money, instead they struggled to survive and succeed. The decade's struggle of the transition from nothing to something was a key for the successful story. We can say that the seed was the self-generated entrepreneurship, and that it prospered with the help of the local and central governments. 

5 Conclusion
Behind the remarkable economic growth, there have been many talented people form universities. But universities have always been behind the scene until recently. Samsung electronics alone has more patents than several major universities have altogether. Basically Korea has private sector leading ecosystem of technology development, which is gaining its self-sustaining momentum. Now Korea has entered into new phase of development in the globalized world economy. Korea needs more innovative people with creative thinking. We do hope that universities can handle this problem. Korea is experimenting on the transformation of universities in a way that they can be more directly involved in the innovation and technology development process. 
Korean experiences proposed three propositions as follows;

√ Proposition 1: There are no jumping process from low technology to high technology

√ Proposition 2: There is always the gap between business need and professors' incentive

√ Proposition 3: The success of the projects depends on the implementation, and the successful implementation depends on the through evaluations.
The policies to promote the industry and university cooperation should be comprehensive. Otherwise the effectiveness of the policies will be diminished. Proposition 1 suggests that the policy horizon should be long, and the strategies should be prepared according to the current situation by step-by-step approaches. For the regional development of Wonju by using the linkage, it took a decade to see the performance and share the results even in the successful cases. 

Proposition 2 explains why the Korean government used the government funded research institutes rather than universities. However, this does not suggest the university and industry cooperation is not important. Rather, it suggests that it is difficult task to build up the linkages and to promote the collaboration and that there should be different strategies according to its development stage of the ecosystem. 
The recent data, however, shows an optimistic sign of a change. Some professors successfully became CEOs of their own venture firms, which produce the fist-in-the-world products. A decade long relationship with firms helped universities to produce competitive technologies ready for commercialization. Some doctors in university hospitals established a venture firm with their technology. The atmosphere of the ecosystem has changed, because of the success stories.
Still universities and industrial linkages in the ecosystem of technology development are exogenous, and not sustainable without the government support. Therefore proposition 3 remains important. Proposition 3 reminds us of the important of implementation. The government agencies’ capacity is a key for the efficient implementation. International cooperation as well as the full usages of domestic resources will be helpful for evaluation and assessment.
I would like to reiterate the importance the ecosystem of the NIS. Entrepreneurship is a necessary condition for the successful system, but it is dependent on the social and cultural aspect. It is also important to point out that the government fund is not sufficient factor for the success and that it should be considered as auxiliary supports. One of the reforms made in Korea is that the revised law allows universities to run the technology holding companies. There should be a channel for venture firms to be listed in the stock market like KOSDAQ.
Building the self-sustaining ecosystem is a difficult task. The system led by the private sector may lack in a long term vision. In this respect, the government is expected to provide longer term R&D investments such as R&D expenditure on basic science and investment for the future industrial transition. Therefore the system should consist of many different institutes and institutions which are incentive compatible and are fully synergetic. 
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