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Abstract

:

Based on the resource dependence theory and the resource-based view, this study examined the impact of the resources and capabilities of government-funded research institutes (GRIs) on technology transfer. Panel analysis was performed on 21 GRIs in South Korea representing three mission types—basic future leading, public infrastructure, and industrialization—for the 2015–2019 period. The analysis confirmed that the factors affecting technology transfer performance differed among GRIs depending on their mission type. For basic future leading GRIs, the number of technology transfer cases was strongly associated with the number of research personnel, while there was a negative relationship between technology transfer and the total budget, the number of research publications, and the number of patent registrations. None of the variables affected the revenue from technology fees. Researchers at these GRIs appear to have a strong motivation for technology transfer, but the priority for resource allocation at the institutional level is the production of papers and patents rather than technology transfer. For public infrastructure GRIs, the number of patents held and the number of technology licensing office (TLO) personnel had a positive impact on the number of technology transfer cases, while none of the variables affected the revenue from technology fees. Thus, the number of patents is more favorable for technology transfer at this type of GRI compared to those that pursue a mission of basic future leading, possibly because their research focus is more related to engineering than to basic science. For industrialization GRIs, the number of TLO personnel affected the number of cases of technology transfer, and the number of patent registrations and TLO personnel affected the revenue from technology fees. The speed of technology development and industrial application is thus much faster in industrialization GRIs than in the other GRI types. The results of this analysis show that mission attributes are important drivers of technology transfer performance. This study thus offers policy implications by illustrating those different resources should be provided to different types of GRI to optimize their technology transfer performance.
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1. Introduction


Since the Bayh-Dole Act was enacted in 1980 in the United States, the perception that science and technology, specifically scientific knowledge and technological inventions, are resources owned by those who developed them has grown throughout the world. The economic value that these resources can generate has become particularly important, and accordingly, science and technology have emerged as one of the most important drivers of a country’s economy and development [1]. In this context, technology transfer activities are encouraged in order to implement innovations [2,3,4], and research and development bodies around the world have expanded their capabilities for technology commercialization, which accompanies technology transfers through licensing [5,6,7,8,9].



To facilitate a country’s innovation, it is important to analyze factors affecting technology transfer in its research and development organizations, and there is indeed a body of international literature on the subject. However, to the best of our knowledge, most research has been conducted with a focus on universities [8,10,11,12,13,14,15,16,17], and studies on factors affecting technology transfer in government-funded research institutes (GRIs) are rare. GRIs are an important subject to analyze in terms of technology transfer because they are dedicated to research on innovation, such as strategic technology development for economic growth and science and technology advancement [18,19]. To this end, it is important to identify how technology transfer operates in GRI settings, which is currently relatively unknown.



This study seeks to fill this research gap with empirical evidence on the contribution of resources and capabilities to GRIs’ technology transfer performance by analyzing panel data of 21 GRIs in South Korea (hereafter Korea) from 2015 to 2019. Based on the combined theoretical framework of resource dependence theory and the resource-based view, this paper identifies and defines variables—research resources, research capabilities, and performance diffusion capabilities, as well as technology transfer performance—by examining a novel dataset from Korea’s National Research Council of Science and Technology, whose mission is to support and manage GRIs in the field of science and technology. To prevent overgeneralization, GRIs are divided into three groups by their distinct mission types—basic future leading, public infrastructure, and industrialization. This paper answers specific research questions: Will there be differences in technology transfer performance over time for GRIs with different mission types? Will there be differences in the main factors that influence technology transfer performance depending on the GRI mission type?



As a result of the analysis, it was confirmed that the factors affecting technology transfer differed by mission type. In basic future leading GRIs, technology transfer was negatively related to the total budget, number of research publications, and number of patent registrations, while the number of technology transfer personnel and technology transfer cases had a strong positive relationship. No variables affected the technology fee revenue. Although researchers in these GRIs seem to have a strong motivation for technology transfer, the priority for resource allocation at the institutional level is the production of papers and patents rather than technology transfer. In public infrastructure GRIs, the number of patents held and the number of TLO personnel had a positive effect on the number of cases of technology transfer, and no variables affected the technology fee revenue. Thus, the number of patents is more advantageous for technology transfer in this type of GRI than in those pursuing a basic future leading mission, perhaps because their research focus is more related to engineering than to basic science. In industrialization GRIs, the number of TLO personnel affected the number of technology transfer cases, and the number of patent registrations and TLO personnel affected the technology fee revenue. Therefore, the speed of technology development and industry application is much faster than in other GRI types.



This paper adds to the existing literature not only by analyzing the factors affecting technology transfer in GRIs but also by expanding the current understanding of how influential factors differ by their mission attributes. This paper provides policy implications by suggesting that different resources should be provided to different types of GRIs to optimize their technology transfer performance.




2. Literature Review and Hypotheses


2.1. Resource Dependence Theory and Resource-Based View


Gray [20] defined cooperation as a process in which “stakeholders from different perspectives on the same problem explore each other’s differences and seek solutions beyond their limits.” Mayo [21] perceived it as “a process by which an individual or organization combines human, physical, and resources to achieve its objectives.” Similarly, Hagedoorn [22] defined research cooperation as the process of exploiting the resources and knowledge possessed by two or more different organizations. Although the values underlying industry-academic cooperation cannot be consistent with the goals pursued by companies, universities, and research institutes, industry-academic cooperation can be discussed from sociological and economic perspectives considering the common macroscopic objective of the creation of tangible and intangible socio-economic value [23].



A number of specific theories have been used to describe industry-academic cooperation, including the resource dependence theory (RDT) and the resource-based view (RBV). The RDT describes the cooperative and dependent relationship with external organizations from the perspective of organizational environmentalism, while the RBV describes organizational competitiveness in terms of comparative advantages [24]. Several prior studies, including Powers [25], Shin [26], and Jung [27], have attempted to interpret inter-organizational cooperation based on the RDT, whereas Landry [28], Harman [29], Powers [25], and Arya [30] utilized the RBV. The RBV has also been useful in explaining the cooperation between public organizations, such as universities, research institutes, and companies [25,30].



The RDT posits that organizations must acquire the necessary resources through appropriate decision-making processes to overcome environmental uncertainty [31]. These resources are the source of organizational performance and competitive advantages, and the ability to acquire critical resources has a significant influence on success in the market [32]. The RDT is also important with regard to cooperative industry–academic relationships involving companies, universities, and research institutes. This is because, if complementary resource relationships exist, cooperation can maximize the creation of new value by reducing costs and increasing efficiency through the shared use of resources [33]. Thus, from the perspective of the RDT, industry-academic cooperation actively responds to the environment through interaction via the industry-academic cooperative resources held by public organizations, such as universities and research institutes.



The RBV emphasizes the strategic resources and capabilities of an organization based on Penrose’s proposition [34] that a company’s resources should be viewed as a whole [35]. Differences in corporate performance can thus be attributed to the characteristics of the resources held by individual companies, and it is believed that continuous capacity building is achieved through the use of unique resources [35,36,37,38]. In particular, it is believed that valuable, rare, imperfectly imitative, and non-substitutable resources provide a sustainable competitive advantage for a firm [34,37].



Branco [39] studied the impact of university labs on the type of industry-academic cooperation and its productivity using the RBV and found that human resource capabilities in science and technology were a driver of industry-academic cooperation performance. In addition, Cho [40] approached the factors that encourage the establishment of university spin-offs in terms of “human competence” based on the RBV, while Kim [40] demonstrated the impact of four types of internal resources: material, financial, manpower, and organizational. In addition, Yun [41] empirically analyzed the technology transfer performance of GRIs in science and technology by investigating research resources, research capabilities, and performance capabilities.



In the present study, variables that have been identified as major influences on technology transfer performance in previous empirical studies, such as manpower, budget, the number of published papers, patent registration, the number of technology licensing office (TLO) employees, and the TLO budget, were grouped into (1) research resources, (2) research capabilities, or (3) performance diffusion capabilities based on the RDT and the RBV to identify the impact factors for the technology transfer performance of GRIs.




2.2. Hypotheses


This paper investigates all 21 GRIs related to science and technology in Korea to identify the factors that impact technology transfer performance using panel data over five years, from 2015 to 2019. In Korea, various studies have investigated the factors influencing technology transfer [42,43,44,45,46], but research on GRIs has only recently begun to draw attention [45,47], and there has been some ambiguity in the interpretation of the analysis results, as previous literature has reported that the quantitative input of organizational resources into GRIs is not proportional to their quantitative performance [48] and that GRI performance depends on the nature of the institution or its particular mission [49,50]. This may be because GRIs differ in their specific missions, but it could also be due to the budget structure, which is greatly influenced by changes in government and R & D policies. Based on an analysis of the technology change index of GRIs, Yoon [48] reported that no GRIs responded appropriately to external environmental changes. In 2017, the year that the Moon Jae-in government came into power, the Ministry of Science, ICT, and Future Planning became the Ministry of Science and ICT; the position of Science and Technology Advisor to the President was established, and the Science, Technology, and Innovation Office was created. In national R & D programs in Korea, individual ministries have strong control over subordinate planning/management agencies, and projects are created according to the situation and needs of individual departments, decreasing efficiency [47,51]. Based on this prior research, GRIs were classified into three mission types (Table 1) for this analysis: basic future leading, public infrastructure, and industrialization. Panel data analysis was conducted over the five years from 2015 to 2019, with 2017, the year when the government changed, as the mid-point.



The following hypotheses were developed for each GRI mission type:



Hypothesis 1.

There will be differences in technology transfer performance over time for GRIs with different mission types.





Hypothesis 1-1.

There will be differences in the number of technology transfer cases over time for GRIs with different mission types.





Hypothesis 1-2.

There will be differences in the revenue generated by technology transfer over time for GRIs with different mission types.





Hypothesis 2.

There will be a difference in the main factors that influence technology transfer performance depending on the GRI mission type.





Hypothesis 2-1.

There will be a difference in the main factors that influence the number of technology transfer cases depending on the GRI mission type.





Hypothesis 2-2.

There will be a difference in the main factors that influence the revenue generated by technology transfer depending on the GRI mission type.







3. Materials and Methods


3.1. The Context of Analysis


Korea is a country with world-class levels of R & D investment and with a high level of GDP [52]. According to government figures, Korea’s national research and development (R & D) budget for 2021 was KRW 27.4 trillion (approximately USD 24.7 billion). This represents an increase of about KRW 3.2 trillion from KRW 24.2 trillion in the previous year, accounting for 13.14% of the total. Given that Korea’s GDP growth rate in 2020 was −1.0% (Bank of Korea, 2021) due to the COVID-19 pandemic, the government’s commitment to fostering science and technology appears to be strong.



Government innovation support systems are considered an important factor in innovation performance [53]. The GRI is one of the main subjects of the national innovation system and is established and operated to promote the development of the national economy by innovating national science and technology and strengthening national competitiveness [54,55,56]. In Korea, there are 21 government-funded research institutes (GRIs) related to science and technology. Although the budget and the number of researchers in GRIs have continuously increased, it is difficult to draw a definitive conclusion judgment on public satisfaction with their performance [57]. The productivity of GRIs has faced constant criticism from academia and the media, and there have been calls for the restructuring or consolidation of these GRIs to reduce national spending. Thus, GRIs need to take on a new role that promotes efficiency and productivity because they benefit from public funding [58,59]. In particular, the government needs to identify GRIs that perform well and those that do not [58,60]. It is important to improve the efficiency and research performance of national research and development investment by efficiently managing and utilizing the research performance of GRIs through an optimal assessment system [54,61,62,63].



In this context, this study seeks to identify factors affecting technology transfer with a focus on Korea’s GRIs. A prior study that analyzed factors that affect technology transfer in GRIs based on the RDT had limitations, as it analyzed GRIs collectively [41]. In addition, some studies have analyzed R &D performance factors for GRIs by mission type, but research on the factors influencing technology transfer performance, which has become increasingly important, is insufficient [49]. Therefore, in this study, we analyzed factors affecting technology transfer in GRIs by their mission type. The factors affecting technology transfer performance were classified as research resources, research capacity resources, and performance diffusion capabilities based on the RDT and RBV.




3.2. Data Source


Korea’s National Council of Science and Technology has been providing detailed quarterly statistics on its 21 GRIs since 2009. Panel data were obtained from this institution to identify research resources, research capabilities, and performance diffusion capabilities from 2015 to 2019. Table 2 lists the descriptive statistics of the variables used for analysis.




3.3. Dependent Variable


The legal definition of technology transfer is the transfer of a technology from the technology holder to another person or organization via direct transfer, permission to implement the technology, technical guidance, joint research, a joint venture, or a merger (Article 2 of the Act on the Promotion of Transfer of Technology Commercialization) [64]. Recently, technology transfer has been interpreted as the integrated transfer of techniques, knowledge, technology, production methods, and facilities [65]. Technology transfer is carried out in various ways, including formal technology transfer contracts, joint research, the dispatch of technical personnel, advisory meetings, and discussions [66]. Technology transfer can be the first step toward technology commercialization, which is a means to exploit technology resulting from research for either production or consumption activities so that the researcher can gain profit from the activity [67,68]. The dependent variable in the present study was technology transfer performance, which was measured using the number of cases of technology transfer and the revenue from technology fees.




3.4. Independent Variable


According to the RDT and RBV, improving technology transfer performance requires the maximization of resources and capabilities and the strategic use of internal and external resources. Various analyses have investigated the capabilities and available resources of universities and research institutes, and they can be classified into tangible and intangible resources. Tangible resources include financial assets, such as manpower, buildings, and land, and intellectual property, such as patents, copyrights, organizational structure, decision-making methods, policies, networks, and members’ experience, expertise, knowledge, and know-how [37,69,70,71,72]. These tangible and intangible resources can in turn be classified as research resources, research capabilities, and performance diffusion capabilities.



3.4.1. Research Resources


Research resources, such as the size of a university or research institute, the number of research personnel, and the size of the research budget, have generally been found to have a positive impact on technology transfer performance [15,17,73,74]. Studies have reported that research funds contribute to an increase in technology transfer and technology fees [75]. In general, large-scale organizations have a large number of professional personnel and a larger budget for R & D, resulting in more published papers, patents, and practical models [16,17,76,77]. However, Chung [78] showed that research funds can have a negative impact on technology transfer and that the number of researchers has no statistical significance. Yun [41] also found that research personnel and budget positively affected the number of papers and patents, which are the primary products of R & D, but that the direct impact on technology transfer and technology fees was limited. In the present study, the number of research personnel and the institutional budget were selected as influential research resources.




3.4.2. Research Capabilities


Past research on universities has reported that the number of research papers published has a positive relationship with technology transfer and technology fees [42,43,79]. However, a study of 50 universities and 34 government research institutes in Korea found no statistical significance in this relationship [78], and another study that analyzed 1222 national R & D projects reported that the number of research papers affects technology transfer but not technology fees. In addition, an analysis of research firms derived from GRIs showed that the number of research papers had a negative impact [73]. Patents have been found to have a positive impact on technology transfer performance [42,43,75,78,80]. However, Kim [43] found that the impact on technology transfer varies depending on the type of patent (domestic and international). In the present study, the number of papers, patent registrations, and patent retention were selected as influential research capabilities.




3.4.3. Performance Diffusion Capabilities


The organizational capabilities related to technology transfer include the TLO’s history and proficiency [81], the TLO’s size and staffing [43,82], and the expertise and experience of the dedicated workforce [82,83,84]. The TLO has been shown to have a positive impact on technology transfer [8,41,45,73,78,85], though this can depend on whether the number of licenses or fees are used to measure technology transfer. When technology transfer is measured by the number of licenses, the TLO appears to have a positive effect [10,11,17], but research based on technology fees has reported that TLO size has a negative effect [11]. The expertise of TLO personnel has been shown to have a positive impact on the number of cases of technology transfer, but there was no statistically significant relationship with technology fees [17]. So [45] found that the number of TLO professionals did not affect technology transfer but that the age of the TLO was significant. The age of the TLO, the specialties of TLO personnel, and the degree of utilization of technology transfer manuals have also been reported to affect technology transfer performance, and the actual performance of the TLO is also an important factor [44]. However, an analysis of GRIs found that TLO personnel and their budget only have a partial positive impact on technology transfer and that their statistical significance is not clear [41]. In the present study, the number of TLO employees and the TLO budget were utilized as variables to evaluate performance diffusion capabilities.





3.5. Methodology


In this study, the following research model was established according to the resource dependence theory (RDT) and the resource-based view (RBV) theory.



The technology transfer performance of GRIs was assessed to determine if there were any significant differences and implications according to the mission type. To achieve this, a research model was established to analyze the effects of research resources, research capabilities, and performance diffusion capabilities on the technology transfer performance of the GRIs (Figure 1).



In this study, changes in the technology transfer performance of GRIs with one of three mission types from 2015 to 2019 were then analyzed. Following this, panel data from 2015 to 2019 were analyzed using fixed- and random-effects models.



Panel data analysis was introduced in 1938 when Lazarsfeld and Fiske first used it in the field of social science. This panel data analysis method is a cross-sectional time-series model that complements and modifies the limitations of cross-sectional data in the process of quantitative analysis. Panel data analysis is effective in analyzing dynamic changes assuming the heterogeneity of data. In the process of analyzing quantitative data, cross-sectional analysis and time-series analysis have limitations in predicting dynamic changes in cross-sectional and time-series models caused by data heterogeneity. However, panel data analysis is effective in predicting dynamic changes in panel data models by controlling panel data heterogeneity [86].



Fixed-effects and random-effects models alleviate endogeneity problems that may arise by assuming unobserved characteristics and allow accurate parameter estimation. The Hausman test shows which of the two models is more suitable for analysis. The null hypothesis of the Hausman test is that ‘the random effect model is more suitable’; if rejected, the fixed-effects model is used, and if accepted, the random-effects model is used [87].



As a statistical analysis tool, STATA 14, which is widely used in quantitative analysis models with panel data, was used in the study.





4. Results


4.1. Analysis Method


4.1.1. Basic Statistical Analysis by Year


Changes in technology transfer performance, research resources, research capabilities, and performance diffusion capabilities for the 21 GRIs during the period 2015–2019 are summarized in Table 3. All the factors except for the TLO budget increased from 2015 to 2017, and all items except for the revenue from technology fees and the number of patents held decreased in 2018.




4.1.2. Statistical Analysis by Type


Annual statistical analysis was conducted to identify differences in the technology transfer performance for each mission type. The statistical analysis results for the number of technology transfer cases by mission type from 2015 to 2019 are presented in Table 4.



For basic future leading GRIs, the number of cases of technology transfer decreased over this period, while those in public infrastructure and industrialization GRIs decreased from 2018 to 2019. The statistical analysis results for technology fee revenue are displayed in Table 5. The revenue for basic future leading GRIs fell from 2018 to 2019, while public infrastructure and industrialization GRIs exhibited a steady increase from 2015 to 2019.




4.1.3. Panel Analysis


Basic Future Leading GRIs


For basic future leading GRIs, the model with the number of technology transfer cases as the dependent variable revealed that, of the research resource variables, the number of research personnel, the size of the institutional budget, and the number of patent registrations were significant (Table 6). In particular, the variables related to the research personnel had a strong positive impact, with an increase in the number of technology transfer cases of 11.06 when the number of research personnel increased by 1. In contrast, the institutional budget, number of research publications, and number of patent registrations had a negative impact on the number of technology transfer cases. When revenue from technology fees was used as the dependent variable in the model, the results were not significant. For basic future leading GRIs, variables other than research personnel had no or negative effects on technology transfer. This suggests that the research personnel in basic future leading GRIs have a strong fundamental motivation for technology transfer, but this does not generate revenue in the short term.



Basic future leading GRIs are established to create future growth engines by conducting research with high risk at the national level that typical companies cannot attempt. Thus, these GRIs generally carry out long-term and large-scale research projects. This means that even with technology transfer, they tend not to generate significant revenue in the short term.



The negative impacts of the size of the institutional budget, the number of research publications, and the number of patent registrations on the number of cases of technology transfer indicate that technology transfer is not a reliable indicator of the value of basic future leading GRIs. At the institutional level, resources are preferentially assigned to research publications and patent registration, which reduces the incentive for technology transfer. This also suggests that papers and patents are not linked to technology transfer in the short term. In addition, the fact that performance diffusion capabilities do not affect the number of technology transfer cases and revenue from technology fees suggests that the role of TLOs in basic future leading GRIs is not significant.



After Vannevar Bush famously said in Science the Endless Frontier that basic research is performed without thought of the practical end, the term “basic research” became widely used around the world. Basic science became a subject of policy interest when the Basic Science Research Promotion Act was enacted in 1989. However, unlike Bush’s definition, the draft of the promotion act in 1988 stated that the purpose of basic science is to develop industrial technology and promote science and culture. Korea had a tendency to recognize the purpose of fostering basic science as a means of economic development rather than academic development.



Thus, as implied by the name of the Korea Institute of Science and Technology, one of the basic future leading institutions, science has almost always been linked with technology, which implicitly gave rise to the perception that it supports industrial and economic development [88]. Researchers still display this tendency, even though the institutions to which they belong were classified as basic future leading organizations in 2014.



Korea’s per capita GDP growth rate fell rapidly from 7.2 percent annually in the 1990s to 4.6 percent annually in the 2000s, strengthening the national perception that it should pursue fundamental academic progress rather than short-term industrial advancement for national competitiveness. This led to the classification of some of the GRIs as basic future leading organizations in 2014. The government aimed to improve GRIs’ competitiveness by investing in activities for each purpose. Basic future leading GRIs had to focus on pure research, basic purpose research, and research based on source knowledge rather than applied research. Among the indicators defining research performance, the proportion of research papers and patents has naturally increased with the decrease in the amount of technology transfer through direct contact with the industry.




Public Infrastructure GRIs


For the model with the number of technology transfer cases as the dependent variable, the number of patents and the number of TLO personnel were found to be positively and significantly related in public infrastructure GRIs. In particular, when the number of patents owned by a GRI increased by 1, the number of technology transfer cases increased by 3.87, and when the number of TLO staff increased by 1, the number of cases increased by 4.22. However, for basic future leading GRIs, the model with revenue from technology fees as the dependent variable did not produce significant results for any of the variables (Table 7).



The positive impact of the number of patents and TLO personnel on the number of technology transfer cases suggests that the patents produced by public infrastructure GRIs are more practical than those developed by basic future leading GRIs. Public infrastructure GRIs are designed to produce public infrastructure, such as large-scale research equipment and facilities that can support R & D, rather than directly pursuing R & D and technology commercialization. Patents related to the development of equipment and facilities are more likely to be associated with engineering than basic science and thus may be more advantageous for technology transfer. On the other hand, none of the assessed variables affected the revenue from short-term technology fees due to the specificity of the public infrastructure GRIs and the lower importance of short-term profit seeking.



Technology readiness levels (TRLs) are a systematic metric/measurement system that supports assessments of the maturity of a particular technology and the standardized comparison of maturity between different types of technology [89]. TRLs were first defined in seven stages by NASA, which then expanded to nine in 1995. TRLs can be used to manage the risk of immature technology development, to have a common understanding of the current location of technology, or as a basis for chief executive officers’ decision making regarding technology investment [90].



Basic research corresponds to TRL 1, and research applying the developed technology is described as TRL 2. The demonstration of prototypes and their functionality in the laboratory and other environments can reach or exceed TRL 3. Thus, the field of applied research and actual facility construction is more in line with the technology required by the industry; one interpretation of this observation is that patents in public infrastructure research institutes that seek applied science and prototypes are more advantageous for technology transfer than patents in basic future leading research institutes that pursue basic science.




Industrialization GRIs


The model for the number of technology transfer cases revealed that the number of TLO personnel had a significant impact in industrialization GRIs (Table 8). The reason that the number of TLO personnel significantly affected the number of technology transfer cases is closely related to the mission of industrialization GRIs, which involves fractalization and support for small- and medium-sized enterprises. This means that their technology should be commercialized quickly to generate profit, and this is positively affected by the institution’s research resources and performance diffusion capabilities.



In addition, unlike basic future leading and public infrastructure GRIs, in the model with revenue from technology fees as the dependent variable, the number of patent registrations and the number of TLO personnel were found to have a significant positive impact. In industrialization GRIs, patent registrations are more closely related to technology transfer, which means that as technology advances, older or outdated patents are more likely to lose their competitiveness, and new patents can be applied directly to related industries, directly contributing to profit generation. The positive effect of TLO personnel on technology fees may be due to the nature of the technology possessed by industrialization GRIs, with technology transfer leading to increased technology fees in the short term.



Technological progress is rapidly developing at a rate that mankind has never experienced, and the entire industry is being drastically reorganized by disruptive technology [91]. Industrialization research institutes that need to keep track of the speed of development in these industries are faster in development and industrial application than basic future leading or public infrastructure research institutes, and the role of timely intermediation of technology, enabling the direct application of registered patents to the industry, can be an important factor in technology transfer. Thus, the role of TLO’s dedicated personnel as a technology trader is greater than that in other types of research institutes.






4.2. Hypothesis Testing


The number of technology transfer cases increased until 2017 in public infrastructure and industrialization GRI and then declined thereafter. The basic future leading GRIs show a continuous decline in the number of technology transfer cases from 2015 to 2019 (Table 9). For the public infrastructure and industrialization GRIs, this may be due to rapid changes in the domestic environment at the time due to the change in the government. All of the GRIs focused on short-term quantitative performance until 2017, but with the change in government, science- and technology-related institutions were reorganized, possibly encouraging GRIs to pursue their own qualitative goals in the longer term after 2017. Revenue from technology fees rose until 2017 in basic future leading GRIs and then declined, while that in public infrastructure and industrialization GRIs has grown since 2017. This indicates that basic future leading GRIs have focused on other achievements, such as papers and patents, not on technology fees, and public infrastructure and industrialization GRIs have concentrated more on technology fees than on the number of technology transfers. Therefore, hypothesis 1-1 was rejected, and hypothesis 1-2 was accepted.



When classifying GRIs according to their mission type, the factors that affected the actual number of technology transfer cases differed (Table 10). In the panel data analysis of the number of technology transfer cases for each mission type, research resources (i.e., the number of researchers and total budget) and research capabilities (i.e., the number of research papers and the number of patent registrations) affected the number of technology transfer cases for basic future leading GRIs. For public infrastructure GRIs, research capabilities (i.e., the number of patents held) and performance diffusion capabilities (i.e., the number of TLO personnel) affected the number of technology transfer cases. The number of technology transfer cases for industrialization GRIs was influenced by performance diffusion capability resources (i.e., the number of TLO personnel).



The factors that affected the revenue from technology fees also differed by the mission type (Table 10). The revenue from technology fees was not significant for the basic future leading and public infrastructure GRIs. However, research capabilities (i.e., the number of patent registrations) and performance diffusion capabilities (i.e., the number of TLO personnel) had a positive effect in industrialization GRIs. Therefore, both hypotheses 2-1 and 2-2 were accepted.



The results of the hypothesis test are as follows (Table 11).





5. Conclusions


5.1. Results


There is no doubt that the research productivity of GRIs should be enhanced to strengthen national R & D competitiveness and to meet public expectations. One of the key indicators of research productivity is technology transfer performance, and thus, strategies need to be developed to improve this factor. The first step is to objectively and scientifically analyze the factors that impact technology transfer in GRIs.



Based on the RDT and RBV, the present study examined the impact of GRI resources and capabilities on technology transfer by mission type using panel analysis. The research subjects were 21 science and technology GRIs (excluding affiliated institutes) under the administration of the National Council of Science and Technology. Given that individual GRIs have specific performance missions and roles and vary in their operational strategies to enhance their internal resources and capabilities, the GRIs were grouped into three mission types based on the classification by the Ministry of ICT and Future Planning in 2014: basic future leading, public infrastructure, and industrialization. The independent variables were grouped into research resources, research capabilities, and performance diffusion capabilities, and the dependent variables were the number of technology transfer cases and revenue from technology fees. The present study also conducted a panel analysis of data from 2015 to 2019, with this period selected because the government changed in 2017.



The analysis confirmed that the factors affecting the technology transfer performance of GRIs differed depending on their mission type. For basic future leading GRIs, the numbers of research personnel and technology transfer cases were strongly correlated, while the total budget, the number of research publications, and the number of patent registrations were all negatively correlated with the number of technology transfer cases. None of the assessed variables had an effect on the revenue from technology fees for this type of GRI. For public infrastructure GRIs, the number of patents and the number of TLO personnel had a positive impact on the number of technology transfer cases. As in basic future leading GRIs, no variables affected the revenue from technology fees. For industrialization GRIs, the number of TLO personnel positively affected the number of technology transfer cases, and the number of patent registrations and TLO personnel had a positive association with the revenue from technology fees.



This study confirmed that the Ministry of Science, ICT, and Future Planning’s criteria for the classification of GRI duties lead to significant differences in the economic performance of GRIs. For basic future leading GRIs, researchers are strongly motivated to participate in technology transfer, but the priorities for resource allocation at the institutional level are papers and patents rather than technology transfer. The number of patents is more important for technology transfer in public infrastructure GRIs than in basic future leading GRIs. This can be attributed to the fact that these GRIs are more strongly focused on engineering than basic science. The speed of technological development and industrial application is much faster in industrialization GRIs than in the other mission types.




5.2. Discussions


The policy implications of this study are as follows, presented by the type of institution. In order to promote technology transfer, basic future leading institutions should find ways to link researchers’ motivation for technology transfer or research papers and patents to technology transfer rather than expanding the size of TLO. Exceptional support should be provided for researchers’ technology start-ups, and more information on the technology possessed by institutions should be disclosed through the media or other means. In order to promote technology transfer, it seems important for public infrastructure institutions to increase the number of patents held through continuous application research rather than expanding the size of TLO. To this end, incentives should be concentrated on patent registration rather than thesis performance in evaluating affiliated researchers. Industrialization institutions should maximize the registration rate of new patents each year in line with the rapidly changing environment of external industries and focus on expanding TLO personnel specialized in technology trades.



This study limited its analysis of economic performance to technology transfer; thus, it is necessary to analyze whether companies that receive transferred technology exhibit higher sales or job creation. Open innovation is the use of purposive inflows and outflows of knowledge to accelerate internal innovation, and expand the markets for external use of innovation, respectively [92]. In terms of open innovation dynamics, it is possible to consider whether companies use the transferred knowledge to strengthen internal innovation engines or external innovation capabilities through commercialization [92]. In addition, the number of direct start-ups established based on new technology should be considered. Similarly, in addition to the seven independent variables selected as potential factors influencing GRI technology transfer performance, other factors should be considered. For example, a more comprehensive understanding of GRI performance can be achieved if technology transfer compensation schemes for researchers, the composition of technology transfer experts (patent attorneys, technology traders, Ph.D. holders, etc.), and the ratio of in-lab researchers to administrators are analyzed. Overall, the present study can be used as a foundation for further research with the aim to produce more strategic and practical suggestions to enhance the technology transfer performance of GRIs.
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Figure 1. Research model for the factors affecting technology transfer by GRI mission type. 
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Table 1. Three mission types of GRIs.






Table 1. Three mission types of GRIs.





	Types
	Missions
	GRIs





	Basic Future Leading
	To create future growth engines
	Korea Institute of Science and Technology (KIST), Korea Astronomy and Space Science Institute (KASI)



	Public Infrastructure
	To build big and sound public infrastructure
	Korea Basic Science Institute (KBSI), National Fusion Research Institute (NFRI), Korea Research Institute of Bioscience and Biotechnology (KRIBB), Korea Institute of Science and Technology Information (KISTI), Korea Institute of Oriental Medicine (KIOM), Korea Institute of Civil Engineering and Building Technology (KICT), Korea Railroad Research Institute (KRRI), Korea Research Institute of Standards and Science (KRISS), Korea Food Research Institute (KFRI), Korea Institute of Geoscience and Mineral Resources (KIGAM), Korea Aerospace Research Institute (KARI), Korea Atomic Energy Research Institute (KAERI)



	Industrialization
	To conduct research on commercialization and support for small and medium-sized enterprises
	Korea Institute of Industrial Technology (KITECH), Electronics and Telecommunications Research Institute (ETRI), Korea Institute of Machinery and Materials (KIMM), Korea Institute of Materials Science (KIMS), Korea Institute of Energy Research (KIER), Korea Electrotechnology Research Institute (KERI), Korea Research Institute of Chemical Technology (KRICT)
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Table 2. Descriptive statistics.






Table 2. Descriptive statistics.





	Variables
	Minimum
	Maximum
	Mean
	S/D





	Number of Technology Transfers
	0
	3683
	208.95
	577.01



	Technical Fee Income
	18
	57,290
	4620.03
	8802.19



	Number of Researchers
	144
	2088
	506.98
	438.53



	Total Budget (mil. KRW)
	56,774
	685,000
	214,887.6
	171,341.3



	Number of Thesis Publications (SCI)
	14
	908
	225.96
	191.92



	Number of Patent Registrations
	6
	1852
	244.16
	296.70



	Number of Patents Held
	50
	13,369
	1995.32
	2486.64



	Number of TLO Personnel
	2
	54
	10.16
	9.84



	TLO Budget (mil. KRW)
	90
	39,963
	4856.68
	6427.06







N = 105.
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Table 3. Results of the basic statistical analysis by year.






Table 3. Results of the basic statistical analysis by year.





	
Classifications

	
2015

	
2016

	
2017

	
2018

	
2019






	
Dependent Variables

	
NTT

	
4137

	
4962

	
5523

	
4046

	
3819




	
TFA

	
85,547

	
96,631

	
96,185

	
96,475

	
116,010




	
Independent Variables

	
NR

	
11,536

	
11,631

	
11,667

	
10,901

	
10,980




	
TB

	
4,490,053

	
4,636,653

	
4,937,390

	
4,764,016

	
4,673,450




	
NTP

	
4494

	
4558

	
4687

	
4428

	
5131




	
NPR

	
5064

	
4995

	
5627

	
4963

	
5470




	
NPH

	
40,248

	
40,323

	
42,285

	
43,416

	
44,840




	
NTP

	
218

	
228

	
222

	
210

	
189




	
TLOB

	
112,078

	
106,616

	
103,439

	
102,778

	
95,051








(Unit for TB and TLOB: Mil. KRW).
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Table 4. Number of cases of technology transfer for each GRI mission type (2015–2019).
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	Classifications
	2015
	2016
	2017
	2018
	2019





	Basic Future Leading
	253
	205
	166
	162
	145



	Public Infrastructure
	563
	743
	951
	807
	695



	Industrialization
	3262
	3713
	4314
	2998
	2852
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Table 5. Revenue from technical fees by GRI mission type (2015–2019).
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	Types
	2015
	2016
	2017
	2018
	2019





	Basic Future Leading
	5164
	6868
	8962
	8133
	6148



	Public Infrastructure
	15,488
	16,651
	16,838
	16,389
	19,653



	Industrialization
	64,325
	71,388
	69,448
	71,058
	88,592
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Table 6. Analysis results for basic future leading GRIs.
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Independent Variables

	
Model 1. Dependent Variable = Number of Technology Transfers (Random Effect)

	
Model 2. Dependent Variable = Technology Fee Income

(Fixed Effect)






	
Research

Resources

	
Number

of Researchers

	
11.06 ***

	
−4.66




	
Total Budget

	
−3.49 ***

	
4.15




	
Research

Capabilities

	
Number

of Thesis

Publications (SCI)

	
−2.86 **

	
3.32




	
Number

of Patent

Registrations

	
−2.17 *

	
4.29




	
Number

of Patents Held

	
1.44

	
−3.58




	
Performance Diffusion

Capabilities

	
Number of TLO Personnel

	
0.97

	
−2.20




	
TLO Budget

	
−0.11

	
1.92




	

	
Cons

	
−3.48

	
4.36




	

	
N

	
10

	
10




	

	
R2 within

	
0.9980

	
0.9947








* p < 0.05, ** p < 0.01, *** p < 0.001.
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Table 7. Analysis results for public infrastructure GRIs.
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Independent Variables

	
Model 1. Dependent Variable = Number of Technology Transfers (Random Effect)

	
Model 2. Dependent Variable = Technology Fee Income

(Fixed Effect)






	
Research

Resources

	
Number of Researchers

	
0.07

	
−1.02




	
Total Budget

	
−0.84

	
0.15




	
Research Capabilities

	
Number of Thesis

Publications (SCI)

	
−1.66

	
0.38




	
Number of Patent

Registrations

	
−0.85

	
−1.40




	
Number of Patents Held

	
3.87 ***

	
−0.94




	
Performance Diffusion

Capabilities

	
Number of TLO

Personnel

	
4.22 ***

	
−1.26




	
TLO Budget

	
−1.78

	
−0.48




	

	
Cons

	
0.28

	
2.48




	

	
N

	
60

	
60




	

	
R2 within

	
0.3338

	
0.1982








* p < 0.05, ** p < 0.01, *** p < 0.001.
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Table 8. Analysis results for industrialization GRIs.
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Independent Variables

	
Model 1. Dependent Variable = Number of Technology Transfers (Random Effect)

	
Model 2. Dependent Variable = Technology Fee Income

(Fixed Effect)






	
Research

Resources

	
Number of Researchers

	
0.52

	
0.99




	
Total Budget

	
−1.04

	
−1.21




	
Research

Capabilities

	
Number of Thesis

Publications (SCI)

	
0.20

	
−0.86




	
Number of Patent

Registrations

	
0.65

	
3.78 ***




	
Number of Patents Held

	
1.45

	
0.31




	
Performance Diffusion Capabilities

	
Number of TLO Personnel

	
4.76 ***

	
2.73 **




	
TLO Budget

	
−0.12

	
0.25




	

	
Cons

	
−2.99

	
−0.56




	

	
N

	
35

	
35




	

	
R2 within

	
0.2888

	
0.5215








* p < 0.05, ** p < 0.01, *** p < 0.001.
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Table 9. The results of statistical analysis by GRI mission type (2015–2019).
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Types

	
Dependent Variables

	
2015

	
2016

	
2017

	
2018

	
2019






	
Basic Future Leading

	
Number of Technology Transfers

	
253

	
205

	
166

	
162

	
145




	
Technical Fee Income

	
5164

	
6868

	
8962

	
8133

	
6148




	
Public

Infrastructure

	
Number of Technology Transfers

	
563

	
743

	
951

	
807

	
695




	
Technical Fee Income

	
15,488

	
16,651

	
16,838

	
16,389

	
19,653




	
Industrialization

	
Number of Technology Transfers

	
3262

	
3713

	
4314

	
2998

	
2852




	
Technical Fee Income

	
64,325

	
71,388

	
69,448

	
71,058

	
88,592
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Table 10. The results of panel analysis by GRI mission type (2015–2019).
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Dependent Variables

	
Independent Variable = Number of Technology Transfers

	
Independent Variable = Technical Fee Income




	
BFL

	
PI

	
I

	
BFL

	
PI

	
I






	
Research Resources

	
NR

	
11.06 ***

	
0.07

	
0.52

	
−4.66

	
−1.02

	
0.99




	
TB

	
−3.49 ***

	
−0.84

	
−1.04

	
4.15

	
0.15

	
−1.21




	
Research Capabilities

	
NTP

	
−2.86 **

	
−1.66

	
0.20

	
3.32

	
0.38

	
−0.86




	
NPR

	
−2.17 *

	
−0.85

	
0.65

	
4.29

	
−1.40

	
3.78 ***




	
NPH

	
1.44

	
3.87 ***

	
1.45

	
−3.58

	
−0.94

	
0.31




	
Performance Diffusion Capabilities

	
NTP

	
0.97

	
4.22 ***

	
4.76 ***

	
−2.20

	
−1.26

	
2.73 **




	
TLOB

	
−0.11

	
−1.78

	
−0.12

	
1.92

	
−0.48

	
0.25








* p < 0.05, ** p < 0.01, *** p < 0.001.
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Table 11. The results of the hypothesis test.
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Hypothesis

	
Results






	
Hypothesis 1.

	
Hypothesis 1-1.

	
Accepted




	
Hypothesis 1-2.

	
Accepted




	
Hypothesis 2.

	
Hypothesis 2-1.

	
Accepted




	
Hypothesis 2-2.

	
Accepted
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