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Abstract 

Local public technology centers (LPTCs) administrated by the prefectural and municipal government in Japan engage in technological support for small local firms. Using a comprehensive database on LPTCs, this paper aims to quantitatively examine whether their strategy adopted during 2000 and 2005 is contingent on, or regardless of, the characteristics of regional innovation system. 
The previous studies on regional innovation system suggest that the demand- and supply-side of the local market of public technological service characterize knowledge transfer from LPTCs to industry. Demand-side is represented as the absorptive capacity of small local firms. More small local firms with higher absorptive capacity imply more latent needs for high-quality public knowledge. Supply-side is represented as the activeness of knowledge interactions conducted by universities in the region. More active knowledge interactions by universities with small local firms imply encouraged competition between LPTCs and universities in the local market of technological service. Based on these concepts, we model regional knowledge transfer from LPTCs to industry.

Based on the model of regional knowledge transfer, we proxy demand-side of the local market of public technological service by the ratio of SMEs performing R&D to SMEs in the region. We proxy supply-side of the local market of public technological service by the ratio of joint researches conducted with small local firms to all joint researches by national universities in the region. Introducing two proxy variables enables to draw a scatter chart representing the location of the local authorities from a viewpoint of demand- and supply-side of the local market of public technological service. The results of factor analysis and ANOVA show that there is no significant difference in LPTCs’ strategy adopted during 2000 and 2005 according to regional characteristics identified as quadrants noted above. The results imply that the current strategy developed by LPTCs is inefficient in that they enhance their resources regardless of characteristics of regional knowledge transfer.

This paper contributes to the previous studies from theoretical and practical perspectives. First, we establish the model of regional knowledge transfer to describe the characteristics of regional innovation system. Second, based on a quantitative analysis of comprehensive dataset, we provide the local authorities with a policy guideline that helps LPTCs to contribute to the regional economic development in a more relevant manner. This is important because most of the extant researches on LPTCs are based on case studies, which makes generality of their policy implications questionable.
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1. Introduction


Regional systems of innovation are attracting research attention (Howells, 1999; Acs ed., 2000; Cooke et al. eds., 2004). Space or geography are significant for innovation because the geographical range of knowledge diffusion can be constrained due to the tacitness of the knowledge, implying that one economic agent in agglomeration benefits from knowledge spillover while the other in a geographically isolated area does not benefit. When this is the case, regional innovation policy is substantial for regional economic development because well-designed policy instruments for promoting knowledge interactions between players of a regional innovation system will result in a regional difference in knowledge productivity (Fritsch, 2004; Fritsch and Franke, 2004; Ronde and Hussler, 2005).

Among regional innovation policies that had been implemented in developed countries, Japan's establishing and expanding local public technology centers is one of the most distinguished policy instruments with respect to its history, geographical and industrial coverage of the policy, variety of technological services offered by the policy, and the number of recipients, i.e. small local firms. This policy was considered by the US government to be one of the most significant contributions to economic growth of postwar Japan, and was benchmarked in designing the Industrial Modernization Program, the regional innovation policy implemented in the 1990s that established Manufacturing Technology Centers and Manufacturing Extension Partnership Centers (OTA, 1990; Shapira et al., 1996; Feller, 1997). The experience in the US was reported to have a positive impact on the productivity growth of policy applicants (Luria and Wiarda, 1996; Oldsman, 1996; Dziczek et al., 1997; Jarmin, 1999).

Japan's regional innovation policy of local public technology centers has its root in the modern economic growth in Japan that was initiated in the 1880s. Local public technology centers, administrated by the prefectural and municipal government, engaged in technological support for small local firms. Specifically, local public technology centers offer testing services to small local firms that cannot afford to introduce experimental equipment, and offer consulting services to provide immediate solutions for technological problems, as well as conducting their own research. At least one local public technology center is located in each prefecture, the local unit of governance in Japan. In most prefectures, there are local public technology centers that engage in technological support in agriculture and manufacturing, respectively. According to regional industrial characteristics, some prefectures establish local public technology centers that offer technological services in a specific field of manufacturing, such as ceramics, textiles, and chemicals. As a result of expansion of this regional innovation policy, small firms located in each prefecture can exploit technological services provided at local public technology centers and the content of technological services is standardized throughout Japan. Unlike in the US, no econometric analyses on policy impact have been conducted yet in Japan. However, many case studies suggest that local public technology centers play an important role in small local firms' improvement in product quality and the introduction of new technology (Shapira, 1992), implying a positive policy effect on regional economic development.

Local public technology centers were faced with two recent structural changes that forced them to redefine their capabilities and responsibilities in the regional innovation system. First, after prolonged economic stagnation during the 1990s and 2000s, local authorities, faced with serious financial difficulties, became highly cost-conscious. In order to allocate scarce budgets more efficiently, and to convince taxpayers to spend their money for a regional innovation policy, local authorities required local public technology centers to redefine their strength in regional technology transfer and contribute to the regional economy in a more visible manner. Second, in the mid to late 1990s, national system of innovation was fundamentally reformed, symbolized by enactment of the Science and Technology Basic Law in 1995 and the Technology Licensing Organization act in 1998, and semi-privatization of national universities in 2004. A series of reforms involved national universities in the region in knowledge interactions between small local firms, while they were not motivated to interact with the regional economy before the reforms. This change acted as a new entry into the local market of public technological services where local public technology centers were the primary source of knowledge to small local firms. 

Under such circumstances, local public technology centers are required to establish their own strategy in line with the characteristics of a regional innovation system. Based on a model describing the characteristics of a regional innovation system, and using a comprehensive database on local public technology centers, this paper aims to quantitatively examine whether their strategy is contingent on, or regardless of, the characteristics of the regional innovation system. Foreshadowing the results, there is no significant difference in local public technology centers' strategy adopted during 2000 and 2005 according to the characteristics of the regional innovation system. This implies that their strategies were inefficient because economic welfare in the region would have been improved if they had allocated resources in concordance with the characteristics of regional knowledge transfer. 

The remainder of the paper is organized as follows. Section 2 introduces a model describing the characteristics of regional knowledge transfer. Section 3 operationalizes the concepts introduced in Section 2 and shows the results of statistical analyses. Section 4 summarizes the implication of empirical analysis and refers to issues for future research.

2. The framework


In order to evaluate whether strategies of local public technology centers fit with the characteristics of a regional innovation system, and thus are efficient, it is necessary to identify the determinants of knowledge transfer in the region. Previous studies suggest that the characteristics of demand and supply of public knowledge determine how public knowledge is transferred to the private sector (Santoro and Chakrabarti, 2002; Schartinger et al., 2002; Carayol, 2003). They argue that the type of knowledge linkage established between university and industry is determined by both attributes of firms such as size and internal resources and attributes of university such as motivation and research quality. Based on their argument, we describe characteristics of a regional innovation system from the viewpoints of both demand- and supply-side factors (Charles and Howells, 1992). Specifically, we assume a regional market of public technological services where local firms try to seek and exploit public knowledge accumulated in the region either to improve their production process or build long-term R&D capability. 

The demand of public technological services in the region consists of the private sector, particularly small local firms. Although there are some regions with large, established firms, those firms are likely to have sufficient internal resources to solve technological problems on their own. Furthermore, even if they face technological difficulties beyond their capability, they are unlikely to rely on regional public knowledge since they are likely to develop global knowledge networks. The most important demand-side factor is the absorptive capacity of firms (Cohen and Levinthal, 1990), i.e. the capability to assess the value of external knowledge and exploit it for innovative activities efficiently. If small firms in the region are relatively rich in absorptive capacity, they are likely to employ an interactive, two-way channel for the transfer of public knowledge such as joint research, instead of being supported through a one-way channel such as technological consultation. This is because absorptive capacity guarantees firms that not only can exploit external knowledge, but also that can co-create new knowledge with matching effort with high quality external knowledge. It should be noted that small firms with absorptive capacity might not rely on local public technology centers since they are likely to develop global knowledge networks (Beise and Stahl, 1999). Here we assume that small local firms firstly seek a local market for technological services, and expand the search for the next best when the first trial fails. 

The supply of public technological services in the region consists of national universities, as well as local public technology centers. National research institutes may also constitute the supply of public technological services. However, the geographical distribution of national research institutes in Japan is highly concentrated in metropolitan areas such as Tokyo and Ibaraki (Tsukuba), while at least one national university with natural science faculties such as agriculture, engineering, and medical school is located in each prefecture. Furthermore, national research institutes engage in research and development of state-of-the-art technology which has little to do with the technological problems that are encountered by small local firms. If a national university in the region is relatively active in knowledge interactions with small local firms, it acts as a new entry to the local market of public technological services.


Figure 1 illustrates the characteristics of regional knowledge transfer from the viewpoints of both demand- and supply-side factors of a regional market of public technological services. 
At the left hand side of the figure, the triangle denotes small local manufacturers that demand public technological services. The bottom of the triangle denotes small local manufacturers that do not perform R&D, while the upper side of the triangle denotes R&D-active small firms. Furthermore, the top of the triangle denotes new technology-based firms such as academic spin-offs that devote themselves to research in science-based fields such as drug discovery. Performing own R&D indicates that the firm retains absorptive capacity because R&D in itself is a cumulative process, and accumulated internal knowledge is required when the firm is to assess and exploit external knowledge. Firms that are located in the upper side of the triangle are assumed to retain higher absorptive capacity, implying that they are likely to develop interactive and long-term relationships to exploit public knowledge, instead of being supported through a unilateral channel of knowledge transfer. On the contrary, firms that are located in the bottom of the triangle may demand public knowledge for immediate solutions to problems occurring at the shop floor level.

At the right hand side of the figure, rectangles denote transfer channels of public knowledge in the region. Rectangles in the upper side refer to spillover channels with a relatively large information gap between the demand- and supply-side of technological services, while rectangles in the lower side refer to spillover channels with a relatively small information gap (Izushi, 2003; 2005). Izushi argues that the successful relationship between small local firms and local public technology centers is evolutionary. Small firms start to use technological services with a smaller information gap that requires little understanding for both sides. After trust is generated between the two, small firms employ more interactive technological services with a larger information gap. Based on his argument, we classify several types of spillover channels according to the information gap or the significance of interaction. Rectangles in the upper side indicate that more interactive communication is required for efficient knowledge transfer. Intensive communication can be replaced with an interface between open science and proprietary technology. For instance, when a university invention is transferred to the private sector, gatekeepers such as licensing associates who retain a deep understanding in both university and industry play an important role in evaluating the commercial potential of the invention and identifying a relevant industry partner that can commercialize the technology successfully (Thursby and Thursby, 2002). In the case of joint research, it is implied that scientists both from university and industry interact, with matching research efforts, to create new knowledge. On the contrary, rectangles in the lower side indicate that little communication between the demand- and supply-side is necessary. In the case of technological consultation, knowledge is transferred in a unilateral way where the firm only plays a passive role. Lastly, little interaction is required when local public technology centers provide firms with testing services or let firms use their equipment.

Figure 1 The framework of regional knowledge transfer
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3. The results


We modeled regional knowledge transfer from local public technology centers from the viewpoints of both demand and supply of public technological services. In this section we operationalize the concepts described in the model and examine whether strategies of local public technology centers fit with the characteristics of a regional innovation system, and thus are efficient. 
First, we represent demand-side factors as the number of small- and medium-sized manufacturers that perform R&D in the region as of 2000 divided by the number of small- and medium-sized manufacturers as of 2000. The definition of small- and medium-sized firms is given by the Basic Law of Small- and Medium-sized Enterprises (SMEs). In the manufacturing industry, firms with 300 employees or less or those with a capitalization of 300 million Yen or less are regarded as SMEs. The higher ratio implies that small firms in the region are relatively rich in absorptive capacity. The data is collected from Bureau van Dijk, "Japanese Accounts and Data on Enterprises database". 
Second, we represent supply-side factors as the number of joint researches with small local firms that national universities in the region had conducted as of 2000 divided by the number of joint researches that national universities in the region had conducted as of 2000. The higher ratio implies that national universities in the region are relatively active in entry to a regional market of public technological services. The data is collected from the National Institute of Science and Technology Policy, "University-Industry Collaboration database". 

In Figure 2, 47 prefectures are scattered according to its level of demand and supply of public technological services. The vertical axis represents the demand variable and the horizontal axis represents the supply variable. The figure is divided into four quadrants, counter-clockwise I, II, III, and IV, by a line representing the average of the demand variable and the supply variable, respectively. 

Figure 2 Regional characteristics of knowledge transfer

[image: image2.png]20% FUKUl
I MaTE 1
18% NARA STOKYG CKUMAMOTO
OMIVAGI OMIYAZAKI
169 SHllU‘OKAO OKAGOSHIMA
KANAGAWA” 6iv0a0-AICHI ONAGASAKI
OHvoSO-"kvoto O~TOCHIGI
14% = HIROSHIMA——TOKUSHINA—__~ WAKAYAMA—|
OOSAKA 7 oeliu OHOKKAIDO
10, SHIGA OSAITAM AT
©IBARAKI ISHIKAWA OAOMORI
FUKUOKA [OKAYAMA
10% i NIGATA
YAMANASHI — & TOTTORI
FUKUSHIMA OITA
8% KOCH {GUNMA
YAMAGUCHI & GKAGAWA o SHIMANE
o OVAMA‘GATA
OEHME
- 'SAGA.
I OAKITA v
2
OKINAWA
0% I 1 I h
0% 10% 20% 20% 0% 50%




1. The vertical axis denotes the ratio of SMEs that performed R&D in the region as of 2000. The vertical line denotes the average ratio, approximately 20%.

2. The horizontal axis denotes the ratio of joint researches with SMEs that national universities in the region conducted as of 2000. The horizontal line denotes the average ratio, approximately 12%.

3. The plane is divided into four quadrants counter-clockwise I, II, III, and IV.

4. A scattered value denotes prefecture, the local unit of governance in Japan.

In Quadrant I where both the level of the demand and the supply variable are relatively high, there is a latent demand for public technological services in the region due to the presence of R&D-active small local firms. However, a national university in the region is also encouraged to interact with small local firms, making local public technology centers functionally overlapping with a national university in the region. This implies that in prefectures located in Quadrant I, local public technology centers are required to distinguish themselves from the national university in the region by offering different types of technological services from those provided by national university-based scientists. 
In Quadrant II where the level of the demand variable is relatively high, while the level of the supply variable is relatively low, the national university in the region is not encouraged to interact with small local firms while the ratio of small local firms that perform R&D is relatively high. This implies that in prefectures located in Quadrant II, local public technology centers are expected to retain higher technological capability so that they can assist small-sized but R&D-intensive local firms to achieve innovation. 
In Quadrant III where both the level of the demand variable and the supply variable are relatively low, local firms are likely to exclusively engage in production and unlikely to engage in innovative activities such as R&D. This implies that in prefectures located in Quadrant III, local public technology centers are expected to arrange relatively unilateral spillover channels such as technological consultation and quality inspection since local firms tend to require local public technology centers for immediate problem solving rather than building long-term innovative capability. 

We have identified regional characteristics of knowledge transfer from the viewpoints of demand- and supply-side factors of public technological services. Here we examine the statistical relationship between the strategy of local public technology centers and regional characteristics of knowledge transfer in which local public technology centers locate. The strategy of local public technology centers is represented as how they allocated resources during 2000 and 2005. This is operationalized using the average of the year-on-year rate of change in resource variables during 2000 and 2005. The positive value of the average of the year-on-year rate of change indicates that the local public technology center reinforces the resource while the negative value indicates that the local public technology center gives up the resource. 
Resource variables are "quality" (the number of scientists and engineers with a Ph.D.), "consult" (the number of technological consultations offered in the year), "testing" (the number of testing services provided in the year), "eqpmt" (the number of usages of equipments in the year), "workshop" (the number of workshops for technology diffusion held in the year), "research" (the number of all kinds of researches conducted in the year), "jointr" (the number of joint researches conducted in the year), "fundedr" (the number of funded researches conducted in the year), "paper" (the number of papers published in the year), and "patent" (the number of patents applied in the year). To control for the size of local public technology centers, all variables are standardized by the number of scientists and engineers who work for the local public technology center. The data is collected from the Japan Association for the Promotion of Industrial Technology, "Current Status of Local Public Technology Centers". Although the dataset provides the information on local public technology centers in all kinds of industries such as agriculture, manufacturing, environmental science, and civil engineering, we focus on local public technology centers exclusively engaging in technological supports in manufacturing. 

Figure 3 shows the factor loadings computed by factor analysis. Factor analysis is a statistical method for extracting latent factors lying behind observable variables that affect several observable variables in the same direction. Based on the scree plot, the number of factors was assumed to be two. We employed the principal factor method to extract factors. Taking account of the case that latent factors are not independent, we employed oblique promax rotation. Figure 3 indicates that two latent factors, i.e. latent factors identified as the horizontal axis (Factor 1) and the vertical axis (Factor 2), were extracted. Factor 1 positively correlates to variables such as "quality", "fundedr", "patent", and "paper" while it has no correlation with variables such as "testing" and "consult". The quality of human resources and research outcome are associated with the research capacity of local public technology centers. Therefore Factor 1 is presumed to represent the tendency to intensify local public technology centers' own research capacity. On the contrary, Factor 2 positively correlates to variables such as "testing" and "consult" while it has no correlation with variables such as "quality", "fundedr", "patent", and "paper". Technological consultation and testing are services with relatively less information gap (See Figure 1.). Therefore Factor 2 is presumed to represent the tendency to support small local firms by providing immediate solutions to technological problems. It is plausible that two latent factors are trade-offs. A local public technology center cannot allocate resources in a way that it reinforces one factor without giving up another factor. 

Figure 3 The factor loadings
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The strategy of local public technology centers represented as the change in resource allocation during 2000 and 2005 is considered to be associated with regional characteristics of knowledge transfer identified as four quadrants. This is because strategy can be effective only when it fits with the regional environment. If a strategy that ignores regional environment is established, the outcome, e.g. regional knowledge productivity, will be inefficient in the sense that it would have been improved otherwise. The examples of complementary fit between the strategy and the regional environment are as follows. 
It is reasonable that local public technology centers located in a prefecture that is identified as Quadrant II reinforce resources represented as Factor 1. Under such environments, local public technology centers are expected to retain high research capacity so that small local firms with absorptive capacity can rely on them. It is also reasonable that local public technology centers located in a prefecture that is identified as Quadrant III reinforce resources represented as Factor 2. Under such environments, local public technology centers are expected to arrange spillover channels with a relatively smaller information gap, such as technological consultation and quality inspection since local firms tend to require local public technology centers for immediate problem solving rather than building long-term innovative capability. 

Finally, we examine whether the strategy of local public technology centers adopted during 2000 and 2005 fit with the characteristics of a regional innovation system as of 2000. We computed the average of year-on-year rate of change of each variable during 2000 and 2005 and examined whether the average is different across quadrants. Table 1 shows the result of analysis of variance. The result indicates that a statistically significant difference across quadrants is found in "patent" while no significant difference across quadrants is observed in other variables. This implies that, regarding variables other than patent, local public technology centers allocate resources in an irrelevant way to regional characteristics of knowledge transfer. This is considered to be inefficient since economic welfare in the region would have been improved if local public technology centers allocated resources so that would fit with regional characteristics of knowledge transfer. 
With respect to "patent", the highest growth is reported in Quadrant IV where the ratio of small firms with absorptive capacity is relatively low and the national university in the region is relatively active in knowledge interactions with small local firms, while the lowest growth is reported in Quadrant II. The result is counter-intuitive because the latent factor behind "patent" represents the tendency to intensify the research capacity of local public technology centers (Factor 1), which is expected to be adopted in local technology centers in Quadrant II where the ratio of small firms with absorptive capacity is relatively high while a national university in the region is relatively inactive in knowledge interactions with small local firms.
In sum, the statistical analysis reveals that the strategy adopted by local technology centers during 2000 and 2005 did not fit with the regional characteristics of knowledge transfer as of 2000. In most cases, resources were allocated without consideration of the regional environment of innovation. Even in the case that a statistically significant association was observed, the relationship was not intuitive. Therefore, assuming that the model and operationalization of the concepts are relevant, the recent strategy of local public technology centers can be argued as a random walk, and thus needs reconsideration. 

Table 1 The result of analysis of variance

	
	testing
	consult
	jointr
	quality
	fundedr
	paper
	patent

	I
	0.494
	0.103
	0.111
	0.090
	0.457
	0.076
	0.449

	II
	0.181
	0.188
	0.164
	0.112
	0.076
	0.283
	0.351

	III
	0.060
	0.207
	0.026
	0.151
	-0.077
	0.018
	0.391

	IV
	0.233
	0.060
	0.179
	0.117
	0.506
	0.145
	0.576

	p value
	0.532
	0.529
	0.811
	0.694
	0.146
	0.330
	0.001


1. “p value” denotes the level of statistical significance.

Using a comprehensive dataset, we have examined the statistical relationship between the strategy of local public technology centers and the regional environment where the local public technology center is located. The statistical analysis pictures the "average" local public technology center but there is an "outlier" in the dataset. An outlier is informative when it represents the very progressive (or backward) form of behavior in the population. In order to illustrate distinguished strategies adopted by several local public technology centers, we focus attention on outliers in the dataset. Figure 4, the factor scores computed by factor analysis, shows two outstanding cases, i.e. the Osaka Municipal Technical Research Institute and the Yamanashi Prefecture Fuji Industrial Technology Center. 
The Osaka Municipal Technical Research Institute exhibits a very distinguished strategy that intensifies research capability of its own. The quality of human resources and its research productivity represented as papers and patents are very high, which attracts external research funds via funded research. Osaka prefecture is located in Quadrant II where small local firms are relatively rich in absorptive capacity while a national university in the region is relatively inactive in knowledge interactions with small local firms. Although there are many R&D-intensive small firms in a big city like Osaka, Osaka University, one of the most prestigious research universities in Japan, develops knowledge network across prefecture and nation, and thus is less embedded in a regional economy. The model developed in this paper suggests that it is reasonable for the Osaka Municipal Technical Research Institute to intensify its research capacity so that small local firms with absorptive capacity can rely on them.
Although the Yamanashi Prefecture Fuji Industrial Technology Center does not retain high quality human resources, it is very active in offering consultation services to small local firms. Yamanashi prefecture, a rural region, is located in Quadrant III where small local firms are relatively less R&D-active and a national university in the region is relatively inactive in knowledge interactions with small local firms. The model developed in this paper suggests that it is reasonable for the Yamanashi Prefecture Fuji Industrial Technology Center to arrange spillover channels with a relatively smaller information gap such as technological consultation since local firms tend to require local public technology centers for immediate problem solving rather than building long-term R&D capability.

Figure 4 The factor scores
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1. The oval at the right hand side denotes the Osaka Municipal Technical Research Institute. The oval at the left hand side denotes the Yamanashi Prefecture Fuji Industrial Technology Center.

4. Concluding remarks

Based on a model describing the characteristics of a regional innovation system, we quantitatively examine whether local public technology centers' strategy is contingent on, or regardless of, the characteristics of the regional innovation system. The results of statistical analyses using a comprehensive database on local public technology centers indicate that their strategy adopted during 2000 and 2005 was irrelevant or even contradictory to the characteristics of regional knowledge transfer as of 2000. This suggests the possibility that small local firms lost an opportunity to improve their productivity by leveraging external knowledge due to the misallocation of resources of local public technology centers in the region. Specifically, small local firms might have found unnecessary kinds of technological services provided by local public technological centers while they could not find the one that they actually needed.
Since a regional innovation policy of establishment and expansion of local public technology centers was "all-round" in that they were established throughout Japan and provided small local firms with a highly standardized menu of technological services, it is difficult for each local public technology center to restructure its own strategy in accordance with the characteristics of regional knowledge transfer. However, several cases show the way to establish a clear strategy that fits with the regional environment. Future study will complement the implications of the quantitative analysis with the qualitative analysis symbolized in the cases of the Osaka Municipal Technical Research Institute and the Yamanashi Prefecture Fuji Industrial Technology Center.
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Appendix

Table A1 Descriptive statistics

	
	Definition
	Obs
	Mean
	S.D.
	Min
	Max

	quality
	The ratio of scientists with a Ph.D.
	835
	0.16
	0.13
	0.00
	0.8

	test
	Testing services per scientist
	868
	0.15
	0.38
	0.00
	4.2

	consult
	Technological consultation per scientist
	873
	0.08
	0.10
	0.00
	0.8

	fundedr
	Funded research per scientist
	218
	0.65
	3.04
	0.00
	21.7

	jointr
	Joint research per scientist
	373
	0.14
	0.13
	0.01
	0.7

	paper
	Paper publication per scientist
	793
	0.23
	0.25
	0.00
	2.3

	patent
	Patent application per scientist
	916
	0.31
	0.43
	0.00
	3.9
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