

  sustainability-12-04751




sustainability-12-04751







Sustainability 2020, 12(11), 4751; doi:10.3390/su12114751




Article



A Comparative Study of Sustainable Transition from Catch-up to Post Catch-up of South Korea and China



San Choi, Jongtaik Lee and Hyun-Woo Park *





Science & Technology Management & Policy, University of Science and Technology (UST), KISTI, Seoul 34141, Korea









*



Correspondence: hpark@kisti.re.kr







Received: 2 April 2020 / Accepted: 4 June 2020 / Published: 10 June 2020



Abstract

:

The essence of the experience of East Asia has been on technological capability building and dynamic industrial transitions from one stage to the next. While many studies for understanding the catch-up process and post catch-up agendas exist, empirical and comparative studies that consider the transition from catch-up to post catch-up are still rare. The significance of this research can be summarized in two ways. First, this study verifies the conformity of existing major catch-up to post catch-up transition studies with quantitative evidence. Second, by comparing commonalities and patterns from South Korea and China, this study examines the generality of the discourses and arguments about the transition from catch-up to post catch-up. The reflexive study of understanding transition from catch-up to post catch-up was conducted with a technology cycle time (TCT), self-citation ratio at a country level, and the basic research expenditure of Korea and China by using the US Patents and Trademark Office’s (USPTO) patent citation (for technology cycle time & self-citation ratio) and OECD’s database (basic research expenditure and gross domestic expenditure on basic research) for time period from 1998 to 2012. Empirical evidence of technology cycle time, self-citation ratio and gross domestic expenditure on basic research matched well with the prior transition arguments. First, Korea’s case shows a post catch-up trend with an increasing technology cycle time while China’s case presents catch-up trend (short-cycle period) and shifts to post catch-up trend (post catch-up trend). Self-citation ratios for both countries show increasing and converging pattern. In terms of basic research activities, both countries show increasing pattern. Korea exceeded the gross domestic expenditure on basic research of Japan and the US. Even though, China’s gross domestic expenditure on basic research has been tripled from 1998 to 2012, China’s gross domestic expenditure on basic research has still a long way to go to close the gap and to show a converging pattern. Many developing countries that once experienced a certain level of successful catch-up did not overcome the middle income trap have fallen behind. Understanding transition process of catch-up to post catch-up discussed in this paper may present a better understanding of long-term sequential development and economic sustainability of developing countries.
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1. Introduction


Among many forms of knowledge, scientific and technological knowledge has played an important roles in achieving richness and abundance to human life. Various phenomena in the process of technological innovation include absorption and utilization of technological knowledge. By tracking the absorption and utilization of technological knowledge flow, we can gain better understanding of technological innovation and its influences on the economy and civil society.



In the past industrialization process, Korea has achieved high economic growth by carrying out innovation activities to adopt, assimilate and improve foreign technologies with the goal of catching up to the advanced countries. Since the 1970s, the Korean government has focused on technology development by publicly conducting and supporting R&D. R&D by the private sector was supported with tax incentives, and public-private joint R&D was also welcomed and actively conducted. However, Korea faced middle income traps because of increase in production costs domestically and the decrease in export competences due to developing countries cheaper products internationally [1]. To overcome this middle-income trap and make major changes in national innovation system, a post-catch up frame and discourse emerged in South Korea from the 2000s.



This paper contributes to provide a reflexive study of understanding catch-up process and post catch-up national strategy by comparing technological regimes based on the technology cycle time (TCT), self-citation ratio at a country level, and the basic research expenditure of Korea and China. By comparing and testing two countries, this study examines the conformity and generality of the theory and discourse about catch-up and post catch-up transition empirically. Section 2 first provides the theoretical backgrounds of global value chain (GVC) and innovation system, and then a literature review of catch-up and post catch-up frameworks. Section 3 describes the methodology and research design used in this study. Section 4 provides the results of the statistical analysis based on the specific methods and research design described in Section 3. Section 5 and Section 6 present the discussion and conclusion of the study respectively.




2. Theoretical Background


2.1. Global Value Chain and Innovation System


Global Value Chains (GVC) is a framework for understanding international supply chains and international economic activities at the global, national, and local levels within particular industries [2]. The two main issues in GVC are governance and upgrading [2]. Governance deals with degrees of dominance in network formation. Gereffi suggests that there are five modes of governance which are (A) Hierarchy (B) Captive (C) Relational (D) Modular (E) Market [3]. Three characteristics were presented to explain what make such differences in modes of governance. (A) Complexity of information and knowledge transfer (B) Extent to which the information can be codified (C) Capabilities of suppliers [4].



Humphrey and Schmitz [4] and later, Giuliani et al. [5] present and discuss the four types of upgrading modes. (A) Process (B) Product (C) Functional (D) Intersectoral. process upgrading means transforming raw materials or inputs into more value added materials or outputs efficiently by changing the production system. Product upgrading means shifting business entities into higher value-added product lines. Functional upgrading means implementing superior functions in the value chain for designing or marketing activities while intersectoral upgrading means the acquisition of competence in a certain function to move into a newly formed sector. Since functional upgrading and sectoral upgrading require more than technological innovation, they are scarce [5].



National innovation systems (NIS) refer to the “elements and relationships that interact in the production, diffusion, and use of new and economically useful knowledge” at the national levels according to Lundvall [6]. Neo-Schumpeterian scholars assert that differences in the national innovation systems generate differences in innovation results and influence the economic performance of countries significantly [6,7]. NIS literature and its advocates tend to place more emphasis on the role of the government while GVC literature focuses more on role of trade policies and transnational linkages [6,8]. Moreover, Lundvall asserts that the global value chain literature has a tendency to consider globalization causes institutional convergence among nations while innovation system scholars see globalization as a “process that might make specific national patterns more disparate leading to divergence not only in terms of economic structure but also in terms of institutions” [6].



The integration of the two approaches is crucial for understanding the dynamics of East Asian countries’ successful catch-up cases and the debates about post catch-up transition in this research. Developing nations and their firms need to access knowledge from developed nations or multinational corporations (MNCs) and therefore openness to foreign direct investment, international trade, and international knowledge transfers are required. However, getting access to foreign knowledge and staying in the GVC can ensure developing countries remain in low-valued positions [6,8,9,10,11].



Fu, Pietrobelli and Soete’s analysis [12] suggests that, international technology diffusion can be beneficiary to developing countries and their firms only if parallel indigenous innovation activities (the localization of knowledge creation activities) coexist. Their analysis concludes that income gaps between rich and poor nations will not be closed without indigenous innovation efforts. Moreover, their study presents empirical evidence that building a strong national innovation system is crucial for economic catch-up and upgrading in GVC for latecomers. Fagerberg’s empirical studies [13,14] also suggests the importance of building a national knowledge base, and openness (Openness to ideas, entrepreneurial effort) and governance (rules, intellectual property rights).



From Lee et al. [15] and Park et al. [16], it is noticeable that Korea and China have maintained economic and industrial policies limiting privatization, liberalization, and deregulation while keep active position in export promotion, imposing import tariffs, supporting public & private R & D, and stimulating higher education for their citizens. All these efforts they exert contribute toward building their national innovation systems and stimulating indigenous innovations.



Rodrick [17] explains the slow growth of Latin America by its economic and industrial policies built from the Washington Consensus’s all ten lists. The Washington Consensus refers to set of free-market economic policies asserted by financial institutions such as the International Monetary Fund and the World Bank as recommendations for developing countries’ economic development. Responding to Rodrick’s analysis [17], Lee added and emphasized the three missing elements from the Washington Consensus [18] (for further details, see Appendix A). Lee’s study clearly indicates commonalities of three Asian countries, South Korea, Taiwan and China, in their economic and industrial policy during their early stages of catch-up [18].




2.2. Literature Reviews of the Catch-up and Post Catch-up Frameworks


Catch-up was used first by the Gerschenkron for explaining the economic growth of Europe and the rise of the UK in the late nineteenth century [19]. Fagerberg and Godinho define the catch-up as “narrowing of country’s gap in productivity and income toward a leading the world as a whole” [20]. Song et al. defined post catch-up as innovation activities that form a new technological trajectory due to first, the absence of imitation and catch-up objects, and second, the accumulation of the technological capabilities of developing nations or latecomers [21]. It is process-oriented concept for establishing a new innovation system while the activities of each innovation agent form a new technology trajectory [21]. In addition, the post catch-up approach is a dynamics framework that can understand the organizational and institutional competency and continuity accumulated through the catch-up process, and at the same time, it takes into account the discontinuity of a technology trajectory which can occur due to changes in the environment [21].



Kindleberger applied the concept of catch-up and explained the background and motivation of Japan’s rapid catch-up to the United States [22] while Amdsden’s study analyses the limitations and economic difficulties of non-Western latecomers [23]. Lee clarifies that catch-up studies prior to Kindlerberger [22] and Amdsden [23] have focused mainly on how developing countries have acquired and improved their technological capabilities by absorbing the obsolete technologies from developed countries based on product life cycle theory [24,25,26]. These studies include Utterback and Abernathy [26], Bolton [27], Kim [28], and Lee et al. [29]. Table 1 below shows the stage models of technological innovation capabilities mentioned above.



However, a latecomer does not simply follow the same path paved by advanced countries. They skip stages or create their own unique path for technological development while accumulating their own technology capabilities [24,25,30]. From these possibilities and observations, Perez and Soete [32] suggested the leapfrogging strategy.



Taking into account the possibilities of path-skipping and path–creating strategies that developing countries can initiate, Lee provided a strong argument that leapfrogging can occur more frequently if developing countries (latecomers) focus and target short cycle sectors and take advantage of specialization from these sectors [24,25]. A short cycle time means that the industry relies less on existing technologies and can seize the greater opportunities that arise from the emergence of new ones [1,24,25,33,34].



Lee’s study shows that patent application from South Korea increase in technology fields with shorter cycle times of technology such as electronics and ICT sectors and decreases in an average cycle time (a lower technology cycle time) until around 2000 [1,24,25]. Focusing and targeting short cycle time sectors in South Korea has been considered as a very useful national development model and a successful case for developing countries.



However, around 2000, Lee also observed that the technology cycle time of Korea reached a turning point [1,24,25]. From around 2000, the decreasing trends of average cycle time stopped, and turned into increasing trends after the early 2000s. Lee’s study asserted that this technology cycle time shift represents the start of the post catch-up transition stage of the South Korea. According to Lee, this turning point and increases in cycle time (higher technology cycle time) were due to Korean firms’ efforts to get into long cycled sectors such as pharmaceuticals and biotechnologies [1,24,25] (However, the current study presents rather contradicting empirics, as seen in Section 4).



In the past, Korea has successfully secured a competitive edge of the “fast follower” by successfully adopting advanced technologies and gradually improving. Since the 2000s, Korea has experienced the rigidity of the “catch-up” path. The study of “post catch-up” innovation activities emerged to deal with how innovative actors create new ways of conducting and organizing work in a new environment, and how these new activities interact with organizational methods, rules and institutions [21].



Post catch up discourse have received attention from many scholars and policy-makers in South Korea. These discourses grew from the need to lock-out the self-reinforcing and path-dependent catch-up inertia and the needs to create a new path. There were various arguments and debates about the post catch-up transition from policy-makers and scholars in South Korea. No universal answers could be found but innovation study scholars in Korea made general consensus for making distinctions between the catch-up stage and post catch-up stage as seen in Table 2 below.



The main argument of the first dimension about post catch-up transition in terms of technology life cycle was mainly asserted by Lee’s study and has been discussed above. The significance of the localization of knowledge creation was already mentioned in the discussion of literature review of GVC and NIS literature. In the very early stage of economic development, Korean firms entered into a market which was already mature in developed countries and absorbed obsolete technologies. The internalization of knowledge processes gradually developed the technological capabilities of Korea, and thus Korean firms can now accumulate technological capabilities to acquire products and technologies which are in a transition phase [26] from developed countries.



This process further develops to the point where it is possible to acquire high technology capability that can ultimately acquire the technology and products of advanced countries, which is in the stage of fluid stage [26] in developed countries. Many Korea firms evolved from Original Equipment Manufacturer (OEM) into Original Design Manufacturer (ODM), and, finally, Original Brand Manufacturer (OBM) [1,8,24,25]. These indigenous innovation activities and efforts to upgrade into higher value-added positions favored strengthening the localization of knowledge creation.



Unlike the catch-up stage, in which the target of catch-up clearly exist, the post catch-up innovation activity has no target to catch [21]. Song et al. assert that countries like Korea which experienced relatively successful economic and technological catch-up can manage to accumulate knowledge, and set up institutions and infrastructures to develop further, but their knowledge base for conduct basic research is still inevitably weak compared to advanced countries [21]. In these unique contexts, strengthening basic research activities was justified with dominant supports from the government officials and scholars [1,24,25,35,36]. Establishing institutions, manpower, funding for conducting basic research was considered as important national agenda in South Korea.



It is also worth mentioning that Song et al. [21] classified the firm-level post catch-up technological innovation activities into three types. The first type (deepening) of post catch-up innovation is the capital-intensive industry and this type of firms accumulate knowledge from the existing mainstream industries. Emblematic industries of the first type include Nano-fiber and semiconductors. The first post catch-up type has the characteristics of developing specialized equipment and materials through interaction with companies, or obtaining original technologies through industry-academic cooperation with universities and research institutes [21].



The second type (architecture innovation) of post catch-up innovators enter to the market immediately after the dominant design is established and performs leading technological innovation through product differentiation based on application capabilities (mobile phone chips, set-top boxes, etc.). Architecture innovation can be said to be an innovation that changes the way in which existing elements are combined [21,39]. The second type performs technological innovation through effective co-learning with user companies which lead architecture innovation.



The third type (innovations from securing original technology or basic research results) of post catch-up innovation is the case of possessing and commercializing the original technology in a niche area. Emblematic industries in which this post catch-up innovation type frequently occurs include biopharmaceuticals and microprocessors industries. The third type commercializes new technologies through close links with basic research institutes such as universities, government research institutes, and large companies [21].





3. Methodology and Research Design


This study only examined and performed quantitative analysis for macro level technological regime dimensions from the Table 2 above. This was due to the fact that the organizational structure, culture, and social problem dimensions were not comparable quantitatively and case study may be more suitable to trace them in further studies.



It is challenging to compare two countries’ national innovation systems and their innovation activities. Using patent data to analysis the technology cycle time and self-citation ratio yields advantages and limitations simultaneously [40]. It is obvious that patents do not cover all the innovation activities of the firms. Moreover, many studies including this one only compare the quantitative dimensions of the patents, and do not handle qualitative information from each patent.



Though there are many limitations, patents, especially, the US patent database, have been increasingly used for conducting comparative studies at the national level and serve as a reliable “paper trail of knowledge flows” [41]. Patent citations can be considered as important knowledge links among the individuals, institutions and countries which access them.



For our study’s purpose, data from the US Patents and Trademark Office (USPTO) has been obtained and used (publication years: 1998–2012) to compare South Korea’s and China’s technology life cycle and degree of knowledge creation localization respectively. Selecting the USPTO database to conduct the comparative study has its reasons. Korea’s and China’s patent database has only recently provided a database of citation, while the USPTO has been systemically collecting and opening citation data for a longer period of time.



The first dimension, technology life cycle concerns how fast an industry’s or company’s technology and knowledge domains become obsolete. The technology cycle time which was first suggested by Narin and Smith [42] is most generally used to measure technology life cycle. Technology cycle time can be calculated by averaging time lags (scale: years; year to year comparisons) between the publication years of citing and cited patents. An industry with a short technology cycle time means that the knowledge fields of the corresponding industry quickly become outdated and obsolete [1].



This study uses Lee’s study [1,24,25] as the foundation and critical references for analyzing the empirics of catch-up and post catch-up transitions. Moreover, this study also complies with Lee’s argument that targeting and specialization into shorter-cycled sectors can be advantageous and provide greater opportunities for developing countries’ catch-up [1,24,25]. This study also accepts his assertion of Korea’s turning point from a short cycle time to a long cycle time as a beginning of post catch-up transition. However, this study does not follow Lee’s prediction that longer TCT is due to relatively long TCT with emblematic industries, such as the bio industries or pharmaceuticals industries. The empirics from this research reveal this point in Section 4.



Reflecting the literature reviews [1,24,25], this study posits that Korea’s TCT will show increasing trends since Korea have reached post catch-up stages from 2000s, while China’s technology cycle time presents a V-shape pattern, decreasing in the catch-up stages and increasing after China gets into the post catch-up stage. A statistical analysis of technology cycle time was conducted in Section 4 as below, using the following method:




	
An ANOVA test was conducted for each country’s TCT (scale: year) in terms of time groups to examine whether the increasing pattern of TCT for Korea and V-shaped pattern for China were present or not. This is comparison within a country.



	
(Time group 1: 1998–2002, time group 2: 2003–2007, time group 3: 2008–2012).



	
A Pairwise T test was used for comparing the mean differences of Korea, China, Japan, and the US’s TCT over 15 years. The pairwise t-test was performed to see whether the TCT of Korea and China show a converging pattern or not. This is country-to-country comparison.








The second dimension, the localization of knowledge creation concerns the source of knowledge creation and measures the dependency on foreign knowledge bases and domestic knowledge bases of a nation or a company. This study followed the same operation definition used in prior researches such as Lee’s study [1,24,25,35], and Hu’s study [43] which measure and conduct country-to-country comparison for the localization of knowledge creation.



To quantify the degree of knowledge creation localization, this study measured the patent’s self-citation ratio at the country level (for example, the percentage of the US patent filed by a Korean citizen cites other US patents filed by Korean citizens and so forth). This study posits that both Korea and China’s self-citation ratio shows increasing patterns through time groups.




	
An ANOVA test was conducted on each country’s localization of knowledge creation (scale: percentage) in terms of time groups to examine whether the localization of knowledge creation for both Korea and China shows increasing patterns in terms of time groups. This is comparison within a country.



	
A Pairwise t test was used for comparing the mean differences of Korea, China, Japan, and the US’s localization of knowledge creation over 15 years. A pairwise t-test was performed to see whether the localization of knowledge creation of Korea and China shows converging pattern or not. This is country-to-country comparison.








For analyzing the last dimensions, basic research activities and investments, basic research expenditure and gross domestic expenditure on basic research as a percentage(GDEB) data were obtained (1998–2012) from the OECD database. Measurements were based on the Frascati Manual 2015: Guidelines for Collecting and Reporting Data on Research and Experimental Development [44].



Given the limitations in financial resources and technological capabilities, developing nations may not have the chance to invest in basic researches in their early stages of catch-up. Developing nations and their firms may conduct basic research when they accumulate certain amounts of knowledge and economic profits. From the literature review, this study posits that both Korea and basic research expenditure (absolute expenditure, gross domestic expenditure) shows increasing patterns through time groups.




	
An ANOVA test was conducted on each country’s basic research expenditure and gross domestic expenditure on basic research as percentage in terms of time groups to examine whether the basic research expenditure (scale: purchasing power parity by dollars, in thousands) and GDEB (scale: percentage) for both countries show increasing patterns in terms of time groups. This is comparison within a country.



	
A pairwise t-test was used for comparing the mean differences of Korea, China, Japan, and the US’s GDEB over 15 years. A pairwise t-test was performed to see whether the GDEB of Korea and China show a converging pattern or not. This is country-to-country comparison. This study did not conduct a pairwise t-test for basic research expenditure. This was because the absolute amount of the basic research expenditure will strongly depends on a country’s size (especially GDP and population) and country-to-country comparisons may not be suitable.








It is crucial to understand that catch-up and post catch-up literature, including this study, have not tested and suggested the appropriate degree (or quantity) of technology cycle time, self-citation ratio and basic research expenditure. Three dimensions and corresponding variables are comparable in terms of directions (increasing or decreasing; converging or diverging) and not in terms of a certain quantity. The research design and framework is summarized in Figure 1 below.




4. Statistical Analysis of the Research


4.1. Statistical Analysis of Technology Cylce Time


This study analyzed three main technological-regimes-related variables: the technology cycle time, the country level self-citation ratio and the basic research expenditure for both Korea and China during 1998–2012. First, Table 3 shows the descriptive statistics of TCT for both Korea and China. From the descriptive statistics and the mean plots of South Korea and China, it is seen that the two countries present different paths in terms of mean technology cycle time from 1998 to 2012. First, Korea’s TCT means increased through the three time groups. (group 1: 7.54, group 2: 8.38, group 3: 10.30 respectively) However, China’s TCT means decreased from time group1 to time group2 (10.50 and 9.74 respectively) and increased from time group 2 to time group3 (9.74 and 10.53 respectively).



Figure 2 below is the mean plot of both South Korea’s and China’s TCT. It is seen that Korea’s TCT presents an increasing pattern while China’s TCT presents a V-shaped pattern. An ANOVA test was conducted for both Korea’s and China’s TCT, and the results are shown in Table 4.



F-test and following p-value (0.000 and 0.033 for Korea and China respectively) from Table 4 show that there are statistically significant differences in both Korea’s and China’s technology cycle time in terms of time groups.



To have a better understanding of the two countries’ differences in TCT requires a comparison to two other countries, Japan and the US. Both countries serve as representatives of two developed countries. Second, this study examined the proportion of the international patent classification of the US patents granted to Korea and China. This examination reveals what major technology fields caused the increase and decrease of the two countries’ TCT, and whether changes in the structure and proportion of technology fields and corresponding industries were the main causes of these TCT changes.



From Figure 3 below, it is seen that Korea’s TCT follows Japan’s and US’s increasing patterns. Lee [19] presents the cases of Korea and Taiwan, and asserts that developing countries with successful catch-up tend to show patterns of short cycle time (less barrier to entry, easy to copy or get access to technology, less reliance on tacit and complex knowledge) while advanced countries tend to show a pattern of a long cycle time (more barrier to entry, hard to copy or get access to technology, more reliance on tacit and complex knowledge). From a country with a short TCT, Korea has changed to a country with long TCT through the 2000s. Lee’s argument [1,19] about the transition from a catch-up stage (short cycle time) to a post catch-up (long cycle time) has been realized as Lee’s studies proposed.



This study also conducted pairwise t-test for four countries (Korea, China, Japan, and the US) from 1998 till 2012 and the results are shown in Table 5. First of all, Korea’s and China’s TCT mean difference was −1.513. This difference is statistically significant at alpha = 0.05 (p-value: 0.001). Moreover, it is shown that there was no statistically significant difference between Korea’s mean TCT and Japan’s mean TCT during 1998–2012 (p-value: 0.433). This results reveals that Korea’s TCT and Japan’s TCT shows rather converging patterns during these 15 years. It is also noticeable that there is a statistically significant difference between China’s mean TCT and Japan’s TCT (p-value: 0.004).



From Appendix B, this study found rather contradicting evidence for explaining what actually made such increases in technology cycle time in Korea. Korea’s case reveals that there were no major shifts in International patent class (IPC) proportions across time and Korea shows a path-dependency of a strong proportion of electronics- and ICT-related technology fields in terms of patents granted. Electronics- and ICT-related technology fields comprised a high proportions from the top ten IPC list in Korea’s case and the total percentages of both H, and G IPC classification increased across time groups. It is shown that HO1L (SEMICONDUCTOR DEVICES) take up the most proportion for all three time groups and B41J (TYPEWRITERS; SELECTIVE PRINTING MECHANISMS) were included once in time group1 but disappeared through time group 2 and time group 3 (see more detailed IPC descriptions in Appendix C).



This study found no convincing evidence to prove the predictions that a longer TCT is due to an increase in relatively long TCT industries’ proportions, such as the proportions from the bio industry and medicine industry. Instead, a longer TCT in the post catch-up stage in Korea’s case resulted from increases in electronics- and ICT-related patents’ TCT, which take up the major proportion and influence Korea’s mean TCT overall.



While Korea’s TCT shows a one-way increasing patterns, China’s TCT presented a V shaped patterns during the 15 years studied. China’s V-shaped pattern was already shown in South Korea’s case [1,19]. Until 2007 and 2008, China’s TCT decreased and increased again through time group 3. Lee’s argument [1,19] about the transition from a catch-up stage (short cycle time) to a post catch-up stage (long cycle time) has been realized in China too. The turning point in between the decreasing trends and increasing trends occurred around 2006–2008 in China.



From Appendix B, it is seen that China’s case reveals that there was a major shifts in IPC proportions from time group1 and time group 2. Traces for the electronics and ICT industries existed only for H01L (SEMICONDUCTOR DEVICES), G06F (ELECTRIC DIGITAL DATA PROCESSING), G11C (STATIC STORES) in time group1. However, in time group2, H05K (PRINTED CIRCUITS; CASINGS OR CONSTRUCTIONAL DETAILS OF ELECTRIC APPARATUS; MANUFACTURE OF ASSEMBLAGES OF ELECTRICAL COMPONENTS) and G06F, H01L took up the first, second and third highest proportions. Moreover, H and G IPCs comprised eight out of top ten listed above in time group 2.



It is noticeable that a heavy weight on electronics and ICT technology field patent publication continue through time group3. In other words, there was no major shift in IPC proportions from time group2 to time group3 and China shows path-dependency and a strong proportion of electronics and ICT in terms of patents granted, like South Korea showed it before. This study found no convincing evidence to prove the predictions that longer TCT is due to relatively long TCT industries, such as the bio industry and medicine industry, and electronics and ICT sectors take up a high portion of the US patents granted in China’s case again.



After observing technology cycle time’s change in the same industry (or technology field), these questions must be asked.




	
Can we really distinguish technology fields or industries with long TCT and short TCT in the first place?



	
Do TCTs from technology fields show converging or diverging patterns?








Appendix D shows a comparison (granted US patents from all nations) among H01L (SEMICONDUCTOR DEVICES), G06F (ELECTRIC DIGITAL DATA PROCESSING), B01J (CHEMICAL OR PHYSICAL PROCESSES) and A61K (PREPARATIONS FOR MEDICAL, DENTAL, OR TOILET PURPOSES). Both H01L and G06F listed on both Korea’s and China’s Top ten registered patent lists. A61K and B01J only appeared in China’s Top ten listed. From Appendix D, all four IPC classes’ TCT present increasing patterns and the gaps between the long TCT classes (here, A61K and B01J) and short TCT classes (here H01L, and G06F) did not converge. The IPC classes with a long TCT remained long compared to the IPC classes with a short TCT in relative sense (generalization needs to be followed in further studies).




4.2. Statistical Analysis of Self-Citation Ratio at Country Level


For analyzing the second variable, localization of knowledge by country level, Table 6 below presents the descriptive statistics and Figure 4 shows the mean plots in terms of time groups. From the descriptive statistics and the mean plots of South Korea and China, it is seen that both countries present the same increasing patterns in terms of the mean of self-citation ratio across all time groups. Korea’s mean of self-citation ratio increased from 19.9% in time group1, 29.7% for time group 2 and 34% for time group 3 respectively. China’s mean of self-citation ratio increased from 11.7% in time group1, 22.8% for time group 2 and 40.7% for time group 3 respectively.



An ANOVA test was conducted for both Korea and China’s self-citation ratio and the results are shown as Table 7 below. For both South Korea and China, the F-test and following p-value (0.000 and 0.000 for Korea and China, respectively) show that there are statistically significant differences in both Korea’s and China’s self-citation ratio in terms of time groups, as presented in Table 7.



To compare the self-citation ratios among different countries, Japan and the US were added again in Figure 5. It is seen that both Korea and China’s self-citation increased during the 15 years and reached Japan’s 1998’s self-citation ratio (37.8%).



To see whether the two countries’ self-citation ratio present converging patterns, a pairwise t-test was conducted. The results are shown in Table 8 below. The test found no statistically significant difference (p-value: 0.124) in Korea’s and China’s self-citation ratio in terms of means at alpha = 0.05 level. Therefore, both countries show converging patterns in terms of self-citation ratio. It is also noticeable that mean differences between Korea and Japan, Korea and the US, and China and Japan are statistically significant and do not show converging patterns.




4.3. Statistical Analysis of Basic Research Expenditure and GDEB at Country Level


For analyzing the last dimensions, basic research activities, Appendix E shows the statistics of basic research expenditures (unit: thousands, purchasing price parity by dollars) and gross domestic expenditure on basic research as percentages (GDEB) of four countries. To compare the basic expenditures and gross domestic expenditures on basic research among the different countries, Japan and the US were added again. It was seen that both Korea and China’s basic research expenditure and gross domestic expenditure on basic research percentage showed increasing patterns through the time groups.



It is also noticeable that China’s basic research expenditure exceeded that of Korea from 2009 in absolute terms. However, in terms of gross domestic expenditure percentage on basic research, China has not reached Korea’s lowest level (0.3% in 1998) yet. From Figure 6 below, it is seen that Korea and China are catching up Japan’s basic research expenditure in absolute terms. However, Figure 7 below indicates that Korea exceeded Japan’s, and the US’s gross domestic expenditure on basic research as percentages in 2004 and 2008, respectively.



An ANOVA test of basic research expenditure and gross domestic expenditure on basic research was conducted for both Korea and China. From Table 9 and Table 10 below, the F-test and following p-value (0.000 and 0.000, respectively) show that there are statistically significant differences in both Korea’s and China’s basic research expenditure and gross domestic expenditure on basic research in terms of time groups.



To see whether the four countries’ gross domestic expenditure on basic research presented converging patterns, a pairwise t-test was conducted. The results are shown in Table 11 below. The test result show that the mean difference between Korea’s GDEB and China’s GDEB is statistically significant (p-Value: 0.000) at alpha = 0.05 level. Therefore, both countries do not show converging patterns in terms of gross domestic expenditure on basic research. It is also noticeable that the mean difference between Korea and US is not statistically significant (p-Value: 0.592).



In Section 3, this study mentioned that researchers have not conduct pairwise t-test for basic research expenditure. This is because the absolute amount of the basic research expenditure will strongly depends on country’s size (especially GDP and population) and country-to-country comparison may not be suitable.





5. Discussion of the Research


By testing three dimensions in two countries, this study examined the conformity and generality of the major discourse about catch-up and post catch-up transition empirically. Table 12 below summarizes the test results. First, the two countries presented different paths in terms of mean technology cycle time from 1998 to 2012. While Korea’s TCT means showed increasing patterns during three time groups, China’s TCT means decreased from time group1 to time group 2 and increased from time group 2 to time group 3. From a country with a short TCT, Korea has changed into a country with long TCT through the 2000s. China’s case presented the transition from a catch-up stage with a short cycle time (from time group 1 to time group 2) to post catch-up stage (from time group2 to time group3) with long cycle time. These empirical findings from the research matched with arguments about TCT, distinguishing catch-up and post catch-up stages.



However, this study found contradicting evidence from Lee’s study [1] in explaining what actually drove increases in mean TCT in Korea and China. This study found no evidence to prove the predictions and arguments that longer TCT is due to increases in registered patents from industries with a long TCT, such as the bio industry and medicine industry in both Korea’s and China’s case. Instead, this study found that weights on electronics and ICT increased through time groups and their TCT got lengthened through the time groups for both Korea and China.



Korean scholars with a dominant post catch-up frame assert the necessity and importance of the increase in self-citation ratio and basic research to reach the post catch-up stage. This study found the two countries’ concurrent and parallel patterns that support the argument for both self-citation ratio and basic research expenditures. However, it is noticeable that China’s gross domestic expenditure on basic research has not even reached to Korea’s lowest level and does not show a converging pattern.



Moreover, IPC composition shows path dependency and a deepening tendency after both countries get into post catch-up. Capital-intensive industry such as semiconductor sector remained first in IPC composition in Korea and in the top three in China. Growth from other types of post catch-up types such as the architecture innovation type or the third type of post catch-up (commercializing original technologies or basic research result, e.g., biotechnologies or the pharmaceutical sector) can coexist within a dominant deepening path dependency. However, empirics from research do not support or reveal growth (number of patent granted) of such types.



These research results suggest that getting into a short cycle time sector is beneficiary for developing countries in early stages. Developing nations may exert their efforts to increase knowledge localization and build their technology capabilities by conducting basic research. However, direct application or duplicating deepening tendency led by conglomerates or large firms from South Korea and China to other developing countries may be challenging and also unrealistic in many cases. More empirical evidence from various post catch-up innovation activities must be verified to draw a balanced and generalized development strategy.



This study has certain methodological limitations. Using patent data to analyze technology cycle time and self-citation ratio has limitations. It is obvious that patents do not cover all innovation activities of firms. Many studies including this one only treat the quantitative dimensions of patents, and do not handle qualitative dimensions and tacit dimensions of the innovation activities. Moreover, catch-up and post catch-up literature including this study, have not suggested the appropriate degree (or quantity) of TCT, self-citation ratio and basic research expenditure for developing countries at each stage. The three dimensions and corresponding variables were compared in terms of direction (increasing or decreasing; converging or diverging) and not in terms of a certain quantity in this research. Since this study takes inductive position and only considered two countries, generalization must be followed to verify whether commonalities and conformities of Korea and China can be reproduced in further studies.



Acknowledging the obvious limitation stated above, this study suggests following further research.




	
A study that discovers the dynamic natures between the three dimensions of the research and other social factors



	
A study that links sectoral innovation system dynamics with national landscape’s change during catch-up to post catch-up transition



	
A study that illuminates the conflict and politics involved in the process of transition from catch-up to post catch-up transition









6. Conclusions


East Asian countries such as Korea, Taiwan and now China have paved their own ways but share many commonalities. A reflexive study of understanding transition from catch-up to post catch-up was conducted with the technology cycle time, self-citation ratio at country level, and basic research expenditure (absolute term and GDEB %) for Korea and China.



From developing nation’s points of view, focusing and entering the short cycle time sector (transitioning to long cycle sector in post catch-up stage later) may be the first priority. After entering the short cycle time sector, developing nations may make efforts to increase the degree of knowledge localization and conduct basic research. Though each developing country has different technological capabilities and faces particular socio-economic conditions, policy-makers of developing countries need learn from South Korea’s and China’s transition from catch-up to post catch-up cases, and make their own paths ultimately.
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Table A1. Consensus vs. East Asian Consensus.






Table A1. Consensus vs. East Asian Consensus.











	A. Elements of the Washington Consensus
	South Korea
	Taiwan
	China





	Macroeconomic Stabilities
	
	
	



	1. Fiscal Discipline
	Yes, generally
	Yes
	Yes, generally



	2. Redirections of publish expenditure to

health, education, infrastructure
	

Yes
	

Yes
	

Yes, generally



	3. Tax reform, broadening the tax base
	Yes
	Yes
	Yes, since 1994



	4. Unified & competitive exchange rates
	Yes
	Yes
	Yes, since 1994



	5. Secure property rights
	Yes
	Yes, Generally
	Mixed



	Privatization, Deregulation, Liberalization
	
	
	



	6. Deregulation
	Limited
	Limited
	Limited



	7. Trade liberalization
	Limited until 80s
	Limited until 80s
	Limited till 2002



	8. Privatization
	No from 50s~60s
	No from 50s~60s
	Partly no



	9. Elimination of barriers to FDI
	Heavily restricted
	State control
	Regulated



	10. Financial liberalization
	Limited till 90s
	Limited till 80s
	Limited till 80s



	B. Elements Missing from the WC
	
	
	



	11. Export promotion & Import Tariffs
	Yes, very strong
	Yes
	Yes, very strong



	12. Technology policy for upgrading

(Public, in house R&D, joint ventures)
	Yes, since 70s
	Yes, since 80s
	Given priority

since mid-90s



	13. Higher education revolution

(Doubling of number of college students)
	Yes, since 1980s
	Yes, generally
	Yes, since 90s







Source: Part A for Korea and Taiwan is from [17]; China and part B are from [18].
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Table A2. Korea’s Top 10 IPC by time groups.






Table A2. Korea’s Top 10 IPC by time groups.





	
1998–2002

	
2003–2007

	
2008–2012




	
IPC

	
TCT

	
N

	
Percent

	
IPC

	
TCT

	
N

	
Percent

	
IPC

	
TCT

	
N

	
Percent






	
H01L

	
6.37

	
2627

	
17.58%

	
H01L

	
7.08

	
2931

	
15.69%

	
H01L

	
9.33

	
3668

	
15.21%




	
G11C

	
5.74

	
1151

	
7.70%

	
G02F

	
7.62

	
1547

	
8.28%

	
G11C

	
8.26

	
1730

	
7.17%




	
H04N

	
6.89

	
935

	
6.26%

	
G11C

	
6.76

	
1320

	
7.07%

	
G06F

	
10.48

	
1568

	
6.50%




	
G11B

	
7.51

	
866

	
5.80%

	
G06F

	
8.23

	
940

	
5.03%

	
G02F

	
10.05

	
1395

	
5.78%




	
G06F

	
7.01

	
832

	
5.57%

	
H04B

	
7.92

	
848

	
4.54%

	
H04B

	
9.72

	
1231

	
5.03%




	
G02F

	
6.35

	
595

	
3.98%

	
G11B

	
8.51

	
830

	
4.44%

	
G09G

	
10.16

	
931

	
3.86%




	
H04B

	
6.43

	
353

	
2.36%

	
H04N

	
8.62

	
607

	
3.25%

	
H04N

	
11.02

	
839

	
3.48%




	
H01J

	
8.62

	
338

	
2.26%

	
G02B

	
7.92

	
538

	
2.88%

	
H04L

	
9.84

	
772

	
3.20%




	
G02B

	
7.29

	
316

	
2.11%

	
H01J

	
8.48

	
421

	
2.25%

	
G11B

	
10.27

	
618

	
2.56%




	
B41J

	
8.13

	
264

	
1.77%

	
H04L

	
7.71

	
391

	
2.09%

	
H04W

	
9.96

	
576

	
2.39%




	
Total

	
7.54

	
14942

	
100%

	
Total

	
8.38

	
18678

	
100%

	
Total

	
10.30

	
24118

	
100%
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Table A3. China’s Top 10 IPC by time groups.






Table A3. China’s Top 10 IPC by time groups.





	
1998–2002

	
2003–2007

	
2008–2012




	
IPC

	
TCT

	
N

	
Percent

	
IPC

	
TCT

	
N

	
Percent

	
IPC

	
TCT

	
N

	
Percent






	
B01J

	
13.26

	
38

	
12.30%

	
H05K

	
6.82

	
90

	
8.00%

	
H05K

	
8.08

	
523

	
11.46%




	
H01L

	
7.00

	
21

	
6.80%

	
G06F

	
7.88

	
58

	
5.16%

	
G06F

	
9.75

	
446

	
9.77%




	
A61K

	
8.71

	
14

	
4.53%

	
H01L

	
7.24

	
58

	
5.16%

	
H01L

	
10.06

	
206

	
4.51%




	
B01D

	
12.30

	
10

	
3.24%

	
G11B

	
7.98

	
54

	
4.80%

	
H01R

	
9.30

	
184

	
4.03%




	
C08F

	
12.70

	
10

	
3.24%

	
B01J

	
13.63

	
41

	
3.64%

	
H04L

	
9.99

	
177

	
3.88%




	
A47J

	
13.63

	
8

	
2.59%

	
H01R

	
9.39

	
31

	
2.76%

	
F21V

	
7.60

	
159

	
3.48%




	
C07D

	
11.50

	
8

	
2.59%

	
H04B

	
8.67

	
30

	
2.67%

	
G11B

	
9.42

	
118

	
2.59%




	
G06F

	
8.13

	
8

	
2.59%

	
A61K

	
11.52

	
29

	
2.58%

	
H04B

	
10.28

	
106

	
2.32%




	
G11C

	
6.86

	
7

	
2.27%

	
G02B

	
8.73

	
26

	
2.31%

	
H04W

	
10.14

	
97

	
2.13%




	
A01N

	
10.60

	
5

	
1.62%

	
G01N

	
10.90

	
20

	
1.78%

	
H04J

	
10.05

	
83

	
1.82%




	
Total

	
10.50

	
309

	
100%

	
Total

	
9.749

	
1125

	
100%

	
Total

	
10.53

	
4563

	
100%
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Table A4. Korea’s and China’s IPC classification description.






Table A4. Korea’s and China’s IPC classification description.





	
IPC

	
Description From WIPO




	
Class

	
Subclass






	
A

	

	
HUMAN NECESSITIES




	

	
A01N

	
PRESERVATION OF BODIES OF HUMANS OR ANIMALS OR PLANTS OR PARTS THEREO; BIOCIDES; PEST REPELLANTS OR ATTRACTANTS; PLANT GROWTH REGULATORS




	

	
A47J

	
KITCHEN EQUIPMENT; COFFEE MILLS; SPICE MILLS; APPARATUS FOR MAKING BEVERAGES




	

	
A61K

	
PREPARATIONS FOR MEDICAL, DENTAL, OR TOILET PURPOSES




	
B

	

	
PERFORMING OPERATIONS; TRANSPORTING




	

	
B01D

	
SEPARATION. This subclass covers evaporation, distillation, crystallisation, filtration, dust precipitation, gas cleaning, absorption, adsorption;




	

	
B01J

	
CHEMICAL OR PHYSICAL PROCESSES, e.g., CATALYSIS, COLLOID CHEMISTRY; THEIR RELEVANT APPARATUS




	

	
B41J

	
TYPEWRITERS; SELECTIVE PRINTING MECHANISMS, i.e., MECHANISMS PRINTING OTHERWISE THAN FROM A FORME; CORRECTION OF TYPOGRAPHICAL ERRORS




	
C

	

	
CHEMISTRY; METALLURGY




	

	
C07D

	
HETEROCYCLIC COMPOUNDS




	

	
C08F

	
MACROMOLECULAR COMPOUNDS OBTAINED BY REACTIONS ONLY INVOLVING CARBON-TO-CARBON UNSATURATED BONDS




	
F

	

	
MECHANICAL ENGINEERING; LIGHTING; HEATING; WEAPONS; BLASTING




	

	
F21V

	
FUNCTIONAL FEATURES OR DETAILS OF LIGHTING DEVICES OR SYSTEMS THEREOF; STRUCTURAL COMBINATIONS OF LIGHTING DEVICES WITH OTHER ARTICLES, NOT OTHERWISE PROVIDED FOR




	
G

	

	
PHYSICS




	

	
G01N

	
INVESTIGATING OR ANALYSING MATERIALS BY DETERMINING THEIR CHEMICAL OR PHYSICAL PROPERTIES




	

	
G02B

	
OPTICAL ELEMENTS, SYSTEMS, OR APPARATUS




	

	
G02F

	
DEVICES OR ARRANGEMENTS, THE OPTICAL OPERATION OF WHICH IS MODIFIED BY CHANGING THE OPTICAL PROPERTIES OF THE MEDIUM OF THE DEVICES OR ARRANGEMENTS FOR THE CONTROL OF THE INTENSITY, COLOUR, PHASE, POLARISATION OR DIRECTION OF LIGHT,




	

	
G06F

	
ELECTRIC DIGITAL DATA PROCESSING (computer systems based on specific computational models G06N)




	

	
G09G

	
ARRANGEMENTS OR CIRCUITS FOR CONTROL OF INDICATING DEVICES USING STATIC MEANS TO PRESENT VARIABLE INFORMATION.




	

	
G11B

	
INFORMATION STORAGE BASED ON RELATIVE MOVEMENT BETWEEN RECORD CARRIER AND TRANSDUCER




	

	
G11C

	
STATIC STORES (information storage based on relative movement between record carrier and transducer G11B; semiconductor devices for storage H01L)




	
H

	

	
ELECTRICITY




	

	
H01J

	
ELECTRIC DISCHARGE TUBES OR DISCHARGE LAMPS.




	

	
H01L

	
SEMICONDUCTOR DEVICES; ELECTRIC SOLID STATE DEVICES NOT OTHERWISE PROVIDED FOR




	

	
H01R

	
LECTRICALLY-CONDUCTIVE CONNECTIONS; STRUCTURAL ASSOCIATIONS OF A PLURALITY OF MUTUALLY-INSULATED ELECTRICAL CONNECTING ELEMENTS; COUPLING DEVICES; CURRENT COLLECTORS




	

	
H04B

	
ELECTRIC COMMUNICATION TECHNIQUE.




	

	
H04J

	
MULTIPLEX COMMUNICATION (peculiar to transmission of digital information H04L 5/00; systems for the simultaneous or sequential transmission of more than one television signal H04N 7/08; in exchanges H04Q 11/00)




	

	
H04L

	
TRANSMISSION OF DIGITAL INFORMATION, e.g., TELEGRAPHIC COMMUNICATION.




	

	
H04N

	
PICTORIAL COMMUNICATION, e.g., TELEVISION




	

	
H04W

	
WIRELESS COMMUNICATION NETWORKS




	

	
H05K

	
PRINTED CIRCUITS; CASINGS OR CONSTRUCTIONAL DETAILS OF ELECTRIC APPARATUS; MANUFACTURE OF ASSEMBLAGES OF ELECTRICAL COMPONENTS
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Figure A1. TCT comparison among H01L, G06F, B01J, A61K. 
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Table A5. Basic Research Expenditure and Gross Domestic Expenditure on Basic research comparison Korea, China, Japan and the US.






Table A5. Basic Research Expenditure and Gross Domestic Expenditure on Basic research comparison Korea, China, Japan and the US.





	
Basic Research Expenditure (Thousands, PPP by $)

	
Gross Domestic Expenditure on Basic Research as %




	
Year

	
Korea

	
China

	
Japan

	
US

	
Year

	
Korea

	
China

	
Japan

	
US






	
1998

	
2,043,966

	
1,037,586

	
10,949,658

	
35,334,000

	
1998

	
0.30%

	
0.03%

	
0.35%

	
0.39%




	
1999

	
2,153,255

	
1,249,438

	
11,365,388

	
38,876,000

	
1999

	
0.28%

	
0.04%

	
0.35%

	
0.40%




	
2000

	
2,336,813

	
1,725,994

	
12,244,789

	
42,752,000

	
2000

	
0.27%

	
0.05%

	
0.36%

	
0.42%




	
2001

	
2,674,174

	
2,058,269

	
12,647,915

	
47,727,000

	
2001

	
0.29%

	
0.05%

	
0.36%

	
0.45%




	
2002

	
3,083,037

	
2,757,281

	
13,678,365

	
51,902,000

	
2002

	
0.31%

	
0.06%

	
0.38%

	
0.47%




	
2003

	
3,482,398

	
3,255,597

	
14,176,580

	
56,089,000

	
2003

	
0.34%

	
0.06%

	
0.38%

	
0.49%




	
2004

	
4,281,532

	
4,180,854

	
14,073,181

	
57,731000

	
2004

	
0.39%

	
0.07%

	
0.36%

	
0.47%




	
2005

	
4,698,624

	
4,650,566

	
15,443,210

	
61,321,000

	
2005

	
0.40%

	
0.07%

	
0.38%

	
0.47%




	
2006

	
5,365,597

	
5,475,108

	
16,151,773

	
62,996,000

	
2006

	
0.43%

	
0.07%

	
0.38%

	
0.46%




	
2007

	
6,386,200

	
5,841,934

	
17,035,880

	
68,047,000

	
2007

	
0.47%

	
0.06%

	
0.39%

	
0.47%




	
2008

	
7,047,174

	
6,989,765

	
16,93,207

	
72,105,000

	
2008

	
0.50%

	
0.07%

	
0.38%

	
0.49%




	
2009

	
8,304,338

	
8,632,067

	
17,113,343

	
73,772,000

	
2009

	
0.59%

	
0.08%

	
0.40%

	
0.51%




	
2010

	
9,506,676

	
9,808,655

	
17,057,047

	
75,070,000

	
2010

	
0.63%

	
0.08%

	
0.38%

	
0.50%




	
2011

	
1,0546,878

	
11,747,542

	
18,192,481

	
74,752,000

	
2011

	
0.68%

	
0.08%

	
0.40%

	
0.48%




	
2012

	
11,876,784

	
14,152,619

	
18,978,063

	
73,284,000

	
2012

	
0.74%

	
0.09%

	
0.40%

	
0.45%
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Figure 1. Research Design and Framework of the research. 
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Figure 2. Mean plots of TCT for both South Korea and China. (a) Mean Plots of Korea’s TCT. (b) mean plots of China’s TCT. 
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Figure 3. TCT Comparison by countries (a) TCT Comparison (Korea & China). (b) TCT Comparison (Korea, China, Japan & United States). 
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Figure 4. Mean plots of self-citation ratio for both South Korea and China. (a) mean plots of Korea’s self-citation ratio. (b) mean plots of China’s self-citation ratio. 
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Figure 5. Self-citation ratio of Korea, China, Japan and the US. (a) self-citation ratio of Korea and China (b) self-citation ratio of Korea, China, Japan, and the US. 
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Figure 6. Basic research expenditure of Korea, China, Japan and US. (a) Basic Research Expenditure of Korea and China. (b) Basic Research Expenditure of Korea, China, Japan and the US. 
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Figure 7. Gross domestic expenditure on basic research as percentage comparison. (a) gross domestic expenditure on basic research in Korea and China (b) gross domestic expenditure on basic research of Korea, China, Japan, and the US. 
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Table 1. Stage models of technological innovation capabilities.
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	Stage 1
	Stage 2
	Stage 3





	Utterback and Abernathy [26]
	Fluid
	Transition
	Specific



	Bolton [27]
	Imitation
	Reflective imitation
	Innovation



	Kim [28]
	Duplicative imitation
	Creative imitation
	Innovation



	Lee [24,25], Lee and Lim [30]
	Path-following
	Path-skipping
	Path-creating



	Developed countries
	
	
	







Source: Park et al. [31].
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Table 2. Arguments of transition from catch-up to post catch-up strategy of South Korea.
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Dimensions

	
Argument

	
Sources




	
Catch-Up

Period

	
Post Catch-Up Period






	
Technological

Regime

Changes

	
Technology

Life

Cycle

	
Short Cycle Cector

Emblematic Industry:

ICT and Electronics

	
Long Cycle Sector

Emblematic Industry:

Bio and Medicine

	
[1,24,25,35]




	
Localization

of Knowledge Creation

	
Low

	
High

	
[1,24,25,35,36]




	
Basic Research

Expenditure

	
Low

	
High

	
[1,24,25,35,36]




	
Organizational &

Cultural Change in firms

& Social Problems

	
Imbalanced Growth

Inequality

Bureaucracy

Top-Down Structure

Vertical Decision Making Culture

	
Balanced Growth

Toward Equality

Democratic and

Bottom-Up Structure

Horizontal Decision Making Culture

	
[36,37,38]
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Table 3. Descriptive statistics of TCT for both South Korea and China.






Table 3. Descriptive statistics of TCT for both South Korea and China.





	
South Korea’s TCT Descriptive Statistics

	
China’s TCT Descriptive Statistics




	
Groups

	
1998–2002

	
2003–2007

	
2008–2012

	
Groups

	
1998–2002

	
2003–2007

	
2008–2012






	
Mean

	
7.54

	
8.38

	
10.30

	
Mean

	
10.50

	
9.74

	
10.53




	
N

	
14942

	
18678

	
24118

	
N

	
309

	
1125

	
4563




	
SD

	
3.753

	
3.654

	
3.997

	
SD

	
4.943

	
4.813

	
4.778




	
Var

	
14.084

	
13.349

	
15.977

	
Var

	
24.433

	
23.165

	
22.826




	
Median

	
6.50

	
8.00

	
10.00

	
Median

	
10.00

	
9.00

	
10.00




	
Min

	
1

	
1

	
2

	
Min

	
2

	
2

	
2




	
Max

	
29

	
33

	
38

	
Max

	
28

	
32

	
37
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Table 4. ANOVA Test Results for Korea’s and China’s TCT.
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ANOVA Results for South Korea’s TCT

	
ANOVA Results for China’s TCT




	

	
Sum of Squares

	
df

	
Mean

Square

	
F

	
Sig.

	

	
Sum of Squares

	
df

	
Mean

Square

	
F

	
Sig.






	
Between

Groups

	
80,156.494

	
2

	
40,078.247

	
2738.130

	
0.000

	
Between

Groups

	
567.804

	
2

	
283.902

	
12.359

	
0.000




	
Within

Groups

	
845,072.092

	
57,735

	
14.637

	

	

	
Within

Groups

	
137,693.43

	
5994

	
22.972

	

	




	
Total

	
9,525,228.58

	
57,737

	

	

	

	
Total

	
13,861.239

	
5996
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Table 5. Pairwise t-test results for Korea, China, Japan, and the US.
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Paired Samples Test




	

	
Paired Differences

	
t

	
df

	
Sig. (2-Tailed)




	
Mean

	
Std. Deviation

	
Std. Error Mean

	
95% Confidence Interval of the Difference




	
Lower

	
Upper






	
Pair 1

	
KR-CN

	
−1.513

	
1.396

	
0.360

	
−2.285

	
−0.740

	
−4.198

	
14

	
0.001




	
Pair 2

	
KR-JP

	
−0.069

	
0.333

	
0.086

	
−0.254

	
0.115

	
−0.807

	
14

	
0.433




	
Pair 3

	
KR-US

	
−1.269

	
0.358

	
0.092

	
−1.468

	
−1.071

	
−13.733

	
14

	
0.000




	
Pair 4

	
CN-JP

	
1.443

	
1.611

	
0.416

	
0.551

	
2.335

	
3.471

	
14

	
0.004
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Table 6. Descriptive statistics of the self-citation ratio for both South Korea and China.






Table 6. Descriptive statistics of the self-citation ratio for both South Korea and China.





	
Korea’s Self-Citation Descriptive Statistics

	
China’s Self-Citation Descriptive Statistics




	
Groups

	
1998–2002

	
2003–2007

	
2008–2012

	
Groups

	
1998–2002

	
2003–2007

	
2008–2012






	
Mean

	
0.199

	
0.287

	
0.340

	
Mean

	
0.117

	
0.228

	
0.407




	
N

	
14942

	
18678

	
24118

	
N

	
309

	
1125

	
4563




	
SD

	
0.364

	
0.371

	
0.418

	
SD

	
0.474

	
0.421

	
0.437




	
Var

	
0.133

	
0.138

	
0.174

	
Var

	
0.224

	
0.177

	
0.191




	
Median

	
0.064

	
0.111

	
0.000

	
Median

	
0.000

	
0.000

	
0.250




	
Min

	
0.000

	
0.000

	
0.000

	
Min

	
0.000

	
0.000

	
0.000




	
Max

	
10.263

	
9.333

	
4.900

	
Max

	
7.643

	
8.000

	
1.000
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Table 7. ANOVA test results for Korea and China’s Self-Citation Ratio.
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ANOVA Results for South Korea’s TCT

	
ANOVA Results for China’s TCT




	

	
Sum of Squares

	
df

	
Mean

Square

	
F

	
Sig.

	

	
Sum of Squares

	
df

	
Mean

Square

	
F

	
Sig.






	
Between

Groups

	
181.808

	
2

	
90.904

	
599.095

	
0.000

	
Between

Groups

	
47.991

	
2

	
23.995

	
126.364

	
0.000




	
Within

Groups

	
8760.456

	
57,735

	
0.152

	

	

	
Within

Groups

	
1138.21

	
5994

	
0.190

	

	




	
Total

	
8942.264

	
57,737

	

	

	

	
Total

	
1186.20

	
5996
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Table 8. Pairwise t-test for Korea’s and China’s self-citation ratio.
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Paired Samples Test




	

	
Paired Differences

	
t

	
df

	
Sig. (2-Tailed)




	
Mean

	
Std. Deviation

	
Std. Error Mean

	
95% Confidence Interval of the Difference




	
Lower

	
Upper






	
Pair 1

	
Korea-China

	
0.04467

	
0.10562

	
0.02727

	
−0.01382

	
0.10316

	
1.638

	
14

	
0.124




	
Pair 2

	
Korea-Japan

	
−0.22333

	
0.05434

	
0.01403

	
−0.25342

	
−0.19324

	
−15.919

	
14

	
0.000




	
Pair 3

	
Korea-US

	
−0.54733

	
0.03390

	
0.00875

	
−0.56611

	
−0.52856

	
−62.523

	
14

	
0.000




	
Pair 4

	
China-Japan

	
−0.26800

	
0.07692

	
0.01986

	
−0.31060

	
−0.22540

	
−13.493

	
14

	
0.000
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Table 9. ANOVA test results for Korea and China’s Basic Research Expenditure (Natural Log).
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ANOVA Results for South Korea’s TCT

	
ANOVA Results for China’s TCT




	

	
Sum of Squares

	
df

	
Mean

Square

	
F

	
Sig.

	

	
Sum of Squares

	
df

	
Mean

Square

	
F

	
Sig.






	
Between

Groups

	
4.505

	
2

	
2.252

	
55.440

	
0.000

	
Between

Groups

	
8.067

	
2

	
4.033

	
43.225

	
0.000




	
Within

Groups

	
0.488

	
12

	
0.041

	

	

	
Within

Groups

	
1.120

	
12

	
0.093

	

	




	
Total

	
4.992

	
14

	

	

	

	
Total

	
9.186

	
14
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Table 10. ANOVA test results for gross domestic expenditure on basic research.
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ANOVA Results for South Korea’s TCT

	
ANOVA Results for China’s TCT




	

	
Sum of Squares

	
df

	
Mean

Square

	
F

	
Sig.

	

	
Sum of Squares

	
df

	
Mean

Square

	
F

	
Sig.






	
Between

Groups

	
0.291

	
2

	
0.145

	
41.780

	
0.000

	
Between

Groups

	
0.003

	
2

	
0.002

	
22.952

	
0.000




	
Within

Groups

	
0.042

	
12

	
0.003

	

	

	
Within

Groups

	
0.001

	
12

	
0.000

	

	




	
Total

	
0.333

	
14

	

	

	

	
Total

	
0.004

	
14

	

	

	











[image: Table] 





Table 11. Pairwise t-test of gross domestic expenditure on basic research as a percentage.
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Paired Samples Test




	

	
Paired Differences

	
t

	
df

	
Sig. (2-Tailed)




	
Mean

	
Std. Deviation

	
Std. Error Mean

	
95% Confidence Interval of the Difference




	
Lower

	
Upper






	
Pair 1

	
Korea-China

	
0.378

	
0.140

	
0.036

	
0.300

	
0.455

	
10.463

	
14

	
0.000




	
Pair 2

	
Korea-Japan

	
0.065

	
0.141

	
0.036

	
−0.013

	
0.143

	
1.790

	
14

	
0.095




	
Pair 3

	
Korea-US

	
−0.020

	
0.138

	
0.036

	
−0.096

	
0.057

	
−0.549

	
14

	
0.592




	
Pair 4

	
China-Japan

	
−0.312

	
0.009

	
0.002

	
−0.317

	
−0.308

	
−142.171

	
14

	
0.000




	
Pair 5

	
China-US

	
−0.397

	
0.025

	
0.006

	
−0.411

	
−0.383

	
−62.078

	
14

	
0.000
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Table 12. Arguments and empirical results of Both South Korea and China.
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Dimensions

	
Argument and Discourse

	
Empirical Finding of the Research




	
Catch-Up

Period

	
Post Catch-Up Period

	
Catch-Up Period

	
Post Catch-Up Period






	
Technological

Regime

Changes

	
Technology’s

Economic

Life

	
Short Cycle Sector

Emblematic Industry:

ICT & Electronics

	
Long Cycle Sector

Emblematic Industry:

Bio & Medicine

	
Short Cycle

Period

ICT & Electronics

Industry

Driven

	
Long Cycle

Period

ICT & Electronics

Industry

Driven Still

(TCT got longer)




	
Localization

of

Knowledge

Creation

	
Low

	
High

	
Low

	
High




	
Basic Research

Expenditure

&

GDEB %

	
Low

	
High

	
Low

	
High
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